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A CONS'TRUCT VÀLIDATION

1\I]STIìACT

STUDY OT' PIAG]IT.S EQUILTBIìÀTION PROCESS

ÞÄ.IRICIÀ I]RODSI(Y

Dcspite thc J-arge number of studies relat-ed 1-o Piagel-'s theory t-here

is little agreement as to the nature of his primary l-heoretical- const.ruct

equilibration.

A review of the l-iterature was done, contrasting Piaget's definiLion

of equilibration and experimenters operational definitions of eguilibration.

Brainerd and the Genevan both use verbal confl-ict responses, differing as

to which is the most appropriate verbal measure, judgments only or judgments

explanation and counter-suggestion. Piaget defines equilibrat.ion as a

biological autoregulatory process which utilizes the energy of the organism.

Since activation theory and neurophysiologicat theories of attention

conceptualize changes in psychophysiological- arousal as reflecting utilì_za-

tion of energy by L.he organism it was hypothesized that a d.irect i-esl, of

Piaget's hypothetical const.ruct, equilibration woul-d involve both a measure

of change in arousal as weII as verbaf conflict.

The present study was designed to determine rvhether the Brainercl or

Genevan or arousal criteria for transition/ or non-transition \^/ere more

predictive of subjectsr performances on post-tests of number after training

The criter-ion for whether a child was transitional- or non-transitional was

the child's performance on the post-tests.

Five main hypotheses and two met.hodoJ.ogical hypotheses ivere testecl

in this study.

I r_.1.



Fifty-seven nursery and kindergarten children \rere used as subjects-

The Genevan criteria contains within it Brainerd's criteria. Therefore,

all the children were given both criteria while their galvanic skin response

was monitored during the pre-tests.

Tl're pre-tests were adapted from Inhelder et al..L974 and they were

cfass inclusion, seriation and number.

The subjects v¡ere then given five training sessions on a number task

adapted from Halford and Fullerton.

TVo weeks after training ended the subjectswerepost-tested for class

inclusion and on two tests of number conservation.

The hypotheses rvere tested by four steprvise multiple regression

anal-yses, canonical correlation analysì-s, by chi-square analysis, and

Pearson Product MomenL correlations.

Four out of five of the major hypotheses of t.his study v¡ere confirmed

by the results of the study. The two methodological hypotheses were con-

firmed.

' The rnajor hypothesis that increased arousal woutd refl-ect accommoclatj-on

by transitional subjects and no increase woul-d reffect assimil-ation by non-

transitional subjects was confirmed by all the analyses done. The rel-ated

hypotheses that the Genevan criteria for transition or non-transitÍon v¡oul-d

be more predictive of subjects post-test performance than the Brainerd

criteria was also confirmed by the canonical correlation analyses and the

chi-square analyses.

fwo unanticipated results were that training was best predicted by

the Genevan criteria and age, and that arousal level during pre-test class



inclusion best predicted performance on post-test class inclusion and the

number post-tests, despite the fact that none of the verbal pre-test cl-ass

inclusion measures nor the post-test class inclusion performances \^7ere

related to post-test nunùer performance.

T\vo methodological hypotheses concerned \,'/ith measurement of the GSR

were al-so confirmed. Defl-ections (changes in ohms resistance) of the GSR

correlation with base level resistance were essentiafly zero, thus dis-

confirming Wilder's Law of Initial Values as being relevant for the measure-

ment of GSR defl-ections. Finally, conductance scores which correct for

base level did not reach significance in any of the data analyses whereas

the Arousal- Interval Scal-e scores which did not correct for base 1evel-

accounted for significantly more variance than any other pre-test measure.

Use of conductance scores as a measure of arousa] woul-d have led one to

accept the nufl hypothesis in this study when it was false.

The results of this study were interpreted as val-idaiion of Piaget's

hypotheticaf construct/ eguifibration.
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Despite the large number of studies

which have been conducted in recent years

CHAPTER I

ïntroduction and Litere:.1ïe Revie,"v

related to piaget's theory

there is 1ittÌe ag,reement as

to the nature of his primary theoreticar consLruct, equiribration
(Larsen, Ig'7'7, Miffer, Igl6) .

Equilibration, defined by piaget (197la) as an autoregul-ai-ory

process operat-ing on arl- levels of funcl-ioning of Lhe organ1sm, co.sis ts;

of two subordinate processes; assimil-ation and accommodation. Assimi_

lation is defined as the basic ad.aptational process of the organism.

Accommodation occurs so that the organism may assimilate environmenl_al_

el-ements while maint_aining its basic biological integrj-I,y. Assimilation
has occurred when externaf erements are integrated with previous struc-
tures which rernain unaffected st::ucturarty- Äccommodation is wrren

external elements are integrated ,,vith previous strucl-ures wìrich are

modified to a greater or fesser d.egree by the integration. rlowever,

there is no break of continuity with the ¡:revious state (piaget. l_971-a).

Equilibration is a motival-ing force of arr_ biological organisms

in that its goal is the obversc of eni-rol.ry. .rt i.s a force .rrat
naintains and increases the hierarchical organizat.ion of biological
organisms (Piage1,, rg7ra, Mischer- , Lg'lr¿ von Bertranffy, 1968, ItTadding-

ton/ l_962) .

rnvestigai-ors of the det.erminants of equilibration have typical_l-y
ì'nvesl-igated only the cognitive aspect of piaget,s equiJ-iJ¡ration con-



s bruct as rcf lcctccl in Lhc ch j-l cl's; vcr]>a.1. ]¡chav-ior clrtr.i-ng t--he .pc::[oi:m-

ance of a Piaget.ian tasl< (Brainerd, igj7, Larsen, rg7-1, Milter, \g16).

