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Although the results were not consistent with Plaget's theory,. test
'developmeﬁt was only partially successful. Spec1f1ca11y, validation
of the scales was excellent or poor! depending on the perspective.
"Analysis of ghe iten dlfflcultleSj;;thln scalés was excellent for the
exclusion and ¢ombination scales #nd poor fox the proportlon scale.
In fact, the predictioh for the "exclusion and combindtion scales-vwas
"perfect", Such results. lend support to Plaget's contention of the
invariant sequence of loglcal development for those logical A
structures tested. An apalysis of those subjects! responses and -
-reasoning on the formal items revealed'that most had-xgotely leaffied
.. kow to solve ?&opprtlon problems wlthout understanding the undetlying
: istructural process. Such evidence would invalidate the contentxon.
that the "low" difficulti es on the cdncrete items was due to the\/
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within scale analysis, the written test was generally successfdl, the
‘crit erion of cognltlve level existencle is. still subject:-to questlon,
and a different type’of formal proportion item’'must be dev1sed.io
~ alleviate the effect of spec1f1c past’ learnlng without understandlng.
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hY

DEVELOPMENT o\g‘ A WRITTEN TEST BASED UPON THE
MODEL OF PIAGET °

e

-ABSTRACT

{ &
. Q

, ‘A group administered written test of cognitive development was
constructed and partially validated. Consisting of 36 open-ended items,
each logically equivalent to specific Piaget ta,sks, the test, and three -

Plaaet tasks, ‘were presented in a one-to-one situation, Sub_]ects dzere
ierarchy of logical thought. develop‘ment

class1f1ed actording to Piaget's I
Conergent and discrimmant valigation of the scales was mixed, while the

h1erach1es for-two of the thrée written scales was "perfect " An

ite
apprioach to future Piaget studie s ‘was suggested and 111ustrated’ .
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.. PROBLEM AND OBJECTIVES , . ,
e Ao o
l . - ' . ’ P (‘:‘( N ' .
) . PURPOSE - . o

i . h . ks * -
A ' ‘

9 -

The purpose of the Present project was to ConftrI}Ct '_anci vialidate a,
_group administered written test that wou]d assess the same intellectual

° . -~ - -t N . -

- g -4 ;
., . = BACKGROUND : )

Traditional Intellectual Assessment

M .
- ¢~ - - - LN

+ - -

* , Traditionally, assessment of intéllectqal constructs has been based .
on the work of .Biflet, with two methodological appreaches: individyal (i.e., ©
SBIS, WPPSI, WISC, WAIS, etc.) or group (i.e., CTMM,, OTIS, Henmon- i
Nelson, Lorge - Thorndike, etc,) administere¥ tests. Within this ¢ dition, an indi-
vidual's intellectual assessment ihd subsequent’ categorization has beerd dependent

. an the mastery of specific information and on his position relative to'a norm
group within the normal curve model of probability. For exam‘ple,'\ff an ,
.individual qid not know the specific fact that the Koran is the Islamic holy book, .,
or that the Apocrypha were the disputed books in the Bible, he would*not receive
credit toward a classification of his iﬁ"éellectual prowess for those specific c

, . items. Because of its reliance on the knéwledge of specific facts, this type

of test generally has not Proven to be adequate in,assessing intellectual construct

development and, in reality, has caused many priblems of inte#pretation within -

the school situation: Many ‘school personnel, nq_f*-adeqp.ately trained in,the ‘
construction @nd interpretation of such tests, have tiken the re sultaont absolute
number (i.e., IQ of 110) and based judgments of an individual's deVeioJJm}ant on
that numerical score. ,While the score is irtdeed an indi'cation of an individual's
i'nte'lligencé relative to & norm group within the normal curve model of - ‘
-probability (4 fact which many ‘school personnel are not aware of or do not know
the meaning of), it tells nothing about what constructs an indjividual has developed, *
-, what fr_ltellectual ope ra.tcionsv~ he is capable of, etc.; and the number (score)
itself, as implied above, is dependent upon what facts an individual has learr’ied, .
not upon what mental operation’s he can perform. :
- k

. v,
¢ R

< . ' R o . . <

Piaget . : : - ; /

2 _gnk ! B . . ./:”‘ :
Piaget has uséd a variation of the individual te sting situation and has
attempted td assess intellectual constructs which do riot depend upon specific

.
N ‘
f . + @
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_ mianifested (Inhelder and Piaget, 719
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. Present Needs 4 .

4

.
. H

) intelligence tests, which are'mor8 efficient, generally cannot explain why a

" and develop in individuals at different times. He contends that intellectual ‘ A

. . . EA RN o . ¢
learmngs or upon hav@ an individual performs relative to a norm group within
.the normal curve; rather his worked has focused on as sess1ng constructs that
are necessary for adequate interaction with the. world generally not teachable,
development gradually develops throughout l1fe, ‘with the major Cchanges )
occurring between birth and fifteen- s1xteen years of age. The developmental )
changes are continuous; however, there are certain characteristics of -
“intelléctual functioning.that remain relat1vely stdble for ‘certain/ durations '
of timme. These relat1g\lely stable durations of‘deVelopment are called periods *
and represent qualitatively d1fferentlevels of 3ntellectual ability. Four such
peniods have bqen identified, .thelast two of wh1ch are the periods of concrete
operations (7 - 11 years) and formal operations (ll + years).’ Within each *
of these two periods’two subperiods have ‘been d1st1ngu1sHed an initial subperiod
Wher® the intellectual characterlstl.cs of the overall’period are manifested but
inconsistently and intellectual regress1on to an earlier period tends to occur,
and an ending subperiod, whexe the per1od charactgr1st1cs are consistentl .
manifested, httlé 1ntellectual greZsmn to an earlier per1od occurs, and the .

v

characteristics of the initial subperiod.of the next period'are sporadically . )

8). Essentially, it is contended that

intellectual development occurs as an ordinal scale thirough which-everyone  °

. progresses. An .individual at a particular permd would manifest the character1st1cs

of that period in most of his behavior. : . : . . o
‘In ordég: to test the concept that there‘are qualitatively different per1ods 2 .

of mtellectual development P1aget and his collaborators have devised sp‘?c1f1c

types of tasks- which generally involve scientific problems presented in one- —t>- _"

one sltuatlons. From an individual's performance in workmg with the 'tasks, )

“he is classified as being in o}ne of the périods. . -

S

l_‘ t I\ ' . . . B WP .

Repllcat1ons and enténsions 3\5 Piaget's work have generally supported . .
his.contentions relative to the ordinal development ‘of intellectual constructs .
and thé adequacy of his approach in assegsing intellectual development,, .
Unfortunatel'y, both the individual method within the Binet tradition and Piaget's
use of the individual method are d1ff1cult to use, as well as very time consuming,
While much 1nf01:mat1on can be obtained ‘about one person,, the method of agsess-
ment is relat1vely inefficient. On- the other hand, traditional group administered

specific re sponse is glven. A Piaget basdd 0roug-adm1mstered written test of
cognitive deVelopment would combine the efficiency of the'later with results

‘that could spec1f1cally indicate the intellectual skills mastered. Such a test A\
‘would be, invaluable to the,classroom teacher, as it woyld give him not just a .
number indicating relative past learmnc [(traditional, mtelhgence), but a _ ¢ L.
specific class1f1cat1on telling him Just- what constructs a child has oalready

» & -

.
. .
" , ' « e
' - fs . ‘ ' “ By
. 'y . w - R , , h
. ' .. . . . . - .-
. . N . - 5 . <
« - - . . .
. .
,
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mastered and what operatxons that child is capable of performmg, theteby
assisting him in deterrmmng a level ‘at which to pitch instruction. With

today s educational innovations (open space, individualized 1nstruct10n, etc. ), .
such an 1nstru’ment is surely needed to replace the rapxdly outmoded traditional
IQ test. ¢ . .. .. ’

-

REVIEW. OF LITERATURE

dévelopment have ‘been partlally successful Singh (1970) and Dodwell (1961)
have used written tests to assess the anget constructs of area, length, volume,
and number conservatxon with some success. However, only Smgh (1970)
reports e11c1é:ng the subJects reasons for a response to a, specific item and

his use of a subject's reasoning was limited to the pilot study for increasing

the reliability of the written tehst, © . N

5]
Ry P

Iy B
" Peel (1959), Case and Collinson (1962), Lunze?ﬁ‘)éO, 1965), -O'Brien
and Shapiro (1968), O'Brien, Shapiro, and Reali (197 )',,Shapi‘ro and O'Brien .
(1970)y, Keats (1955), Longeot (1962, 1964) and Gray (1973) report Piaget
type logical operations assessed via writ n tets. The congruence between
the written test items and the logical op, ations of spec1f1c Piaget tasks has
covered the continuum from assumed c uence (Peel, 1959; Case and,
Collinson,’ 1962) to planned congruence (Lunzer, 1965; Gray, 1973). Except
for the Gray atd Lunzer work, no knqwn attempt has been made to construct
the written test items logically equivalent to specific Piaget tasks and.
validate the written 1tems with a comparisoh of spects performances on the
Piaget tasks. Because Piaget's entire theory is Based on logical operations;

“any set of Wrxtten items w}hch would validly assess Piaget-type constructs
Thust be constructed logically equivalent to specific Piaget tasks.

s -

— 1 ’ . . ‘\\ . ¢ g

-

SIGNIFICANCE OF PRQJECT"

*

Several contrxbutrons to education hive been made through ‘the prO_]eCt
FlPSt the generahzabxhty of anget 5 the‘ory was tested by mterpret1ng the
results of a written test within the Piagetian. £ramework :

< 3 N ‘ -

Second, the writt?en telst was a prototype Piaget-basedlwrit‘ten test of
cogznitive development Further refinements of such a test could be used
in assessing developmental level within today's innovative approaches to .
instruction. Since most of these approaches heavily rely on stfident assess-
ment a wr1tten test of gognitive development would deflrp.tely béta boom,
particularly if a series of such tests, each demanding the, samé cogmtwe
mastery, were to be” developed 1r? different content areas. Such a series
of tests.would have the advantage iover present-day tests by be1ng able tnl

¥

"

\

I3




mo&'e accurately determrhe the’ cognitive levelof & student w1th1n a speC1f1c

' content domain which would obv1ously facilitate 1nstruct;on and learnmg
: {

Third, as 1mp11ed above, the written test was a prototype cr1ter1on— .
referenced test (Nith, 1970), and, asg suctr, 1nd1cated the types,of cogmtlve
/skﬂls individuals with specific scores'demonstrated, Fosr example, a score of
Formal Operatlona'l I.on the Exclusion scale, meant that'the sub_)ect d1d ’
-among other th1ncs, affipm sorrect, causé and ‘effect statements and did net

e

deny 1ncorreth cause and effect statements. SRR 2 i

<
e

/

. . ; - e

I3 . . '.',- € 7 I

- N . - -

D .o N, -4 - )

Fm@lly, the wr:Ltten tes’c’wac a measp.re of 1ntellectual development nof
based upon the norrnal curve\ It was a device based gu- the actLral development
Jof chlldren and not an artlflﬁlal statrstlcal conventlon. R .o

)
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K l.¢ The cenerahzablhty of P1aget s theqry ‘to written'ta sks which

/*demande,d thé same logical operations for suckessful mastery as SpeC‘lfIC' .

