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ABSTRACT'

a

One appllcatlon of the theory of formal
Operatlons 1s that absence of formal—operatlonal struo:ru

tures in students entalls restrrttlons on currlculum

. and 1nstructlon.\ The present study represents an

- e

emplrlcal test of whether this 1dea of 1ntellectua1

'structural llmltatlons applles to secondary school . i ) ',;fiﬁ

students (grades 7 through 12) Tests of volume

conserVatlon, controlllng varlables, and ‘the combInatorlagﬁ
system were admlnlstered to a sample of grade 7 students g
and to a sample of grade 9 students, to test. the | .
hypothesrs that a. majorlty of secondary school students

is concrete operatlonal Tests were adm;nlstered to !

2\4

Hﬂ groups of students and employed opjectlve scorlng crlterla.- japh
" Two* one—hour 1nstruct10nal sequences,'ln controlllngv R
varlables and in generatlng comblnatlons, were adminlstered
to the grade 7 sample over a ene—week perlod The sample |
was: retested two days after and one’ month after the
1nstruct;onal sequences to test the hypothe51s that
Substage III B behav1or on tests of- controlllng varlables i

. er’ generatlng comblnatlons cannot be 1nduced 1n a short liv'ti”F‘

N
perlod of tlme (Seven days) Of the grade 9 sample, 80%

: ’-were Judged to dlsplay Substage III-A behav1or and 50%




S L - R
o ' o
were judged to dlsplay Substage III B behav1or.i'0f'\. '-‘

‘the grade 7 sample, 51% were judged to dlsplay Sugstage:'
III—A behav1or and 47% were Judged to diSplay Substage' '
FIII -B %ehaVIOr on the pretest, whlle 64% were judged |

to dlspiay Substage I1I-B behav1or on the posttest

‘Ne 51gn1f1cant change»occurred.from posttest to retention
test. The.increase from pretest to posttest in the

- I o N o v .
proportion of the grade 7 subjects classified as,Substage L

II1-B is significant'(xz'e 3.71, d£ =1, p <‘.05) The

'1ncrease from pletest to retentlon test 1n the proportlon'

o of the grade 7 SubjeCtS classxf:ed as Substage III B 1s_.f

.. 51gn1f1cant (X e 6 66 tﬁﬁF 1 R < 005) The results; o

'may be taken to lndlcate that the ldea of 1nte11ectdal‘

a o
structural 11m1tat10ns should not be applled to the o

. majorlty of secondary school students._=
. : Vo S

¢
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CHAPTER I °~
INTRODUCTION

. The present study 1s an attempt to test the

valldlty o;ya propos1tlon currently belng advanced by

‘ 'some educators (e g‘ Ball & Sayre, 1974 Renner et al'

1973 Lawson, 1973 Lawson & Renner, 1974 Wood 11974)

’The prop051t10n is that many or perhaps most. secondary
- school«students are not "formal operatlonal" and are

_not able to learn certaln concepts, nor to understano

purely formal reasonlng. For lnstance Renner et al -

(1973) clalm ‘that "no less than 77% of . junlor ‘high

;students 1s concrete operatlonal, and ‘in order for

' these students to proflt educatlonally and 1ntellectually

from school they must (not. should, must) be 1nteract1ng

"w1th concrete objects, events,'and 31tuatlons., To

x“quote further.

This 1s partlcularly true at. the tenth-grade o
‘level, where biology has tradltlonally been
: taught ang most of that population enrolls in- it,
‘Any teacher. facing a biology class: ¢an: be nearly
certain that about 70 percent of those present-
.~ are. concrete’ operatlonal thinkers.” Now con51der .
,.such concepts+as the DNA molecule, ‘gene- mutatlons,_ﬁ'

“:and the chemical basis of life, - From our pergg

-;Spectlve, such topics. and.: concrete operatlona
_ 1earn IS are. grossly 1ncompat1b1e [p. 347] ,

Ball and Sayre (1974) put 1t thlS way Qulte -

bluntly, students may not be able to learn what you teach" V

]



because they have not developedf"the mental framegork.
vneoessary'for‘abstract thinking " |
'The 1dea that llmltatlons-ln 1ntellectual
‘-structures place llmltatlons on. What students may be
able to;learn or understand»may'be termed "the idea |
iof intellectual.Struotural iimitatibns.t“Thrs‘idea
| w1ll be deflned in more detall below, but the. problem ‘.
to whlch the present study is - addressed is whether thls
1dea applles tO\secondary school currlculum and 1nstruc-
‘tlon.‘(Secondary_school is taken here t0<mean grades
.7 through 12.) “ Wl | o
| \ ~ The idea of 1ntellectual structural 11m1tatlons,-
has been questroned before. Sulllvan (1967 1969) has(\\
' fcautloned that "the usé of Plaget s stages as: ihdlcators
of 'learnlng readlness' seems most premature and needs
{more careful con51deratlon on both the research and
theOretlcal levels (1967, p. 331 Hamlyn (1971) says
' dthat to apply stage theory to educatlon 1n thxs way R
;may be,"educatlonally dlsastrous," for there 1s the |
nece351ty w1th1n educatlon of trylng to teach people‘
'*what they cannot understand [p. 23] Ausubel and
‘:Robrnson (1969) see a daﬁger that 1 i
";; llteral 1ntcrpretatlon of the”terms used tolh
o descrlbe Plaget §'stage of - formal operatlons may.’
" be. cau,lng some’ educators’ ‘to- put an unnecessarlly

" low ceiling ‘on' the complexity of intellectual
H-tasks to whlch young chlldren are subjected jp. 200]
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:While the above objections are based on conjeg-
ture;, the present stbdy‘regreSents an*ehpiricalytest of"‘
the idea ot‘intellectual structural-limrtations for
the particular case‘of.its appiicabilityyto secondary
Aschool curriculum and instruqtion.d "

A case willdbe.made that’the»apélicabilitycof:\
the idea of intellectual structura;flimitatIOns £o the
-secondary school:restsfon'thefvalidity of three‘statee

ments: = ST . e

' (a) The onset of the stage of -formal operatlons .

(Substage III—A) does not occur for a majorlty of
students untll the secondary school years or later._
g' »(b) The full reallzatlon oﬁ formal operdtlons

(Substage III B) is. not attalned\for al majorlty of

students durlng the secondary school years.
€) Progre551on from Substage III-A to Substage
ITI- B lS necessarlly slow (of the order of years) and
-1s not subject to apprec1able acceleratlon 1n the
secondary school years..)'.gy,”v ' ”j ;} ;'fg*

It w111 then be argued that for structural o
:llmltatlons to be applicable to secondary school elther.
:{_yja) must be true, or elSe (b) and (c) must be true

vfsxmultaneously,-and that to establlsh the emplrlcal
',fa151ty of (a) and at the same tlme elther (b) or (c)

'/ a0 ]

ﬂﬁf would be to destroy the connectlon between the theory
LR : ‘ . : : :




of formal operatlons and the idea of structural llmlta—

~tions. The pﬁesent research aims' to do thlS.

‘
The three statements will be cast into testable

ationally defining the terms "attainment

of Substage III- -A," "attalnment of Substage III-B,"

and t%;p'

: queétions to which the present studyseeksanswers~areﬁ”

c1able acceleratlon," SO that ultimately the

thieefold;
- 1. What is the incidence of students in secondary

schools who fail tests (to be specified) designed to #

» A
" detect (a) recogniticn'of the need tolc6ntrol #ariables,
an@ (b) the acqulsltlon of volume conservatlon° |

2. What is the 1ncxdence of stud;pxs in secondary'-
_school who - fall tests (to be spe01f1ed) requlrlng (4)
‘experlmental control of varlables, and (b) generathp of
the set of all subsets -from a set of four elements’«

3. In an experlment with age and tralnlng as -
.1ndependent varlables and vaUISltlon of Substage III- B
as crlterlon, are the follow1ng effects 51gn1flcant° i

h(a) tralnlng_malh- ffect; | |
v@ - xb;;'age-traihingtintera _icn effect.

T



" DEFINITION OF TERMS

The idea of intellectual structural limitations

A prerequisite to-definitiondof the idea of
intellectual structural limitations'is to establish
the meaning of'the‘term'structure. In Piaéetiah theory,
thinkihg is the act of performing mental.Operations.
Thgse operatlons or mental actions are not 1solated
‘en 1t1es but are organlzed and coordlnated in systems

or structures. Stages of 1ntellectual development are

characterlzed by thelr structures- elght structures

called groupements in the stage of concrete operatlons

(Stage II in the th ory) ; and_ two structures called. -,
Sqihe comblnatqr {\‘ystem and the. four-group in the stage
of formal operlilons or Stage IIIL (Plaget 1950, p. 36; ‘
1964a, PP. l964b 1970 Plaget & Inhelder, 1968,.
p. 329) E In Plagetlan theory, the stage of formal
Operatlons ‘is d1v1ded 1nto Substages III- A and III B,i
with- Substage III—A representlng the geneSIS"fof the‘
structures and Substage III~B thelr "complete form" or~'v
equlllbrlum,‘ w1th a perlod of the order of three
',tyears normally lntervenlng between the . substages (Inhelder;‘-'

l197o PP 21-26) .

The idea of 1ntellectual structural 11m1tat10ns then,

’ls deflned to ConSlSt of two notlons. The flrst notlon lS



K

‘wiLl'have

‘structures, because 1n Plagetlan theory, sub]ects

’ 6
that if structures are absent in a given subject, then o
forms of reaSoning which depend on these structures

o] 51gn1f1cance for the subject.' He will not

-

use such] forms of reasonlng, nor. understahdfthem The -

second notlon is that certaln concepts may be 1mp0551b1e

.for a SUbJeCt to learn if he 1acks the approprlate

X

-rk..
construct sc1ent1f1c concepts for themselves through\\
interaction between their intellectual structures and

empirical experience .(Piaget,-l970).
. - % ' .

: fsubstages» ITI-A and III-B .

A given subject w1ll be sald to have attalned

.Substage III-A if either L N\

(a)s_he may be ctﬁSSifiednas arconserver of
volume, -or |
»
-(b) he glves ev1dence of. seelng the need to

control varlables 1n an experlment 1nvolv1ng two or

’,mqre.lndependent varlablest-

V'III*B if elther

A sub]ect w1ll be sald to have attalned Substage

’.‘(a)- he demonstrates the ablllty to dev1s'

~’controlled experlment 1nvolv1ng two or more 1ndep ndent o

_ varlables, or '

!

oo .c"( . ' .
(b); he 1s ablg ts™ generate all members‘

Jf the

~

' set of all p0551ble subsets of a set of four ele ents.;_l .



These deflnlthnS will be justified 1n Chapter III
where precise. operatlonal deflnltlon of attalnment of

+

Substages III A and III-B will be given in terme of the

‘tasks administered.
. |

Training and aCceleration

The development by a subject of Stage III
/structures from gene51s to complete form takes about
. three years 1n a rlch cultural env1ronment [Inhelder,
1970, p. 25] For the present purposes then,_

' acceleratlon may be\deflned in relatlon to development

w1th1n Stage III as any reductlon below three years in

the average time between Substages ITI~ A and III—B

The term _pprec1able acceleratlon is deflned
~as the experlmental 1nductlon in a’ group of Substage III—A
subjects of Substage III- B performance on a glven task in -
a perlod of the order of weeks ' Thls deflnltlon also w1ll
be justlfled below.; | 'f‘1< _,} y . A

._ The magorltz of ‘a populatlon is more than 50%

: _DEFINITIQN OF THE ‘PROBLEM;.:..' [

7 The central questlon 1s whether the 1dea of
1ntellectual structural llmltatlons is. appllcable to “‘
: at least a majorlty of secondary students. If most

secondary school students have not entered Substage III-A,



Ay

'for postponlng content

_structural llmltatlons could apply in a stralghtforward

‘ manner. The structures are absent and an learnlng which

may rely on the structures is theoretlcally not p0551b1e.

.'On the other hand, if most secondary school students have
«”attalned Substage III-A but not Substage ITI- B then the
. 1dea of 1ntellectua; structural llmltatlons mlght Stlll

~apply, but only if a glven currlculum 1tem were seen to

’

'-requlre full reallzatlon of formal operatlonal structuresJ
. for proper. comprehens1on.‘ In that case,_two courses of
“-actlon would be possrble.f The 1tem could be postponed

.untll Substage III B or an acceleratlon to Substage III B

P

in the partlcular COntenL area. could be undertaken (and thlS

5. R y

.amounts to teachlng the 1tem) If acceleratlon over a Mf

;matter of days were p0531ble in a glven area of currlculum

content then. there would be no necessary structural ba515'~f

ConSequently, the relevance of the 1dea of ;

- 1ntellectual structural llmltatlons to secondary*school R

o rests on the Valldlty of three statements.;gfl

(a) Substage III—A 1s not attalned for ‘a- maJorlty
\

‘-;of students untll the secondary school years or later.';“

(b) Substage III- B'is not attalned for a,majorlty

'_of stg?ents durlng the secondary school years.;‘”'
( ) Progre551on from Substage III A to Substageiﬂ‘“

vIII B 1n a glven content area ls necessartly slow (of the - Lo



order‘of‘years)‘and.is.not'subject,to appreciable °

acceléeration.

The .aim of the study is to establish the empirical
[ . . ¢ . :

falsity of (a) and at the same,time either (b) or (c).

',PROCEDURE'

The study has two parts.' a surveyfand'a training‘

experlment In the survey, four tasks were admlnlstered
to a sample of grade 7 students and a sample of grade 9
students,_ Two of the . tasks were deSIgned to test for, r
'Substage III-A and two uere des1gned to test for Substage

III‘B-; In'the experlment two oue-hour 1nstructlonal

- sequences‘were admlnlstered to the grade 7 sample 1n

three 40-m1nute sessxons over a perlod of one: week ‘The = .-

t

two Substage III B tasks and one of the Substage III—A
?. .

tasks were admlnlstered two days later, and agaln one J{A" o

month later. '5. f[‘.z/:f'

ﬂft..::i pEL;M;iATIbNS«[}‘

The problem 1s dellmlted to the appllcatlon of':f_}zﬁ'

the 1dea of structural llmltatlons to the majorlty‘of

f-secondary students Nelther the &dea 1tse1f as an

-

appllcat;on of" the theory of formal operatlons nor the"1u5’

R

-

”;J theory °f formal oPeratlons as such is. under test-,;On;{tff;‘ir
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y.
the ether'hand,'the Validlties of these tuo:(the idead
-ahd,the thedryjlare-not necessarily assuned.. |

The valldlty of appllcatlon of ‘the idea of \
structural llmltatlons to elementary puplls or to '
spec1a1 groups of secondary students (such as low
*ablllty students) is. not under test. :

A further dellmltatlon is that nelther the'
spe01f1c nature of the 1nstructlohal sequence nor the
relatlve efflcacy of dlfferent lnstructlonal sequences,_f
15 a prlme con51deratlon. The prlme con51deratlon 1n
'relatlon to the 1nstructional sequence is. whether

Substage III B behaV1or can be 1nduced ln secondary

school students in a short perlod of. tlme. |

OUTLINE OF THE ‘REPQR'I:," o

In Chapter II the llterature related to age ay-ﬂf -

'norms for the stage of formal Operatlons, and tralnlng |
“r;experlments 1n formal operatlons 1s rev1ewed .!Iﬁ:fﬁ

1Chapter III, he tests are descrlbed thelr valldlty 5

”dlscuSSed ‘and the method of thelr admlnlstratlon Lk

| gdescr;bed Th/;ﬁata are presented, analyzed and dls- ;*f

“ ;.lcussed ln/Cﬁapter IV Chapter V contalns a summary

‘10

'-»w1th conc1u51on and recommendatlons for further research{[”w
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CHAPTER II
" REVIEW OF RELATEDfLITERATURE-”.V

~This chapter has two sectlons - The flrst sectlon
1s a: rev1ew of a number of reports of research which
1nclude the admlnlstratlon of- formal operatlonal tasks.: )
“A very W1de varlatlon ex1sts 4in the proportlons of
msubjects cla551f1ed by the varlous experlmenters as k.sv_.

belng 1n the perlod of formal operatlons.g In the rev1ew,

o thlS varlatlon is seen to be largely the result of w1de

' varlatlon ln the crlterla used by the varlous experlmenters

A 4

,to cla551fy SUbJectS as formal operatlonal ‘ The second

sectlon of the chapter is a rev1ew of a number of experl-’.:

’ments 1nVOIV1ng tralnlng in formal Operatlons, concludlng
.

3w1th a brlef dlscu531on of some theoretlcal problems

aass001ated w1th tralnlng experlments. #i
' r;?AéELNORMSffOREFORMALkOPEﬁATiQNgﬁib‘:
- 'h;, The Genevan‘groué con51stently flnds a majorlty

]'°f subJects An Subst' e III—A by the age of 11 or 12

and in SubStage I '~B by the age of 14 or 15 These f'-"

19

r'researchers dov

ffor the substages glven 1n The‘growth of loglcal‘thlnklng

'ot often glve detalled descrlptlons of fi.fh

.

ﬁithe samples studled but apparently the approx1mate ages 51’ -
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(lnhelder & Piagét 1958) were based on a‘somewhat‘
" pr1v1leged populatlon [Plaget, 1972] The method used .
’& ' in, these experiments. is for a tralned experlmenter to ,;)
- -

W‘_

pose a problem to .the. subject and to observe the subject

,?as he attempts to solve 1t The experlmenter takes note

of*all the subject says and does, not: conflnlng hlS n
aact1v1ty to observ1ng but actlvely quéstlonlng the hf » .‘e o
““subject. Onythe ba31s of thlS observathon, the experl- '

£

"menter makes a subjeetlve judgment as’ to the stage level

; of the subjects. T f, e Lj‘ﬁ L V_:f v_"lf:‘Q )

= | Other experlmenters who have attempted to repllcate o

.or‘extend the Genevan experlments w1th other populatlons.’

have not generally conflrmed these age norms, and have

hfound varlatlon 1n age norms accordlng to the‘par:ioplar ‘“'f};
}fﬂ.task used In rev1ew1ng these experlments 1t w1ll be o
‘;lCOnvenlent to adopt a spec1a1 de51gnatlon for tasks '?1 .

agbased on those 1n The growth of loglcal thlnklng These 5°;&1;

- f>tasks w1ll be represented by the letters GLT followed

5by the chapter number 1n whlch the task 1s descrrbed.;,;”vf';ﬂh

\

.‘For example, GLT~4 represents a task based on the.*w

'pendulum problem in Chapter 4 ot7The growth of loglgal

‘thlnklng. i L '_ e e
e EREE ‘ L S e o .
e Q,ngglns-Trenk and Galtes (1971) tested 162 Subs

ffhjects (ages 13 to 18) 1n a Wlscon51n hlgh school’ They
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classified 43%fas formal operational'on-a volume con-"'
servatlon task,.and 32% as formal operatlonal on "open-

veﬂded srtuatlonal dllemmas " ngglns Trenk and Galtes

< .

concluded that "the normal adolescent is unllkely to reach“'

«t

the level of formal operatlonal thought untll hls late
*eens oro,early twentles 1f he reaches it at all and
| these results suggest he may well not."
| Renner and Stafford (1973) tested 588 students
}jln grades 7 through 12 in Oklahoma secondary schools. .
* “'In grade 7 13% were cla551f1ed as "post-concrete |
‘;operatlonal 3 and a further -3% as fogmal operatfﬁnal
iln grade 12 15% were cla551f1ed as "post conCrete
Aoperatlonal and a further 18% as fbrmal operatlonal.”
.”¢Scores were allotted to. subjects accordlng to thelr\
stage 1evel on each task as follows Substage II—A —'“
1 p01nt Substage II B ~ 2 p01nts, Substage III-A -
:sg3 polnts, and Substage lII-B -4 p01nts.l Scores for
V'lnd1v1dual tasks were added and subjects scorlng 12 tolw
?e"l4 p01nts were c1a551f1ed as "post concreta,"’whlle .