Tiris study is desigr-ied to investigate the motivational aspect of

Piaget-'s equilibration construct. Motival-ion utilizes energy and piaget

(l-971a) has clearly stated that though the starting point. for motj-vation

i-s cogn-itive, l-he resul-l-Íng process for cogni.tive chancJe ut-il-izes t-he

energy resources of the organism (piaget, l97ra, Mischer , Lg'lr) .

The following section examines the motivational aspect of piaget'

equilibration construct in detail. The presentJ_y used operational

definitions of eclr-riJ-ibratj-on are examinecl in terms of t-heir being

approprr-ate measures of cognitive equilibration, as piaget (1960, 1964,

I971a,b,l'972) has ciefined it- The framework for the analysis of ecluili-

bration's theoretical definition and its operational clefinition is done

from the point of view of construct vafidation of an hypothetical

co'struct (Carnap, 1949, MacCorquodafe and Meehl-, 1956; Marx,

Cronbach and Meehl, L966; Campbelf and Fiske , l_966) -

Piaget's DefiniLion of EquÍlibration

The primary theoretical- construct in Piagetts theory of cognitive

deveropment is the process of equilibration. The funcl-ion of the pro-

cess of equilibration is the maintenance of equilÍbrium or the integrity

of the organism both physicar and intetrectuar (piaget, r-97ra). A major

problem in the cognitive developmental Ìil-erature has been the operationaÌ

def-initj-on of equilibration (Larsen, L977, luliller, Ig76; Overton ancl

Reese L9'73; Brainerd, I973a, Ig'17) - Since equilibrat.ion is the "cause"

of cognitive deveropment and it is supposedly invol_ved in every cogni-

tive "acL", it is cr.j.ticaÌ that exper-imenters be al¡le to determine rvhen

Id
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it is operating and be abl-e to neasure -ì-t- Refore oûe ccr.l-ì clevelop

measures of a consL.ruct it is ì-Ìecessary to clefine the construct (Carnap,

l-949; cronbach ancl I'feehl, 1966; Maccorquodal-e and Meehl , 1956; Campbell

and Fisl<e, 1966; lr,larx, 1964) . At present, equilibration is operation-

arry defined in l-erms of the chiÌd's verbal conflict responses, i-e.,
judgnnents and/ot explanations and responses to chaltenging questions,

r'¿hen he is doing a cognitive task (Brainerd , rg77; Larsen , rg'li). There

may be no agreement among the various experimenters as to the methocl

of analyzing and ericiting the chifd's verbal confrict responses, but

aLl- use the verbaf confl-ict response as their basic measure of cognitive

confl-ict, i.e., equilibration (InheIder, Sinclair, and Bouvet, I9j-7;

Brainerd, l973a, 1917; Gefman, 1972; Larsr:n, LgTl). The same cfass of

responses are al-so used in measures of "surprise" or affecLive conflict
(Gelman, L972; Langer, 1969) -

Lar:sen (Ig17) in an anaì-ytical revierv of the various methods of

defining and measuring equil-ibration concludes that the quantitative

approaches to anal-yzing verbaf conflict scores (re Brainerd) have not

shown themsel-ves clearJ-y superior to the qualitative dialectical approach

of the Genevan school (p. 1165). When there is a probl_em in the oper_

ational definition of a construct there are several ways of concep.tual-

izing the difficurl-y, but first one must examine the theoretical

construct to determine whether the operational- definitions are in fact'

measuring rvhat the theorist in question meant by the construct.

ÀnaJ-ytJ-cal-ly, t-tre fail-ur:e to "identify" thc ccluiì-ibration ¡rrocess

experimentatty may be due to l-)its non-existence, 2) inadequate defilr-

ition bv the theorist, or 3) inapproprj-ate or inadequate measurement



of the theoretical definiLion (Carnap, Ig49

Cronbach and Ì4eeh1, 1966; MacCorsuodale and

Discussion in the Iiterature has focusecl on

tives (Lai:sen , l.g7l). The fot torvln.l rcvicr.¡

4

; Campbell and f iske , l_9€,6;

Meehl, f 956 ¡ I,Iarx, 1964) .

1-he first. and last al-ter¡ra-

of t-ìrc l.i-tera{-ui:e r.¡i..1. 1.

focus

it by

if i1_

Piage t

t971a), which

j-sm (i.e-, it

on an e>lamination of piaget's defini.tion and the measuremen.ì: of

researchers. It cannot be determined v¡hetì.,rer equilibrat.ion exists

is not defined and measured appropriately.

(l-971a) defines equilibration as autoregulation (p.lO,

means t-hal- it is a self-regulatory process of the organ-

is an intrinsic process that arises out of the structure
of the organism).

" ' ' . thus cognitive schemata are clerived step by s1-ep from the pre-

ceding one, and in the tast analysis they ahvays clepend upon coorclination

of the nervous syst-em and the organic system, in such a r,,ay Lhat. l<nov¡-

ledge is necessarily interdependent. on the riving organism as a whole.