.o ‘sﬁg’« T .
. . .- . g, ~

) 2. A model of a group- adm1n1ster3d wr1tten test of cogn1t1ve deweiop-
" - ment Was evaIuated as to J.ts reliability an

Plaget ta§ks was evaluated' . ) s
¢

vabdlty A . T
* N , AN ¢ . .

-

: PRQJECT RESTRLG:?IOB{S,
. T’here we,re three restrictions to the? study. F1rst the design of the
'-:'fw,ntten test v was based on the initial work ‘of Longeot (1962 1964) and a revision
‘ bf that work. by Gray (1970)4 Longeot used'a combination of #pen-ended and®
rnultrple ch01ce questiéns. Questions corre sponding to the present work's
" Ex¢lasion and Progprtlon scales were multiple- choice, while questlons X
‘~-co‘rrespond1ng to the c'*ombmatlon scale were open-ended. Gray (1970) nev‘1sed
the Longeot scalés so that they were all multiple -choice and the logic of each
question referred to as 1f1q, stage -related logic of a specific Piaget ta sk
Although the re‘sults, { ‘y 1970) ) wereg encourgging, it was suggested that all
of the items.b&~open- _ertded and the ‘writfen. te st, in initial te stlng, be given,
1nd1‘mdually and that a subject's rdasomng, along with his answers to the
quest&ons, be elicited. The presented study wabs an 1mplementat10n of.those
su07estlons». ‘ A <. : ) . ’ ‘. . .
Secoéd the relatlonshlp between the Piaget class1f1catlon,, phys1cal ":
and writte ;e st, were not rel'ated totraditional measurés of intellecfufal
func lo,mng It was felt that the wr1tten test should.be vahdated aga1nst the
ret tasks before it wa's related to the traditional’ .;system. 'In other words,

‘Biaget'model shpuld be 1nternally cons1stent befdre it is related to other




FlnalIy, a corollary to the second restriction is that the re,was no
. " hecessity for relat1ng the Placret model to the traditional model. Each makes
. different assumptions, about intellettual functioning in general, the dlstrlbutlon
of 1ntell1gence, its measurement ’and the criteria indicating its ‘existence.’
Although there are somie similarities in measurement and criteria fox existence :
* (Gray, 1971), the models are’so different that it is absurd to. tactly atknowledge
the va11d1ty of the trad1t10nal model by relat1ng the new measures to 1t

. ’ ¥ e

: . S & AL ‘ T
. o ‘.g‘ . . !  HYPOTHESES .
o .":.'\"" ) . , " . B e /
Gite 1. For each scale of loglcal thought development ‘there will be no

< 51gn1f1ca‘nt p051t1ve relationship-(p <0 05) between the- wr1tten items and the
L correspondlnd Piaget tas" . ’

¢ . N * Yo ©
v . CY

«

"For each scale thatithe precedlng hypothes1s was re_]ected the follow1ng

< hypotheses were tested, - - | o . .
' . - : o - .
. © Wi ' ' ‘
) . 2. Measures of the same scale of‘%oglcal thought development will IR
: co’rrelate Jhigher with’each’other than they WJ.I‘I. vzlth mea’sures of different ]
. . scales of log1cal thought developﬁrent mv‘olvmg ¥ parate methods. - .
/"' ;‘ ,“ - \ _‘:‘\\ ! ..

3. Mea sures of-/tﬁe sarﬁeJSCalQ Qf-loglcal though'i; deyelopment will
cor'relate higher with eacfl“o’ther than tFey will with mea sths Q\arfferént

\785 of logical thouﬁh developmenl: 1nvolv1.ng the same method i ’
Ly . LU g
’ i ~ N « ’ '»._;.. :_. ::..?‘ v,
T4 MeaSures of different scales of logical thought development will ~ "7z 7" -
_have the, same pattern of interrelationships with each ot}}er across heterotraltm
; "monomethod and heterotra1t --heteromethod triangles. ‘ g .ot
. ., s

The followmg hy‘pothe51s was tested fyr all three scale s, -régardless
of the outcome of Hypothesis 1 ’ .

A
.

- y . L
. -

~

. A ¢ 5,, For each scale of loglcal thought development on the written test, . e
there will be no s1gn1f1cant positive relatlonshlp (p «0.05) between the o
theoretically predlcted item d1ff1culty sequence aﬁd the emplrlcal-l,tem L
difficulty sequence: . - ° . L .

S R 2 ) . n‘:_' . ’ " <o P4
. o~ - ‘ Ve
6. For the Piaget tasks and. the written scales separately, there’ w111 oL .
be no significant d1fference ({p<0:05) “between t,he experlmenters—or betWeen 2 ? e ap
* the order (Plaget Written, Written- Piaget) in whith the tasks were presénted, . /;,,ié;’,-ﬁ
- L RO »
- ’, ;;/ L
e /5/ . e « ‘.c, tr - ":// I
IS s ,,/ 9 . . : ) 1:‘ . L - ¢ .
T . ’ : $To J : '

Gray, W. M., Piaget's Criterion-Referenced Measurement. In preparati‘o'n. ‘ )
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. . . {




. - % EEE ' TrE : g J,f',:/" Con
- v e ‘ . - : o o .
:‘* .J is "'. Jm N, ) v w :l . -’[’ 'BM ‘
: i - ‘ ) e . i o RN
KR I ! ' ‘% I
. D CHAPTERIF [} 0;
. R METHOD OF, INVE;TIG‘ 10N PR
:5 . 154 | . :e' = . ) ' ‘.'. 4';/’ ’é o
+ . v p;* -, RN o e
vy " e y A b T
i _ E ‘ v SAMPLE B T LA .
g ‘o N . ' e oY o ;; A 2 -1.:«‘5£
SubJects were drawn from a middle.to upper - mrddfe class, predommatel-y ‘f«-fiu
‘ white suburb 6f Dayton, Ohio. A ‘tétal of 168 subJects Were randorrﬂ.y drawn frommff
ages 9 - 15 with, 24 subjects per age /(See Appendlx A fo/g}%f)mplete samphng f‘;fl .
procedure), t . / , 5 ] . T ';é T
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,, PR S SRR
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{ For each age croup, one-half of the wbjects'w‘er‘é ﬁwen the P).ag t %?‘i'» .
tasks o6f Oscillation of a Pendulum Equlhbhum in the' Balance,,amd Com 1natlon &;_‘f: )
of Cplored and Colorless Chemical Bod1es in a one-to orie s:,tu tibn. Pre entatlon-
«+ ' of the tasks was made by one of three trained expe.ri}megt,ers. Task seque ce . . ‘ags
f Gwas randbmlzed across su‘bjects (See Appendlx C fax det‘a;ls) Experlmente.rs o 7& s
pfe sented the tasks withif the framework pr.ov1ded by, lnhelder and Plaget (1958) . ., -~
‘(See Appendix D procedural de}arls) Al} verbah.aa'tfmns Were a.udlo recorded w«
.~ . and each subJect's/;)erformance };n éach task was rated on & checksheet der:,ved s .
from Inhelder ari’d Plaget (1958}(Se\e )Q.Qpendlx o Sectlon 1).  Within 3ne week -*_ 77

, after the Piaget, ta’sks ;éreSeni;atnon, \subJect‘é\were gﬁ?en the written Te st of .
. Lotucal Thlnkmg TOL”f’} (See’ Aﬁ_pemhx F Se\chon 1) in a’'gne-to- -one situation
o by a d1ffe‘re,nt experlmenter. Aft,er(' each respotise, a subJec\t\was asked the -

o, :
reasomng ’béhmd, his axlsvédr, and al; uerf{ahzatldns were audio, recorded~- he .
. . remaining subJecLs, one - half of each g€ .g up\f were piveh the .same Piaget, s B
/“" *,tasks and written test in the manner q a,hox(e, but'Were f).r st given the , ‘
7 //“wrl.ften' ée st /Ahen the. E’laget task,s PSS . . . e
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; " f‘ : I;‘or e!ach anget task,.'. s:p.bjects w%ﬁ d adcqtdm\;‘to the cr1ter1a . X
APre ,scfritfé;l b—y Inhelder and, P.].a.get (1 <3\58) ss1ble classﬂ‘&atlons were preoper-
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. The written test contained three‘scales, _each correspondlng to one of the\
three Piaget tasks. .Each scale was chw.ded 1nto four subscales loglcally'equlv-
alent to the logic manife shed by sub;ects in "be{unmng concreéte operat1011s,

omplete concrete opera.tm.ons, "begmmng formal operations, or ‘'"complete "
L formal op&ratmns when theyt attempt to solve the correSpondmg Piaget task,
Appendlx F, Section ! is a cop‘y of ’the test and Sectlon 2 is a description of the’
_item logic. The loclc of t'he c;,orrespondlnﬂ Planet tasks is folnd in Appendix
.D, Section 4, For’each scale there were tweK/e items, three items per
subscale for a total of 36, 1tefns. Alf 1tems Were open-ended and had.a

N
Dale-Chall reada-blhty score rangmg from below fourth grade level to ninth
. and tenth grade level (See Table 1). The six mnth and tenth grade level 1teme . ) !
- : " LR, J . o R ° . »
s , ' ’ e Ve ) A e ) . ‘
. ;,L’/ ﬂABLEJ
Z ’ TN o
S N,B./ITTEm “Em READA‘E'I. 7 ' ¢
. . - ,/', A r ,
. . ? R o /' P - . . . .
P s ",'{f___,,’ '/ L o ’ ! B N
L <07 SCALE
- . s VR . : T T .
. 'C Exclusion ¥ - Proportion . ‘Combination’ .
A . - ; : " - . N Pd . * : ’ Y -\ 0 — — e -— — - - —_—
) "ML A pem | Readability | Item | Readability'| Item, | Réadability
S KR P O ath. . 13 | 9th-10th 25" dth ‘
3T 2 _ ath’ . 14 9th-10th 26 ath |
N 3 " .4th C .15 9th-10th 27 4th :
v v - 54
SR I RO I SN 4th 16 | .9th-10th | ,28 4th ,
RN -l - . 4th 17 9th-10th ‘29 1t 4th , ’
RN S “4th - 18 9th-10th .| 30 Sth-6th '
X ST B 7 dth . 19 |- - ‘4ath -\ 31 " 4th .
R E- 1.8 . ] ath 20 Sth-6th © 32 4th
" R 9> - |' Sth-6th Co21 4th 33 . 4th .
a < |10 |, 4atn o 22 4th o 34 4th
- VR ath -+ .. 23 | 4th - 35 4th |
CorL : f -fg2 ) - oath. 24 1 . ath , 36 4th .
A Y s X ] )
%ﬁ' "' [ i * . [ ‘ ~ « ‘
- . were the concrete proport]:on i emé and were rated as such because the word

complete was not on the Dal%-Chall list of 3%000 famllar words, On all
items, if a subJect had d}.f.flculty with a word, the exper1menter explained the

' -word and the concrete proportlo"n items were verbally explamed in greater
deta11 than the que stlon itself pre sented