Ld}subjecté scorlng 15 or 16 pornts (the pOGSIbIe; were

a

s claSSAfled as "formai operat10na1 "" TheﬁtaSRS\wfre st
ladmlnlstered by means of rhd1v1dual 1ntervweWS, but

fﬁjﬁonly 20 mlnutes were glven for the smx tasks.'aSubjects

"iand experrmenuers must haVe been forced,to make snap

f,nmst have had llttle tlme to thlnk about thelr responses,,,fﬂfff
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judgments. The crlterlon of perfect or near-perfect

scores for classification as "formal operatlonal" is

a very rlgorous one.

Frlot (1970) tested 210 grade 8 and 9 students

u1n an Oklahoma Junlor hlgh school at the beglnnlng

1 and end of a school year. Subjects were cla551f1ed

as belng in the stage of c0ncrete operatlons, in a

'"tran51t10nal stage}"‘or in the stage of f/imal opera-

tlons. On the pretest 18% were cla551f1ed as belng

]

g beyond concrete operatlonal (that 1s elther trans1tlonal

) 1ng to whlch sc1ence course was studled Was fouﬁd ‘in -

s [}
N4

‘the posttest ‘ L1ke Renner and Stafford Frlot used
'a battery of six. tests., conservatlon of quantlty, -
'»'conservatlon of volume, GLT 1 GLT 2 GLT 3, and GLT 4

’-P01nts were allotte 1n the fashlon of the Renner and f

‘. F

eshows that 66% of the grade 8 sub]ects gave formal-

operatlonal responses to at least one of the tasks on .

B !

5~{the pretest Thls 1s over three tlmes the proportlonjfx
ffc1a551f1ed by Frlot as: tran31t10nal or formal e
Lawson (1973) class1f1ed 84% of 134 hlgh school

7b10109y, chemlstry,'and phy51cs students 1n Oklahoma

14

or. formal), 5nd on the posttest 56% Varlatlon accord— o

lfxstafford study ; Further 1nspectlon of Frlot s resultsf}"

]j»as belng beyond Stage II'.:233_35< postconcrete,¢j38%Ja~j,,fgff”7
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as Substage IIL-A,-14% as "transitional formal," and

4% as SubStage III-B Lawson . also used a battery of

- osix tests and a p01nts scorlng system. ] S -

- R .
. . . “’ N

R .
k) o

1u}e"* Tomllnson KeaSey (1972) tested 30° glrls,‘mean

age 11.9, from a Callfornla school and 30 women, mean .

e
& . @

age 19 7, from Trenton State College, New Jersey.;

e

Thlrty three per cent of the glrls were cla551f1ed 1nA

Q

Stage III: 29% in Substage III A and 4% in. Substage

-9
III B; whlle 67% of t} e college WOmen Were cla551f1ed

1n Stage III "41% in" Substage III-A and 26% ln Substage

, III B.d The tasks used were GLT 3 4i and -ll Ind1v1— .

‘e 'I

dual 1nterv1ews were used and sub]ectlve Judgments as

to stage level Were made w1th the ald of sets of
Al \

HehaV1ors characterlstlc of egph stage of deGELopment "ff

. . '-

ingltleS aﬁd dlfflcultles

Tomllnson*Keasey reported ", i

AT & . I T

¥ : K O
1nvolved ln judglng eachilndmv1dual's protocol " {K_,@;‘

»X

.o

o tralnlng se531on followed the three tasks,'ang the

5 results of the posttests ar

: 1n Alberta They clags fied 72% of 99 grade 12 chemlstry

'.»,w.g

“f Substage III-B; Two ver31ons of'GLTV

//e rev1ewed 1n the second . ':f°}’}]

§ectlon of thls chapter.-._&ﬁw“

Wheeler and Kas

students 1n Stage IIL 61% 1n Substage III-A and ll% 1n
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to groups. of subjects in written form.
Jackson (1965) tested normal and subnormal
‘_chlldren in England USlng flve tasks GLT- 2 —4} -8, 1’

1 .
> 70

-9, =11, and -12. ?Orty ~eight’ normal subjects were
v’tested 1n each of the age groups; ll 13, and 15 years
.old.* Of the 11 year—bld subjects, 6% were classxfled
as . Substage III-A (nOne as Substage III- -B). Q& the |
13 year old subjects, 42% were glaSSlfled as Stage III
B 38% as Substage III-A and 4% as Substage III B. Of
the 15—year old subjeqts, 48% were ClaSSlfled as
Stage III: 38% as Substage III-A and’ 10% as Substage

IIIeB Varlatlon was found accordlng to task admlnlstered,

:the proportlons of subjects ClaSSlfled as Stage III ranglng

'<from 6% on GLT- 2 to 33% on GLT 4,

| Stephens et al (l97l) admlnlstered a battery of :

'b29 Plagetlan tasks to 75 normals and 75 retardates as part
eof a longtltudlnal study The mental ages at whlch 66% |
‘f’of subjects succeeded on the tasks were determlned Flve

dlfferent formal abllltles (related to volume conservatlon),i

{were attalned by normals (IQ 90 llO) accordlng.to the

‘g66% crlterlon at mental ages 11 13 16, 17, and 24

Bredderman (l9?8b) tested 27 grade 5 and grade 6 j;[

'7‘~;Amer1can students at three one—manth lntervals 1n a

';ﬁjtralnlng experlment.3 In the flrst test the proportlon iﬁby

SN

of stude%;s In stages II III-A, and'III B were respectlvelyfi:ﬁg
41%, 55%, and 4%, ‘and in. the thlrd test; 3%, 44%, and 48% 5

(r"

- : ‘)...'__‘ PRt o



Bredderman used a test of controlling varlables (GLT-3)
in whlch the. experimenter set the probLem to‘a 51ngle
subject by means of a set of prepared guestions, .
Bredderman s experlment w1ll be considered again below,
under the headlng of tralnlng experlments

N

One 1nd1catdb of formal thought whlch has been
used by a number of experlmenters 'is volume conservatlon,
whlch is supposed to be an early>acqulsltlon in Stage
III?(Inhelder &« Plaget 1958 p. 36). ‘studies 1nvolv1ngtf'
volume conservatlon have been rev1ewed elsewhere (Hobbs,
f:1972). Reported proportlons of ll-year -old subjects_‘
clas51f1ed as volume conservers vary from 41% (Lovell
& Ogllv1e, 1961) to 80% (Inhelder & Plaget 1958) /
| In a rev1ew of llterature related to ‘the perlod
of formal operatlons, Farrell (1969) concluded that whlle
,experlments atAGenevazhad shown that formal operatlons-
h_"begln to emerge".at?the "age of about 11, "'other research
indlcates some flex1b111ty as to the age at whlch formal
..operatlons begln to develop and that at whlch the structure.
. ;1s 1n equlllbrlum;" Farrell noted the p0581b1e effect"
"of cultural dlfferences (1nclud1ng schoollng¢9 the age
. In a.more recent rev1ew, howe (1974) conﬁ}uded ;?

'_that the results of the experlments by Renncr and Stafford

‘(1972);g§tephensbet al (1971), Lovell (1961 1968),
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. and other studies make it clear that only ..
a minority of adoléescents seem capable of, or

find it necessary to, use this mode of thought
[formal operations]. A few are able to solve
Stage III A problems. as early as 11 or 12, but
most cannot solve truly formal operational proBlems
until late in the teens or later, if at all. -

“Howe's cOne}usibns'may be a little premature in

 view of the variation ih percentages of 13-year-old

subjects (grade 7 level) classified as Stage III byi_

1

varlous experlmenters.

168  --— _ Renner & Stafford (1973)
e R | Elklnd (l961c) |
428 e | .»Jack_son-; (1965)

o 608 C—  Hale (1573) |
- 66% Lm— | .:S%e'phe'riset :all:i(19"7lj)r
;5% | _'.'7—h. Somervxlle (1974)
o |

" Any comments on the w1de dlsparlty in these '

results would be superfluous. A ‘weak . explanatlon of the .l
\ ‘
varlatlon }s that the proportlons are of dlfferent popula—

"h tlohs/zﬁ/dlfferent cultural mrlleux (all populatlons are

Engllsh speaklng, mlddle class, normal chlldren) The
P Con
dlsparlty is more llkely to be due to. the varlatlon in -

crlterla for stage c1a551f1ca§ﬁfq?used by the varlous ,
. O o :
experlmenters Part of the var{atlon 1n crlteria 1s 1n

the chorce of\task Plagetlan theory glues no ba31s for :

[

o comparlson of results obtalned on dlfferent\fasks whlch

' ‘,are supposed to test for the same struqture (Plagct l97l)'h

. L . . LR
: T . . . d
v : [ S .-



. a glven task
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{
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-Another part of the variation in criteria is in dec1d1ng
Just what behav1or is to constltute gu1de11ncs for
experlmenters judgment on a glven subject, An 1ndicaf
tion of the'compIexity of this problem is prowided'by
'Somerville~(1974).A.In’SomerwiIle's study a‘Sample of

236 Australian children from 10 to 14 yeéars old was’

CoMa

‘givenrthe pendulum prbblem (GLT-4) . The‘experimenter's‘
aim was to developia'ﬁdetailed scoring System for‘per-"\\\;¥
. “formance}" Childrenswere_teSted indiVidually, and\_: o
"presentation of the task and the method of guestioning
-‘were based as closely ‘# p0551b1e on the work of the |

: orlglnal authors [Inhelder & Plaget] ; Subjects were -
rated on a three p01nt scale on each of 12 aspects of
thelr‘performance In accordance w1th the ‘patterns

~of performance ratlngs found nine stages of - development
1were deflned, two correspondlng to Substage III-B three _;_;
-correspondlng to Substage III-A, and four correspondlng

to Stage ‘II.. Of the 13 year—old subjects,‘75% were
*cla551f1ed as Stage III 1nclud1ng 33% as Substage III~A :

and 42% as - Substage ITI-A. Somerv1lle s’ complex scorlng,
f.system is 1nd1cat1ve of the'W1de varlety of behawior. ERs

patterns whlch may be foun? at a glven stage level on -
I A » » R v



. 20

o o TRAINING STUDIES

& " , :
-Four tralnlng experlments in fo al operations

have been reviewed by Howe (1974) Fl hbeln et al (l970b)

successfully tralned most of 60 subje_t95 some as young .as

They clalmed

~10 years, in the. comblnatorlal syste

structural acqulsltlon" by thelr su Jects that is, . o

dlearned ability wh1ch generalized t a dlfferent problem

Tomllnson Keasey (1972) tralned 72 subjects in GLT-3, 4 o
_and ll in a. 45—m1nute ses51on( Gains were found in .

.stage ‘level onan 1mmed1ate postt st con51st1ng of the
same tasks, but these garns did not per51st or transfer‘
‘accordlng to a test one Week later u51ng an altered
‘version of GLT 3 and ver51ons of GLT 7 and 12 Bralnerd
and Allen (1971) successfully tralned "den51ty conserva-,
tlon - to- 52 grade 5 students in a 51ngle ses510n.‘ Trans—’ﬁ
fer to volume conservatlon was found.- Selgler et al (1973)
taught 10- and ll-year-old subjects (N = 24) to solve
y'the pendulum problem (GLT 4) . After 5/51ngle tralnlng
hsess1on "the 10- and 11- year—olds were able to exer01se

formal operatlons loglc and to produce solutlons closely

fresembllng those c1ted by Inhelder and Plaget as, exempllfy-_'fﬁ‘

"f '1ng the hlghest’stage of reasonlng.__i‘"'

In a. reV1ew of tralnlng 1n both concrete and

lformal operatlons Bellln (1971) expressed surprlse at "how

N



21
little research is addressed to" the trainingtofuformalj‘
.operatiOns. He found the experimentsireVieyed to‘be‘
unsuccessfui in,inducing.skills related'toipombfnatorial
}thinking (Ennis. et~al 1969 Anderson, 1955), or uncon-
’yincing becauSe of absence of a test of transfer (Flshbeln.
et al 11970a).

Successful tralnlng.experlments have been reported
“ by Case and Fry (1973) and Bredderman (1973b). Case and
Fry tralned-a group of 15 low - SES 14—year ~0lds who had

not - yet reached Plaget S stage of 'formal operatlons‘" in:
de51gn1ng c0ntrolled experlments and cr1t1c1z1ng poorly
._vcontrolled experlments. After 12 weeks the experlmental :d"
group performed 51gn1fi¢ant1y better (t %~8 4 df = 28 :

P < OOl) than a matched control group ‘on a test related
'to controlllng varlables._ Slnce controlllng-varlables -v
.*1s a. formal-operatlonal scheme, thlS may be con51dered‘
.to be ‘a successful tralnlng experlment in: formal operatlonsv.j:_igj
‘jBredderman tralned 27 grade 5 and gradel6 students in: lﬁifr
controlllng varlables Four tralnlng se351ons were used
yispaced)over one month The de51gn 1ncluded a pretest,

. al posttest, and a retentlon test one month after the
.-'posttest Bredderman concluded that ‘in: the posttest

’ nearly half of the students havrng mean age ll 8 years

'*»could be cla551f1ed in late formal operatlons w1th regard

v»f.to thelr ablllty to control varlables,ghthA._

l:; The overall plcture seems to be that acceleratlon _'3”

‘. P



of formal operatlonal behav1orkmay be'not only:posSiblej‘“
but also relatlvely:easy, although the ev1dence remalns
quite thin. | V

A methodologlcal problem related to the tralnlngs
of operatlonal structures has been ralsed by Inhelder
" and her co—workers (Inhelder et al, 1966 Inhelder &
“Slnclalr,‘l969) They clalm that attempts ta. traln .
”subjects in conservatLOn tasks may succeed in 1nduc1ng
‘ SubjeCtS to respond correctly w1thout “their acqulrlng .

A“truly lOglcal structures [Inhelder & Slnclalr, 1969,-1'

p.,19] They recommend rlgorous crlterla for acqu151t10n

- of 1og1cal structures ‘to ellmlnate respOnses whrch e: B

'_examples of elther a spec1fic strategy learned 1n one
'type of problem or- of a llmlted operatlonal structure,'“
'but not of the acqulsltlon of a true operat;onal structure.dh'
- The SpelelC crlterla they recommend are summarlzed as f::gi
Ifol&ows by Kuhn (1974) : "To be con51dered as having §
.xlgenulnely attalned conservatlon, a. tralned subject must
fmake responses that (a) 1nclude approprlate explanatlons,
li(b) persrst over tlme, and (c) generallze to nontralned
;imaterlal. : . ' ‘*”’ S | | |
| Wlth regard tolthe flrst’crlterlon (requlrement

i -

» of veerI explanatlons), Bralnerd (1973) has shown that

"';f3such a requlrcment makes tests subject to systematlc

Z'Type II error.j He argucs that 1n Plagetlan theory, cognltlve



.;dlfflcultles aSSOClated wlth both of these. One

fo.were never or. seldom any varlatlon 1n subJects behav10r

lt,ﬁfIn any case, 1n the experlment descrlbed 1n Chapter III,

sfisubjects Were(not taught how to do the spe01f1c tasks

;“h posttest.

structures do not depend on verbal behav10r, therefore
verbal explanatlons constltute sufflclent but not‘
necessary condltlons for the presence of cognltlve
fstructures. Although Kuhn questlons Bralnerd‘s argu-':”
‘ment she shows that in posttests of tralnlng experlments;
_explanatlons cannot be con51dered to be even suff1c1ent

icdndlthns of structure._ Verbal explanatlons are not
.requlred in the tasks used 1n the present study »

The second and thlrd of the three crlterra for -
. 'presence of structure (retentlon and transfer) are N

‘.’employed in the present study There are theoretlcal

4;17'

S -

»”ﬂdlfflculty relates to the extent of retentlon or trans—l"f;ﬁ7
:fer Whlch may be acceptable as sufflclent ev1dence of
o genulne" structural acqulsltlon.; KUhn (1974) has shown

"the ambIQUltY 1n the retentlon crlterlon'f that structuralf~‘

'"v_acqu1s1tlon 1s not a necessary condltion for retentlon.sfdg"“.j

f'The transfer crlterion would be more conv1nc1ng 1f there E
4 R

. 70n dlfferent tasks supposedly related to the same structure,fg_;

. ;} B
\ "

"f}used 1n the posttest, so that transfer was requlred and

’a retentlon test was admlnlstered one month after the.
. - *—‘v- : E . -



;.CHAPQ#R.iII-?"
| -
'fPROCEDuRE‘7
In Chapter I, a case was‘mede thetjtheiappiicau-'
';tlon of the theory of 1ntellectua1 structural l;mltatlons
rests on_the*valldlty of ‘the fOllOWlng three statements
(é)d Substage III*A 1s not attalned for a majorlty‘f
of students untll the secondary school years or later.,
' f{(b)i Substage III-B 1s not attalned for ‘a majorlty L
of students durlng’the secondary school years. i “h
' '1,(c}g.Progre551on from Substage III-A to Substage h:i ;
ff”IIIeB 1n a glven content area 15 necessarlly slow (of s

ofgthe order of years) and 1s not sub]ect to appreciable
o . N I e B B .