"" 'they constituL.e a speciar par:t of vast regu]_ator systems by means of
which the organism as a whole preserves its autonomy ancl at the same

time, resists entropic decay (piaget, f97la, p.l3)-,,

Cognitive deveLopment takes place because the process of equili-
bration is an Íntrinsic function of a l_iving organism that operates

on both the physical and intel_fectuaf levels (piaget, l_971a) . Hi s is
a bioJ-ogical i'i-erpretation"of the acquisition of l<nowledge, and he

rel-ies heavily on bioJ-ogicar systems theories in his exptication of
his theory of cognitive development. piaget (l97la) makes extensive

use of von Bert-l-anffy's (1968) General systems theory and wa.iclington,s

(1962) Epigenetic systems theory, in defining biological ada¡:tation as

an equilibrium betrveen assimil-ation and accommodation (piaget, r97ra,



p.L12)

Assimifal-ion and accommodation are the dual processes of biolog-

ical adaptation- Assimilation has occurred when externaf efements ar:e

integrated rvith previous structures rvhich remain unaffected. There is no

Ì¡reak of continuity with the former state. Accommodation is rvhen

external- eLemenL.s are integrat.ed rvith previous structures whj-ch are

modified to a greater or l-esser clegree by the int.egration. liowever,

there is no break of continuity wì-th the former state. Accommodation

cannot, therefore, occur without assimil_ation (piaget, 197]a, pp. 4,

l-72-I73) ' "rn fact, in bioJ-ogical terms, accommod.ation can be nothing

but the accommodation of an organized structure, and so it can onlv be

produced, under the infruence of some external- factor or e]ement,

according to whether t.here is temporary or lasting assimilat-ion of suc¡

element or of its extension within the sl-ructure t-hat it ¡noclifies

(Piaget , L97Ia, ¡>. 173) . "

Equilibration is the autoregulatory process of aclaptation or the

Ilrocess of integrat-ing exl,ernal- elernenLs -inl-o t-he ongoing sl-rurct-ure of
the organism, either without altering structure (assimil-ation) or with

al-teration of st.ructure (accommoclation) , but with no break of continu_

ity vri.th the former state of the organism. Therefore, equilibration is
an intrinsic moLivat.ional process, motivat.ing the organism at al-l times

and at al-l- levels of functioning (piaget, ]971a). ,,...surely this means

that the whol-e range of assimilatory processes which are physiological_Iy

Lypicar of meta-bol-ism and materiaf exchanges with the environment must

al-so include a classificatory system (p.16l)." Thus, equilibration is
autoregul-ation, an in'trinsic mot.ivational force, ancl it utiÌizes physÍcal
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energy

As Ìv'i-sche-r (rg7l) points out, this concent of moi-ivat,i_on,i_s

radical-Iy different from need or drive theories of motivation, or
reinforcement theories (Hul1, Ig43; Skinner, f953; Spence, 1956;
Amse' 1958, 1977 ; Berlyne, 1965) . Motivat io¡r i s incf uded in the
global concept of equilibrat.ion: ,,so understood, cognitive conffict
(that is, "awareness of a momentary disequilibrium', in the system of
schemas), the "neecl" for estabfishing cognitive consistency (,,equili_
bration") be.Lween the scl-remas one has and the novel feaLure tìraL. inducecl
diseq'iJ-ibrium wour-d be the motivation for cognitive activities
(t"l-ischel_ , Ig-lI, p_ 33f ) . "

Piaget's trreory is an anaroqy wiLh bior_ogicar open systems tìreory.
onry Bowtby (1969), lverner (1g57) and piaqet (197la) amonq psychol0gical
theorists conceptualize the deveropment of the organism in biologrcal
terms (Miscl-rel- , \97L,- Langer, 1969b) ; Ainsworth, I973) . Hence, ,re
bioi-ogical conceptuarization of energy source and util:.-zation. The

bioJ-ogicaÌ system rnobirizes energy in terms of its needs wrrich are
ul-timatel-y determinecl by its need to maintain its structure and resist
entropy (Mischel, IglI, von Bertlanffy, 1962) .

Piaget's anal0gry r-eads him to the proposition thai_ jusi_ as the
physical organisrn "needs" t.o be inl-ernar-fy consistent, Í.e., maintain
its integrity, the cognitive structure "need.s', to be internall-y consistent
(Flavel-1, 1963;Mische.l- , Ig-7I; piaget, 197la) . Energiy is mobilized as

the child is motivatecl to accommodate his schemas because his internal
logical_ structure is not internall-y

formaf operational stage is reached

MischeÌ , L97)-; fnhelder and piager_,

(logical-Iy) consistent rmtil the

(Plavel_1, Ì963; Langer, 1969a;

1958; piaget, 197la).
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Another cl_ear implicati-on of piageL,s (197Ìa) bi_ological inter_
pretation of cogn-itive developmenl- is that hi.s hypothesized coqnit_ive

sLructure on the leveI of thought and behavior (acLion) is isornorphic

wil-Ìr central nervous system or:ganizaL.ion. ilhe chil-c1 at birth has sen-

sorimotor schemas rvhich are buirt into his central nervous sys.tem

(Fl-avel-I , 1963; Mischel , Ig7l,; piaget , L9'.-]'a). These schemas are

modified by his actions on the environment. Discrepancies or ',ailments,,

to his sensory moL.or schemas resuft in restrucl-uring of these schemas.