-
e 4

b
op}

.
S



~

For dach item al subject was scored correct or incorgect according
to’ his respon e and rea omng on the item. Reasoning ‘izriteria involved using .
tfle correct lagic asspciated thh the developmental leviel of the item (See
Inhelder and ; Gray, 1970; Appendices D, |Section 4; E; and F !
"+ of th1s ' sio'n of the necessary. reasoning and specific item:
logxc) n eadh scale, toY be classified at a specific developmental level,
a subject's ansyer patterﬂ must have conformed to the following criteria:
(a) at least twoithirds .(2 out of 3) of the questions representmg the specific
ve been answered correctly, and (b) at least two-thirds
(2 out of 3) of th questions for each preceding subscalé must have ]@_en <
answered correctlyiy If a subject's.answer pattern dl,d hot fulfill ‘the criteria,
* his classifitation\wi?% based on his scale response pattern, his reasoning on  °

the "'deviant]' subycale items, and his responsg patternjon all three scales. . d
S = Table 2 is a perce tage 'summary of the ”devxant" patterns. The groportxon .
. scale ”devxant" pa terns are considered in more detaxl in Chapter IV.
. Q . ‘ " : :
. { \ R . N
! TABLE 2 .
* : . ’ ~
WRITTEN'ITEM RWSPONSE “£77 CT MEE ING CLASSIFICATION -
‘ i SN r_. A : N
. ) . Aq _} N
i VLo > SCALE — i ‘ '
VN - ' C IR ;
Age " Exclusion | o \Prop.ortx'on \3 Combzination TP'tal ’
!
Male Female Male Femaile i Male Femdile IMale Female, Total ~
. S b .
9 6.67 ¥ 26. 6 r ; . [13.33. - 8.33
‘1(1/15) ) (4/15 . - (6/45) . C(6/72) -
10 7.69 | 30,77 9.09 12.82 | 3,03 '8.33
. (1,/13) I‘, (4/13) Y /1) (5/39) | (1/33) (6/72) |
' ' » N ,
11 8.33 16. 67 16,67 \58 33, .11, 25,00 - 18.06 - L0
1 (1/12) 1 (2/12) (2/12) 7/12) (4/36) 1 (9/36) .| (13/72) R
12 ' 2i.43 | -40.00° | 14,29 13,33 |11.9 12.50, RS
(3/14) (4/10) | (2/14) (4/30) |[(5/42) (9/72) R
“ i3 |6.67 |33.33 13.33 |11 7| 667 11 n 8.87 {13.52 | 1z2.50 LY
) (1/15)y | (3/9) (2/15) | (1/9), ¢ (1/18) ,(»1/9)?“ (4745 Y(s/2my |, (9/72) - v
’~ . T - . )’ . ‘ » .l.,'
s ‘ 7.14 20.00 | 21.43 - { 10.00 ‘ 10.00 1 9.52 9.72 - .
’ (1/14)- (2/10)° 3/14) (1/10) ¢ . (3/30) (4/42) (7/72) F
s e | 23.08 | 27,27 | 1538 [ \.' | 1s.38 | 9.09 12.50 o
) (1/13) ) (3/13) | (3/11 (2/13) (6739 [@3/33) (9/7%) N
. . ) ' ! } ,
Total |5.68 . ] 11,25 23.86 | 21.25 6.82 125 J12a1z fiees o LTy
> |(a488) | (9/80) | (21/88)}'(17/80) (6/88) | (1/80) "(32/264) |(27/240) | (59/504)
8.33 - 252 | aar 1 al )
(k4/168) |- "(38/r68) | (7/168) 1 - ‘ R N '
- 1"OQTE: Main entrie* are percent-. : .
. >
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- e . "CHAPTER 1III | o o
RESULTS / | o Lo v

Piaget Tasks - Written Scales 'Corre%spondence_

4 . . : .
-~

’ 1

;. Hypothe"x

s 1 - 4 were forrrial statements of Campbell and Fiske's
(1959) criteria’3evaluating 2 multitrait-multimethod cor relation matrix
for convérgent’ d discriminant validity. Table 3 presents the multltralt -
multimethod values for the total sample, All entrigs were s1gn1f1cant1y greater
- than zero (p <0.005,df = 166, one-<tail) except the validity value for Exclusion -
Pendulum, which was significant at p <0.05. KR20 e’stimates of written

R & At]
© ®
g ‘ “ ° TABLE 3 - ’
. MULTITRAIT - MULTIMETHOD CORRELATIONS: TOTAL ‘
F;iaget YA ¥ ’ b " Written ‘ .
> Ld . '. L .‘f: s ’ i :
) : Pen '~ Bal-*+ Chem ok Proop fomb .',‘ )
. 4 :' ' . ' * . W p , \ = .e N 15
) ¢ Pen< . . . ] "?6\ by | '1 ‘%\“. . )
’W\”-; | *g‘,o RS | NN - ;‘ . |
' '1“. ‘/‘ ) EE Bal
1 | . & P ’ .
. < . ~ * ! . 4}4
e, “d Chem-||0. i’ ’ k
. » B g.l i 3 . .
N U N - . ) .
<y ' N f o = — . -.—7'-‘-‘“-\—. -
" [Excl |0.185% \0.355 = OQ‘Q 11 ¥ . .o
‘ 2 DN LAY ;
o l: ~ \\ . N [
& Prop, | 10 368\ 0.421 "~ 0,477 3 P
.l J
. iy \ ~ . ] s a
Gotab 10.359  0.418 \£9-471 S (0:870)° | v
! s T T i e, e )
) NOI‘E Underlined entries-are- convergent validities. Entries enclosed
by solid hnes are t}'1eterotra1t monomethod values and entries enclosed by
- broken lines are heterotrait- heteromethod values. Written scale KRpqg. " °
est1mates of rel1ab1'11ty are enclosed in parentheses and. total\te st KRy Was
0. 938 Arrows indicate h1gh-alow drrect1on of corre1at1on p.tern.
3 p <.-O 05, all other eftrl.es P <0 005 (df =166, ones-tax.l) :
v ) | ) , ,/l . R . ‘ / . -
.. ‘\ € . : o X e . O
test reliability and the three scales were qu1te substant1a1 ranging from AN
0. 87 for the combihation scale to 0. 938 for total test, indicating a great deal
* of 1nterna‘1 cons1stency, within each scale, anc; between gcales or sample o
- - - TR R . _
- :‘?’,! ) ‘ 9 - . ’ - ‘ T a" ) '
T .’ " .‘7 o . "- 18 : ¢ ' " ‘.‘ : { .
e “ ) . ;,‘. . - ’; . " N R ., 4‘- s A j’




g _ A .
heteroaenexty This between scale consistency is ga.lso illustrated in the
miedium written monomethod values 0. 488 - 0. 66) and the same cons1stency' '
is evident in the Piaget monomethod triangle. The other ev1denCe of convergent
and d1scr1rmnant va11d1ty of the developmental scales ‘was . mlxed

"1

’

Hypothesis 1 was rejected for each ,scale, but none, of the va11d1ty ' |
values completely sat1sf1?d Campbell and Flslse s remaining convergent,validity
criterion: along with being signiffcantly greatgs than zero,. each valldlty value
must also be large enough to warrant further 1nvest10atlon of va11d1ty The
exclusion-pendulum value was not large, absolutely, or ih comparison-with
the other validity values, and in no case did it, support Hypothesis 2 or 3.

/ , . N

Hypotheses 2 and 3 focused on the discriminant validity of each logical “\
developmental scale. Values for proportion- balance and chemical- combination
validities tended to support Hypotheses 2, "but'not 3 (See. Tables ™3 and 6). Only
with the exclusion- pendulum validity value were the results clear and there in &
‘a d1re<it1.on opposite the hypothese s. . ‘ S

- » ’

Hypothesls 4 was generally supported All heterotrait triangles except
the' Placvet monomethod had the same high-to-low pattern.of correlations,,
although the differemrce between some values was quite small indicating a
reversal in pattern was possible. Clearly, the ev1dence for dlscrxmmablllty
of each logical developmental scale from the others is unclear at best ‘
Sex differences were generally small and t;ended to folIow the total
sample pattern, although rpales had higher valldlty values (See Tables 4 and 5).
Hy@’otheses 1 was rejected ( p <0.005; one ~tail) ¥or all va11d1ty values for both
sexes, except the exclusion- pendulum fer females Support for Hypotheses
2 and 3 for both sexes and each validity, value could be considéred the '
~Xsame' except for the compination-chemical value (Se Table 6). Intrasex
correlatlonal patterns .coincided with those of the total sample for males, but
the females were different for the lower-left Written-Piaget heterdtrait- hetero-
method triangle. . The slight change in the Plageg‘ monomethqd triangle was trivial.,
A further b_neakdown of the sample (Age x Sex) was performed, but little in the way
of usable data was obtained.” Less than 25% of the validity- values were signifi-
cantly greater than zero and‘there was substantial variability within ages
across ages within tasks (See Tables 7, 8, and 9) ' - .
oo - )
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LooLTIORATD L. o 1VE HOD CORRELA 1IONS: MALE K . |
‘Oi ! — 1 ¢
* , -Piaget i . Y A Written'
- M .. { 7 S . . . pobs
, ., +|* Pen - Bal Ci*em R Excl Prop *Comb ) , ,
. L \ e - .
* -J' f"; > .
& . .
8 i v, ’ o .
A . . . '
. >
. ) -
A \ ' ' . i
» b . . o
I A .
: Excl [0:297 N0.471 => 0.359}",
S N l\ > ‘ M Vo
5 ~ N \\ . 1y - -
7 Pmp,,@ 4§€\\.495 N .565: . ¢ .
2 . J( : . LA o h
‘ L YN 2, ‘o
) . -|Comb 10,368 _ 0.510~ - 0,493 L L
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by colil lines ate heterotra1tf‘mon method -values and entr1es enclosed By , ‘ l
broknn lines are hete,rotraﬁ: -heteT¥ method values. - Wr1tten scale’ KR , ;
est1matcs of re1~1hb111ty are enclosed 1n parethe ses and total test KRZO w~s o ° :
0. 942. Arrows indicate h1gh low:- d1r.ect1on of correlatxon\pattern. & >
_*o p <0.005 (df = 86, one»ta:il) for;all entr1es. - . , g
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. ’ ' TABLE 5 o -
! 0 . . v .
< . MULTITRAIT-MULTIMETHOD CORRELATIONS: -FEMAZE -
" " . i .
’ Pi%ﬁet y + . Written . ¢
. Pen , Bal Chem Excl Prop Comb °*
[ .p
- v .
¢ . .
k] -+
Q [ 4
[} o0 hd
. ) b . 5
A L ‘
T u.
‘ . v ./'-ﬁ- . )
v e ‘ . " .
. A Uaietubaiuitrbulie § : . ’
A \‘ # Excl 10.022 N0, 227% 0.125 - o
- - |\\ N . \ '2”" \
2 . o~ - YK i
P I %=\ 0N TR .o
K ; Pll'op '0. 2\39 \(:\:.332 0. 356 | :
' ] N R N \ .‘ ‘\
\ y : N . .
. ~1——Cdmib IO. 241_*—? 0. 300” ¥ ‘\0 441N ks \(0.‘868) .
[y ~ \ i
‘ MOTE - Under:ined eutries are convergeat va‘nhit;e s. Entries eanclosed
v eohid T ed ire neterotr al..-mur ofiethod values aad eni"rles eicicsed . troxens
. laceaire ‘ef‘erutrav Pterow:eL..od salies, Written scale KR, . estimates ot
raliab 't are ons loced is prreontieses and tot:l eft KRpp wzc 7, 93., Arrow:
) dlﬁu;p nigh- low direction of correlation pattern. )
. . s . ' . ’ * . é"‘
P <O 05 o, T . o ‘
o P <0,005 (df = 78, one ta11) ' - o : A
T :
- .. k °
o [ * ¥
v - B / ) ¢ a
&
E ,
N >
' ¢ ’ 5 ° M .t -
¥ ) . e
v e ¢ Y
n
3)"‘ 12 N
et 4 21 . \

Qo .,
, 'o .lgu ,




k1

, " TABLE6 - >
4
, SUPPORT FOR HYPOTHESES TWO AND THREE

RN

7 .