[RRE S

t’acceleratlon.:gif,f.fu

For structural llmltatlons to be appllcable to

"::fysecondary school, elther (a) must be true, or (b) and

o(c) must be true 51multaneously._ The procedure Whlch

' 3;:follows 1s desrgned to establlsh the emp1r1ca1 fa151ty of tff

.\

'ﬁ;(a) and at the same tlme elther (b) or (C)

Consequently, the study has two alms'7 to determlneilf

'7ffrthe proportlons of secondary school students who may be

:;c1a551f1ed as Substage III-A or Substage III-B"and to

'nf‘test whether apprecrable acceleratlon can be 1nduced

J

\*d,in the progressxon from Substage III-A to_Substage III-B.u_jfif

s




,Consequently;'the Study has‘tWOfpartsF a survey and

an ekperimeht | Both 1nvolve the testlng of subjects )

in order to ClaSSlfy them accordlng to substage :Ihe
‘5,tests used for thlS purpose, together w1th the crlterla'
‘used for clas51f1catlon, represent operatlonal deflnltlonh‘}
of the terms_ attalnment of Substage III A" and "attaln-.;
A'.'ment of Substage III -B." - ' |

| 'f The tests wlll now be descrlbed and the valldlty‘
of the operatlonal deflnltlons they represent W1ll be

'Jdlscussed The procedures used in the ‘survey! and experl-;j;‘

f-lment W111 then be descrlbed ;..Y,”}’T,' f"'v§iml

Tests for formal Operatlonal structures usually

'.follow procedures descrlbed 1n The glowth of 1og1ca1~t::fdfﬂ

-]

Lthlnklng (Inhelder & Plaget, 1958) In these procedures,ff 7fhf

al SIngle task is used to cla551fy subjects somewhere on

Ifﬁthe full sequence of development For lnstance a glven

| ffSUbJeCt mlght be cla551f1ed as Substage III B, Substage :7?.,"”

'_3III-A,_or Substage II on the ba51s of hls behav10r on ~t'xu

;;the one task Separate tasks are not uSed Tor each

r‘fsubstage. The experlmenter S SUbJect1Ve JUdgment USuallyffh,vi'

t

"Nﬁenters 1nto th1s multlple cla551f1catlon process.“,,,h*'””

In the present study,»an attempt is made to

‘“i:prov1de a ba51s for classrflcatlon of subjects whlch
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requlres minimum Judgment by the experlmenter once the
: : %
crlterlon has been dec1ded for a partlcular substage.

In order to do thls,‘each task was de51gned to test for
one substage only _ Two tasks were used to test f0r ‘
:Substage III-A and two others to test fo Substage III -B.

| The w1de dlsparlty in Fhe reported percentages é??
R of Stage III subjects at age 13 years glven 1n Chapter II
 was seen to be probably a functlon of dlffeflng crlterla\ I‘
:1for ClaSSlflCatlon : The crlterlon problem-—decldlng :
what w1ll be the crlterla for ClaSSlflcathn of subjects :
accordlng to stage level——ls endenlc to research related
vito stage or structure theorles, because stage l\Vel or |

structure can never be determlned dlrectly but always

fhas to be 1nferred from observed behavror ‘on tasks._lhjf‘ji,ge:Q

="f.’"The problem of establlshlng crlterla for a stage level

'7or structure has two aspects~7 decrdlng on the form of
hthe task, and decrdlng on what behav10r e11c1ted_by the h* ey
"5g~task W1ll cqnstltute ev1dence for the 1nferred stage level

"or structure.

These two problems W111 now be dlscussed 1n

"fgeneral terms, startlng w1th the latter problem. The

H?ifsp601flc tasks used in- the study w111 then be descrlbed SRR

,‘_..'- .
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.Inference crlterla

For clas51f1catlon lnto Substage III -B, most

' reSearchers seem to requlre.a subject to succeed com—
'pletely on a task or even on each of a number of tasks..
To- do thlsbls to assume that what a, glven SUbject does

- on every occa51on 1s<Wh;t h@ 1s able to. do. Nonetheless,
thls requlrement prov1des falrly objectlve crlterla._.|‘”

‘The problem of 1nference Crlterla for’ Substage III-A is |

]

- more. dlfflcult because the Substaoi III~A subject is’

’vsupposed to glve ev1dence of formal operatlonal thlnklng

'ffi-¢wh11e belng unsuccessful on the task or tasks.- Thls is

where subjectlve dec1510ns enter——lf a subject 1S~unsucj RRRE

{e_cessful on a task, 1s the structure absent, 0r}§§<if57ﬁ,;h"‘“

lj_present but not yet stable or. fully deVeloped??Ii? I

| For the present purposes the problem has to be~}’
I:;'conSIdered 1n relatlon tO the 1dea °f 1nte11ectua1 |
.hfff:structural 11m1tatlons,»where the lnference of lack éf

structures 1s taken to lmply restrlctlons on currlculum

rfidea, Type II errors may be seen to be more costly than

"pe I errors.; Sweeplng changes to secondary school

content and teachlng method In the appllcatlon oflthls ?”:h"

* ffﬁcurrlculatare belng prOposed on the baSlS of an 1nference1;:;,i7

3

k;pgr example 1'cord1ng to Lawson and Renner, 1f such an

:;;inferencehls correct then "the currrculum w111 have to

1that-most§students lack formal operatlonal structures.sgiffig7£f
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be reshaped to reflect concrete objects, events, and

- 31tuat10ns-*rather than abstract mental. 1mages, rules,

and roles——ln the teachlng methods and materlals used | Q
[1974 p. 558] - To 1mplement major changes in, currlculum
‘and method when the 1nference of absence of structure may
"be 1ncorrect would be 1mprudent Therefore for the'd

‘purposes of testlng the 1dea of 1nte11ectual structural

3 ~11m1tat10ns,\Type IT errors : should be av01ded 1n

‘cla551fy1ng subjects as Substage III—A or Substage III B )
In: other words the conservatlve course of actlon in.

thlS case 1s to adopt rlgorous Criterla of fallure.lr?'“»;jh'

o
=

: In the present study four tests were used two

.tests to cla551fy subjects accordlng to each of Substagesff:gfu

S

III—A and III-B : In order to class1fy a subject 1nto Ii%q

a substage on the ba31s of two tests, two p0551ble

7cr1ter1a could be used success on both or‘success‘\n\\\

Suppose that a task T is: used to determlne whether

y-ja glVen subJect has a structure S ' Suppose further that

. a certaln type of behav1or B on T is consrdered to be ffwf

| indev1dence for S If the subject actually has S but the

;texperlmenter Judges that he do%s not dlsplay B on T, then

.T'.fa Type II error w1ll be made by the experlmenter':hlf |

'ififon the other hand the sub)ect 1s,Judged to.dlsplay B

“3g5but does not have S then a Type I error w111 be made-;h;h"P?.v
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Such error may- be random or systematlc._ Intorder to

c1a551fy a subJect into a substage on the bas1s of two

. tasks, two p0551ble crlterla could ‘be’ used '~success on:

either, or success on both The follow1ng argument shbwsVFT\ff'

that the crlterlon success on elther 1s subject to more fﬂ}uﬁ?ﬁr

Type I random error but less Type II random error than
thé crlterlon success on- both A further argument Wlll
be advanced to - show that 51nce systematlc Type II\error

can never be removed 1n prthlple, the cr1ter10n success

‘on elther is preferable on theoretlcal grounds.
Flrst con51der random error. Suppose there _
are probabrlltles PI an P that Type I (random) errors fd;ll
' sr'are made on the flrst and second tasks respect;vely.

Suppose there are probabllltles P 'and P that Type II

IX
a ”i-) errors are made on the flrst and second tasks'

jlvely PI Wlll be the expected fractlon of the

gts who should have passed the flrst task but falled
? {1d have falled the flrst task but passed If success
;Eoth tasks lS adopted as- the crlterlon, the overall '

I I

v»blllty of Type II errors 1s PII+PII PII PII 'Iff

ep :uccess on elther task 1s adopted as the crlterlon, the

”f.‘ overall probablllty of Type I errors 1s P +P -P ‘p! ‘}g~~

S

“ii w111 be the expected fractlon of the subjects who:fiyﬁﬁff

- blllty of Type I errors lS P P s whlle the overall ;1T;f

I I ,,_;?fj';uu_r

: while the OVerall probablllty of Type II errors lS




P Il II; 'Therefore if Type\II errors are-more costly;s‘
fthe conservatlve course is to adopt success on either
'[ftask as the crlterlon, as long as precautlons have been
ntaken to reduce systematlc Type I error in. each of the
ﬁtests 1ndrv1dually | |
In hlgh Jump and slmllar athletlc contests, the
]“crrternxxsuccess on any one of three trlesdls unlversally
'?adopted 'srnce the questlon "Can the Jumper clear two s
'lhmetres°“ lS answered afflrmatlvely if he jumps two
‘.,;i-lmetres once. The crlterlon 1n any one task of those
‘?: k-{'employed here 1s analogous to the crossbar on the
. v.?hhlgh jump stands.‘h'f,~. f‘l y‘ : —
| ‘ Now consrder systematlc error. Although}a
'gfstructure S may be a necessary condltlon for a subject
~1;ifto dlsplay behav1or B on task T S may not be a suff1c1ent

vffcondltlon for B Subjects mayrfall on T not because S is -

;absent but because of such thlngs as mlsleadlng or.

fambiguous 1nstruct10ns, fallure to comprehend what 1s ”

I

f}of B qan be taken to 1mply presence of S absenceﬁoﬁﬂa-

Phe LT

fcan.lever be taﬁen to 1mply absence of s. glz'”

As'Bralne (1968) pornted out '"Itvls clear that

age at whlch thls type of

KR

1
&
1
fiand ‘.

Ay

"'requlred lack of motlvation. Therefore whlle presence pjyf»f"'
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response can be.ellc1ted using the 51mp1est experlmental
;bprocedures [p. 187] - In the present case, the aim is
to determine whether a given subject 1s Capablé of a-
partlcular type of response The only crlterlon whlch
1s not completely arbltrary in thls case is whether thlS
“type of reSponse can be e11c1ted u51ng the s1mplest
experlmental procedures Operatlonally, the "51mplest
-:experlmental procedures“ become that task among the ones
employed whlch is 51mplest for | the glVen subject |

In Ehe present study, only subjects who falled .
both of the pair of tests for a glven substage were;

-cla551f1ed as belng below that substage.-

Task Selection . _ o 5

i That pagt of the crlterlon problem related to |
.de51gn or selectlon of tasks amounts to the problem of :
34‘task valldlty | The Valldlty of employlng volume conserya-;v“

vtlon, controlllng varlables, and generatlng comblnatlons b]

'hvas 1nd1cators of Substages III-A or III«B w1ll now be‘-

- gfdlscussed startlng wrth volume conservat10n.-.€3"

i Accordlng to Plaget volume conservatlon "lS nOt

“_c‘worked out conceptually before the begrnnlngs of the B

-formal level" because w1thout a doubt ~f? the conserVa-feltr;}z

LT

‘.Qtlon of volume throughout changes of form presupposes the Qlf:;ia{

l?;fvablllty‘to handle proportasﬁs [Inhelder & Pié@et 1958ﬁ"”’

36] Thls latter ablllty lS °upposed to be based ,i‘;iﬂg:4*~
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\ . the mechanlsm by whlch Fubjects move from concrete

hh characterlstlc structures on Stage III (Inhelder & f*vj ;//fj¢

on the formal operational four-group structure (Inhelder

& Piaget, 1958, pp. 176—181),; Ah-advantagelof volume

v

conservation is that a fairly stralghtforward and

objectlve test may be’used to detect the acqu151tlon.
Controlllng variables seems to prov1de both a

suff1c1ent 1ndlcatlon of the beplnnlngs of Substage

< Lo
III-A and ‘the attalnment of Substage III- -B. In examlning

operatlons to formal operatlons, Plaget has p01nted to
reallzatlon of the need to c0ntrol varlables as a turnlng
p01nt (Inhelder & Plaget 1958, PP 282 283) ThlS

reallzatlon seems’ to Be chéracterlstlcally present 1n '
\ .

formal operatlonal subgects, and characterlstlcally absent

“in concrete operatlonal subjects. Apparently, when two

¢

1ndependent varlables are 1nv01Ved in a 51tuatlon, not

only do concrete Operational subjects fall to’ control

. . one‘ﬁf the 1ndependent varlables 1n order to test the.

effect of the other ‘on the dependentfvarlable,'“but the
1dea of dorng 50 does not even occur’to them [p. 285]
Moreover, Plaget clalms that the usedof the method of
proof,based on controlllng varlablesvns ﬂgﬁltself alone

a’ sure 1nd1cator of the comblnatorlal system, one. of the,

‘ Plaget 1958 p. 244) Thls 1mp11es that recognltlon ;_}-

. of the need to control varlables 1s a suff1c1ent conditlon'"

for Substage III—A o
J o

32
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Furthermore, the schemc of "all -other thlngs
belng equal"” is supposed to manlfest 1tself dafferently
in Substage III-A and Substage III- % "As a- general
.rule and in its authentlc form, the schema ' all other
thlngs belng equal' appears only at Substage III -B
[Inhelder & Piaget, 1958, p. 437, At Substage III—A
thlS type of proof "1s Stlll only partlally understood :
[p.12)." For these reasons, manlfestatlon of the 1dea

“of. controlllng varlables seems’ to be an approprlate
' crlterlon for the gene51s of formal operatlons, and '
ablllty to use the scheme an apprOprlate Crlterlon for
lfull realr;atlon of" formal operatlons. |
, Another test for. Substage III B is prov1ded by ”
Ithe comb1nator1al system.' ThlS structure enables a
' subject to generate systematlcally all of the p0551ble~a
comblnatlons of a set of objects (the set of, all p0551b1e
o \ﬁubsets)  The use of the comblnatorlal system as a- test
for’ Substage III-A is somewhat dlfflcult because at |
thls level the sub]ect 1s supposed to proceed 1n some

systematlc mann%r to generate\comblnatlons, but W1thout T

B success.' There is some subjectlve dlfflculty in dec1d1ng e

whether a subject 1s proceedlng systematlcally or. is -
randomly generatdng the comblnatlons On the other hand
the crlterlon for Substage III ~B may be stralghtforward
'kfﬂand object1Ve The subject may be glven a set of

.-elements and asked to comblne them in all possrble ways.

N



If the subjeotAsuoceeds in generating all'of the possible.f
COmbinations}given,sufficient‘time, then that_subject'~", -
may-be'classified as‘SubstagevIII-B A

| Hence two tests of controlllng vaflables, a
.volume conservatlon task and a. comblnatorlal'system task
‘were used in the study The actual forms of these tests
twill now be descrlbed In subsequent sectlons, the
procedures for admlnlstratlon of the tests, the sampllng
'procedure, and the 1nstruct10nal sequences w1ll be
"descrlbed | |

VOLUME COVN:SERV‘AT_'_ION Tr;:sfr o

The'wolume‘conserwation testltovbe‘denoted Vd,{j

lls a group admlnlstered vers1on of a procedure prevrously
,'de51gned by the experlmenter to mlnlmlze‘ systemat1C"
A'Type I and Type II errors. An ext;nded ratlonale for h
';:the form of the test 1s glven elsewhere (Hobbs, 1975)

‘order to be ClaSSlfled as Substage III—A on thls task

| subjects have to predlct correctly that when a ball of ?f}h

fclay 1s transformed in shape (rolled 1nto a sauSagé "’*

‘-tbroken 1nto pleces, or flattened 1nto a "pancake"), and

"then 1mmersed 1n a glass of water, the water level w111 be

- the same as for an 1n1t1ally ldcntlcal untransformed ball

b

;~<;placed 1n an- 1dentlcal glass of water., In order to mlnlmlze

Y

'fv'Typc I error due to subjects correctly predlctlng the water 'i_t,:5

RS
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. & ' L.
level on the ba31s of conservatlon of weight, the testlng o

’_procedure employs a tralnlng sequence des1gned to 1llustrate |
to subJects that when a body is 1mmersed 1n water, the' e
;occupled volume rather than the welght determlnes the
dlsplacement of the water level, and a test to determlne :'M
“whlch SUb]ectS do not. understand thls. The tralnlng |
procedure also teaches subjects how to respond on the :'
"qanswer sheet | : | ,‘. L
o o In order'to mlnlmlze Type‘II error due to the f

;Zuse of relatlonal terms such as. more" "same"‘or "less

--the questlon subjects have to answer 1s "Where w1ll the
water comto”" In addltlon, subjects respond nonverbally
:‘by maklng a llne on a dlagrammatlc representatlon of the- |
glass to 1nd1cate thelr predlcted level : Instructlons

y

\7_for the tester and the response sheet are reproduced

“in Appendlx A (pp. 113- -128) fh"f~}}ff7{.};*];lu-;lL;,ffﬂf'

o J?ipcoNTROLLING»vARIABrEs TﬁsTS?rf*;*hf'ff{}f«'
Two tests ‘of controlllng varlables were used '“;75

‘lfThe flrst to be denoted ”CV-A s was used to c1a551fy

ifhsubjects 1nto Substage III-A The second to be denoted

'A"CV-B " was used to c1a551fy subJects 1nto Substage III-B

}wf; CV—A was de51gned to determlne whether a glven 4hf‘s¢r"

'subject recognlzes the need to control varlables. Sub- ;; 3
.;hjects were shown two metal rods~5‘a brass rod 51 4 cm |
' ‘ﬂ\ o ' ‘ - L L .

O N
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.long, 5 mm 1n dlameter, and- .an alumlnum rod 45 5 cm long,,'
12 mm 1n dlameter. Each subject was supplled w1th a |
prlnted sheet descrlblng an experlment 1n whlch a.
student attempts to bend the two rods.’ The test form i
.'1s reprodhced in Appendlx A (p 121) By~means of a-
| dlagram sub ects were shown that the brass rod bends far f -
more than tie alumlnum rod Subjects were asked whether
th1s proves that rods made of brass bend more ea51ly than 1_1
rods made of. alumlnum, and why or why not A further ' :
questlon requlred SubjectS to suggest two ways to 1mprove
_the experlment ' In order to. be cla851f1ed as Substage Uf:*:

III—A, a subject had to glve ev1dence of Seelng the need

to control at least one of length dlameter, or bendlng '{fﬁf}f]f;

R
force applled

| CV—B Was deslgned to test whether a subject could S
deylse a procedure to test the effect of a 51ngle varlable.hfjff;:=3;
~h wh11e holdlng a number of other varlables constant ”1n(27f:
the Inhelder-Plaget (1958 Ch 3) experlments,'subgects
were presented W1th a serles of metal rods of varylng ﬁ'h:f}tdx“
dlameter, cross sectlonal shape, ahd materlal The rods i
were clamped at one end so as to pro;ect horlzontally
ﬂ The lengths progectlng from the clamp could be varled
and dlfferent welghts could be attached at the ends of
the rods. Subjects were requlred to test the effects |
of any one of the varlables on the flelelllty of a rod

: measured by the amount of bendlng Wthh occurs when welghts ;m;;”Fhﬁ

‘\,. TS

.‘:10_': C-



':are hnng on the end N ‘

| CV B lS a varlatlon of thls test de51gned to
be admlnlstered to groups of subjects and objectlvely T
"scored Subjects were supplled w1th a set of seven

'wooden planks varylhg according to type of wood (plne T

't'or redwood)i length (20 cm ‘or 30 cm), w1dth (2 3 cm‘L‘d

' !or 4 5 ¢em), and thlckness (7 mm or 14 mm) The rods

’-were labelled A to G The redwood planks were clearly

“dlfferent 1n color from the plne planks, and in’ addltlon

- were clear&y labelled as redwood or plne.as_f_f*

Subjects were glven a wrltten test to accompany
hthe set of planks.ﬁ Thls test 1s reproducedwln Appendlx
:together w1th the 1nstructlons for the tester (pp.,113 125),;‘;pf

- i_‘\wlth the a1d Of a dlagram, SUbJects were ShOWn a method .