Clear]y, rvhat is being organized ¿rt the physicat l-evel is the central-

nervous system. such a hypothesis, while untesj:ed., is cJ_earry te¡abre

in light of the finrlings on the plasticity ancl growth of i¡lfants and

young chil_dren's central_ nervous system (Sperry,

InTaIsh and Cummings , I9'15; Denenberg, Garbanati ,

I975; l(insbou::ne, I91B¡

Sherman, Yutzey, and

I(aplan, 1978) . Piaget (1971a) apparently hords that- the nature of 1,he

possibte organizal-ion of the schemat_ic sL.ructure is l.,imited by r-he

possible organization of the brain during development. Fle states that
the sequence and type of schemas possible are invarian.t-. They are

ultimately J-imited by the organization of aduft logical structure and

by implication adult brain structure (piaget , I9'7Ia; Mischel_ , ]r97I¡

ïnl.tel-der and Piaget, l95B; Inhel-der, et al_ , Ig74). piaget cloes not_

deal extensively with motivation because he assumes energy utifizatio¡

would be determined by t.he needs of l-he cognitive strucLure. Therefore,

when a child is developnrent.arlly able to attencl to an "a1l-menl-,, 1_o his

schema (a conflict betrçeen his schema and rea]ity) energy woul_d auto_

matical-l-y be utilized. and the moLivation would. be cognitive arising from

cognitive values or the paral-LeI cognitive affective system (l,4ischel,

I97I; Fl-avel-l-, 1963). some have thought that affect. woulcl l¡e Lhe moLiva-
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tion (Langer, 1969a), but_ piagei_ (l97la, ).g54) has clearly saj,d that

affects are determined by cognilive organization- or in other worcls,

there is affective systemal-ization parallelincJ the orgainization of
logical schemas (Fl-avel1, 1963; Miscìref , Ig-7I; piaget, 19511 ). ,,The

child's affects are not, so Piaget argues against Freudian ¡rotions of
libido, something "given" that can be car,hected to differeni- objects;

rather, the construction of obiects makes possible nero feelings co¡nected

with these objects (piaget, 1954, pp- 33-3g ) (rvfischel L974, p. 3f 7) . ,,

the undifferentiated feefings of the infant become systematized paral-reJ-

rvj-th cognit-ive structurj-ng, ancì i:hey aJ_so acquire an existence.indepen_

dent of t-he affective situar-ion as clo objects (piaget, r-954) . presenl-

day theories of affect and emotions t.ake a simil_ar position. rndeed,

cognitive interpret.ation of a situation as the del-erminer of emotion

seems to Ì¡e t-he onl-y reasonable interprel-ation of the research resulLs
(Rrodsky and Brodsky, r97B; Hale and strickrand, L976; Mandler, :375¡

I-larris and Katkì-n, Lg75; schacl-cr, tg64; schacr-er and singer, rg62¡

Valins, I97O; Lindsley, I97O; i3erJ_yne, 1960, 1965; Daviclson, l97S).

clearly, Piaget's (1971a) definition of the equilibration process

incl-udes the util-ization of energy. ThaL must be part of its definition
if it is an autoregulatory process (vo¡r Bertranffy, rg6B; piaget, r97fa;
Mischef , I97I) - At the organismic level metabolism measures Lhe r-rtiliza-
tion of energy by organismic processes- At the cort.ical level- increases

in "activat-ion or arousal" refl-ect util-ization of energy (Lindsley , I97o;
MiJ-ner, Lglo; Teyrer, rg75) - when Activation theory was first proposed

reticul-o-thalamo-corticaf arousal \das prolrosed as energizing, and arousaf

increases were seen as refr-ecting energy ui-irization (Duffy 1962¡

Lindsley, l-951; Iriafmo, 1959).



' None of the operational- clefj-nitions of equilibration cliscussecl by
Larsen (r977), Brainerd (1g73) , or Gefman (lg69) and oLhers i¡rcr-ude Lhe
energy ut j-f izat ion or mot-ival-ionaÌ aspect of piaget ,s def ini.i:-j.o¡rs of t.he
equil-ibration process, and yet it is rer-atj-very easy to measure arousal
charges oJ: subjccts cl0ir-rg cog'itive l-as.rcs. r'creecl such rneasures are
oftcn more j-nfoi:mative about cogrrit-ì-ve conf.r.j-ct t-han verr¡a..ì. rcj:o::ts (B::uncr
and Postman' 1950) ' Despite b.ire exLensive research since Bruner ancr post-
man's worl< on perceptual defense based on an arousal measure lvhrcrr crearry
ind-icated conftict wrren the subjects reported none, onÌy sroufc (rg77) has
hypothesized that accommoclation is accompanicd by an ,,optimal-,, incrcasc in
arous¿rr' (13e rlyrc ' 1g60, rg65; Schact-er, rg(t4; r-y'rr , 1g66; zcr¿tzo , .1g7,2;
I'larris and Katkin ' rgf 5; Ma¡rclr-er , rg75; tal-e and stricl<r-a'.r , ).g76; Beatty
and tr{agoner' LgTB¡ Brodsky and Brodsky, rgTB) - warsh and cummins (1g75)
presented evidence ilr an exLensive review of the fiterature thal_ such
"optimal " .increases in arousa-l arising from environmenta-I stimuralio, directrystimulate brain