‘HYPOTHESIS -~ .

Co;nb. - 7“ - &“. Comb. -
Chem. Pen, .  Chem.

*'Tivlal'e\ 2 ' 2/4 C 074 1740 |oks
T 6 [ e ' B 0 ':‘
L . b 3

Femalery T 4/4 0/4 [ ].¢C S o0/4

- =
© -~

&

’ - o .
Tothl ~ = 074 3/4 - 0/4 L) 1,0/4

<

. - ° . Pt " . B

.

NOTE - Nump®rator 1nd1cates suppOrt of hypothes1s and denomlnator .
indicates total poss1ble support.. ", o s
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. Item Difficultx%e_qucnces: Predicted and Empf’rical ' . .

el < ~i . 3 . e
v Hypothesis 5 ‘was rejected for the exclusion (Tau = 0.919, p<0,001)

and combination (Tau'= 0.905, p <0.001) stales but not for the*proportion

scale.” Further comparison of the difficulty sequénces of the three scales

proyided sub‘s'tantialosuppox‘t for Piaget's theory of logical thought development

and excellent validation for two-thirds of the scales. For the exclusion and

combinatiorr scales,the empirical item difficulties were exactly what wase

& expected. That is, a? "'beginning concrete'" (Cl) items were the easiest, then - '
. the "complete concrefe’, (CII) items, then the ""Beginning formal' (FI) items,
and f{inally the "complete coﬁcre_te" (FII) items. Within the exclusion scale .

, (See Table 10} there Wwas ~ery little difference in difficulty (except for itein*four).
" between CI and CII items but a. substantial diffi ylty difference Hetween concrete
.and formal items and eome differénce between FI and [FII items. It appears
' . “ that the exclusion items differentiated between concrete and formal subjects, * e
B par{tially differentiated sg}.bjec'ts within formal operations and could not differentiate -
~ , within concrete operati?;ogus.. The same inferpretation holds for the combination
~ scale, ‘Zxcept the combygation itgme were better able to differentiate betieen
. the forfhal operational 'subscales.’ Item d‘iff@culties for the proport‘ign ’scﬁ%/le did
not follow any «consistent pattern, other.than the Fll'items were expécted to be
the mg'ét diffiqui_t and they were the eaf,ie st, 'bqeir\c?r missed by 26 people.more :
. than the next easiest item. . ~ - % t}\ . o " : ;o
. Experimenter-and Task Presentaffon Order Effect - " Y ’
: * T o . .
Two 2 x 3 x B%ANO‘VA'S_.with‘ j e‘peated, measures on the thi_rdﬁfya‘ctor‘ 'werfe .
- used to determine experimenter effec én‘d order of task presentatj.omef_fe_ct. =% )
" Tablés 13 and 14 are the summary tables, iox‘récted for unequal‘cell n's Z, ‘
‘ for.the Piaget Tasks and"W¥itten Scale ;respectively, In both tables,the o :
1 . Within subjects between_tasks F - value was significant (F = 11, 73, df = 5/307,
p <0.001, Piaget tasks; F = 23 88, df = 5/307, p <0.001, vgpittgp scales).-
Analyses of Tables 7 and 11 indicate that the differences were between the balance,
and other Piaget tasks, and between the proportion and other written scales. Such. -
discrepancies among the different scales are not unusual (see Lovell,, 1971;
Gray, 1970) nor unexpected consjdering the irrqgufa’rit‘y of mental growth,
especially dyring:the ages encompassed by thg{ sample. - '

)t - » !

The experimenter effect for the writtéﬁ scales was significant (F = 3.‘35,
df =2,162, p<0,05). Although such effect has been reported ﬁreviousl_y,. ) S
(Bittner and Shinedling, 1968), the present‘re sults should not be interpreted too .

‘ - literally. - Because of scheduling problems, one E did not test any 13, 14, or ' .

, 15year old subjects. . Consequently, the significant E effect may reflect a S

difference in subject pérformances acros&ages, ‘and not negessarily a differenge -

< - - ~

- L4

2

2 % Dr. Richard J. Hofmann c}:erived the AN(BVA formulas for use with uneciua:f Coe

cellisize. . : .
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* (in presentat1on, especlally since thé‘*wrltten test was strlctly standardized
' across E's. ' . .
¥
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' TABLE 13 ' *
ANALYSIS OF VARIANCE: PIAGET TASKS o 7
\ % > . ' . ", ) -
i T : 1
' Source : df SS MS F !
t B * ! !
¥ ! \ ‘ . B i
i Between Subjects ~ . 167~ .~ 337,51 .
A . . : B . . .
o Pwewp 1 0487 . 0.87 0. 44
E . ) 2 9.27 *  4.64" 2.32
" PW-WPxE : 2" " 3,13 1.57 % 0.79 :
; Error. o -162 324.23 2.00
'Within Subjects 337 159,33 .
) Plaﬂ\et Tasks T 5. 23,46 4,59 ) 11,73 %
N PW-WP- Plaget Tasks 5 2.87 0.57 1.43
. E x' Piaget Tasks . .10 6.97 . 0.70 1.75
E x Piaget Tasks x PW-WP /10 1.88 . 0.19 . 0.475
- Error _ 307 124.15% 0.40 ‘
. N * l .
. p <0.001 D \ ’
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. TABLE 14 -
' ANALYSIS OF. VARIANCE:. WRITTEN SCA KES
l'ﬁ
i Source i df SS
N L ‘
. '_ \
* !Between Subjects 167 © 520.
i : N .
i PW-WP s 1 2.03 2.03
i E . . 2 20.25 10.13
»  PW-WPx E 2 8.12 4,06
. Error 162 489.69 3.02
* © Within Subjects ° . 5 337 159.33 _
" Writteh Scales L5 75.25 15.05 -
. PW-WP-Written Scales 5 2.03 0.41 -
) E x Written Scales 10 11.85 1.19
b E x Written Scales x PW-WP 10 2.98 0. 30
- Error Q? S 307 193.22 0.63
NEN . &- \ ‘\ .
< ‘ A
*p <0. 05 ;\ . )
#tp <0.001 . ¢
S N ’ %,
I'4 ' ‘f v ’ !
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CHAPTER IV } S %
' 'CONCLUSIONS , ,. : .

3. T N i »
. . ) : . . ~
M : ¢ . .

\3

> ° The purpbose of the study was to design.a’prototype written test of
cognitive devélopment based on the madel of Piaget, Although the results
were not inconsistent with Piaget's theory, test development was only
partially successful. Specifically, validation.of the scales was excellent
or poor depending on the perspective.~ Analysis of the item difficulties "

" within scales was excellent for the exclusion and combination scales and

! poor for the proportion scale. Infact, the prediction for the exclusion and

“combination scales was '_'p?erfgct". Such tresults lend §i.x__ppor‘t: to Piaget's ' ',

¥ contention of the invariant sequence of logical development for those logical :
siructures tested. The poor results on the proportion scale appeared to ‘
come from many- subjects’ inability to multiply the two asymmetrical -transitive
series, even after the E's extensively ei{plained‘what was wanted, and the same
subjects correctly solving the for al,proportion problems. An analysis 'of
those subjecfts’responseé and reasdnings on the formal items revealed that most
had rotely learned how to solve proportion prtqblems without understanding the
underlying structural process, This is in direct cor}tradict'ion:to Brainerd's
(1973) contentigﬁ that a subject's judgements and not his reasoning is the ,
appropriate c¥iteriafor judging cognitive level. Such evidence also would
invalidate the ‘éori!:enfion that the "low' difficulties on the concrete items was
due to the "high" readability of the items. Thus, it Wwould seem that from a "~
within $cale a}nalysis, the Writte,g_te st was ge'nerally,'successful, the criterion
of cognitive level existence is sgll subject to,question, and a diffetrent type
of forrrrual proportion item must be devised to allgviate the effect of specific -~
past learning without under stapnding. "

L’Evidence of convergent and discriminimnt validity of the scales was mixed,
For’the males and total sample, - the convergent validities were significant,
but not substantial, while for the females only the conve‘rgent validities for
proportion-balance and combination-chemicals were signifi,\cant and none were
substantial. Only the pattern of intercorrelations within heterotrait triangles,
within gnd across methods, provided any support for discriminability between the -
differ.ent'developmentaflog‘ical structures. Lack Q_f\dis’criminabflity would . -
seem to support the contentions that concrete oﬁe}atwn_s are semi-integrated . *
and formal operations are an integrated “whole bound by their lattice and group .
properties (Inhelder and Piaget, ¥958; _'Piaget, 1957). This is evident in the
significant and geherally substantia}l' é‘ﬁtriqs in the monomethod triangles and -

+ the significant entrie’s ,int;he heteroriéthod 'triangles,.(gee Tables 3, 4, ‘and 5). ,

" Lack of co! vergent and discriminant yaliditgr also fnay have been a manife station -

* . of horizontal dé”calaée (quyell, 1963, . . . e, . '
) d ’ ; ST ¢ ' SEPRLIRS '
N -.-:_..._;.,r_‘,/.(;_*. ... o D ) . o . -~




wt

‘In Bummary, a written test based on Piaget's perlods of cogmtlve
deyelopment is necessary and defini onstructlble. Seql;enclng of iteras
within, a cfevelopmental scale of logic and vahdatlng theé item scoxes with subject
*reasonings was glemonstrated while vahdatmg scale scorges against appropriate
’Plaoet tasks was partially successful Future studies s“l%ld separately
class1fy the data according to a subJect s response and his féasoning, and thag
determine relationship among the different modes of classification. Table . -
15 ilklustrates the suggested analysis. Such an analysls would begin to answer ‘

N
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A

An alphabetical listing of the students in the Centerville, Oth, City
School District was obtained and the birth dates of all students were searched
for those born between October 1 and April 30 for the years 1957 - 1964, .,
Subjects' ages were rounded off to the nearest whole year (See Table A-1)
_and then categorized by the 'whole age'' figure. Approx1rnately 2200 students
‘mét the birth date criteria. Parents of the subjects were then asked if they '
objected to their child taking part in a study about abstract reasoning, (See
\Appendix B). Those subjects whose parents objected were removed from the
total sample, N}

\
TABLE A-1 ‘
’ X SUBJECT SELECTION AGE CRITERIA '
vF- — d ﬁ
, Age c Actual Age Range“‘ Birth Date Range .
F Ld q?l ) a . N
9 S - H - 9:6 10/1/63 -3/31/64 L
. 10 v C96 - 106 4L 10/1/62 4 3”/31/63
11 s 10:6, - 11:6 10/1/61 = 3/31/62 /
12 ‘ 116 - 12%6 | . 10/1/60 - 3/31/61 ){
" L3 : 12:6 = 13:6~00 . 10/1/59 - 3/31/60
i © b4 C 13:6 - 14:6 . - 10/1/58 -[3/31/59° T
T 15 14:6. -~ 15:6 @ 10/1/57 ~3/31/58 ¢ |
. \ . .‘,.": Ld .j L} '1 __a "
. ot 1 ' ' . T o K
Ages: Months ) ) ) ; \ ;"'"'r - L
A | . ~ &, .
‘ S R

“¥ithin each age of.the remaining subJects, a ra.ndom ample of 24 was,
selected régardless of sex (See 'I‘able A-2), "

h _ .