'flof testlng for "stiffness"”of a plank bY pla01ng the

plank on two blocks and sett}ng a welght on the mlddle.;"f'jft}.f»
'V”In a serles of three wrltten questlons, subjects were
ft;then asked how they would test whether the stlffness was

?rhtaffected by length of plank thlckness of plank, or type:{ﬁf;?g,ff
. (/ e

':yOf wood respectlvely, and to name the planks they would

._uéi In each case, only one palr of plahks would glve J;fﬂﬂf“'

ﬁa Valld test properly controlllng varlables.
A subject could thus select nOne, one two,g;if7-7*'"h°"

li*or three palrs correctly The set of planks 1s so

: -constructed that three are pzne, four redwood- three?aregffjifﬂgﬁf

e
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long, four short three are wrde, four narrow, and three
§

. are thln, four tthk. There are consequently 12 poss1ble '

]

: ways to plck a palr of planks wh;ch dlffer on one glven o
c‘varlable.u A subject has three chances to select a’
.ﬁ correct palr (three questlons), so that the probablllty

of Selectlng exactly one: palr correctly by chance 1s _

W @There are three dlfferent sets of three responses
o contalnlng exactly two coerect palrs. Qherefore the "i;ff;Yff'R

i

probablilty of seleetlng exactly two palrs coxrectly by

-f chance is ;ii:f

12 12 ‘ 4 8 . B ’ ‘ ‘l“— ' \ . 'b_',“:j- - i ‘ ?A : I :

e

‘h@jjf- The probablllty of selectrn& exactly three palrs

’ P : e . e ""A U
correctly by chance 15,?: o ;ffz'r*'r

”‘“f,:hfﬁ“If the crlterﬁ{n for SubstagetIIIL
: R AR

‘o S :
two pairs chosen correctly,*

‘ g

III B sub;eot mlght make a mlstakeﬁln%selectlng'ng

wrltlng down a palr) the probablllty that such a subgectv e
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’:wrll be lncorrectly ClaSSlfled as Substage III-A 1s
-3p with a- crlterlon of three palrs correct, and approx1-v
7f;mately 3p2 w1th a crlterlon of two palrs correct 1

Thus uSIng a crlterlon of three palrs correct,

' Type I errors are unllkely, but the probablllty of Type IIua'.

,errors may be qulte hlgh For ‘a.- crlterlon of two palrs **l

'.f correct, Type I errors remaln v1rtually negllglble, but ﬁf5*“”

. Efthe probablllty of Type II errors 1s reduced v1rtually

l’f;by a factOr of 1tself On the bas15 Of thls analysrs,;u.7'”’"

;lfthe crrterlon used for ClaSSlflcathn lnto Substage III B ?7*

*f;on CV B was set at two palrs selected correctly

In tHe comblnatorral system test used by Inhelderlp_i¢:ﬂ

T*fand Plaget (1958 ch 7), subgects were presented w1th

fhﬂfour different chemlcal solutlons In flasks, and another

f:¥1n a dropper bottle._ Subjects were shown that when some bfﬁﬁ” L

fof the chemlcals Were mlxed ln“a certaln':ay, a yellow fff:'“i

‘7fcolour‘was formed on addltlo ?of the ldQUld from the f?ﬂ{"”"'v

ﬁfﬁdropper bottle.f

"“';_.v'-«'yellow colour by mxing the ,éhemc’al ""iSubJectsz,who

‘They were then ':req'lred to reproduce the =
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E S

";four solutlons were cla551f1ed as Substage III-A The:;*;l_¢ﬂ;f

- more systematlc subjects were c1a551f1ed as Substagev’i"
jIII B, the dlfference belngb"only one of degree [p 120]¢} .':q
The dlfflculty w1th u31ng the comblnatorlal J'-Lff:lgg;a
isYStem test to determlne Substage III—A lles 1n-the'iii-;~i..h
\«SUbJeCthlty of the Judgment as to whether a sub)ect
1s proceedlng systdhatlcally to generate the comblnatlonshl‘
Myor 1s randomly comblnlng the solutlons.A The test used
nh;ln the present study to be denoted CS was.. de51gned on
t¢the assumptlon that glven a t1me 11m1t of 15 mlnutes,'““.v
J‘i?Only Substage III B subjects can generate all p0551b1e
,rsubsets of a glven set of four elementS., In pllot |
} iadmlnlstratlons of CS,‘after 15 mlnutes subjects Were
;‘iffound e1ther to have flnlshed or to be dupllcatlng
';tcomblnatlons.d When a shorter t1me was used (10 mlnutes); f\_?ﬁhﬁf
:’uisome subjects complalned that they needed more t1me.¥ﬁ{f???eFHZhw
Subjects were glven a prlnted questlon sheet and |

'Qj'answer sheet, These sheets are reproduced 1n Appendlx A

'°'5(pp 113 125) The problem whlch subjects had to con81der .s.fr* '

'hfwas the number of dlfferent ways a tran31stor radio » B

"Lcan be bought glven the pOSSiblllty of up to four"
extras" (earphonep carry1ng strap, leather case,.:or : »

';?extra battery) Subjects were requlred to wrr7e



. \'—'.

There are 15 p0551ble ways of comblnlng the extras,as

: R S

well as the p0551b111ty of no extras. Subjects who

-

generated all 16 pOSSlbllltles, and subjects who

generated LS not 1nc1ud1ng the p0531b111ty of no extras,_.i;~ﬁ

5):51nvolv1ng thlS test 1ndlcated that most SUbJ

N saylng "‘?;ff

~ common

or. III-B;

“fﬁaﬁmihiﬁtgg;_"”

were c1a551f¢ed as’ Substage III B.‘ PllOt reZearch
cts who
could Systematically generate all comblnatlons seemed

to feel that the null subset (radlo alone) "went without

N

. GENERAL FEATURES OF THE TESTS '\

" The four tests have the following features in .. " *

lfdf‘éi Each test 1s deglgned t° CIaSSlfy gubjeCtS

'?H accordlng to one substag: only, elther Substage III—A | _ﬁ}??;

»0‘.,

*:Kb). The criterion for success in.each case is . . .-

.. objective. .

. fe) The tests may be administered to groups




Having each teést de51gned to’ determlne only
. one’ stage level allows the adoptlon of objectlve crlterla.
€%hese objectlve:crlterla are as follows | .

In the volume conservatlon test, the subject
dfhad to draw llnes representlng predlcted water levels
'1n four 1nstances If a subject drew all four llnes
Jhcorrectly he was claSSlfled as Substage III—A A llne
>~was con51dered to have been drawn correctly 1f any part
'.1of the llne was w1th1n 0 5 mm\of the correct level |
dr‘Thls was determlned by draw1ng a llne l mm thlck at

'f.the correct leVel

B In CV—A the subject had to 1nd1cate whether ; ff;31f¢?ﬁ

-::the test descrlbed proves that rods made of brass bend

vrmore ea51ly than rods made of alum;num, to Say*why or f;;»wf"i"'

j;;why.nQQI and to suggest two ways of maklng lt a better S
ff;experlment to test whether rods made of brass bend more
Hba”ea511y than rods made of alumlnum A subject was e e
»"ffclass1f1ed as Substage III—A 1f elther or both of the 5}5 i
-"i:followlng~ : . o : | SR |
‘TThjlj he answered no .to the flrst question;.v

::;(b) he suggested 1n answer to the thlrd questlon

E".“.!_t-.that at least one of length diameter, or bending force be ;?R}

fffequallzed for the two rods.;gfff"""

' ”:i}x In‘gxrB the subject was asked how to test for i}fdf{fjf;

f.'the effects of length thlckness, and type of wood

"ifrespectlvely on the-stlffness of a plank and to 1nd1cate
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. i»

 which planks to use., - . A subject was cla551f1ed as

Substage I1I- B if in his answers he selected aNcp{r )

"fanks ataleast twice;'
nﬁthe comblnatorlal system test, the subject
4jto 1ndlcate 1n a lS—mlnute tlme limlt all
;ht ways. a radlo could be bought glven four
fﬁextras.f_ A subject Was cla581f1ed as Substage

?f he generated all 16 poss1b1e ways,'or 15 ways
;pludlng the radlo alone._;'fi‘ L ' |

'VZ:AnhiﬁiSTRAé;oﬁ~6F;THE”TESTS:’ .

- Tests were admlnlstered to subjects 1n groups of

°yo fourteen The VOlume conServatlon test was

thwadmlnistered verbally accordlng to predeflned protocols S
)

w1th demonstratlons.u The other tests were 1n f“’

J;bﬁt”#hé*tesée#;fﬁadﬁﬁﬁeiinét#uéfiénszéhdii'JA'T%**

to subjects 1n each case¢ Instructlons for 17;'

'testers were prepared ln advance and these are reproduced L

*tffln Appendmx A (pp 113«125)

o o A Stratlfied random sample of grade 7 students
”.“and a stratlfled random\sample of grade 9 Students were S

{ztselected from the populations oﬁﬂgrade 7 student.and

'V'jgrade 9 students 1n three rural hlgh schools in the e
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hAnnapolis Valleyuof Noua'Scotia;; The grade 7 populatlon
@_.con51sted of 529 potent1a1 subgccts.’ The;grade -9
n.populatlon consrsted of 455 potentlal subjects. Fruit-ed ph
ugrow1ng, small farmlng, and tourlsm are’ the major"' |
.Llndugfrles in thms predomlnantly Whlte area: The schools
'-;1 theareglon adopt a practlce of streamlng classes
-accordlng to IQ The less able students 1n the lower
streams pursue "medlfled" or "adjusted"‘programs 1n
‘Ismaller classes.p In order for the samples to be |
,=representat1ve of the p?pulatlons W1th respect to
:ablllty, sex, and educatuonal cxperlence, subjects were
'selected randomly from a number of strata._ Most strata
':cen51sted of all subjects of the same sex 1n the same .;ﬂ_
'vclass.; In order to preserve proportlonallty, small o
;;:classes were comblned to form sxngle strata 1n two
?fcasesb and males and females 1n a. small class were
th;comblned 1n one case.;: s o | |

| The number of students of'bach sex 1n eaeh of the
7{hstrata, and the number selected f}om each stratum are
hflshown 1n Tabées 1 and 2 The grade 7 Sample con51sted
if;of 57 subJects, 30 male and Zy\jemale.l This»represents
‘hfa sample to populatlon ratlo of 0 12. The grade 5 sample
'iicon51sted of 54 subjects, 25 male and429 female This

\,

1.;alsd represents a. sample to populatron ratlo of 0 12

QijIn the random selectlog, more than the requlred number ;f?ff?5:35



lTABEE'll.\fﬁv;f;_hif'v o
Comp051tlon of Strata and Sample

Grade 7 : "f_'fﬁfyll¢5f};‘_ e

—0. . REG!

- ' S "_l; Populatlon f,fﬁ'd' ;
ftﬁs¢hbpl'”b '§¢Cti°n Males Females Males Fema&es

.

'”*?2 = 16?[ g

Central Kings =

Hants West \ -

fléérhwallis o
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. TABLE 2 R ,
Composition of Strata and Sample |

'Grade 9

‘ i _ , Population *:' ‘Sampleﬂ‘l
=§chooli \w;; SeCti&; Males ‘gemAles_ ‘Males‘gfemalesn
S —— — —- -
Central Kings = 16 - 16 -« 16 ¢ ‘
o _' 17 17 15
: ' 18 - 14 14 .
19 - 15 15
20 .17 ;10
21 6 ' 5

20
20
12

17

¢

Ul R SR LY S

Hants West |

- Cornwallis B

A - 19
22
17 . .
15

oometal . T a10 s o

15
10
17
13
12
15, .19
12
11
3

MU Ow» WO OW»

l,w.l_'l‘t-n-‘m_w_-r-a&w.t-‘ew. NN NN
N
B L N I R R R VR
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. : ') N '
of sub]ects were selected in. each stratum, and the r
potent1a1 SubjeCtS were llsted in order of selectlon.
SUDJGCtS who were absent for one of the pretests were
replaced by the next avallable member on the llSt for d
that stratum No replacements were made after the
'pretests | e | A | |
Ind1v1dual IQ scores were not avallable for<
_the subjects, but a frequency dlstrlbutlon accordlng |
to Lorge—Thorndlke IQ was obtalned for most of thels
’grade 7 subjects who took the posttests.i The~fr7quencyl
;dlstrlbutlon is shown 1n Table 3. A chl—Square goodness .
'Aqof flt test 1nd1cates that the frequency dlstrlbutlon |
fls not" 51gn1f1cantly dlfferent from the normal dlstrl—a;

Lo

-+ bution (x = 4. 91 df=s, £> 0. 30)
| ,._m°swﬁu¢mm. ’s_.EQuENcE_s-- o

" Two 1nstructlonal sequences were used- The f'

I
‘_ !

comblnatorlal sequence was de51gned to teach a systematlc
"method of generatlng the set of all subsets of a set of
A'four elements.~ The controlllng varlables sequence was

fd sxgned to teach (a) the need to control variables, and
..(:l the Sklll of selectlng test palrs from ngen arrays.:?:
:;Full detalls of 1nstructlons for the teachers of the s

' '7‘sequences are glven 1n Appendlx B (pp. 126*137)

s
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' TABLE 3

Frequency Dlstrlbutlon of IQ of Grade 7 Sample
and Goodness of Fit to’ Normal Curve : :

jIngangef;~'.'._OBSetVed' f . 'Expécﬁed_ix_ fChiQSqqatezﬂ_  .

o1 -110 e 3.2 DL RN
mo-a20 g 8.5 . L
ilgl‘?“u B a

- ——

Jw: ...

. E— .

Y I T

af =5, p>os0 .
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‘The combinatbrial sequence:

The comblnatorlal sequence consrsted of three
20-minute sessrons In the flrst sess1on, each subject?»
‘was presented wrth 20 paper baklng cups and an . envelope
contalnlng 40 cardboard trlangles of varylng srze and |
rshape, lO blue,\lO red 10 yellow, and 1o black Sldesin
'-of the trlangles varled from about 2 cm to 4 gm.u-Subeif:'
»-Jects were glven the task of plaolng one two three,”orf»

:four trrangles 1n the cups 1n as many dlfferent ways

,vas pOSSlble, so that no two cups had the,same contents,aDrV'

E land no cup conta;ned more than one trlangle of any one'_fp”;

;%icolour. In pllot testlng the use of cups for the

,”pcomblnatlons was found to reduce subjects' tendency
. \ B
AL

L t0~consider permutatlons rather than comblnatlons. '

.[As the subjects attempted the task the 1nstructor

!l‘fsuperv1sed subJects' act1v1ty, clarlfylng the rules,

'vgiand p01nt1ng out 1ncorrect subsets or dupllcates. }théﬁ,c;,~7

:Vf;objectlve of thls sess1on was to make sure that subJects ,-3'

}understood the problem 1n preparatlon for belng given
¥h¢a systematlc method of solvrng it.;fftf';”"'h'"ﬂ |
In the second sé951on, the 1nstnuct0r explalned

'f'a systematlc way to generate the complete set of com-ﬁ’

'n*blnatlons by ones, twos, threes, and fours. Subjects f“ o

'-[.-were then allowed to practlse the systematlc method

t;frrst wrth the cardboard trrangles prevrously “sed'.avj}j;fﬁ:

SA
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.then w1th klts of four dlfferent klnds of objects—- e

10 each of paper Cllps, paper fasteners blngo chlps

;and pennles | Instead of baklng cups, plnk sheets‘

:»ruled 1nto 20 squares were used _ Subjects were allowed

. to keep the pennles. The systematlc method consrsted

“'rdu51n9 pen01l and paper rather than manlpulatlng real

'of plac1ng the obgects in a row, then tak1ng succe551ve n"
: palrS as follows- flrst and second flrst and thlrd,:a
'hflrst and~fourth, second and thlrd Second and fourth, ullﬁ'
' third and fourth . Sets of three were then generated h

hy om1tt1ng one of the four in turn, and f1na11y a11 ";Q”f.fpf
nffour were. taken together. | » T " .j." w
f‘jjl‘ In the thlrd se551on;wsubjects were glven

L.prlnted sheets glVlng practlce 1n generatlng comblnatlonsiff‘

_”‘objects. These prlnted sheets are reproduced 1n f¥“ |
“-Appendax B (pp- 126-137) In the flrst part of the

”_-practlc Se551on. subjects were glven a choice of three

‘tiproblems.~ One requlred the generation of all possible

v fft."outfrts" glVen four dlfferent 1tems of clothlng. d“':fft"ﬁ"ﬁé.

?;Another requlred the generatlon of all possible combina-fd“d”“'w

dfwthis of ketchup, rellsh cheese, or onions:oxraj'fff*} S

.hamburger.‘ The other requlred the generatlon ofilll

R possible comblnations of'whltewall tires, automaticogjff‘$

”ffnfautomoblle..l"

”'!transm1551on, radlo, or car heater 1n orderlng a new R
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In the second part of thc oractlce sesslon
_.subjects were requlred to draw "all the dlfferent ways ;‘
'vaou can have a square" if the square can haVe any of

an lnscrlbed 01rc1e, a dot in the cenﬁ%e, a border, or
-r«a cross of dlagonals.= At no trme throughout the o o

comblnatorlal sequence was any mentlon made of the

_trans1stor\radlo problem.5j,ﬁgf7'

qffControlllng varxableslsequence ffﬁf f';.fff:fﬂ:;'hffs??f;Yf;h

S lee the comblnatorlal sequence, the controlltgg
-varlables sequence con51sted of three 20-m1nute seSSLOns.qin'
C'The flrst se551on was de51gned to teach subjects the need hé

f'"to control varlables.' The lnstructor demonstrated two.fjxhgqﬁ’

,"experxments where control of varlables was necessary S

nivjfbut not carrled out, and then used the results tofdraw

"'ﬁffalse nnllkely conc1u31ons._f

“7“Q,Lt the top, the other 11 cm hlgh and 6'cm inddlameter

ffffjand a tablespoon were placed on“the:table be51defthe

:hffthe glass.' The 1nstructor”dem0nstrated t_at sugar

'1¥h%by Pourxng water into thei;wcfrlasses -o:

"'f: In the flrst demonstratlon, two glasses wexe

77shown to subjects, one 9 cm hlgh and 8 cm in dlameter

ffat the top. A labelled contaxner of sugarf a;teaspoon,

}&fsdlssolves qulcker 1n a shortiglasszthan ina’ tal_'glassw,

'*a:zand stxrrlng a large amount of sugar from the tableSPOO’




’ - * .
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Kl

in the tall glass and a smill amount of sugar from the

teaspoon 1n the short glass. A d1scussxon ensued as . _ﬂi;

subjects obJected thatﬁltowas not a. proper proof and

f"’and thlckness, would be needed to perform a proper test.,3+3

sequence subjects were shown an photographic llght meter..:f5

'"‘bﬂ Its use was demonstrated usrng a llght bulb._ An array

test whether colour (frosted or clear)

niﬁ.shape affect the laght meter readlng.

et

that both equal volumes of water and equal amounts of f_b;“'

Asugar would be necessary to "do 1t rlght."~‘ g

f' ‘ﬁ The second demonstratlon 1nvolved prOVlng
that red coloured rubberrls‘"stretchler than blue't
coloured rubber by hanélng a- heavy welght on a long |
tthk red rubber band and a llght werght on a short thln ff-?‘”
blue rubber band. A dlscus51on ensued wlth the conc1u31onte

that equal welghts, and rubber bands of the same length

In the second sess;on of the controlllng var;ablesg,

o/

of 1lght bulbs of drfferent shapes and wattages, some

frosted and Some clear, were shGWn to subgects. The

ot T b e e T e A Tl

array of llght bulbs 1s 111ustrated in'Fig;,l.; Subjects

were requlred to ple out palrs of bulbs to be used to f:ffﬁﬂff

'bwattage, or

fThe remainder

of the second‘ses51on and the‘third session were.designedrl':

to glve sub;ectszpractlce 1n selecting est-pa‘rs from |

glven arrays.~ In session two, eac“'subje"n

packet contalnlng 819ht strlps of;paper on"}b ue,and?




w

F igurel

_ Prray of light bulbs used in controlling variables sequenc
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:one plnk Strlp of each of the‘follow1ng four srzes
p'lB;S_cm x 2.5.cm - S :}5 -
flélS;cm‘x_l;ZS cm;VIQ o .:‘*‘[},‘*a; -;3;2 [t
Boemx2.5em i
80:ﬁd€f§5cm;¥ R |

Subjects were asked to select palrs "the same

.icolour the. same 1ength but different w1dth“ and so on.‘lf'ff'p

L The se351on conclug\: Wlth 31mllar practrﬁe u51ng (a)

<.prubber tubes of diff rent colour, length, and d1ameter,. "“r“l

f(b) metal rods of dlfferent materlal 1ength, and dlameter.f;;_,

In the thlrd se551on of the controlllng varlables f[;!;

>uﬁsequence subjects were glVen practlce 1n selectlng palrs ”lfjfr

ffdlfferlng 1n only one aSpect from plctures of arrays of

’”-Qfobjects varylng 1n a number of dlfferent asﬁbcts._eThe.'ilflﬁffm

._;5;p1ctures and\prlnted questlons are reproduped 1n t‘}f"f

. *.":::‘Appendlx B (pp. 126 137) In this case(i-v-

jubjects worked

"“7:5w1th pen on paper rather than(W1th real ‘bJeCtS.g Through~if}'a?:

; 1

’57§fout the controlllng varxables sequence o mentlon was

ifgmade of the problem of the brass and a umlnum bars/%or

: the problem of the wooden planks (CV-A/and CV-B) 7fff;7j’ff;j
pa e T B __‘,,H,Hul;_,,;“,,;.

o PRWEDURE A




‘7p}-55;,
'schedule in Table 4 was followed for the grade~$\samp1e.