lb. OperationaÌ

developmeni- in young animal-s and chifdre¡r
DefiniLions of Equitibration

?he use of verbar- conflict responses ar-one as measures of cognitive
confrict in children is questionabfe on empiricar- as welr- as theoreticar-
grounds' Namely a number of researchers in the area of the rerationshi¡:
betrveen Ìanguage deveropment and cognitive development have confirmed
rnhelder and piaget's (1964) f indings confirming his t.heory tr.:at earry
cognitive developme.rt precedes language development. Trrey found that
the younq child coufd understand certain refationsr-rips which he could not
verbalJ-y exprcss - subseque n t l:csearch f our_ld .hat the re.ì,atì.orr-.;ìrì_¡:
betv¡een language cleveropment and cognitive deveropment is comp.rex, i-n
that the chil-d's verbal ability to express phlrsis¿t rel,ationsìr_i-ps isbehind r-ris cognitive ability to understancl them untir about age three.
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At- l-hree or t,hcr:c¿rl¡out-s;, l-hc chi,ì.<1 's vcr:b¿r-1..rbj. I-it--.y or.r t-1.;tr:i.1r:; hi-:,; c<-rc.1-

nj-t-ive abilitlz and he is able to e><press ::eIaLj-onshil)s verbitly v¡hj cì'l

he does noi- understand (Inheliler and Piaget, 1964;Llruner, 1966; ì]J-oom,

)91 O, 1975; I¡rl-rcläer et aJ-., ).974; M,i-llcr, S. , 1976) .

Another probl.em re-Lated to the definit.-ion of equilib::ation is

found in the "training" or learning literature. It is I.-he difficulty

j-n determining the child's developmental l-evel- or r^¡hether.r child is,

for exampJ-e, a conserver or in transition (".g-, in the process of

reorganizing his schemas re: 1-he concept) (Brainercl, 1973a, 1973b, I914,
':

I97-l; SLrauss, L97O, Strauss and Langer, L912¡ Piaget, 1964, L9'72;

Inhe1der, et al., L9'74; Larsen, 1911) - There is great clifficuJ-t.y in

clet.ermining t-h,i-s Lransitional- s Late Lìsing the ch j. l.c'l 's vcrlta,ì, resl)onscsj.

À frequency count is usually resorted to, i.e., frequency of conserval-ion

sLal-emenl-s or judgmenl-s during pre-t-est-ing (llrainerd , L9-/4 , 197"1 ; Cooley

L918; Gelman , I91?-) - The Genevcìrls usc vaci. ll-at.ion j-lr .Lhe chil.d' s

judgment,explanationsT and inconsistency in responding to chalJ_enging

quesL.iotrs, a qualitative nÌeasurement l-echnique (Inhelder, el- al ., I91 4).

This -issue is important because presumabl.v if Piagei-'s t-heory ís

correct only children in transition wiII respond to traininq (InhelCer

et aI., L974). Both the qualitative and quantitative methodoÌog-ies are

quest.ionable, because both are based upon the chifc'l's verbal- abil.,ity to

express relationships" 'Ihus, some studies find "training" \¿orks (Gel-

man, 1969; Brail-rerd, l-973b , L9-l-7), and others find thal- it cì<¡cs trot v¡orlç

(Mifl-er, P., l-91 3; I'ii1Ier, S., L916¡ Reese and Schack, I9j¿I; Inhe_l-der

et al-., I91 4; Cooley, 1978) - Put succinctly Brainer:cl's (1911) ,i-ssuc of

f.rl-se positives; ancl false negat-.ives j-s over ],he fact t-hat the Gc-'ncvan's

" . . . require rather s l-rong eviclerrce. With tesLs for concre L.e-o¡:e ::- atior-ral-
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concellts, for example, cllil-dren must give botl-r correcL judgments and

logical expJ-anations of these judgments. For sone especially import-ant

concept.s (e.9., conservai,ion) , further behavioral evidence (e.g. ,

resistance to counter suggestion) is sometimes required. Less orthodox

investigaiors will usually accept somcwhat weaker evidence. I^Jith tests

for concr:ete-operational concepts, Lhey frequentJ_y requj-re onJ-y correct

judgment.s (Brainerd, 1971 , p- 360) ." TI-re criL.eria for determining the

level- of cognit-ive development must be sl-ringent, j-.e., re.l_iable and

val-,id if the issue between 'learning' and cognitive deveJ-opment is to be

resol-ved- tr{ithout a relia-ble and valid me1-hod of discriminal-ing trans-

itional children all training studies can be questioned (Inhelcler, et af.

L914; Mil-l-er, L916b). Brainerd (L971) argues for the use of judgment

onl-y measures because "empirical-ly" Lhere are fewer false rejections ol:

sequences with judgments-onIy criteria i,han tl'rere are fal-se accept,ances

of sequences rvith judgmenl-s and expranations- Larsen (Lgjj) who is

int-.erested in determining if 1-here is a "sl-ructure cl'ensembres" (a

cognitive structure) repríes: "All- of tl-ris may be so, but considering

thal- error rate is determined by both faÌse acceptance ancl false rejec-

Lions (type I and t-ype II error) , it r,voul-cì seem that. a betl,er com¡:arison

rvoul-d be in terms of both of these; and sj,nce it can be assumed that if

one is high the other is l-ow, they woul-d add up al¡out the same in each

case. Thus, there does not seem to be anlz purely psychometric argument

for one criterion over the other (p. 1162) . " Brainercl (r973a, Lg'l3b,

I977) has conceptualized the measurement of equilibrati-on as a psycl-ro-

me1-ric probJ-ern. rndeed, any psychologicaf measurement of behavior is

a psychometric problem. If one takes Brainerd's analysis further psyciro-

met-ric theo::y requires tiìat a measure have construct vaÌicl-iLy (AnasLasi,



t2

I969) 'l'lrc issuc irc-i,ng clì

and others j-s tlte prob_lem

:;cusscc] ):y l-arscrn ( I911) , i4 j, ltcr, .S. (l l]6) ,

of construcl, validil,v. "Construct-_ val_iclatj,o¡r

is involved whenever a test is to be intcrpreted as a measure oí: sonc:

aLtr-i-llute or quaÌ.iby r,rìr,i-cl-r ,is r-ro1- "operati.or-rally dcf inccl .,' ,,Co¡struct

validity must be investigated whenever no criterion or u¡iverse of

conterì'Èis acce¡r1-ed as entireì-y adequate to define the quaì_ity t_o be

measurecl (Cronbach and Meehl., 1966, p.6t) . " Those r-rsing the Genevan

criteria for developme'tar r-cve] f ind two groups of chirclrer-i, those wrro

respond to trainillg, and those r,vho do not- (Inhelclcr ct arJ-. , Lgl 4; ì.1 j. l.l_cr, S .