4
.

At the time' a subJect was first tested, &he na ;je of the tasks were ’
explained and the subJect was asked if he had an‘y objettions to be tested.
If any objection was raised the subject was returied to s¢hool and another
subject was 'se]{cfed from the ﬂspeciﬁg:\age porpqliatio'n sample of the objecting
%subject. Participation by all subjects'was vdlyntary. ‘

1
e

t
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TABLE A-2

AGE x SEX BREAKDOWN OF SUBJECTS,

Il

O agel T 1. 1 R T .
P SRS 9« 10!l n } 12 |13 | 14 1s ' Totar | . .
o ; R | L "
Female . 9 11 12 | 14 9 1 14 ., 1 80" °
Male” - 15 13 12.f 10 | 15 ; 10 13 88
t — ‘ —
24 24 24 24 | 24 | 24 24 - 168 |7
Total o ' T: P : L
Sample 1280 | 299  300.1 308 | 317 ' 308 288, 2100
Population “ ! ' :
! , Il 4 1 i
. “ <\ ' |
- ”~r
‘ . . ! “
: . T2 i
X . ‘
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Dear Parent: . ' .. ,

Do, Your child has beén randomly selected for _possible inclusion in a
research study during the school year 1972-1973. The st}xdy is an attempt
to devise a,new type of evaluation of student's abilities. Essent1a11y,
it 1ncorporates the developmental ideas of the gxl;.ﬂs psycholog1st Jean
P1aget into a written standa?dmed test defugned to measure ch11dren s

levels of dbstraction,’ . ) .
. L. R ’ « ’ ‘ Q ' ,
If‘ included, your child would be involved for a total of two hours,
with a max1mum géone hour at a time. Results are to be kept confidential
and in‘no way -will be included in a child's permanent record.

¥

L' . o

\

If you do not wish your child to’ part'ici_pate,.-pleése- fill in the form
below ahdgreturn it to Stan Moreland, Assistant Super'infendent for Curriculum,
Centerville C1ty School District,- Virginia Avenue; Centervllle, OH 45459,

‘by- November 7 1972.

v

Sincerely,,
A
S
Stan Moreland .
Assistant Supermtendent fo~r )
Curr1cu1um
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One half of each set of four subjects recelyed:the Piaget tasks first and the
> written tasks second, and vice versa. Thus, there were twenty-four subjects
.per age twelve given the Piaget tasks first and twelve given the written test

first. . . .
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APPENDIX D
PROCEDURES FOR ADMINISTERING THE PIAGET TASKS

- :)\,.:. . : 1 4 ‘p N f
Section 1: Oscillation of a Pendulum -

Section 2: Equilibrium in the Balance "~ - v ce .
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% SECTI’ON 1
A o OSCILLATION 'OF ‘A PENDULUM . | -
- i \"\::,:-‘\_'\ e X . < s N LW ~ - - ) >:
B oo - v
s Present the sub_]ect wﬁh a 31mp1e pendulum in the form of a 100- -gram

- dwelght tied halfway up the length of a string.
S the length of the" str1ng, the welg\ht (1-,
““-and 500-granm welghts), the helght of the dropp1ng polnt and t‘l&\e 1mpetus

LAy

~imparted to the wéight.

~

The sub_]ect has the means to
2-, 5-, 10-, 20-, 50-, 100-,

-~
- L+

(i 3

~
¢

Demonstrate the pendulum; have the sub_]ect try it; then ask the subject

how it (the pendulum) cqnld be madestd go faster or slower.

The subject "

must demonstrate the solation and provide a satlsfactory explanation for the

proposed solution.,
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Paper and penc11 should be availdble if the sub_]ect
wishes to note ’&vhu.ch combinations have been attempted.



N

three series of w‘elghts'i(l -, 2-,
~attached hooks.
- from the fulcrum

. ~ P :
v 1 i ' - :"
‘ -+ SECTION 2 - | '
' EQUILIBRIUM IN THE )BALANCE e S

- . <.

resent thejubJect with a 51mp1e seesaw balance. - Point out that the
arm of the balance is level (horizontal) --" gesture with hand. Also present
5-,.{10-, 20-, and 50-gram weights) with
and a 10-gram weight at hole number seven (counting "
.and ask thQAUbJect to make the arm level (hor1zonta1)

As the sp.bj ctis attempgmg td .make the arm lével,. inquire as to why he did

what he did.| After the* present problem has been completed proceed to
some of the ollomng pr&lems ererm o " - . ) /)
s b - § . .
' e 10 gram at 9 and 10 gram at opposite 14
5 gram at 10°and 1 gram’at opposue 13 ¢
’ "5 gram at 10 and-1 g r"‘r}:}at Saine- 13 -
50gramat15 .—."‘-, .- e
- 7 20 gram at 5 and 50 gram at oppasite 12 T
2 gram at 1 and 2 gram at opposite 5
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¢ SECTION 3

a COMBINATIONS OF COLQRED AND COLORLESS
. . CHEMICAL BODIES .

m .

‘Present the subJect with four 100 ml beakers;j ‘each containing 50 ml of
colorless, odorless l1qu1ds. The beakers are number 1, 2, 3, and 4; and
the contents, unknown to the Subject, are as follows: (1) dilute sulphuxf‘;-’d
==  acid (0.005M H 2S0,), (2) distilled water, (3) potassium iodate (0.01 M
. » KIO ), and (4) sod1um thlosulphate (0.5 M Na S 203 with 158 g/2 4+ 21,2 ¢g
NaZCO ) Al3o giye-the subJect a small bottle, labele'a g, also colorless
and odorless, which contains potassium iodide (0. lIv&KI 33.2g/24) and=an-
"eyedropper. -

._‘,,o-

Y

Next, present the subject with fwo 100 ml beakers sone containing a 50
mil solution of dilute sulphuric acid and potassium iodate (I and 3), the other\,
containing 50 ml of distilled water (2). . Both of the solutions are colorless and
odorless, and the contents &'re¢ unknown to the subject. Add a. f'e'\-;vucyrops off .
potassium iodide (g) to each beaker and note the chari‘ges (1 and 3 and g will
produce a-yellow color; 2 and g will rernain unchanged) After the subJect
" has noted the change’s, ask him to produce the yellow color, using 1, 2, 3,

4, and g in any way he Wwishes. Provide him with add1t1onal 100 ml beakers in

which to make his combinations. Paper and pencil should be available if the -

subject should wish to note which combinations have been attempted.y
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SECTION 4
PIAGET TASKS LOGIC

1

et
OSCILLATION OF A PENDULUM

:

Subject was presented with the material to coxys‘rrTJ.)ct a simple ‘
pendulum string, welghts, and an apparatus on which the string was to be
attached. 'The problem was to discover the factor that determines the

" frequency of the oscillations. Possible factors include (1) length of the string,

(2) weight .of suspended object, (3) height of dropping point, and (4) force of

. push given to weiBht. Subject had to isolate the possible factors, determine

that string length is inversely related to oscillation frequency, and exclude the
other three factors as causes of change in oscillation frequency. Logically:

L}

>
st-ring length modification \
absence of string length qu1f1catmn ~

weight modifi¢ation

absence of weight modification

[dropping height modification . .
absence of dropp1ng height moMification
impetus modification

absence of impetus modification °*
oscillation. frequency modification
absence of oscillation frequency modification

ot

i

0y

Lo TR B s N e (I e iy o R e
1]

e

<

When the problem is correctly soIved the following loglgal combinations are
asserted to be true and the remaining possible combinations (not 11sted)
are asserted to be false.
;. .
(p AqQ AT As AR) V (PAgQArASAx)V ) °
(PAQAFAsAX) V (PAQAFASAX)V -
b (pAGArAsAx) W (pAGArAsAx) v .
.

(pAGAFAsAx) Vv (PAGAFAS AX) vV - iR

PAGQAr AsAZ) V (PAQArASAR) VvV

(
( F 2=
(BAGAr AsAR) V (PAGATASAR)V o 7
: (pAqA?AsA;) v (IS%C{'/(?/@ AR) = B T o
C(p®x) A (QEX) A (ER) A (sEx) = _

plavrvs] & x -
. i .

PAGQAEAsAR) vV (PAQAF ABAR) V _-—:.':-.;.:..:,_-'._{.;.‘..\ )
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EQUILIBRIUM'IN THE BALANCE .

-

Subject was" presented w1th a simple seesaw balance ahd a series of
we1ghts. A yvelght or We1ghts were placed on‘one a'rm and the subje¢t had to
balance the arms in any’way that he saw fit, When thd problem(s) is correctly
solved the following logical proport1ons are ''used". If two wéights, W and W',
are balanced at their corresponding distances from the axis, L and. L;, the
amount of work "WH and W'H',, needed to move the weights to the helghts H
and H' correspondmg to ‘the dlstgnces L and L' are equal. Consequently, a

o

""double'' inverse proportion exigts: .

. “ - . -
‘ g.l s & ¢ , - .

e
- rle
|

_D1scover1ng the above noted "law'' presuppeses that the subject understands
- the construct1on of proport1ons, specifically: g . b

S

’ wo_L - =
) w' T L ’
' L
‘ ‘ v _H . s
L W' H . .o
4 ' ¢ A
o L, H
) “ s ! L H . .
Logically: . & ,
., P ='weight increase on one balance tm’ : <
“p= weight decrease on one balance arm: . s ] L
' p'= weight increase on other balance arm _ % . =~
Pp'= Weight.decrease«on other balance arm. - &\;fi ) ]
q = distance increase.on one balance arm I !
g =:distance decrease on one balance arm - A T
q'= distance 1ncrease on:other balance arm‘ N . , o
g -.-.q_ dlstance decrease on'other balance arm \ ) . )

e . A‘i _/ \\

.i 's R o ® . \ }
Usmg}«he I (Ident1ty) N (Negation) R (Rec1proca1) C (Corre latrve) group of
transférmations (Inhelder and Piaget, 1958 P1a.get 1957;/Gray, 1970;
q/oyle, 1969) ‘the folldWwihg may be censtructed. '

[ . »
. .

| ! ’
! »

e L

&
S

|

”
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L1 (phq)=t B! Ag'

©

N (pAq) p' vq'
R (pAq) q.= p' Aq

C (pAq) : P Vg

~

However, the system of transformation equations in (1) is equivalent to the
proportionality:

L
R P'Vaq'

@)

Using the following rules a system of single propésiti'o‘ns mé..y ‘be derived from
. the double propositional systéth. The four operations o, 8, p, and o are
proportional if the following exist

-

-

@
V] c

":

cLaho= B AP o o )

ave= g Vp - (5) .
and if equations (4) and (5) can be transposed by tral:lsforrﬁi.ng (V%] into
(AR) or (Ax) into (VX)., Then from equation (4) the fdllowing may be generated:

[y

PV * (6)
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i =
and from equation {5) ‘
y . } -
v 1 ' . % 4 . e D ” .
. aAnB=ovs 'j\ | Z L (10)- ..
' ig ' | 3 F,
) N -
A y » ) . . QK?:
- T Iy :_‘o
. o AP = B A’o (11)
~3 ! 3
) /
[ S - . N
aNhB=pAc0 . (12)
e ¥ | ;~ “
I - ‘ N ! . : . :
@ ANp=P* Ao . o (13) ;

. .
- i R i .
. ¢

- It then can be ;)”B'éerved that the four operations of o, B , p, 0 can be
" considered to be an expression of the INRC group whlch always sat1sf1es equations
T3-13, For example: . -

x

®

3
where I p A q, then

L]

THT

1
R

o

/

or whereI = p Vv q, then ,

—r

‘%‘ ’ “(‘ \
‘ g o
% pVvd p/\q _.I _«C )
L T——a = & - = = =Y 2 1 N
, PVvVd P AT R TIN : (15). .