In each se551on the subjects were d1v1ded 1nto tﬁo equal h
'for nearly equal groups ‘Two experimenters were always
‘ present Each group spent 20 mlnutes w1th each experl-f.;v

menter to make a total of 40 mlnutes for each sessxon.

’Each experlmenter admlnlstered the same test or the same-'*?"

"1nstructlona1 se551on to all subjects 1n the one day, S

FlVe dlfferent experlmenters (coded A to E 1n

"-~1the schedule in Table 4) took part at varlous tlmes ;?“

v5accord1ng to avallablllty All experlmenters were male..fan:p

"*f}]All were experlenced an teachlng secondary S°h°°1

. /

1f?5tudents and 1n admlnlsterlng tests._“;;g_pr*'

The four tests were admlnlstered to the grade 9

'p.—,

H“sample on Apr11 10 1975'1 One experlmenter admlnlstered.iyffe

‘fthe volume c0nserVatlon test and the CV-B test, the other;gfr”

' 7f:eexper1menter admlnlstered the CV-A test and the comblna-lii;fF,

TR R I R S
'ftorlal system test ”,,“jhﬂ,‘“j7j,h¢fji D e

"“TffScotia. A test of volume conser atlonr tWOf[eSts of

‘Tf,“oontrolllng varlables, and a te:t ofhgene?atr_,h'fﬂf:




o\ N, TaBLE « T

L} Testing-and.InStrhctionjSchedule'for Grade'7.
R i TR L

Session .- Date  Experimenters Test or Instruction -

1 }f}‘Februery 18  Pretest volume conservatlon ‘
S e ”Pretest CV—A ‘ : n

S22 5f¢brn§?9 26 -  Pretest CV-B o

Ly _

;5fSe551on No l Controlllng

' : varlables sequence o
wSess1on No.,l Combinatorlal
s sequence fv

3 t;lreb;ueryVZj;v__.

0 > ax we |

{cSeSSLOn No. 2, Cbntrolllng
R ‘variables' sequence .
LB 'iszSess;qnvNe.wz COmblnatorlal
LU fsequence;.v\,. T :

e

4 - February 28

. 5,;f;”MarchJSe5‘~/ fT7ij[-"]E;Se5510m‘No.f3 Controlllng

: I T NS TR - variables - sequenCE'_~*'
“Session No. 3, Comblnatorlal
R sequence ”7"*

oo

6, March 7 ' Posttest CV-A and cv-B-lf»'
'ijetentlon test CV—A and CV-B

“}jRetentlon test: Comblnatorlal
system : ‘

Lo mol

'1.'Pretest comb1nat6r1al system .;}fff

'v;;Posttest Comblnatorlal system.



1cla551f1ed as: Substage III—A or Substage III-B on the |
i_ba51s of these tests.- Each test was de51gned to reduce

B the pos51b111ty of systematlc Type I error and objectlve v/t
‘crlterla were used to score the tests. The grade 7
‘sample was then subjected to a total of two hours of
“1nstruct10n ln controlllng varlables and generatlng
dcomblnatlons over a one~week perlod, and retested for ;

'Substage III -B- 1mmed1ately after and one month after-‘i’eﬁjh .

"the 1nstruct10nal sequence.,"f_”'



CHAPTER IV .
. RESULTS
Complete results are shown 1n Table 5 for the

grade 7 sample, and in Table 6 for the grage 9 sample.
The proportlons’of subjects who met the crlteria
establlshed in Chapter III for success on 1nd1v1dual
tasks and for cla551f1catlon 1nto Substages III—A and\
h III -B w111 ‘TIOW . be con51dered Subsequent sectlons

I

- of thls chapter w1ll be concerned w1th changes 1n

-7

’,sub]ects' performance on tasks follow1ng the 1nstruc—7‘
Sy
tiOnal sequences and the retentlon perlod and w1th%
correlatlons among the tasks.. The chapter concludes

: w1th a dlscu591on of the results.hfffa‘f‘

fpsgrcmip‘.ncr:; o TESTS S T

_f Percentages of subJects who were successful onw
' each'task are shown in Table 7. Percentages of subjects'flfﬁf‘"
| who met Substage III—h and Substage III-B crlterla are ..;
.7;i shown 1n Table 8 Before 1nstructlon, 51% of the grade 7 rihajﬁy
< subjects and 80% of the grade 9 subjects passed erther p“.,
G

or both of Vc and CV-A and were Jlasslfled°as Substage,III-A.ffij

Before 1nstructlon, 47% of the grade 7 subjects and 50% QTiffnilf




TABLE 5

:Reéﬁlts*fpg_G:adef77samélelﬁ.

Posttest. - Retention Test

Pretest

CV-a

~Age’ .
(-mcnthS)_

CS

CS

€8

CV—B"

Cv-a "

CV-B

CV-A =

CV-B_

 VCfQ

157

1m0

154

15‘;9'. S

174 ST

s

q;i"ﬁf i

L

59

ﬁiffffxf’
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‘TABLE 6

Ad

L.

. Results for Grade 9'Samp1el‘

~ Subject
Number

- es

CV-B

/.

CV-A

veC

. Sex

. AN

"10; 
12 ) o
13
“;;?oféltl'
21 o ’
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TABLE 6 (cont'd}‘l‘

cv-a.

Sex

Subject
- Number

. VC

22/

Co24

25

27

28

30

3

4‘t32f”‘-

“ 34{.

.35

. 38 -

a0

.

S
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) TABLE .6 (cont '-'d) o

_Subject

V=B Ses e

~ cven

Sex o

Number -

4

47 -

. 51

52

53 .

P
R
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TABLE 7
Per Cent of Sub3ccts Successful on Tasks,'v""
. , , _ : , . '}yrf~'

- Task . - Pretest ..Posttest Retentlon 7;; N—Sd _g_l i
© 0 Ns57 . N=50 - N=d7 o

‘7:vOlume

a&t10n S A SRSt SRR 5

DR FreQuency Per Cent Freque,jY" Per Cent;f*”°‘i'”

‘7fnPretest
jﬁ*iiPosttest
‘.}4Grade 7.

‘n}fﬂ*Retentlon
';ijrade 7

"*an}"”f}~n1;f;' TABLE 8.

Frequency of Subjects Cla531f1ed ‘as Substage III-A
e »y; and Substage III-B L R

AR

Met Substagc III-A
Criterla o

“Met Substage III Bf”
Criteria T




;of the grade 9 subgects passed either or both of CV-

Vand cs’ and were cla551f1ed as Substage III B (Substagesfd'ffﬂ
i'III-A and III~B are not exc1u51ve categorles here ) |
Comparlsons between grade 7 pretest performance
lfnand grade 9 performance can readlly be made u31ng v

V;Tables 7 and 8.~ A dlrectlonal chl-square test (Slegel

T

—}1956 pp 104 lll) ns convenlent to determlne whether

"f;the proportlons meeting crlterla 1n the grade 9 Sample ?i;ﬂ
'hhare s;gnlflcantly hlgher than ln the grade 7 sample.;fﬁie*:‘
:fThe grade 9 performance 1s 51gn1f1cant1y better than

e*}the grade 7 pretest performance on VC (X 4 36 df = l IV R

V:;B < 025), on CV-A (x ll 0 df = l, p < 0005), and on_?h}i};?

cs (x 6 17 df--..l, p_ < .01) There J.S no. szgniflcanti'l}'_’:f;5_; R

: 7fffd1fference between the grade 7 prebest preformance and

e :“P. > .10) R

'"}fthe grade 9 performance on CV*B (x < 10 S: df = 1,

_‘_._

The prOportlon of grade 9 subjects meetlng the R

”*gjcrlterla for Substage III-A 1s 51gnificantly hlgher thanifgfffff?'

Afivtthe proportlon of grade 7;

:.s

ubJects meetlng the crxteria

"5,jffor Substage III-A (x 8 92 df = 1, p < .005) On the.ﬂddfiffr

‘ ;5f{other hand, the proportlon meeting the ipaterla f%{

’ﬂfrsample than for the grade 7 sample on the pretest

e

JSubstage III-B 1s notﬁslgnlflcantly hlgher for the grade 9

S (X2~.007 df o l, 2 > .]_0) More than half of the ,, SN

i g de 7 sample and fourvfifths of the grade 9 sample met »Jf??17f¥r



AR .
St -
¥ ",.,", s ’ K

the Substage III-A;crlterla.‘ About half Of each Of the ";" s

: “%,grade 9 sample and'tne grade 7 sample on the pretest

' ‘met the Substage III B crlterla,ijil;e = e

,I
S

iNstt_'rc'T'I‘d:_v;:Amnl RETENTION ‘,E'EEE‘:_:C_Tsf'; R

e For the grade 7 sample, performance on the pretest v:

sg”'was compared w1th performance on the posttest u51ng the

"aMcNemar test for',lgnlflcance of changes (Slegel, l950y

o —:\:ipp. 63 57) For each of CV-—A, cvl-a cs, and the Sub- o

.'sv;'pwas tested ':”

l>az=d RN

‘eefstage III B c1a551f1catlon, the followrng null hypoth9515f§fff;

: 1 ?d

A drrectlonal test was used since subjeets wer

> P

'-tytpredlcted to perform better on the posttest tha: on the} ;fﬁef}f

q”w{epretest The 31gn1f1cance level was set at,five pervcent.QVV" B

‘f At thls level for a one talled test the crltlcal Value of;

'flchl-square wrth one degree of freedom 1s 2 71 A srgnl-rl,.fffg

'"1f1cant ch1 square 1nd1cates that performance on the

t{fiPOStteSt was better than performance on the pretest. |

Table 9 shows changes 1n performancexon{CV~A,

';5fCV-B and CS between the prttestang posttest The number.fiu
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B TABLE 9 R

. 1Cﬁénges Between Pretest and Posttest1

Posttest 4,_' ’.qﬂZVﬂfﬁﬂf:izf‘ T
Fall }‘ Pass ”e,.; (MdNemer Test)'ﬁ*»

CV'A (N = 45)

_ :Fm‘ - 22- B R

cv-B (N 50)‘}*

sk rf__Prét'éséc} |

"i17failfj;aeﬁléﬁf;ykirlsfe;e?ffff ;;éfi6;§$fef7ffﬂe;jff\

:{‘Fall';‘};f23 eLfeij}B;ﬂfﬁ;¥ff '. 9 35*iff;e5;¥‘ﬁ'i

Substage III B Cla§51f1cat10n (N 50)

=

pass | ¢ 4 i n

'”ejbl In thls and subsequent tables, only sub]ects present

for both admlnlstratlons are shown._{ifih‘
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of subjects‘present for both pretest and posttest Wasrs-1T

.45 for CV-A and 50 for CV B and CS Performance lmproved -‘

'"between pretest and posttest for both CV B (x 6 05,- o
adf = 1 P <’.01) and cs. (x 9 35 df = 1 p g 005)

: TThere was no Slgnlflcant lmprovement ln CV—A (x l 75

"gdf = l p'> <05). Table 9. also shows\changes in subjects _

ljcla551f1cat10n accordlng to Substage III B crlterla

‘ jsbetween the pretest and posttest : The number of subjects .y

.ClaSSlfled as Substage III B Increased from 25 to 34
V,Thls 1mprovement lS 51gn1f1cant (x 3 71 df = L
P.<°5> S ‘, e

| Table 10 shows changes 1n performance between
‘”msposttest and retentlon test. QChanges are not SIgnIflcant\f .
*f:for CV*B (x 0 df = l E >;.10), nor for CS (x = 0 13,;ipf

l E'> 10) The proportlon of subjects ClaSSlfled

'hif;as Substage III B dld not change SIgnlflcantly between'5

'fifposttest @nd retentlon test (x 0 ll df = 1, p > 10)

YH'“jFor CV-A, however, more subjects passed the retentlon

;T;:i;fp <4.05)

FTVtest than passed the posttest. The dquerence ls 51gn1-'
‘?flcant usxng a non—dlrectlonal test (x _4,00,~g§,7ﬁl,_,,jfln
A more dlrect test was used to determlne whether

Vgilastlng sxgnlflcant galns were achleVed 1n Stage III

;-ﬁ;fperformance by comparlng pretest performance thh

"imretentlon test performance., The results are shown 1n

‘“‘{fTable ll:m Slgnlflcant lmprovement between preteSt and

v



S 7,]{ TABLE o

'Changes Between Posttest and Retentlon Test

Retentlon Test :
A Fall o Pass (McNemar Test)

Ch1 Square -

RS ";_-Passf‘;: 1¢ir}”f ‘.18; o
oo Pesttest. o T o SRR
S é;beall.;»~I3"‘;::’ff 8 2,33

S me e, 9555?‘ﬁ:'GsTﬁis;lsiinfs' T TR
. Fail 13 ,f' :¢g5‘hg Qv.]f" 0.320

CS (N 40)

RN ,;";j_,?PésS' 'if3f"_ffxsf155:*»°

. Posttest o o T T AR
Rl a7 S e
T M"

SubStage III B Clas51f1catlon (N 40)

A ‘*5"'ﬁ]Fa11 R B j3~»_;“g[{,g;§_o;1l:’
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'TABLE“Il' e

f¢haﬁges.BetWeen“Pretest ahd'Refenﬁion TesffV _

~ Retention Test °~ ° . Chi-Square’

. Fail . ‘Pass’ . t.ﬁMéﬁemar,?est) 1

N -

:"CV*A (N = 43) L

i .. pass' 2 . 12 R
¢ Pretest” " - - Co LT - Sy
SRS Fail 12 _;_le.  o .'110.3j,

SUOA 0 pass. o2 1 0L
- Pretest.. .~ . .. . o7 e

CPretest oo L e
o Fail. 25 L1700 o 12.s% o

' Substagd III-B Classification (= .47) .. . -

. i ‘w.v.".c ,/“.‘ .‘,v- ) b v. )
Dol Fall o130 13 o eleer L




\’ /ff,.* - . i s
retentlop test was shown in CvV-A (x 10 3, df = 1, _

| P < 005),11n Ccv- B {x~ 2 . 4.9 , df = l, E < 05), and in

- cs (x = 12 5, df =1, p< ooos) The proportlon of L
subjects who met the Substage III B crlterla lncreased
sxgnlflcantly from 45% to 68% (x =6.66, df =1, p < 005)

To summarlze, 51gn1f1cant galns occurred ‘in per-

4formance on CV-B and CS between pretest and posttest

/

"f51gn1f1cant gains occurred in performance on CV—A

‘-CV B, and CS between pretest and retentlon test The ft_'Q

,proportlon of subjects cla551f1ed as Substage III-
,ilncreased SIgnlflcantly from 50% tgﬁ58%°between pretest

: and posttest, and from 45% to, 68% between py/test and

&

retentlon test (percentages calculated of subjects who '

[ .
.° I

were present for both tes&s)

Gne further aspect of‘the changes in behav1or was
"con51dered.; that of @ predlcted 1nteractlon between age
!and 1nstructlon with Substage III B as crlterlon.» Accordlng
to the ldea of 1ntellect@al structural llmltatlons, those
Vsubjects most llkely to acc%%erate to Substage III B 1n vb§°.k
"the perlod between pretest éﬁ% posttest would be the ,‘ 1;;]&5;f
oldq.'subjects.. These subjects would be more llkely to ‘;"".‘
fbe closer to "natural“ development of Substage III B”' f

t, 0.

- behavror. ‘A tWQ—way ana1y51s of varlance w1th age and

]

- ) .,“

~L1nstructlon as’ 1ndependent varlables and performance on
‘tasks as crlterion was'applled. Performance ‘on tasks

a‘,Was determlned bY 3 ,ottlng one pornt to a subJect for dhd




¢

| s
r .

. sucgess on each of CvV-a, CV—B,.and CS,‘making aipossible

three points. This design has repeited measures on -

the 1nstructlon factor. Subjects were all chosen from - .
‘ v
one grade lezel 1n the study, and 51nce students of

lower achlevement often repeat years in- the educatlonal

system which supplled the sample, some precautlon was 17

*

necessary to counteract the p0551b111ty that any 1nter-

actlon effect would be masked by older subjects of lower
ablllty. The precaut:ons were flrst the removal from |
the sample of subjects oYer the age of 1690months.ﬁolder
subjects must have-enteredischool late or‘else'repeatedk
a.grade);)and second the removal from the sample of
students 1n the lower ablllty streams in each school
(those streams pursulnq modlfled or ad]usted proé}ams)
After the exclu51on of such subjects, 35 remalned who
were present for both pretest and posttest. Age ‘was made 1b

a flxed factor w1th two levels ’ those born before and :

: those«bqrn after January 17 1962 The subject of

of correlatlons among the tests fof the two samples.

medlan age (born January 17 1962) was excluded, equallzlng

‘the cellyfrequenc1es. There was no sr‘nlflcant 1nteract10n'7“

between age and 1nstructlon (F 2 00 dfi— 1 32 _2 > .10)\\v

“ A\
. & . .
§

o

" cORRBLA'_rIoms ',:A'MO_NG : mEsTs

Tables 12 and 13 are matrlces of ph1 coeff1c1ents s
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TABLE 12 x
Phi—éoefficients Among_Tests (Grade 7,Sample)'

) N A S .