I91 6¡ Larsen , L977) . Piage1-'s (l97lb) tÌ-reory would preclicl- tÌrat there woul cl

be a group of children ivho woul-d not respond t-o Lraining, because l-he.,¡ v,,ere

not .j.n Lransit_jon. Some o.[ tl-rose us.ing Bra,i,rrcrd's (]gll) crj_tcrj_a f.i_ncl tllaL

a statistically signif icant numbe:: of ch j fdren respond to traini.ng. rt is

lli-ghì-y lil<ely tìrat 1-ì.tis grolrp irrcl-udes l-wo gr:oups of children, t-hose in

transitiorr aucl t-hosc who i^¡cr:e falscJ,y iclcntj-fi-ccl as be.ì-ng nor-r-corlserîvcl:s

us-ing judgments only criteria, who woul-d lce iclentified as t\^/o separate

groulrs using the Genevan cril-eria. ConstrucI valic]rty rec.luires that Lhe

pre-Lest measures of "cognitive developmentaJ- tevef " be ne asures of 1-ìre

lrypotlìeticaf construct as def ined by piaqet (r960 , 1964, r9-7ra, r91 L}J, r97?,)

The thco::<]1-icaf const-ruct Lo Ì¡e measurecl is tra¡rsil-iona.L s Lat.-Lrs . Tirc_.

question j.s does Brainerd's (f 977) Judgrments-Only measure l-ransi_1:iorral-

sl-atus L,s¡¡". than the Genevan method. From t)-re ¡:oint of vierv of

metrj-c theory and r:esearcl-r Ll-re Genevan nlethocl woufd appear t_o be ¿t

mcaqure because it takes a larger sample of the rel-evant behavior.

PS\¡cho-

De I tcr

Accord-

-rng to Irsvchometrj,c tìreory and researcìr the more itcms (or behaviors) il,r

a mcasurc that measures the consLrucL in clucst ion Lì'rc hi.ghci: v.rli.cì.ì-I_y w,i,-ì I

lre (CampbeJ-1 1957, Ij,shbein and Àjzcr.r, 1974; Grecl-l , -1978; .r¡rcÌ lì¡tstci_n,



t3

l9B0; l"lessick, 19B0) . IL cannot be s¿rid tl-rat Brainercl (I917) meets

i-h-is crj-teri-a as adccluat.el-y as tlre Gcncvan schc¡o1 f::om a .psychomcl-ric

¡Joint of vierv. FurLher, since chil-dren in tl-re age raì1ge usecl in the

trainir-rg sb.udies can express pì-rysical rel-a1-iorrships vcrbally that- they

do noi- unclcrsLarld (Bl.oom, .ì.975) , L-lrcn .l-acl< ol: colrsj.st-c.cy c¡r: corrfjcli-.'cr:

as indicated by iudgments, ex¡:lanations and responses to challenge in

verbal rcsponscs meets the requirements of construct- vafidity i¡sofar

as th e rel-a l- j,onshil: l¡etwecn ,l,ar-rguage ancì cognì-l- j,on docs r-rot co¡ [ourrc.l t-¡r:

detez-mination of cognitive revel by verbal means. Tt may recluirc some

ingenuit-y to scale explarral-j-orrs ancì responses Lo challenge so l-hal- l_lìey

can be sL.atistical-ly analyzed but. it has ]¡een done before in t}-re

development of creaj:ivity tests (Razik, l97O).

Ànoth er: qll:oLìJ) of rcsear:chcrs ìlavr: .r t,t-cmpr_ccì to cxpra j_n arvdy

cognitive developmental levef taking another ap¡rroacl-r. ,,According to

tìris view rvhat the child does (..g. , hÍs judgment on a conserval-ion Lask)

is clctermined by wl.rat he atLerrds to (i. e. , by r.vìrat_ stimulates him)

(i,arsen, I971 , p. 1I64) . " This ,'simplification,' a¡tproach as Larsen

(1911) calls it has some of the same problems as the Braj-nerd (Igjj) and

Genevan approach in that conservation judgments anð,/or expranations

(verba J-) are usr.:d to c'lcf ine t.he trar-ìs.itional state (Mirlcr , s . , 1976) .