, The system of proport1ons may be extended to entities’ .a2mong which \ /
the INRC relationships do not hold, *if the condition of group transformatmns Ot
is applied: i.e., (v x) may be added to « if (A X) i§ added to ¢ when x has no "~ '

- »art’in common with &, and (vx) may be eliminated in gif (AX) may be .
eliminated in ¢, provided that x is wholly a part of . Thus from
> ’ . o ‘ ‘ A ‘= > V . = _I_. = -g— ’ . 16
N | . PAG BVE R N (1e)
e
' g ﬂ can- be derived while from N ‘ . ’ . " 4
q P ‘ : s
- : A W
’ R . . L e - ’ N * 28§ - -
/ ' . . . PVQq = pvg E-L = 5’— v - ' (17) '.5’%“* a0
: 4 . PAq  PAg C N B - "
’ ¢ ;‘ o ¢

- ' - [}




P

q : :
P is generated. Checking back to the definitions of the variables it can

be seen that distance increase on one arm (q) can be compensated in.a reciprocal
fashion by a weight decrease on the same arm (fi) en it can‘be totally reversed
‘i)y decreasing the distance (q), and the weight increase (p) has the same effect

2s the increased distance. Using the equivalent operations i&he other arm

of the balance, equatior_ls (18) and (19) are respectively equivalent t&5(F6) and (17).

0f bt
%

' "

=L _C ’ T
§ P' AqQ’ R N .
o \':‘7 (18)
- v 1 -! !
T o or Lo B | .
q P : %P q . ({ﬂ /
. | %
&
=1 =1 = =1 "
j w = .u% =1 . ..(% - - .
P Vq P Aq N
(19).
' v = L] -1 4] '
3 ;\l~ P T g'_ ‘or - R 1
§z{. x Q' p A . .
o . - \"
o Reciprocal proportions may be deduced in the same manner; g
< - rE (20)
8 o .
’ . : @Ac = R (BAp) ’ (21)
. s aVo = R (Bvop) “(22)
or
s oACR = R(pACog) -t (23)
~ i\u ' = * ' _ . b N
since pA§ =R (BAQ) 0¥ p Aq = R (Fn ) Ty .
'_01‘ . 0. o.o s , . : '

-

v

_L 'Once an individual hm\%uble e(x/nd/or sjingle proportional
'systems, then numerical values may be indsrted for the si%e values, such
A 3 o

that'a system of metrical prdportions_may be generated.
.Al'-h‘ .
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C numerically corresponds to ‘ : i

- e < ) O -
2 . . T, ".
. 5 , . . o
~‘ . . —— . . o & f
» ! and N
1 )
L . b . i ‘
# " E [od A ’ ! .
* £-rE @) .
S q q N . . . ., %
oy " = .
, P ‘ 5
- i i "
numerically corresponds to L & e 7 ‘
: O N - e T
. ‘ ~ . N
A R ° . .A) '
T n-.x X +n .
¥ , Co . == . ) . ‘(28) .
. . n.y ¥y +n . . P )
. s . “
T . >
. : ) 2.
- . . 24 442 ‘ N (29)
" - 28 " 822 \
. . . .A ° ) . - o3
‘-}& ‘> . '- .' .. . . .
. T, . ’ .
all of which can be substituted for the initial qualitative propositions defined )
earlier, : . s . v
\ I § ) 4 , v » v !
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‘ - N ) . “ .
COMBINATIONS OF COLORED AND COLORLLESS G‘HEMICAL BODIES

Sub_]ect wa's presented with four sir‘nilar beakers containing colorless,
. odorless liquids which were perceptually identical. The xontents of the
different beakers were as follows: (1) dilute sulphuric, acid (0. '005M H;804), -*,
(2) distilled water, (3) potassium iodate (0. 01M KIO3), (4) sodmm thiosulphate
(0. 5&[ \IaZSZO with 158g/24+ 21.2g Na,COg3). There alsp was an eyedropper.
bottle (g) contammg potassium iodide (0, lM KI w1th 33. 20/22) The combination
of 1, 3, and g yields a yellow color, whlle four bleaches or prevents the yellow
rolor Two is neutral.. :
k . _' “.4 ]
Next, the subJect was presented with two beakers, one cqntammg ‘1

and 3 (unknown to the subject), the other contammg 2 (unknown to the subject}.
The experimenter then added several drops of g to the two beakers and asked

the subject to not%the diiference. Subject was then asked to produce the
yellow color using 1, 2, 3, 4, and g in anyway. Logically, success is’
dependent upon the generation of a complete n-By-n set of combinations for ]
elements 1, "2, 3, and 4 withé added to each combination and the realization ;‘
.the yellow cdlor was a result of a combination (1, 3, and g) of liquids and

not the result of only one liquid.

presenceé of 1
absence of 1
Presence of .2
absence of 2
= presence of 3
abgence of 3
Presence of 4
absence of 4
presence of g
absénce of g
presence of yellow ¢olof
absence of yellow color

p
4
q
r
?.
s
.5
t
t
x
3

‘Subject must realize that complete affirmation with 2 exists:.
(@Ax)v QAR v @Ax) v GAR = (q*x)
and reciprocal exclusion’ or incbmp'ati.bility with 4 occurs,

(s.A X) v (5 A x)
or

ARy (5ax) v (5T

&

55 .




a

- Finally, the suhject must ur_lflerstand that the yellow color 1$ the

, ' Tresult of the combination of L, 3, and g only, even though 1,

also produce yellow.
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. . . APPENDIX E

. - : "CHECKSHEET OF DEVELOPMENTAL LEVEL
" PERFORMANCES ON THE PIAGET TASKS
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‘Sectidn-l: Checksheet v ’ ' ‘
Section 2: . Classification Cri{gzeria
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Preopcrations

A

‘e
L ¥ U .
OSCILLATION OF A& PENDULUM . L

Explanations imply that impetus prov1ded »by the subject is the
cause of variations in oscillation fr equeney.
Influenced and misled by,expecta,tions,‘.of oscillation change.

g ' .
Influenced and misled by expectations of experimental success.

-
N

Cannot dissociate own actions érom mé‘tion of pendulum, .
~ . ¥ -~

i :
Cannot give objective account of the experiment (i.e.: incorrect
oscillation count; incorrect judgment of oscillatory speed, etc.).

Catnot give conS1stent explanatlons which are mutually noncontra-
dictory. . . . . ‘

Constantly interferes with paglum's motion, B} :

Serially orders string lengths,
Correctly counts number of oscil‘lations_.‘

Notiﬁee changes in oscillation fre‘quency.

4 . . . .
Serially orders Height of dropping .points. /

@
o

[N

"Beginning%concrete
Operations

Discovers inverse relationship between length of str1ng and
, oscillation frequency.

.
‘ O
—_

)scillation frequency due to more than one variable, . \,\

-

fncrete

“"Complete' ¢
Operations

V2

ite

‘ Co'nsistently varie’s several variables sirnultaneously,.’ ¢

4 - & .
N M, - . . (

<

Serially ordersf(\ﬂeignt'si‘ - co '(,.

Nonsystemahcally determ1nes inverse correspondence&between
str1ng length and osc111a.ta.on frequency. : ¢

Var1es several variables 51mu1taneously (1 o Weight and
-mpetus, Iength and helght etc. ).

Cannot sta'parate effects of weight and strmg length

o
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E

Aruitoxt provided by Eic:

"Bcg.inning" formal

RIC

Transitional

Operationg -

o

""Complete' formal
Operations

"

- .

Dehberately varies var1ab1es 51mu1taneously.

\f)ies not vary particular variable under -considération,

.L,'.

N .

>

a

Isolates variables given combinations in which only one var;lable
is-varied.

-

>

3

Cannot produce combinations 1n Wthh one varJ.able variesand

all others remain constant. ] ’ Lo A .

Nonsysffematicallr varies one variable. . ' -

1.
s

Estabhshes cause of osc111at1on frequency and makes true

N

I

[}

implications. _ : . .
+ 5 .

Cannot establish the noncausal variables and deny the false
1mp11catxons. ' : :

-

Hesitation in giving answer.,

~

Con{plex responses (i.e.: sQQgMgth, maybe weight, etc.).
Varies' single variable, ﬂhqld‘i.r‘xg "all other variables equal.’

” JEFCAR oL ; B4 v
Systematic approachto problém. .

-— B .

-Excludes noncausal - variables and denies the faise 'ir;i"iplféations.

. ) - I
Isolates all variables., ‘- ,
5o
“ 1 s
Simplicity of correct responses. ! '~
\ IS ¢
<
N 3 1 L -
v, . .
) t - *
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s
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Ty 1 Jo
A 2. o - F

e e T EQUILIBRIUM IN THE BAiAf\ICE L
T ' | * i
. N\‘oq- ’ ‘ ' " by !
e RS Int.rudes in the worklng of th& balance. |
‘ ~ AN - ‘
' $D0e5 &ot distingui'éh'own actions gfdm-actidns of balance. |
. N b . |
\
. < TFries to repeat with new.weights what had just been accomphshed *‘
w1th others, not con51der1ng we1ght differences.
J ' o : |
Use of terms (i, e., heavy, light, etc.) w1thout use of comyanson
s . L ferm. " ) : ! ; ’ -
e A Removal of weight from "light" arfn. . , - ‘
> - ~\\ - —— 1‘ . {
) Equilibrium does not miply the equality of weights (1. e.: all
2 weights on one arm; gross differences between weight on each |
arm), s 2
-4 Addition of weights to "heavy" arm. ' ' ‘
States that heavy side moves upward, . }
(n‘ - g Il i
g A . :
2 States that light side thoves downward. -
g < ' ) * rer. o
- S . Symmetry (weighy on.each arm) becaua.e "it-loc{ks good', & - =
8 .
ay

- h '!a' . R .
Symmetry of weight placement (extremes of arms -- 7..79), "

Generally unconcerned with distances of weights from axis.

I - &
Does not lpok for any equahty or coordination between the di stances
and wé1ghts. ‘

U
»

Weights not 'rexm()ved with deliberate aim of equalizing the balance.

-~ L

/. .
Removes weight to try something new and different.

«f}l,otices ‘weights should be on both arms to achieve equilibrium.
) N ‘
Weights placed on both .arms should be apprommately equal for
eqq111br1um.

. -
0 \,

’ .S‘ﬁvr\nme_t‘ry of weighf* placement neaf axis (1-3).