—

“Preteéf T . Posttesﬁ : ' Retehtiﬁn Test
" VC CV-A CV-B (S . CV-A 'CV-B (CS§ ‘CV~A’ CV-B .CS

Pretésﬁ o ‘ o o
ve o .31r a8 .01 .18 10 04 .23 .08 . 13
cV-A .31% .39% .22 .67+ .24 .05 .d2% 28 30
CV-B .18 .39%* - .30 .20 .A;26 05 .11 L.40% .17

&S .01 .22 -.200 . 18 .10 (09 -.06 .04 .25

Posttést’
R g

COV-AT 15 L67% 200 .18 .14 34 CM52% 32% 41+

\

JCV-B .10 .24 . .26 .10 .14 S35% .19 .45% .27

-

CS .04 .05 .05 .09 .34% ,35% 4 .23 el

Rétention'

_. ieSt - i_ ‘f :;h> 15.i; :;;?‘;.‘  §£ ” H

CV-A "i23 .42 .11  -06 .52¢ .19 .14 . .34% oS
CV-B. .08 - .28*. ,4o% S04 .32% 45¢ 23 . 3qx a7

ces’ a3 L30% .17 25 1027 el o5 i1

S R< .05
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Phi-coefficients Among Tésts (Grade 9 Sample) -

—————

——

vc -

Cv-a

" CV-B

N A

. Cs

ve
Cv-a
CV-B

cs

.24
L42¢

.24

.33%
19

.33

.36%

"L 30%
.19

L36%

p < .05
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For N = 50; a ph1 coeff1c1ent of 0 28 ls 31gn1f1cantly
dlfferent from. zero (p-< .05) In the remalnder of thls |
‘-sectlon, attentlon w1ll be conflned to those partlcular
cases where p051t1ve correlatlons are . to be expected |
'for certaln reasons.
| ’A measure of the rellablllty of the 1nd1v1dual
»tasks and of the Substage III-B crlterla can be gained ‘f
'by con51der1ng the correlatlons between posttest and
.retentlon test results on the tasks amd on the Substagei
., III B cla551f1cat10n. The phl coefflclents for CV—A
~.CV B, and CS are respectlvely 0 59, 0 S4,Aai'r0 61
For Substage III -B. c1a551f1catlon the phl coeff1c1ent
“1s 0 64 The correspondlng contlngency tables appear
;. '_'_’Qm Table 9" (p. 69). EREE B ”
| ' For the cla551f1catlon as Substage III-B,
62 5% met the‘crlterla on both posttest and retentlon

'vtest 22 5% met the crlterla on nelther posttest npr
BN

N 1

."ant the other. In other Wordsu the classiflcatlon pro-»'d”

i .

nfcedure wasncons1stent for 85% of the subJects.F'ﬁ,;d*f(jﬁ

Formal—operatlonal structures are supposed to form

..“;an 1ntegrated system (Inhelder & Plaget 195ﬂ??£h 17),

pth?/efore the four formal operatlonal tests wdhid be

“;retentlon test and 15% met the crlterla on one test and- Lo

ﬁlexpected to correlate w1th each other. In particular, ffu,fﬁflf:

'7fFVC and CV-A should correlate w1th each other. The "";T-{:-~“s,

f?phi—coefflclents between VG and CV-A are O 33 on the <



hpretcst for the grade 7 sample, and 0, 36 for the

-ff_are not s;gnlflcant for the grade 7 pretest (x -_,07l,é"

a .

-.:_,— \ -, ‘ . . S . . »
. b N s o A 7. . w o T 78 Do
. . . )
. ‘o . L

i

grade 9 sample. ‘Both ‘are 51gn1f1cant (E < 05)
' CV-A and CV -B should not only correlate, but also

be related to each other 1n hlerarchlcal fashlon.' Fewer
P )

i subjects would be expected to fall CV-A ‘and. pass CV B

vthan v1ce versa. Table 14 shows the relationshlp betweeh

CV—A and CV B performances by the grade 9 sample and

on the pretest, posttest, and retentlon tests by the

'grade -7 sample. Phl-coefflclents are 51gn1f1cant
'except in- ‘the posttest for grade 7 To determlne 3
“flf the predlcted hlerarchlcal relatlonshlp between

‘FCV-A and CV B thds, a’ test 51m11ar to the McNemar test !

¥

‘,used prev1ously 15 apprgprlate.l The null hypothesxs";fa;g'f'f

R 8 thls case 1s. :

:frHo For those sgbjects who pass only one

‘_;ftest, the probéblllty that any subject w111 pass CV-A :g. -

",fand fall CV B (that is P ) 1s equal to the probablllty -

/

‘that any subject Wlll fa11 CV-A,and pass CV B (that ls{fjff

- That s By = B < 1/2. Vo
ﬂ1=,*Pas?4Pa-.;L:»~,;

Agaln a dlrectlonal test s used sxnce the ﬁ{pfﬁni”‘”*“*

'fihlerarchlcal order 1s predlcted" The/chi square values;;y**7"

;}“ajj

Ldf = l, p > 10). posttest (x ,1.41 df__,lr R >”.10)'1s;f?»

S or retentlon test (x 2 4, dﬁ-- 1, E"-'OS) Th@‘,;:fu;“f



e oo T T T

TABLE 14 . P

w : " L .
o .
\. . (43

Relatlonshlp Between CV—A and CV-B .

Fall *.,PaSSZ : ff'."f> ~ Phi .
. v RN 3 . N A . N
—— e

- Gﬁade %ipfetesﬁimkgié~52f'-j*;g,*‘

Pass 70 19, i
¢ Fail 28 7[f:gf;;;;;gy;51f;39f¥;

. .Grade 7 Posttest, (N = 50)

T CV-A.- Cho B L S
S Fail rf?<13vuif“7‘13‘-”“f.‘T;af;j]“j~13*ii_7

"‘u)f*wf¢l Grade 7 Retentlon Test_(N 47)
A

"7?553-;§»412f]ff'f2bﬁ‘f7fit§”§%ﬁf

"'fﬁFaiimffifrllff‘***? 4ja;ﬁ554ﬁgz'

B e L S A S SRR,

Crcos

L Fall o 170 2 s



8o

s ch1 square value is 51gn1f1cant for the grade 9 test

v? = 12,2, df = 1, B < .0005).

| Slgnlflcant correlatlons would also be expected
.between performance on CV-B and CS the two Substage »
g,III B tasks.. Table 15 shows the relatlonshlp betWeen*'é?ff?f<'h
‘flCV B and CS on the pretest posttest, and retentlon }:.'&
.. tests for grade 7, ‘and - for grade 9 Two of the phl—t:eﬁa
't'fcoefflclents are 51gn1flcant (E < 05) those for the o

”5Qgrade 7 posttest (0 33) and for the grade 9 test (0 36)

An h1erarch1ca1 relatlonshlp 1s expected between

"_}:Substage III~A c1assxflcat10n and Substage III B c1a551-frr;fr73,

: "~;4df1caélon. Table 16 shows the relatlonshlp between the

5:j'w5ubstage III-A and III B classlflcatrons for grade 7

‘M:fﬁ(preteSt) and grade ‘9, The reSpectlve phl-coeffICIents

‘:il’?lare not - signlflcant (E > S)Q: The Predlcted hlerarchlcal

'*frelatlonshlp rs borne out 1n the grade 9 results
”2

x

I2 0, df = 1 E 0005), but not 1n the grade 7

'a,results (x 2 0 df = 1 E > 05) The proportlons of 'I:f'fg

'*ﬂ;]subgects who meet the Substage III-B crlterla but not the

':Itfand 6% of the grade 9 sample.;g'
“Tth;analySls lndlcate that the tgsts and claSsiflcatlonff

4?”3'1to beASIgniflcant are generally so,vexcep:

?’T,ISubstage III—A crlterla are 16% of th%\grade 7 sample,hﬁ’

To summarlze, the results of the corrélatlonai

':{crlte'la are. falrly reliable.'icffrelatlons»predlctedf;

‘{;”posttest grade 7 performan%e on CV-A‘does.not correlaie



TABLE 15

Relatlonshlp Hetween CV—B and CS

ffpVCSV

‘ 7Faiinj Pass

'-“¥ t§hi,fi;:>¥ ;;1."

57)

- CV=B: .. . e
Coolon Fail oo

o G:éde 7 Pretest (N

»'Gréde 7 Posttest (N

%m

CCV=B.
S Failo,

u e

S

_: &;c;,r‘aaé; 7 Réfe,‘itio#Q-Té..sg_?\.(g_% TR

nf_Pass

s

12 e I

.

7

Grade 9 (N =54y o

[IPass

'.'Fall W

"'y’3'2§§ ;95;;ﬁ¢;i;ffff7- (




© Substage

3 gz -

" TABLE i’6 )

) Relatlonshlp Between Substage III—A aha PR
Substage III B C1a551f1cat10ns - ‘_“-'ef.:'t

Substage III B . v
'”UaFall 5 Pass‘”ed!'il“v'ePhi?

: Grade 7 (N 52)

II1-A° o
f;iféi1549* L516}5{.-;J_fs_ee?;;f;;eeegbsff:{ffﬁ;_ej'

‘ - Gradeﬁi (N 54)

Pai%$ g

HI-A R S T T e R I




slgnlflcantly w1th the posttest grade 7 performance on

- cv- -B, and that the grade 7 performance on CV -B does not

'3;'hCS ln the pretest or retent;on test._‘

correlate sxgnlflcantly w1th the grade 7 performance on h"

Lo

o L
Two predlctlons of hlerarchlcal relatlonshlp are A

~ not borne out.ln the grade 7 sample CV-A was not pre-ff-f

7rd?requ151te to CV B 1n the pretest or- the posttest‘ Thé

‘tSubstage III-A classxflcatlon crlterla were not prere—;”

".qufslte to the Substage III B crlterla 1n the grade 7

‘*ha"sample, On the other hand hlerarchlcal relatlonshlps f?.ffq B

"7ffwere borne out qulte well 1n the grade 9 sample.. Possible ;1];

>

“}f}explanatrQns of these partlcular anomalles w1ll be dls-«f

”’;;some of the: ossxb&eslm

';cussed below, but all of the anomalles seem to be

"3f‘_}connected WIti;>he pretest and posttest grade 7 performance

" "f..;on CV-A F e

p'lcatlonsvof_ he correlational

f




' 'v7;secondary grades,

A case has been made that appllcatlon of the ldea
"of 1ntellectual structural llmltatlons to secondary school
:rests on the valldlty of three statements.. f}- |
: hi(a). The onset of the stage of formal operatlons °~'7

‘(Substage III—A) does not occur for a majorlty of students

5!unt11 the secondary school years or later.

‘ (b) The full reallzatlon of formal operatlons‘
'l(Substage III B) 1s not attalned for a majorlty of students
.”during the’ secondary school years.ybl‘f?° _' | _H' :
~“. '(;) Progre551on from Substage III-A to Substage B
‘III -B 1s hecessarlly slow (of the order of years) and lbyllljl

',71s not subject 0 apprec1able acceleratlon 1n the

5.3secondary schoo years. ﬁ.]_.}ﬂ;g?’fﬁjtflag;{‘t;;;“‘;(i”;

'lj For stru‘tural llmltatlons to be relevant to

eather statement (a) has to be true,v‘ o
J

'llg7or else both stQtements (b) and (c) have to be true.g,_f’ﬂ_lftit

N,

.~ugStructural llmltatlons are: not relevant to secondary gradesif‘;if

"'fanlf statement’ (a) ‘is’ false and either oflstatementsF(b)

z‘f?ifor (c) s false.

'Z-wias Substage III-A.; Thus statement (a) is false for fhe

'ffifgrade 7 and grade 9 samples.:

\

. -_ .-/'f‘

fIn the survey, ijV‘ .

Flrst conSLder statementl(a)._

jf*551% of the grade 7 sample and 80% of the grade 9 sample

Ufwere successful on elther VC or CV~A and were cla531fled

'5For_the grade 9 populatlon
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the truth of statement (a) 1s marglnal Standard errors
of the percentages are about 6% for grade 7, 5% for
grade 9. A 90% confldence 1nterval around the- grade 9

percentage does not contaln 50% (80%t8%) A 90% confldence .

| 1nterval around the grade 7 percentage contalns 50% (51%+10%)

Accordlng to the pretest, at least 40% of the grade 7 popula- o

: tlon had entered the perlod of formal operatlons whlle

at most,,30% of the grade 9 populatlon had not entered
the perlod of formal operatlons. These last two facts
,(made at the 90% level of confldence), together w1th the
fact that on the retentlon test 64% (S E.~~ 5%) of the e

grade 7 sample was successful on CV-A, can be taken toj

Ny

ff 1nd1cate that“statement (a) is: very deubtful

dethat statement (p) Ls doubtfuI but poss1blyhtrue;'the }fwﬂfﬂf*fﬁ°f

' '711m1tatlons to se ondary students rests on the truth of

"’..

’ Statement (b) 1s that a majorlty of secondary
students are not 1n Substage III-B The truth of
statement (b) 1s marglnal for both the grade 7 and grade 9
populatlons.o Flfty per cent of the grade 9 sample and

47% of the grade 7 sample were ClaSSlfled as Substage gfaf{ﬁf:

hﬂ*ﬁIII B The standard error of these percentages 1s about

Assumlng that statement (a) 18 false and allow1n9 :Ji:i:f

'that appreciable acceleratlon to Substagef*

statement,( ft

III B 1s not possible. In the tralnlng‘experlmenta A

i



"4,or that the same sequence of 1nstructlon mlght be more

o
86

S

Substage III-B behav1or was falrly ea51ly 1nduced in

a 31gn1f1cant proportlon of the grade 7 sample. ;Ati S

"majorlty of the grade 7 students (68%) was c1a551f1ed

as Substage III- B both\%n the posttest and the retentlon

htest Thls represents a sxgnlflcant 1ncrease, from .

-_below 50% on the pretest followxng two hour%‘of 1nstruc—’

tlon of the subjects ‘who took both pretest and retentlon

test hal of those who nere classifled ‘as belng below
.Substage I11I-B on the pretest attalned Substage III B
acla551f1catlon on the retentlon test.} About one—quarter

i of the grade 7 sample dld not dlsplpy Substage III -B

"nbehav1or on’ any of the test admlnlstratlons.f A reasonable

assumptlon is that alternate and perhaps longer squences '

"-, -

‘Trof 1nstructlon mlght be successful 1n 1nduc1ng Substage

;f,III B behav1or 1n a larger prOportlon of grade 7QSUbJeCtS"ﬁfﬁfeIt

e e

P E

'successful w1th grade 9 students.- Therefore a reasonable;lggf
p e

o conclu51on 1s that 1f the 1dea of 1ntellectua1 structuralﬁ*

ffﬁllmltatlons 1s 1ntr1n51cally valld, 1t dan apply to no ;;-f”*fuf;

:‘ﬁmore than about one-quarter of the grade 7 populatlon, Id?;qsfsz
SRR S

| haaand probably to lesser fractlons of correspondlng ko3 fff{t

.],iﬂpopulatlons 1n hlgher grades.pfiljgh .v'ty]_‘,f~}-7_ffdh{§f,{fj_jf

‘l¢ﬁw1th the struqturalelntegrity of formal operatlons

"5Q¢ﬂtasks,v Slgnlflcant p051t1ve correlations were fouhd"

PR

Cons;der'now the results of the correlatlonal

'”5Ilana1y51s._ As a general rule these results are consistent

AAAAAA




-‘u@flf subJects see the need to control varlahles, whlle

'-Jf?to contrOl varlables and belng able to,do SOﬁ ThlS

s : 87
.-among most tests, although none of the phl coeff1c1ents

are of any large magnltude. Two anomalies are | 2';'h -

(a)‘ the absence of an h1erarch1cal relatlonshlp

between CV—A and CV&B whlch seemed to carry over into.

‘a .lack of hlerarchlcal relatlonshlp between thé Substagej'

III-A and Substage III-B cla551flcat10n5‘for‘the"gradej7'_

Y : o o
'sample~ and - 1 B L L N~ .

g oY
. &
(b) the low goorrelatlon between CV-B and CS

)7the two‘Substage III B tasks.

For the’ grade 7 sample, the CV-A test was:

i anomalous throughout., Although the posttest results )
on CV—A were not 51gn1f1cantly dlfferent from the
pretest results, the retentlon test results were

"ff51gn1f1cantly better than both -In the posttest ﬁgs%

v o -
. of “the subjects falled CV-A but passed CV— One o

.? 1nterpretatlon is that the/valldlty of eltherpon~both :

Ty

tests is quesﬁlonable, 51nce CV-A is’ suppgsed to determlne

h_CV B is suppOSed to determlne 1f sub;ects are agle to ]

;[}control varlables.f Another lnterpretatlon is that there

A

"Vﬂmay be no necessary dlfference between seelng the need

L

grade 9 sample., P0551b1y the questlons asked in CV-A

3_3;.,\-

Y

.»'v--.-'
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! are too vaque  and amblguous, and the lever‘of verbal ‘
comprehension demanded is . too hlgh for grade /7 subjects
“The requirement of. verbal responses in this test probably
'1ncreases the probablllty of Type’ II"rror (Bralnerd
1974y, If so,,the proportlon of Substage III-A sub]ects

in’ the grade 7 sample was probably underestlmated

Fiad

" The low correlatlon between CV -B and CS raises

theoretlgal problems. I& formal_operations‘are structured
in an integrated system, then_th# results~of_a%l formal
operational tasks Should correlate. For the grade-b

posttest. and the grade 9 test the correlatlons arg,O 33

o
and 0.36. “For the\grade 7 pretest and retentlon test,

-~

‘the correlatlons are both 0.21. The max1mum posS1ble
values of phl coirespondlng to the marglnal totals in
the. two cases where 51gn1f1cant correlatlons occur are .n‘
0.82 and 0 85, SO that the phl coefflclents obtalned can,n
- be conS1dered to rndlcate moderate correlatlon. In the'
case of the grade 3 pretest, the dlfflculty of CS probably
: explalns the low coeff1c1ent only nlne subjects passed
CS and ‘the maxlmum value of phl for the correspondlnglﬁr;l
marglnal totals is only 0. 38 The low correlatlon 1nd_
*-.the grade 7 retentlon test remalns anomalous. vathe.’
Afour ph1 coeff1c1ents correspondlng to the four testﬁ ‘
'-were averaged the mean value would be 0 38 ‘ Bearlng*--

. s
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» 1n mlnd that the ph1~coeff1c1ent between posttest and

. retentlon\test admlnlstratlons of CV B\and CS were 0..54.