Clearly, a chi-l-c1 must attencl Lo a refevanL. stimulus dime¡rsior-l

to notice a d.i-screpancy rvith his schema if he j.s to accommoclate h.i s

cognitive schema (piaget, 1952, 1962). Indecd, cognitive clevelopmenL

studies have utilized methods of inducing ai-tention to refevant

stimulus dimensiorts in efforts to traln chil,dren on a nore advancecl

sclrema tìrau Ll'rey h.id on pre-test (Ge-lman , 1969, rgl 2; Miller , p. , l9l3;

Flenry , I91 6) .
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IIellry (l976) assesscd ì-ndependent--Iy carcÌ,inal -orclinal ab j_litj-cs

and atL.el.it-ional ¡:references of Ì.1-ì-nclergartcn conservclrs and rron-

conservers, and tl-rircl grade conservers of num]:er - i-le usecl jucìgments; ar-icì

explanations to eliminate transitional subjec-i,s ancl io clefj-ne consel:vel:s

and ¡rott-conservcrs. IIenrv (l976) found: " - . .l-hat at-te¡it,ional prefer-

ences for numbcr, as me¿ìsured j-r, this sLr.r<ìy (-i.c., ¡rrefcre¡cc -i-nclç¡l.;cnclc-¡t

of situ¿-rtions v¡l'rlch specifically call for numero.sity judgments) al:e

¡;rcccilccl by Llrc ;rccluisi,l-,j,on ol: nuniL¡cr conscrvati_on (¡;.756).,, Lar.rsorr,

Bal:on arld Siegal (1.974) f or-rnd s,i,mi lai: resu.l,i:s i.n thai- tìre i,r noÌr-corìscrvì.ng

Franl<ef , and i-iess (1975) i¡ a revj.o1v of the cletermj_narrts of ch j,,.1-¿i:en's

atLentì-on say: "llorvever, fundarnental to any i-nvestigat,ron of attc¡t-j-orr

is Ll're :i.clea of selcct-.i-vj-Lv in some aspcct of cognj-1-ivr: fur¡ct-i-on,i_¡c1 -

sefective percel:tiou, selective memory, even selectivr¡ l-hor:gLrL (o.370) . "

"\'Ùe also f j-nd tlrat there are i.niportant changes in age i.rr ¡he rvay chilclren

reguJ-ate and clirecL. the j.r ov¡n attention - One deve,l-o¡xrerrtal .trerrcl is

toward greater ef f eciency in strategies of search ancl ex¡>_Loration (p. 370)

on, as Piaget (1952, 1962) rvou-lcì say, hi-s aLt-enti,on becomcs clecc¡rterecì,

and h-Ls 'i-s abf e to atLe nd to tr.ro dimerrsions s.i mu-l.t-ancous.l ,¡ when mal<ir-ro

subjects responded

than d.id corÌscrvcrs

a judgment (e.9. , hcigÌ-rt and

I n I igLrt of the ¿rbove

the praesent evj_c]eltce seems to

to number infrequenÌ-ly and signifrcan1-ly Iess of ten

cvcrl rvlten s¡-rccif .i-e a.L-l_y askccl aboul_ nurnl¡cr:. Picli,

rvidth for vofr¡rnc cotìscrvatiolr) .

-i-t v¡ou.l-cl appcar reasorrab.l-e to cor.rcl_uclc that

inCicate t.Ì1at atiel'rtion to relevant

si-r-mulus dimens j ons j s determined by 1-he levcl of cogni t j-ve clevelopment

z\gaì-n, cìcvololl¡ncttt¿r Ì- level ¿rncl a.l-l-e¡ition ¿ìre measurcd in .Ll-I thesc

stuclj-es ilv verbal resporlscs of children and as such are Ij-l<eIy al.so to

i:cfloci- I-l¡c im1:crfcc{- rcl.ai-iorrshi¡: l¡ei-rvcen i-anquage cìevclopment- a¡cl
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t-llc "llceil for ,i ogic¿ìl- cons-i stcrtr:y.,,

lìquilibratio¡r is clearly a Ìry¡rotÌretical construcr-, -i. e. , iL

involves the su¡:position of entitj.es or processes not- among the observeC

(l"lacCorcluodale and l'4ee hì., 1956) . Tlie llroccss of val,iclal_ j,rig a ìrypotì-retì-c.rl

consti:uct is by the buil_cl_ing of a nomol-og,ic¿r.l_ net (Ctrorrb¿rcìr ancì Mcch.ì ,

1960) - A nomological net is an i.nterlocking set of laws which constitute

a theory. The ìar^rs may relate ', (a) oÌ¡servable properties or quant r-

or (c)

about "a

(b) theoretical constructs to oÌ¡servables;

is a matter of elaboratj,ng the nomol_ogical neLrvorl<

l-he def ini Leness of Lhe com¡:onen l-s . "

arre qualitat__iveì.y differcnt "ovcrJ-a¡:"

positj-ons in tìre ¡romological net tie

(Crorrb.rch and Þiecirl, 1966 , p.1j) .,'

It fol-lows from l_he ¿rbove that aclecluate mcasuremcn t_ of a hrzpo t_he t ic¿rl

of rt-s defi,nì-ng at_t,ribul,es

ties to each other; or

different theoreticaf

theoretical construct

-in which j-t occurs, or of _incrcers_ing

"We carì say Lhat "operal-iolts,' rvhich

or "measure the same thing', if their

l-llcm 1-o l_he samc consLruct vari.rble

constructs L.o one another. " Learning more

construct

(Cronbacl'l

measure of

depencìs ulron treasu::i.rrq rnore thau one

and Mceirf , .1966; CampbeJ_l al-ic_l jlj,skc, Givcr-r that L,he usua_L

based ullon two noll-

1966)

cogni-tive ecluil-ì_b::ation, verl¡al ¡esponses j_s

rsomorphic deveJ-o¡:mental systems rt is proposecl tll¿ìt measurenìent of arousal