~

. TN
Search for cotrect solutmn for equlh.brmm involves. success:.ve
s correchons of previocis act1ons.
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Aruitoxt provided by Eic:

‘4“_

o

| v : . . !
‘ - Notices role of distance when shown example.
) o " '
' _ Chance discovery of the role played by changes in distance,
; ~ . Serially orders weights. ' ' . .
L, Correctly compares one set of weights with another s'et_. " ;
, Makes use of the:transitiveness of the relations of equahty or
1nequa11ty of weights,
: : Serially orders distances. 3
El - ' ) ' 3
E - Distances are.added and made symmetrical,
- 8 g . L e ) L .
T Discovers symimetry of distances relative to the axis. ]
R ‘ - )
.§oo’ Emphasis is on substitutions (additions or, ‘subtractions) of
g weights, especially with unequal weights, * ) ?
z by : . .
‘o Unequal weights and distances are not balanced. - : “}
A ' ; . ¢ P
‘ ; . .Trial- and-error (erhpirical) discovery of equilibrium he;wco K
R —~_ %« - smaller weight at grecater dxstance and greater weight at smal]cr\5
: > * distance. .
’”
\ ~Cannot invert discovered relationships (1 e., do on opposite arm
what was done on the other) TN i,
. : o — ) T
- T Quantiﬁes wcights (i. e., B=2A), ¢ L
. g , Y - .
. . 1 . o
5@ Quantifies distances (counts the holes) from the axis. « =
o : : >
:o 8 " ' ( .
PR Unequal weights g and dxstances solved by quahtatLve correspondenees
"én‘.g. f (i.e., heav1er it 1s, closer to the;mlddle, etc.). .
S - ' ' . .
T2 _ Point of referencé for qualitative corresp ndence is axis, * )
Slmultaneous suspensxon of unequal weights at unequal distances 7
- (~ . produces discovery+of law of compensatlons.
. g
: E ‘- ) . . -l ' ’
) é‘ g Uses reciprocity (d1.:tanc.c'.compensates weights) in explanations.
3. . . ' . t '
e - . R T
£ x ﬁ —annot give causal exp:' iation of phenomena.
-4 . v . -
-]
8~
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- SYStema‘tic in approach. R
Uses metrical proportions, ) .

. . «~ -

s - B B

Successive and altgrnate suspensions of weights turn subject's

N attention to the inclination of the arms. -
. .
‘é’ Searches for an explanation of the phenomena usmg alternate
g'g suspensions,
“ 0 N 2
=3 : : Lo
g Causal explanation of phenomena (in terms of work),
2o - k
£&
g Indicates he1ghts that weights are hfted to in explanatlon of
- phenomena, > o
U’ ""Explains!' concept of work and the energy needed to ralse a’
we10ht on an arm a specific vert1cal distance,
. I 4
s
P g /, : "
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. . . \
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Preoperations

-

Spontaneous and systematic assocation (multiplication) of g sep-
arately with 1, 2, 3, and N

-

i
o

-

Combines l,;YZ, 3, and 43¢v1th g in one beaker, ‘;
L:, , .
iroes not go beyond multiplication of 1, 2, 3, and 4 by g unless

prompted,

&

il

Order of mixing elements produces yellow <olor,

-
«

b
"'"Beginning'' concrete

2T

)J
» N . 3 .. < ]
Inverts previous order of mixing elements|to produce color,
1 * e

> ° .

Operations
A

-k

Hypothesés are purely quantitative’ G.e. » 'Too much water, no
enough.water, etc,'), A

Aware that 4 b}eac}'fes color.

. Does not exclude 4 from combinations after ke knows that 1t -
bleaches color, _- - -
[4
Specific element produces color,.

3

Nonsystematic n -bf -n combinations,

Combinations involve tentative empirical effortsv (trial-and-e

i

Spontaneous genération o£ two-by-twé or three- <by- three '
combinations after the initial attempts of associating g
sepa;ately with 1, 2, 3, and 4. . -

‘"Complete' concrete .
Operations

. Systématic n-by-n combinations,

AN
N

’ Co‘mbina_gion of elements: produces 'g_olor'. ;

Searches for other com’bmatwns, other thah l+ 3 ’-f- g, wh1ch
may produce the yellow color. P T

Opelra 5_1011 s

"Béginning" formal
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Aruitoxt provided by Eic: R

4is proven'as a color bleach.,

2 is empirically judged neutral.

Combinations attempted in an extremely Systematic manner.

Proofs of combinations are extremely sys

2 is systematically judged;as neutral,

Operations

Approach is geared toward proof,

—-
o
£
1 9
o

e -

v

e
0

—
Q.
£
)

O

Increcased speed in proofs.
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. SECTION 2 - .
; < CIi.ASSIFICATION CRI?ER‘Iﬁ

The checksheet 1n Section 1 of this appendix is what was used in- 3
evaluating each student's performance on the three Piaget tasks . - Designations
of the developmental levels were not included in the checksheet's used.

i Classification of a SU.b_]eCt depended on thé pattern of performances

he axhipited, Genetally, a Sub_]e(.t was classified as being 1r; the most sophis- -
‘1 ;J . developmental level in which he’ manifested most of the characteristics.
B 3 g -piions to this general rule were made if a subject exhibited THE KEY N
é‘g performance for a specific level and virtually none of the other characteristics of e
L

that level. In such cases the subject was classified as being in the period in
which he manifested THE KEY character1st1q Examples of s?ch characteristics

- !
arc presented in Table E-I,* o ha
. ‘JL

- o TABLE E-1 ' f ‘
KEY CLASSIFICATION PERFORMANCES (
. I ' ;
- . |
¢, Task! and . - . L |

" Subperiod ’ . ' Characteristic . ¢
1 P FI "7 Establishes cause of osc\ﬂlatxon frequency and makes ) Lo

true implications, .‘& >

° ) P FlI .- Excludes non- causal varxables and denies the false
\ s . implications R , -
. 5 ' i

+B (?II . Unequal weights and distances solved by qaulxtatxve

corregpondences (i.e., heavier it is, closer to the
middle, etc ). 2 . . . .

B FI ) Uses me’trical, prcpcrtions‘ ’ '
I3 ' ‘ ~ P , ' ’ s § . <
B FII . . Ca;.zshl-expianai:ion of phenomena (ixr terms of work). )
. )
) ) B FlI ~ E;xplams" concept of work and the e’:knefgy needed to |*
s Y raise a weight onan arm a specific vertical distance,
) . ccou ‘ Nonsystematic n-by-n combinat.ions. v . > '
C Fl . szstematic nv-bir-n coml;inatidns. ‘ . % ..
‘ | C f‘I ‘ . éom.bination of el;aments produces color, - o

.(!.»
s

e

B - Pendu]um, B = -»alanrc,, C = Chemi-nl
L, o : .
_ CIf = "Complete' concrete Ope:ﬁtwns, FI = ”Begmnmg" Formal
i . Onerations, FII = "Complete'' : {rn\l Operatlons -
A % Iy .
o : 57 Y Tl
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APPENDIX F

’ TEST,OF LOGICAL THINKING

o ' ‘
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Section 2: Item-Logic ' "
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Directions

You are going to do some problems which are easy, if you think about them.
Some present some facts and you have to make a cor;clusnon Some ask you to com-__
plete drawings. Some will seem like arithmetic probtéms, but you do not néed to do
any arithmetic to answer them. Others ask you to put things together in different ways.
There are 36 problems. PLEASE BE SURE TO ANSWER ALL OF THEM.

y Below are three examples. Read them and declde on_ the corréct answer for each
one. . o4

v

' Example 1

All of the following sentences are true. What must happen for Ed to like SUSan'7

John hkes Mary, Bl“ likes Ann and Ed likes Susan.

.

John likes Mary, Bill does not like Ann, artd Ed;Tes Susan.

John does not like Mary, Bill likes Ann‘, and Ed does not like Susa‘n.'

-~

The correct answer is “John likes Mary.”

‘ Example 2
P . T
Chuck and Jim are playlng a card game called “Battle At the beglnnlng of the
game Chuck and Jim each have 26 cards. In the 26 cards that Chuck has, there are 3
s:and in the 26 cards that Jim has there is 1 kung Each player will turn over one

card ar same’time. Who.has more of a chance of turning over a king in the first
CUbattle”™? - Y\ K % ‘




Example 3 7

Don, Chip, BlH and Paul are going to ride on bumper cars. There are only two .
seats in each car. Each boy wants to ride with every other boy. '

Writé all of the possnole‘two-man teams that can be formed.

’
~

1 »

) « s

There should be six teams listed: Don and Chlp, Don and Btll Don and Paul, Chlp
and Bill, Chnp and Paul, and Bill and Paul. .

-
«

There is no time limit; however, work as‘rapidly as yod can,
. . i 1S Y ’

]

- . s

S PLEASE ANSWER EVERY QUESTION
. - . v 7 °
4 ~ ., g .
A el .
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B h , y ‘
1. George is taller than Bill. ' ,
2 . Bill is taller than Harold. - : ’ O
N Harold is taller than Carl. : o .
Is George taller than Carl? ' '
$ . ' ’ °, )
» ™ / '/8' b
" ., :: . . ., . ‘.
r ‘:. . o o ,
2. Paul is heavier than Ken. . .
. Ken is heavier than John. ‘ i .
. Johin is heaviér than Ron. : o
T R i 2
Is Paul heavier than Ron? ) - i
1 hd . 13 . ’
‘ s q . hd
) T N v
D hd o
'+ 3. Mike is bigger than Al
v Al is bigger than Sam. o, ’ C )
: Sam is bigger than Tom. - . ‘ : o ' .
it - :u 4: ‘\,‘ . - -, . . x
. . . N 2 . '_ . .’.‘ “y > .
o Is Mike bigger than-Tom? .- . . < e . s
) : & R T v
< @ ? - - - ‘:.:.M ~c, ‘. . N
S L R A . ~ -
< - X P N ] vowLT
. ; AR I ' . 0
< } T 3¢ sl g
& - ’ * . * RN i - ~ A .
' *. 4. Bob is the richest of four men; Jim, the next richest;,ldoyd, the next fichest; and .
. N . . . N L. R
. Tim, the next richest. The richest man owns the smallest car; the next richest
* man, the next smallest car, and so on: . L.
Who qwns the smallest car? N - g
® N , -
’ 3 ' ‘ ~ w
\ T !
- s b v
5. Joe is the fastest of four men; Bill, the néxt fastést: Ken, the next fastest; and Dave.
the next fastest. The fastest man has the smallest feet; the next fastest man: the
next smallest feet;-and so on. -t o )
o : a ! H . .
»  Who has’the second 'smallest feet? L
a‘_ . . . R N . < ’ > ~
¢ 'J( ~ v “"‘ s K ’
) : ES.3 < ot ‘
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. H ot \‘ Ceem " 6%7 . i 4
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6. Gene 1s the best of fousbaseball players; Alan, the next best; Walt, the next best,
and Rich. the next best. The best player is the shortest, the next best player the

ARl
next shortest and so on.: — .
— — _ ‘__v,__—————‘ - 0 - T

-~ - P—

Who—ts,the th:rdshorfest" S T .-

oy
(
O

'

)
(r
st

7. All of the following sentences are true. What must happen for the husband to live?

- The maid likes her jOb the wife faints, the cook runs out the door, and the #us-
band lives. . .

The maid likes, her 4op the wife does not faint, the cook does not run out the door,
and the husband llves

The mald does notlfke her job, thé w e falnts the cook does not run out the door
and the husband does not }lve

- —
> ¢ .
. .

A

.. _‘ ]
LI i o
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8. AII of the following sentences are trae. What must happé . .for Jo“nn to tatk to Luke?

Paul sings. Jl|| screams, the police are correct, and John tatlts to‘Luke

(X%

Paul does not sing, Jill does not scream the pollcé:a‘re Qorrec)?\and John talks to

© Luke. - tg A
) & \I"\ y
Paul sings, Jill does not scream, the police are notko‘[rect ané;dohn dqes not
. ':l".'.'.'\ - P
, talk to Luke. R \\ \
’ - ! a i - -‘:X“\;\ : ):‘ i"“.\“&;}}x Y
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9. All of the following sentences are true. What must, happen for Sam to be on
vacation?