,and 0.61 respectlvely, a moderate correratlon coul be W"

consldered to exist betweenacv -A ,and CS ' : ,
N Breddprman (1973) £ und the results of tests of ‘
contzolllng varlables and genératlng comblnatlons have

a Pearson-r of -0.49. Bredderman s results 1nclude
' correlatlon with mental age, .and if thlS is partlalled
4‘out the results of the “two tests have a partlal r of O 31

.

_In a correldtlonal study, Bart (1971) found Pearson

L]

. _ v
"coefflclents among four Plagetlan tests (GLT 3 —8 —11,'

-=13) to range from 0. 45 to 0. 73 | The theory of an
1ntegrated structure for’ formal Operatlons suggests that e
high correlatlon coeff1c1ents among formal operatlonal tasks

"should be the rule. The matter warrants further 1nvest1-

¢ )

gatlon
| Flnally, w1th reference to generallsatlon to other
‘populatlons there is no reason. to belleve that the o i
'populatlons studled contalned unusually large proportlons

of espec1ally brlght students,_or students who had been |

»

u'exposed to espec1ally rlch learnlng experlences. Thereforey,

: the flndlngs of - thlS study ‘can. falrly safely be generallzed

\~to other populatlons except where unusual culturq}

[} -

deprlvatlon is found or where the ablllty dlstrlbutlon -
. 1 -,

‘1s negatlvely skewed The flndlng that the 1dea of i-
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|
| * F

ihtellectuél‘structural”limitétions does not apply to P
. : . \. . / . " . \
the‘grade 7 pppulation,may'be'extended safely to higher

grades. There is‘nb feaSon_to suspect that the idea

of intellectual structhral'limftations-hés any mQrL
applicability to normal urban secondary school popula-
. S e - .y". _'- i o ) ' . ) ) 7
tions than it has to the population studied. o

2
N Ll
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, SUMMARY," CONCLUSIONS, ANQ RECOMMENDATIONS

The study represents an empi 'cal test of the L

appllcablllty of the 1dea of 1ntellectual structural
llmltatlons to secondary school students, that is that
certaln klnds of learnlng are not ‘possible for students

in secondary school grades because they lack formal- -

..,operatlonal structures ‘and cannot develop them readlly.

The research was in two parts, a survey and .an

eXperiment In the survey, samples of grade 7 and grade 9.

-

students frOm three rural hlgh schools were tested u51ng
»

a volume conservatlon task two controlllng varlables'

| tasks, and a comblnatorlal system task . In the experlment,

" the grade 7 sample was then admlnlstered two one—hour

_1nstruct10nal sequences spaced over a, one-Week perlod.--'

Coa e

T One %equence con31sted of 1nstructlon in controlllng

“varlables, and the other cqn51sted of 1nstructlon in
'hgeneratlng comblnatlons._ At the end of the 1nstructlonal
';sequence ‘and . agaln one mOnth later, the controlllng |
"varlables and comblnatorlal system tasks were readmlnlstered
| rOn the ba51s of performance on~the tests, and -

”'ln accordance w1th theoretlcally derlved crlteria, 51%

"of the grade 7 sample and 80% of the grade 9 sample-were |

‘ : b
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classifieduasibeing at- least in Substage III-A of the’

perlod of formal operatlons, while 47% of the grade 7

\ 1

sample and 50% of the grade 9 .sample were" claSSIfled f

L)

as belng in Substage III -B of the perlod of formal L ?i

'operatlons ) After the lnstructlonal sequences, 68%

"secondary school grades N

7other above a. moderate level

of: the grade 7 sample was Classﬂfled as Substage III B

N
5 K

on both the posttest and retentlon test The 1ncreases

1n the proportlon of Substage III B subjects from the'h'y

pretest to the posttest and from the prétest to the T
* e

retentlon test are s1gn1flcant at the flve per cent 1e§ﬂ}.ﬂ
LU

lhThese results were 1nterpreted to lndlcate that the 1dea

of . lntellectual structural llmltatlons does nbt apply to

' A correlatIOnal analy515 of the results indieated”

9

that the tests are falrly rellable, and that as‘a general N

>rule, they lntercorrelate accordlng to predlctlons of

‘the theory of formal operatfghs. Exceptlons were (a)

fthat the two jpntrolllng varlables tests falled to dlsplayjf
lh;bonSlStently a predlcted hlerarchlcal relatlonship, and v

f(b) that one of the controlllng varlables tasks and the

e

‘~comb1nator1al system task both des;gned to classxfy

s

subjects as. Substage III B dld not correlate w1th each
, e R ]



CONCLUSTONS .. .7 /\
The results 1nd1cate that lf the ldea of .
1ntellectua1 structural llmltatlons applles to secondarx
school grades at all, 1t can apply\fo no more than about
25% of grade 7 students, and to lower proportlons of
students in hlgher grades. Of 34 grade 7 subaects who

- had not dlsplayed Substage III B behaV1or on the

controlllng varlables task in the pretest 16 dlsplayed

-such behav1or after .a total of only one hour s lnstructlon )
fln controlllng varlables L Of 41 grade 7 subjects who ‘

ghad ‘not dlsplayed Substage III B behaVlor on the com- ,"~3

- fblnatorlal system task 1%?the pretest, 18 dlsplayed SUCh

‘more of the SubjeCtS

I;varlables or generate comblnatlons used applled or

h!practlsed by those subjects whose pretest behav10r

{}they can readlly acqulre the abllltles.

”behav1or after ‘a total of only one hour s AnstructIOn o
[

in generatlng comblnatlonSu A reasonable assumptlon

lwould be that more 1nstructlon would be successful w1th

If the 1dea of 1ntellectua1 structural llmltatlons i;ij

- were to be applled in the selectlon of Iearnlng experlences]i
lfor the grade 7 sample studled then 1n thelr schoollng no.'

f'attempt would be made to have the abillties to control

';1nd1cates that they do possess these abllltleS, and no
?:attempt would be made to develop these abllltles 1n those

fsubjects whose pretest and posttest behav10r indlcate that p;;if

.
&
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There are. two p0551b1e 1nterpretatlons of the

o results alternatlve to the 1nterpretat10n glven above

The flrst alternatlve is -that the galns between pretest”

and retentlon test are a functlon of the testlng procedure

'and 1ndependent of the development of any abllltles The

"second alternatlve is that no structural changes were

v -

_1nduced ln the 1nstructlonal sequence but that. subjects

€ f

learned behaV1or spec1f1c to the tests. These alternatlve

flnt'_pretatlons Wlll now be dlscussed. ;~:

the flrSt alternatlve, the hypothesxs 1s that.

.tln.the.grperlment, subjects learned nothlng more than _f
t?how to do the tests Accordlng to this 1nterpretatlon,
some subjects may have understood the need to control
:varlables, or been able to control varlables, or been

" able to generate comblnatlons, but yet falled the pretest

‘Tbecause they dld not understand what was requlred 1n the ﬂhi

r

jtests, or because they were anx1ous 1n the test 51tuat10n,_

_or because they were dlstracted by the strangeness of the

jfunfamlllar requlrememts.n As these SubjeCtS became more

‘Jvfamlllar w1th the tests on suqce551ve admlnlstratlons,_rj»,fff

:?they performed up to thelr abllltles and went from fail
f,to pqss : ThlS 1nterpretat10n would mean that both o
';statements (a) and (b) are false | that a magorlty of
fesubjects 1n secondary school has attalned both Substage :

;III-A and Substage III B as 1nd1cated by the;results 1.7 :



L
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of the grade 7 retentlon test.  The 1nterpretat10n further
.lmplles that a 51ngle admlnlstratlon of a formal operatlonal_]
..task to a group of subjects would always result’ 1n under—
'.estlmatlon of the proportlon of formal—operatlonal subjects :'
. Wlth the second alternatlve, the hypothe51s 1S S
that the Substage III -B performance on. the posttest and o
'retentlon test 1s spec1f1c 1earned behav1or and not the
"result of structural change 1n subjects. Thls would mean~
'-’that in the same theory, the same behaV1or allows of two ?'

';.contradlctory 1nterpretatlons Th one case (the pretest)_'l‘

'the behavior (B) 1nfers ‘a structure (S), whllealn another :

N
/

'* . case (the posttest), ‘B 1nfers not S but specrflc acqulred*_,y

-

.habits ThlS would mean that except in an.entirely

"novel 51tuatrpn, S is not a necessar%KCOndltldn for B.r‘j;h
,To make matters worse; S can never be a. suff1c1ent
»condrtlon for B because a subject cannot be successful
.lion a t sk (by emlttlng B) unless he understands what he
115 belfg\asked to do, 1s attendlng, and 1s w1111ng to
tfcooperate ; If S 1s nelther a necessary nor a suff1c1ent
'r;condltlon for- a glven B then structure must be a very
}‘mysterlous entlty andthe results of Plagetian tasks must be',jé ;
f:_very hazardous bases for 1mportant de01510ns about the"' -
!:klnds of Iearnlng experlences to Wthh students should be rﬁ,f*h:
:.g;posed o | ! ’ S v | -
;,the present study, two out of three of the gr?de 7 subjects /

-



-could control varlables 1n test;ng the stlffness of:

'planks,'or generate comblnatlons of accessorles to: a

e

radlo, or both A total of seven. classroom perlods--

-.1e5§ than a day s school—-Was taken up ‘in 1nstructlon and

/-

testlng to reach thls p01nt To say that such- abllltles
s hY e .
(belng formal operatlonal) cannst be 1earned by secondary

school students (because they are concrete-operatlonal) is
false. S

. RECOMMENDATIONS FOR .FURTHER'-:RESEARCH |

The rela&lonshlp between CV-A and CV ‘B warrants B

) furlher lnvestlgatlon The questlon 1s whether there is

any necessary tlme cdhsumlng developmental process

"»'between recognltlon of the need to control varlables .h~l

\

m}'and belng able to control varlables 1n a given smtuatlon._«

‘.In order to answer thlS questlon, tests for the recognltlon'

~JiCOu1d be parred w1th a Substage III -B task 1nvolvxng

of the need to control varlables wquld have to be deyeloped75*””

i

;which are 1ess verbal In order to control for the effect 9'
7_3of dlfferlng content CV-A and CV -B 1tems oould be palred;;
chon the basrs of 51m11ar content g For example, a Substageifg

'i{III A controlllng varlables task 1nvolv1ng planks of wood{frJ:'h

.

'}'plans df.wood The rellablllty of each measure could

;,ﬂgﬂ xncreased by haV1ng a number of 1tems, but thrs would

'tflead to a problem 1n keeplng the 1en9th of the tests down._iﬂf"-

,"‘. .
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- The forms of the quest&ons would have to be abbrev1ated
' from those used in’ the present study

Slmllarly the*relatlonshlp between CV -B and €s
Y

- merlts further attentlon, and controlllng for the effect

of conteht would seem to ‘be necessary in thlS case dlso.
\If content is controlled for, then the - theory of formal
operatlons would predict that the tWO measures ought to
correlate to a level at least comparable w1th their

1S
/

rellabllltles.

. . . L3
N » I

Close attentlon could Well be pald to thatiub
\mlnorlty of subjects who cohtlnued to fall to meet the
;Substage III~A and Substage III- -B crlterla after the 4'?'
'ﬁlnstructlonal sequences., hese SubjeCtS could be X |

screened out u51ng the proledures of the present study.
*An apprOprlate 1n1t1al approach to these subjects mlght
f;qﬂg51st of cllnlcal 1nterv1ews or longtltudlnal case":
-,'studles..ffa'4v. | | |
| A careful attempt to- detect the predlcted
511nteractlon between age and 1nstructlon, whlch dld not
3-show up 1n the experlment, could well be made.: Plaget sky
fpnotlon of natural" deVelo%Fent deflnltely 1mp11es that
such an. 1nteractlon should occur. If,oas the results
;zof the present study suggest deVelopment 1n the perlod
jfof formal operatlons can be 1nfluenced by SpelelC learnlng

rfexperlehces, then an 1nteractlon between educatlonal
: IR o S PR

-



“envirOnment éné f§:tructlon mlght be more llkely
hStudents from rlcher educatlbnal env1ronments mlght be
. less llkely to show’ galns as the result of 1nstruct10n 9
‘than students from poorer enylronments. The des1gn of *
_'an experimen |or1ented.to thls problem mi&ht be quite

dlfflcult bZt 1t would represent a clear test between
predlctlons from alternate hypotheses.

| Flnally, the results of - the present study should

not be-taken to Indlcate ‘that most secondary students

’-are "fully formal operatlonal" 1n the .$ense of belng

'able to solve correctly "the problems glven in The

wGrowth of Loglcal Thlnklng ' The facts that the grade 9

fsample performed better on the tasks than the grade 8

‘f . .
‘sample, and that 51gn1f1cant tralnlng effects were found,

: _1nd1cate that students thlnklng ablllty is deve10p1ng

: 1n the secondary school years. Therefore the«flnal

recommendatlon is. for a study of - the effects on sub]ects

S/
of vary1ng~age and ablllty levels of long-term 1nstrUCtlon

*”'Lin formal-opertlonal schemes and abllltles, such as -

h;fproportlonallty, the comblnatorlal system, controlllng

'varlables,:and form _jloglc. Such a study mlght well
‘“result 1n the fmndlng' hat contrary to the 1dea of
xp71ntellectual structuralfllmltatlons, the more exposure

ynto and pract1Ce ln formal thlnklng, the better

.

98 -
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"APPENDIX A . B

TESTS

Volume Conservation I : C

E]

P The response sheet for the volume conservatlon,*"

~

task is reproduced as Flgure 2. The 1nstructhgns for

the tester are as foklows &

l o,

Say "erte your name, sex,_and blrthday at the top
of the answer sheet After each questlon, don t go .
back and change anythlng "o ‘”;‘e- e ~'§

Place three glasses on a table 1n front of you SO

-»tpat all subjects can see.' Flll each qlass to the

mark. " Draw subjects attentlon to' the fact that

‘the . level 1s the same in. each glass.-v “f‘ ,.bi
Show subjects the 51x plastlcene balls whlch are

’lthe same size and p01nt out that they are the same

‘._51ze.

eSay "What do you thlnk wlll happen 1f I place thlST 3

:’Tiball in. thls‘[mlddle] glass? I want to know 1f it ;7?.;
-}th1ll take u@ any room 1n the water. Where w1ll the}hfﬁ
:Twater come to° Lets try 1t. :lfﬁ'}hfhf 'AxshEh |

ﬁ'Place the ball 1nto the mlddle glass and say

:vjf"See? The water came up to here.

o

‘6. "'_?.Say %Now lf I put thls ball [one the same as the

“«hflrsti 1nto thls [left—hand] glass, I want to know

R
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" how much room itowill,takeyup in the water! Where

will the water come to? You can ‘show me by puttlng

a 1lne on the thlrd glass in the. answer sheet. Put

0
-

1t bes'ide number one. ; Draw a llne on the thlrd §

glass to show where you: thlnk the water will come to.

“I'11 show yé& If you thlnk the water comes to here

\.

'Ilndlcatlng a level on the. left hand glass], draw a

line llke thlS [demOnstrate on an answer sheet Qr a

blackboardI If you thlnk the water only comes to

»fhere, put. the’ llne llke~thls Do it nowt" Pause,

‘<‘Zroom 1t w111 take up in the water If I put thlS:

o came up to. here. ,‘-'

:ftake thls small ball I want to know how much

ithen ask ' Bsanybody not sure what to. do°" If any

~}sub3ect is not sure, repeat the explanatlons once.f

Say'"Let s try 1t ". Place the ball 1n the glass

on your left. Say "See° the water comes to here—-_

the”same‘as in tth [mlddlevglass] If you weren t

'jRemove the ball from the glass on your left '~?r5 I

v:Take the small plastlcene ball.. Sayt"Now let s

PR

x'ball ln the water, where w1ll the water come to? L
EmMark 1t be51de number two on the answer sheet.;,'“

itﬂDO it now.i Number two. n,l§if;.;1j::;T??$*fT;f":t.ju7i‘
‘_Walt then say'"OK let s try 1t " Place.the ball |

?fln the[glass ‘on your left and say "See’ The water':“

~.correct, please ddnﬂt go back and change your answer "



,‘115'
10. Repeat 8 and 9 three times substituting first,
the large plasticene ball (answer sheet'number.
three); second, the"steel ball the same size
as the six standard balls (answer sheet number
,four); and third, the small lead ball fahswer.sheet
number five) s : |
11, Say "Now let's do somethlng else.: We start-with
these two the same size. [Indlcate two of the‘
standard balls ] We take thls one and roll 1t

'out into alsausage.. If T put the ball in the

awater, the level comes up to- here [lndlcatlng the B

\

_level in the mlddle ]; What if I put the‘

'fsausage 1nto the wa er? I want to know how much

.?;room the sausage Wlll take up in the water.’ Where
will the water come to? Mark 1t be51de numher 51x.

", Do not demonstrate 1mmer51on thlS tlme. L

12, 'Repeat step 11 tw1ce, flrst breaklng a ball up
1nto flve approx1mately equal pleces, and’ second

.fsquashlng a ball' into a' pancake.""

Cov-a | g . L SR
The questlon and answeﬁid’bet for CV A 1s'
0. o . w : . _
-reproduced On page lZl  The 1n§2ruct10ns for the tester
Were as follows-_'_\ é-vyh'ﬂhf-hfh‘;_5i‘uhy o _' |
) A . , o -

'“13 G1ve out the answer sheets. Cautlon subjects not

to say anythlng, Just to- wrlte. Have them wrlte



the test,'say "Do what you thlnk 1s rlght'"'

CV-B

| The questlon and answer sheets for CV~B are :h_,i
oreproduced on pages 112 113 The lnstructlons for the

B ’tester were as follows. ;f
1.

2.

;lee out the kits of wood and the tests.l“*@*'

'"blrthday at the tgp of the answer sheets.» Other fdpf”

"-tgsubjects wrlte only thelr name.;

116
. (c .
their names on.the sheets.

L

_Hold up the brass and aluminum rods}_one in each

hand, .so that the rods are vertical,»about 50-cm

apart,‘the brass.rod on yoﬁr left. Say "These are‘

“the rods you are supposed to look at.", Allow f1ve

_ seconds, then hold them horlzontally, 51de-by-51de,

Y
about 3 cm apart the alumlnum rod ‘on top alagned

- at nelther end. Allow flve seconds, then place - f

the rods about 3 cm apart on a desk or table so

that they - stand vertlcally with the brass rod on

'_your rlght."”

Read the test to" g%e subjects saylng "Questron one
says. : .J:" L | L
Allow 10 seconds for subjects to wrlte answers

to questlon one. and two mlnutes for questlon two..\

4:.

‘ Stop the test 20 mrnutes after you begln.

' Note 1f subjects and questlons related to- clarlfylng

Y

A

A

Have any new subjects wrlte thelr name,,sex, ahd

5

'*sw%-="_¢=~:*;';;;._:



'*gfentlre admlnlstratlon.

Have sub]ects llne up thelr planks on their desks
j.you want when the test starts, but they shOuld
" be like that to begln w1th |

~ Have the marklngs qp Now when we say 'thlckness'

'_we mean thls way [1nd1Caqe] from top to bottom

way [1ndlcate] is. length gPut your flnger on a.