S

o John is going with his friends, Tom is walking through a vrllage Bob is not gorng
. f:shrng and Sam is on vacatron '

-

John is not going with his fnends Tom is walking through a village, Bob 1s going

- T’shrng and Sam is on vacation. .

o John is going with his friends, Tom is.not walking through a village, Bob is not
going ftshrng, and Sam is.not on vacation.

‘.. ) s
’ .

=

10. All of’ the following sentences are. true What must happen for AIvrn to go to the
store? !

N P
3 . . N -

Mary comes home, it ralns Mrke is not here, and Alvin does not go to the store

!

' ‘Mary does not come home it does hot rain, Mike is here and Alvrn does not go
to the store—~

N t. ; Y
- ~

" Mary does not come home it rains, Mlke is not'here, and Alvin. goes to” the store

b

- Mary comes home it does not rarn Mrke is here, and Alvin goes to4he store

* an : . -
s . . .




11 All of the following sentences are true. What must happen for John to live in the
city? . .

The pollce are correct. ipe néwspaper is not reportrng true news, the thief walks
and John does not live in the city.

walk and John lives in the city.

The police are not correct, the newspaper is reportlng true news the. thief doe
- not walk, and John does not live in the city.

12. All of the following sentences are true. What, must happen for there to be good’

weather? Y
! Charlie is swimming, Dave is not boatrng, Ken rs playing in the sand, and there '
is good weather : .. R

. .""’%"
. Charlie is not swimming, Dave is boatlng Ken'is not playlng |n the sand, and there
. is not good weather. | K x .
Charlie is not swimming, Dave'is boattng Ken is not playrng in tﬁe sand, and there
is 900d weather. . )

s

Charlre is swimming, Dave is not boattng, Ken is playing in the sand, and there is

. ‘wA,w
not good weather. ’
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13. Complete the following drawing, - , ‘
— ‘ |
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14. Complete the followihg drawing. ) .
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15. Complete the following drawing. ' .
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16.“Complete the following drawing: ;" . ,
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Complete the following drawing. -
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Complete the following drawin
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19,

H . » % ' ' ‘
“\
Two groups Q{ chtldren are going swimming. Teachers are going with them and

will watch then'/ The flrst group is made up of 12 children and 2 teachers. The
second group is. made up of 18 chnldren and.3 teachers.

Yo,
LT T

,In ‘which groupgs each teacher m_ charge of the fewest children?

7

- ’

. . - \
4 [ ‘

20. Fred buys 3 tickets in a raffle, and a total of 75 tickets are sold. Bob buys 2 tickets
in another raffle, and a total of 50 tickets are sold K

e

""Who has the best chance’ of wmryn_g his raffle?

4
. o
5\ . .

v H

-

21. During recess, two separate groups of children play baII The f|rst group fs/made

‘up of 30 children and & balls. The second group is made up of 20 chlldrer’1 and 4
baIIs

3 3~
- -

Whuc,h group af children is itbest to jOlﬁﬁone wishes to catch a balﬁmost oftEn’?
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"22. John and Chip each\buy a bag of candy. In John’s’bag, there are 12 pieces of
hard candy and 20 mints. In Chip’s bag, there are 9 pieces of hard candy and 15
mints. : E )

Who has the best chance of grabbing a piece of hard candy when hetakes a
piece of candy from his bag? AN

9

-

23. In a garage, there are 9 red cars and 12 blue cars. In a second garage, there are 15
" red cars and 20 blue cars. A car is driven from each garage at the same time.

From which garage does one have the best chance of seeing.a red car driven
© first?- . '

. , .' - ) ¢

f
~

24, At auitting time, the workets of-a factory‘lgave through two doors. At door one,
12 women and 18 men will-leave. At doortwd, 18 women and 27 men will leave.
1 One person leaves each dodr at the same fime. = -

From which door does one have the best chance of seeing a woman leave first?

¢ .
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25. A coach has a choice of four players He wants to give each. player the same. .-
chance of making the team. He lets each player play for one week.

How many weéks will the coach néed if each p}ayer Is to have the same chance
of making the team?

;r' "
T -
I
..,’,j,—

L=

‘s

26. A boy has a choice of six fishing poles. He wants to try out edch pole before he
buys any one of them. He may try out only one pole a day

'v « How many days will he need to try out all of the poles?-

[

L e,
X
4
-
2

27. A girl wants to buy a skirt. She has found eight skirts that shg likes and would

like to try them on to see which one |looks the best on her. She can only try on—
one at a time. It takes her one mlr‘t*ute to try on-a skirt.

A

- .
* How many minutes will it take her to try on aII of the skirts?
. ) < @
',ia - .‘ ¢
» . 13
» :
¢ Y .
S f
. R
i o v
} ' 1
! “‘ D]
L] \.
. 3 ~
71 o
< A
. y 80
3




~‘
- 28. 'A group of friends decide to go dancing. There are three men (AI.‘Bob and Chuck)
and three women (Lomse Marsha, and Nancy). Each man, wants to dance with

each woman.,

Write all of the possible man-woman couplgs of dancers there could be if each

. man danced with each woman. " \‘i'\/
J
- Y | 1
:‘L 4 "¢ .
\ Z“/:

29. A baseball managér has three pitchérs (Sam, Tom, and George) and two catchers ;
(B|II and Frank). The manager wants to find the best pair of pitcher and catcher.
erte ali of the possible pairs of pitcher and catcher there could be |f each pltcher
threw to each catcher. - . ’

4

L4

30. In a Chlnese restaurant, the menu has two column§ listing the things that can be
ordéted. Column A has duck fish, peanuts, and rice. Column B has‘apples, bread,

chicken, and ham. Only one palr of items, one from Column A and one from Col-
umn B, can be chosen at any one time.

- .
erte all of the-possible palrs of food that could be made if each food |n Column
A was chosen with each food in Column’B. M

-
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31. Six boys (Andy, Charlre David, Mike, Paul, and Sam) are going. to play tennis.
Each boy war1,ts to play every other boy in a yame. .

Write all of the possrble galnés that could bé played |f each boy played every
other boy.

.
.
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32. Seven men (Jim; Ken Leo, Mel, Ned Paul, and Tom) are gorngato race each other «
Only two men can race at a time. Each man wants to race every other, man. | R
1
Write all of the possrble races that could be run if each man raced every other
man. . N L
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33, Eight footbaLt teams are golng to play each other. Egh team will play every other
. team. - A -

- ) . -~
+ L 13 .

Write all of the posslble games that could be played if each team played every
othier team. . ; .

o

k]

« .

34. A boy goes to an ice cream store and ask§ for four dlffelsent ice cream sodas
(chotolateclemon, strawberry, and vanilla)."They are served one at a t|me The
next day, he asks fowthe same sodas but m a dlfferen/order

Wnte all of thé posslble ways that thé sodas 9ould be sefved to the bqy.
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35 ln a four-car race the order of finish is as follows: Chevrolet, Dodge Ford, and
Plymouth They could have finished in any order. - ' . .
S
Wrrte all of the possrble ways that the cars could fmrsh if enough races were run -
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) 36 Four, companles (Chrysler Delco Frigidaire, and, Nabrsco) are’ gomg to have of-
fICGS’ on the first four floors of a Jnew bmldmg, Each company may choose any ' _
of the roors Yor its offices. No' two compa’res can be on the same fLoor R
. .
™ 4. erté all of the possrble ways that the companles offlces could be arranged on ,
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Each item consisted of a. four ent1tlr ordered series,

SubJect had
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to nunderstand that the entities were presented in decreasmo order and conclude

. that the fir st waf "greater' than the last. Y
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. R ‘Each item consisted of three true sentences, each contailning four ‘ '
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! -facts, Subject had to determine which of the first three facts conswlently co- '
occurred with the fourth one across all sentences concluding that (1) the P
occurrence of a specific fact implied the occurrence of the fourth, (2) the‘ﬁ‘ L ..
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16 - 12 + Exclusion - Formal II .-(Exc.lude Incor\re’ct“.lgmplications)
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: "Each 1tem cons1sted of four true sentences, each conta1mng four ‘
- . facts. Subject ‘had to determlne Wthh of th.e first three facts consistently,
’{ - /co occurrei with the fourth one adross all sentences, concluding that none
‘of the first three facts 1mp11ed the occurrence of the fourth and vice versa. %
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- L300 Rroportion - C.oncrc:t(rj ,(Biunivocal - Multiplication of Relations)
N Each item consisted of & row and a column of five geometric figures
in Wthh the row and column were separate ordered series that decreased
) starting with the fwureuthey both had in common, - Subject, had to determine
how to coordinate the twé'Series and draw sixteen figures' (:ompletlnU a matrix
.y » of twenty-five figures characterized by the one-to-one multiplication of the
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16 - 18 Proportion - Concrete II (Biunivocal '‘Multiplication of Relations
e of Inverse Correspondenced) ’
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Each 1tem consisted 6f a row and .2 column of five geometric flgur:e‘s
in which the row and column were separgte ordéred series, one increasing the

v other decrea:mu beginning with the figure they had in common. Subject had
to determine how to coordinate the two seriet and draw sixteen figures completmu )

a matrix of@venty -five fmures characterlfed by the one-to-one multlglxcatlon
of thestwo series.}
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19 - 21 Préportion Formal I ("'Simple" Prop/oruon)
Each item consisted of two sets of numbers, SubJect had to construct
the two correct porportions, reduce each tp its lowest terms (al lumerator s
reduced to 1), and conclude that the t/gproportwns were equa
[ : e ’
GCD = Greatest Common Divisor .
LCM = Least%c}:om“mqn Multiple
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q X  LCM:2~ _ X +GCD =~ (LCM<+2) +Y
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, c2l. Y L GCD T e Y + Y _ GCD+GCD
. * LCM 2% X. . (LCM +2)+Y X +GCD
T e . ~ [N ' : :
’ ‘ 4 v ' ;‘ i ‘U' :I‘ ‘
~ - s
’ f/‘e . ¥ ’
~ - . ) - “ A,/’,‘ &
. ) ) A A
- . . o /.' -'f.
. L S 7
“er -~ . , ‘
i )
9 hd ° ‘ ) 'ﬂ. ‘. ’ 4
-~ # . 4 / * EE
e . 82 ‘ J\A e 2 ¥ /
L 91 ‘ ,
. \ .‘ A L . , s
. , . . vty 7 .o
’ ° RN T 4 PR S




<
v
s

22 - 24

Each item. consisted of two
-the two' correct proportlons, reduce’e
the two proportions were equal.
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’ Proportion For mal II ("Complcx” Pro’?portlon)
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. Each item consisted of a set of multiple ent1t1es and a’ second set ,
Subject had to mratch to the set of one to every member
set and ‘determine the total number of matches
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" Each item consisted of two sets
match each member of cach set with each member of the other set.
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- Combinanond-)’Concretc II (One-to-one Multiplication)
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, ‘ Each item consisted of a set of multiple eﬁtities. Subjectthad to
cogistruct all possible nonredundant pairs from the set. : SN
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34 - 36 _ Combination - Formal ‘Il (Permutation)

Each item consisted of a set of.four entities.
all possible permutations of the four entities.
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<L 34 CLSV LCSV 4  SCLV
: ° CLVS LCvVS - SCVL
CVLS. LVGS - SVC I
- ‘ - CVSL LVSC SVLC
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CSLV | LSCV SLCV
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