‘ W1de, tthk plank " Check that each subject is’

ron a narrow, thlck plank " Check agaln.' Explaln

Say‘"Now 1t s very 1mportant that you say whrch

'_planks you would use to do the tests. Name the

"Tell subJects to begxn.; Allow 20 mlnutes for the;'

! g o I 117e

¢in alphahetlcal order wrth the left- hand edges

allgned - Say "You can move the planks around all

-

Say “See that some are plne and some are redwood.f

That S thlckness.‘ ThlS way [1ndlcate] is wrdth _‘Thisf”

‘porntlng to a correct plank Say "Put your flnger'

,the dlfference agaln to any subJects whose responses
Vﬂlndlcate confus;on between length and thlckness.;‘*

-,Say "Now let s read the test.fe Slowly read through

vthe entlre test

,’.plankS'by thelr letters,:for 1nstance you can sayf yf"

- plank A', or plank F! and so on.,f. ff'
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The qdestioh and‘answer_sheets;for CS are
reproduced as.Figures 6 and Z.dfThe instrdctions for -
theltester.weredasﬂfollows:V‘l | | B
1. Say "You'll haye;QO'minutes-to try this little
'teSt} Look at it,'and.letis read/ltvtoéether\“'
l?,' Read it slowly w1th added explanatlon as follows-
-La)' after' radlo" in llne l say "llke that llttle ,.l
.\_'plcture. | R .
11_(5), sayw"for"ﬂhefore the'price-each=tlme.'.“a.3;
i(c) Zafter."slo" say "that 's those crlsscross llnes.”
(d)f after““$2" say‘“That thlng at the Slde‘,,ﬁ{' :
(e):hafter'"$l" ause flve seconds.-' |
'(f)f'after‘"draw“ say "whlchever you llke.
'(glh“after.“$45" say "Let me show you another oneg-:t
| You could have the strap and the battery -
\n [draw .on chalkboard] for $40 plus $S plus $2
| B That 1s $47 " | ”‘”' i 'd’ _"' |
'i,(h)' after "sheets“ aJk "iélgﬁf553Y7ﬁétf§ﬁreiWha?;w ?

4?3:' Answer any questlons related to what to do, how to “;L;;i*

wrlte answers, etc. Record such questlons. Do not
. answer questlons related to p0551b1e number;ofi‘vv'f

'i comblnatlons. Say’“I want you to flgure 1t oﬁt,*



1_19 |
"I won' t tell you that that's part of the test "

4, Allow lS mlnutes for subjects to respond



T ‘ o ‘W\\‘/‘l%'
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'LTESTrNUMBER.TWO

Look at the two metal bars belng held up by the tester.
The silvery one is made of ALUMINUM

" The other one is made of BRASS. o :
A student wanted to. find out if rbds made of brass bend

" ‘more easily than rods. made of aluminum, The -student- trled
to bend each rod. The plctures show what happened '

o

a

BRAssi Rop

QUESTIONS - f u_‘f;;‘

‘21, -Does this prove that rods made . of brass“bendﬁmore‘easiiyfft’dh
than rods made of alum1num° j:f.q, I I R D S

'.,2;; Why or why not’

E 3_ G1ve two ways you could make thlS ‘a: better test to ‘see
- if rods made of brass bend more ea51ly than rods made
"_of alumlnum Lo R o _ e

S

.3




N .Znarrow, some thlck some thln, some short

¢

. ‘ . . o

. TEST NUMBER FOUR R )

. i .. N . ‘v R - . L ‘\
Y - How'to'testethefstiffnessnof a,yoddeh.plank&-j”“'
. ’ . I o® . . o ,

[:4

A wooden plank can be tested for stlffness by-plac1ng o
xlt on two block% 11ke thls, o Lue,” LI B - SR

S . R
X . . s, e o R .
XYy . ) . o - . - .
- i . X n . . .

B4 aensn

. : PR RS ‘ . ey

—Y o e

You have been glven a number of plankq,some . . ;il*f;'ft

some long, some [ S
Y v L SR e

S made of plne, some made of redwood LD,E‘*”*“';”' e A S

. - e : T
A T R . a1 : - S e R
) Cat T

e R .. B [ v o L. . LR B . ST
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: *,,TEST*FOURaéoNTINdEb

4
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B S - R
Lot

oL
N

1. Suppose you want to find out 'if the length of a plank
- findout? (say which planks you would use) =~ =~

: . A
K . B y.
“ & - —

) ) ' - " - RERN

T T
"'2. . Suppose you want to £ind out:if the thickness of a plank . [

- ﬂmakes”Ahy%difﬁéFen¢¢ft°fiFS‘Stiffneﬁsé-fﬁQWﬁWOUldIYQUZf, S
SR -'do‘a}tQSt.tC?ﬁing ogt?kf(égy:WhiCh P;ankaYPPYWdﬁlduusg)‘f‘u

'

y e
L . K . . N , . . R . . PR
ot K R T s B L : . P

1 B

B K wL s i o

' 3 Suppose you wanted £o test uhether the kind of wooa |

T fw°“1dfy°§ﬁfindfQHt?fi‘sanWHi¢h*Planksyyqufwoulq;use)f-.,;, .
“26  7 / f i;
;, L a8 \ : - }. _"




. TEST NUMBER THREE

'j A transistor radio_Qo -

,-Of the followxng “extras" 1f you want to'
N .

1eathereCa§e o ; 00 1 "'5$10.

OR . carrying strap-—— oo‘i{}‘o‘   ~ 850

OR . extra battery ° .s2.

~° . OR.  ear phone

@

K Suppose you want to buy a- radlo. erte down or draw as  :v

many dlfferent ch01ces as: you can thlnk of, and the prlces, E

For example ng.,.gT,:f§f7i5ﬂ}*“=7.*f f”ﬁfzett;'iftﬁ:r:'

P N L R

v

0.,

f;TWVPdt'YOﬁﬁﬁanSWerean-the:specialfanswérPShéetS§f:QJ' :

LN

S 124

costs $40 but you can buy any‘

‘radio + case + earphome | . §s51,
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. APPENDIX B

INSTRUCTIONAL SEQUENCES

ﬁontrolling VariabiestessonvOne

'TSugarveXperiment Say i 'm g01ng to prove I T

fthat sugar dlSSOlVeS more: qulckly 1n a short glass than

. in a tall glass OK’ Watch " Flll the tall glass about

'two thlrds full w1th water, the short glass almOSt full S

t

' Place a tablespoon of sugar in the tall glass and stlr g”
t.hfor about elght seconds so that not all dlssolves Then-t'
.place a teaspoon of sugar in the short glass and stlr |

*‘rapidly untll all dlssolves._ Say "that proves sugar h;
“vfb'dlssolves more qulckly 1n a short glass r1ght°"' Dlscuss; :f

'ffthe experlment w1th SubjeCtS ask;ng how to make 1t a )1fr 

;amounts of'sugar are requlred

o

o ‘_'a:_ndi ‘ ;s'r_pjaucé.-»a,,nu'xnse: | of ‘r,ea, -éndf_Sa,‘ﬁé] r-ubber_. | 5aﬁasﬁ, .

fan blue rubber._ Let s try 1t out I 11 put a welght
Eflarge wrench] on thls red one {large, thlck] and see how

L '».:_.;far 1t stretches Now put a welght [small pliers] on thls

itest ". EStabllSh that equal volumes of water,vand*,}rf.‘f¥753

‘vg‘RubbérfexPeriment,V'Say'filhavefsome;rubber“bandsgl o

in}3'Say "someone told me red rubber 1s 'stretchler'-V’ o

'iffblue one [small thln] and see how far 1t stretches.- Hold.if;{?"hu

'5,;;the two welghted rubber band 51de by 51de, then put down



'ff_llght bulbs w1th hlgher watts make the needle go up more?

'”Efbulb rostlh&

127
/

the welghts and hold up the rubber bands 31de)by srde.p
' Say "So that proves 1t—~red rubber is Stretchler thanx
blue rubber, rlght°"..If subjects ob]ect ‘that. the bands".
‘are not ‘the same size, repeat usung bands the same length.'-
pbut dlfferent width. Contlnue, dlscu551ng with subjects,A‘

untll the requlrements of equal welghts, and equal

dlmen51ons for thé rubber bands are establlshed Q

- ) . N

“Controlling Variables‘LeSSon Two |
o T I ' S .
) Light bulbs. Place on a table between 1nstructor-'_ o

4 “and subjects the lamp base and’ the array of llght bulbstp-
(as’ shown 1n Flgure l [p 53 ]) Mount lamp B (24W clear .
plcture bulb) in the base and sw1tch on, then off ,c'_”_il
'_Demonstrate the photographlc llght meter;: Indlcate |
where the llght enters 7nd show where the needle reglsters._,'
Swrtch on’ the plcture llght and show the needle readlng
v'Sw1tch off to show how the needle returns to zero.;‘Say.fa
"ThlS 1s a 25 watt llght bulb How can we flnd out 1f

/ o

fThrough dlSCUSSlOH, establlsh whlch palrs of bulbs prov1de ff,

'ﬁ-a test of whether the wattage of the bulb affects the
o
,5meter readlng Repeat the procedure to establlsh prOper

- ffltests of whether meter readlng 1s 7ff4cted by shape offf'




%Vycomblnatorlal sequence° formed the classroom

_\_

Paper strips. Say "Let s try somcthlng dlfferent "

Give each student a package of paper StrlpS Say "Put

_these on your desk There are two colours, two lengths,‘

3

~two widths. Plck out a pair the same - colour and. w1dth

‘but w1th dlfferent lengths. [Check help lnd1v1duals

‘5

e
where necessary ] Flnd another palr. Another Another "
: /

. Repeat thls procedure, flrst for palrs dJEferlng only

‘in Wldth, then for pairs dlfferlng only in colour 'Do -

f-

not mentlon controlllng varlables or expcrlmental-tests.

"7

S

: Rubber tubes., Show subjects thc array of rubber

tubes dlfferlng in length dlameter, and colour (red and
>ublack)  Ask 1nd1v1dual subjects to selcct palrs of
4tubes the same except for lengtﬁ" then "colour " thenf

-_"thlckness."e

lJ.°

o Metal rods. Repeat the rubber tubes procedurefy'

‘u51ng the array of steel and copper rods of varylng

vflength and dlameter.‘f' :'A,H"-' r-ﬁ_‘f 'ﬁ{fxlfn:',_

jTasks for Today

- '128‘

The thlrd lesson 1n the controlllng varlableS'"ij-**”

i*eﬁtwtled "Tasks for Today " whlch 1s rcproduced on

‘

551gnment

:-Sequence Was, together W}th the thlrd lessdnﬁgn theii,y?”,;,g_y

'“V-ifpages 132 to 137 Questlons 1 2, and 3 formed leSSon n



‘three—Gthe combinatorial sequence, while question‘4'”

.trlangles problem glven a packet: containlng 40 card- :

129
L I I
and 5 formed 1esson three 1n the controlllng varlables

seque%ce Instructors were told to hand out" the sheets

to subjects and ask them to begln at guestlon l

2

'.Instructors were told to help subjects as requested
and to dlrect subjects to. begln questlon 4 after 20

mlnutes 1rrespect1ve of progress. on questlons 1 2,-and 3

'_COmbinatorial'Sequence Lesson'One

| Oblectlve Subjects w1ll understand the |

T 4
- board tr1angles—~10 blue, lO,Qlack, 10 red 10 yellow,

place none, one, two, three, or four trlangles in- baklng
cups accordlng to the fOllOWlng rules"3'-
“(axf no two baklng cups have 51m11ar contents
. N

"(b).,only one trlangle of any one colour 1n any one

baklng cup.

,Stated behavxorally places tr;angles in baklng cupsﬁ'

correctly accordlng to above rules.,_;f».w

et e
4 .

Egulpmcnt _ For each subgect-'

"fifaff one whlte envelope contalnfhg 1? g@a 10 blue,.'.*"

s '10 yellow, 10 black cardboard trlangles,

‘(b)‘ set/of 20 baklng cups cllpped w1th paper sllde,*

}f -_(‘,_

Method l{. say "I m 901ng to get you to do a-

'jbllttle task You mlght flnd it very easy, you mlght not._y

e
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2. G1ve out the paper trlangles, and say "There should
be 40 trlangles 1n your envelope. Empty them out on the
desk See that there are ten of eaph colour.“ Walt

£

untll everyone is sure of hav1ng the correct number of

.\.
1

trlangles,i
3, say -“bK, now.I "m goxng to glve you scme baklng cups -
” andtthen.Ifll explaln the rules of the task L¥ Cautlon |
'-students that cups are llght and blow around ea51ly,s;

“and tell them to put the cups out in rows on the desk

4.; Say "Here are the rules. Youchave to put none, one,
a, two, three, or four trlangles 1n a cup._ For :mstance,_.'»?i'le
- a red and a blue, or Just a red, or a black Ia yellow

and a blue _ [Demonstrate ] You can t have more than |
one . trlangle of the same colour in any cup. [Demonstrate ft j
No two cups can have the same sets of trlangles 1n.i You'-”ij”

have to make as many dffferent sets as you can.,].

[Demonstrate ] Any questlons? Go ahead and make as’ many

dlfferent sets as you can. : The colours of the cups have ;:Ef

nothlng to. do wrth "the experlment E |

5. P01nt out m}stakes and explaln as class works.:'h _

- 6. Get students to: Cllp cups together and put trlangles

back ‘in enve10pe.t.°w' S N '
h] Note a391st wherever necessary--thls ls},el'

e

llnstructlon, not testlng



Comb1nator1a1 Sequence Lesson Two

~

. W Say "Today 1 w1ll glve you a way - to do thL task

” ,w1th the coloured trlangles. . |

‘2.1 lee subjects each a packet of trlangles and a plnk
'sheet ruled 1nto 20 squares.'bbv | . N

' 3._:W1th the a1d of four large trlangles, show .ub]ects )

“*how to cenerete the comblnatlons by taklng one at B L

't:a tlme, two at a tlme, three at a: tlme, and four

rat a tlme. | - | l : | | \_ .‘

4;':Let subjects try 1t once W1th the paper tjiangles,.ff_i?"

ass1st1ng 1nd1v1duals where necessary.= Eath comblna-fxip"

ftlon 1s to be placed 1n a square on the plnk sheet.

e

5. 'Take back the packets of trlangles and glvc subjects Sl

gfpackets contalnlng 10 plastlc counters ("btngo chlps );.
.h10 paper slldes, 10 paper fasteners,kand 10 pennles.d?“
';-Ask them to do the same thyng w1th these obJects |

‘“ilnstead of the trlangles.p35*55=' - CT

.l\,<-

'L\;'S.hgﬂave students returh the packets of ohjectu,‘but

~

allow them to keep the pennles. B
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~ TASKS FOR TODAY .

1.

e

Make as many comblnatlons as p0351b1e w1th the'set of

- 4 kinds of object§ in the packet supplied. Use the _
_pink sheet’ ruled in squares to. put. the’ comblnatlons on.
.- Ask for ass15tance if _you need it. ,_.‘, 4 -

When you have flnlshed number l plck one of the follow1ng

U_and do it:-~

;A;'_CLOTHES.".~ Suppose you have bought

(1) a new belt .
(2) a new hat
(3) .a new sweater. i S
"(4) ‘a new pair ‘of sunglasses R
- Figure out-ali’ the ways -you cOuld wear T
- .+ . these. For -example .you could wear the . -
w ¢ ' . -belt and hat, or just the sweater or all = -
' / , four. Use’ the plnk sheets to erte d°wn
s the combinatlons (or draw them) _

'"Bi_hHAMBURGERS;g Wlth a hamburger you can’ get.lf.f'“ft

S AL) ketchup
- o cio 0 (2) relish -
‘_‘»‘i'jf;';_ L (3) cheese

_ '(4) ‘onions .. : x “ R

.‘-Flgure out all the diffetent ways you could

. have the hamburger.; Use the: plnk sheet o
,to put down your answer._g, ,

c. CARS. " . aWhen you buy & new’ car you can get ‘as }""

R S .extras, any of- these;
I S (1) whitewall tires: L
“ 0 . (2) automatic. transm1551on

- (3) radieo c L

.~ (4) heater . T R

.*'Flgure out the dlfferent ways you can buy

~the car. For example you could. get the
o f_whltewaﬂls and ‘the ‘radio ¢ .Or just autometlc

IR R T U transmlsSLOn, ‘or all four. Use the pxnk
RNy .Iipj“;]'sheet.;: et S



—~ .

3. Asquare ([ . { ) can'have a circle in it

R

P

a cross in it.

* . ' S e

.

or a dot in the e
Middle oL

' ”;Work out all the dif
ﬂ.For example:

ferent w£&sjy6a;¢ah"h§¥§_??$§§gfé;_357?i’
e R S T R A
L ‘!Ei__h;v_

or

.




l.' Look at the sheet w1th plctures of screws, buttons,.ahd;

oy /}' - oo T e

cups on xt. Try these. - 3 - fﬂ

o 4_@.7. .

“. Picj out two that gre the same excepth

;,5;

The ‘screws are dlfferent lengths and thickness,
and have dlfferent shaped heads.;f;,~

Plck out two t at are the same except”,??‘,_llwf_,s__n AN
for length _ - S andl |

for shape of the head:' - e _.e[*iﬂti;feha

" -Pick out two that are the same except*?]’ .
for thickness*f.gh T e apd

R I

l

Another two-.9;;115]“;*i?fi-néf,JT:;}f%;n; - and

The buttons are different in the follow1ng ways, B R R
‘some have rims, some don't. Some ‘have two holes, L e
some four. Some are large, some small - AN

Pick,out ‘two that are ‘the same exceptV;ﬁ_g e
for dlfferent rims.,fiv; _._,:.:_,,__’I»~“a£»fahd

Piek out two that are the sehefekcept}ﬁl}_ L LR
for SlZE" ‘?3_7 ;.._&elJ‘,fhzﬁ?gllo“r{'ﬁmat.:;haf?~“;N‘?.E;;jj,t

Pick out two ‘that are the seme¢egce§£g,,'f,ﬁffff5
for the number of holes°~'5q} ;f_h.ﬁfif{;\%tTjeﬁd:

The glasses are different as follows. some have
& wide base, some a’ narrow b&se., Som¢ are ‘tall, . A PRI
. 80me. are short . Some ‘are’ straight-s;ded" -while. . .. ol
others are tapered " ““,., Sl L

PICk out two glasses different only in?gkagif
height. f‘,o : S L

Pick out two different only in size‘ofb_h_
the base°f1xgw e ' ‘







1

- -——-—

, The

| - .?_ m shape of the buckle (square N

EREIRE

e be 1t"grob1é e s L

" ;36"55;

o

belts dlffer as. follows: R

in lenFth \ -

a

in w1dth

. IIIL

_:;Plck out two belts the sane’ except'for';~‘*
- width:

1plck out two the same exggpt for type
~of bgckle: ,
_Plck out two
.. at the. end:

:aPick out two
- Length: ;5;;-;

Ln shape at the end (p01nted or stralght)

',aor’F°ﬁhdff<’“

the samé* Axcept for g
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