cÌranges might better refl-ecl- equ-ilibratj,on- The 3r-rsiì.i-i-cal-jon for usj,ng

arousal changes is based upon (b) above, aucl the sLal_cmr:ltt tllat_ \..,e can sav

that qualltati-vely d-iffcrent operatiorrs nìeâsure the same f-¡i¡g j-f LÌ-reir

pos-itions in the nomo-Logical- net.Lie them to the same const-ruct r¡ariable

(cronbach and l4eehl-, 1966) Piaget's (r97J-a) ¿ef initj on of equilibrat 1on

as a biol-og-ical au{-orcau-laLory proccss cJ-eai:1y im¡';lies t-hat l-ìre ¡rroccss of

equilibration r,vhen operating on the cognib.ive level uti.ì,izes energy a{: t_hc

nenropl-rsyioJ-ogical level (piaget, l-97Ìa, Ivtischel , 19-7 I, r¡_Lavell, 1963) .
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cesses subsumcd under ec1uilibration,

the utilization of different amounl-s

external elements are integrated (assirni

networl< of empirical- s1-udies

measures to the fur-rctioning

t7

(.llTla) dcli-ni,t:i-<¡rl o[ []li: rìL.r¿r.l r)r:.()-

assimilati.on and accommoclation il-rvol_ve

energy . Accommod¿r Liol-i is rvhen

Ìated) vrÍtìr ¡trevious sl-rucl_ures whj_ch

of

are modif red to a greater or lesser degree. Ass j-mìlation occurs r,¡herr

external- elemetlts are integra Led rvi th prcv j-ous struc Lures which rcmai¡

unaffected. AccommodaLion involves restruci-uring so that- t.ìre external

el-ements can ]¡e assj-milated (PiageL, f97ta) Therefore, iL appears that

accommodation, involving both restruct-uring and assimilal-ion would utj-I ize

more energy than ass j-.nilation alone -

There are further grounds to Ì->elieve tl-iat the i:heoreticaf construcjts

of psychophysiol,ogical arousal and equilibration should logically be related

to each oLher. ( [c ] Crolrbacl'i and ltieehl, 1966) .l.,hese gr:ourrcìs come f rom Lhc

tircory and research that $ef.i-nes the nomoJ,ogical nct- of thc hy¡rot-Ìlc1-,ical

construct arousa.l- or: activation. Arousal. or acl-i,val-ion is a l-rypol-he{_ j_ca1

construct whose construct val- idity is based ullon an extensive nomologica_ì-

reJ-ating arousal- to bchavi.or, and arousa,l

of the reticulo-i-halamo-corLical (RTC) brain

system (Lindsle1z, r970; r,yrìn, 1966; Maì-mo, 1959; Duf f y , Lg62; Berlyne, l96o ;

Lacey, 1967; Verrables and chr j.st-ie, ).9j3; L^Jalsh and cummins, 1975) .

Changes it-i arousal as measured by peripheral or centraf nervous

system measures of lìTC activil,y irave an ubi-qui l-ous relaLionshi¡> t_o sL j_muf us

change- Any change in a stimulus dime¡rsion results j-n a cìrange ì,n lhese

measures, if tl.re subject attends to the change (ttil.ner , IgTO;Lynn, 1966) .

rt j-s for this reason that ¡:sycho¡:hysioJ-og-ical arousal- j-s conceptualized

as rcf lcct j,rrg crrergiz-ing of thc orqar-rism (Li nds;,ì_cy, r91 O; InJoocì'.vorl_h .rrd

Sclrlossberg , I954 ; Idal sh and Cummir.ts , I 9 75 ) _
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The relaLionshì,p betrveelr atlrention aucl clisinhibit j on of thc reti-

cular formation by the cortex Ís accourr-rted for l¡)r the sl,rucLure and func,¿ion

of the RTC (Brazier, 1968; LindsIey, IglO; Lynn, 1966; Netter, 1962)

Theorists attempting to account for rnhil:ition ancl disinhib,itj-on of the

"or j-ental-ion re action" a-l,l accept t he rc¡.1,c of Lhe "cort j-cal a¡a.l-vzcr i n

evoking or mainl-aining -ir-rì-ribition of the reticular .formation (Gastaut. , L95:' ¡

Grastyan' 1959; llernatrdez-L)eon, Sharpless ancl Jaslrer, Ì956; Jouvct-, l96l-;

Moruzz-j., 1,960; Sol<olov, .1 960) . ilhc,'sc l_hr-.orj.sIs dj.ffci: ollì.y as rcqarc,ì :i l-llc:

subordinate role of fower inhil¡itory centers j-rr the "orientatio¡ reacl-ion"

(Lynn, I966) - The "corticaf analyzcr's" rof e -Ls to se fecL t-l-re si-imuli chat

wi-.1-I or rvilf not J.¡e atl-ended to, ancì t-hus w j- lL or wi,l-l- rrot evol<e activatior-l

of the re1-i-cular fonnation (Lynrr, 1966; SoJ<olov, l-960) Therefore, cortical_

or cogllj-[j.vc nrcc,l.i,.rt.ion c]cl-ormj.rrcs v¡irct-hcr a sr-rbjr:c1- rvj-ì,,1- J¡cll¿rvc, as,,vcLJ.;r:;

exlrj-bit a cl-range in tevel of arousal (Beat,t-y anc'l Wagoner, I9:'B¡ Berly¡e,

I960; Brodsky and Brodsky, I9'75¡ Davidson , LglB; I-la1e and Str.i-clil-alid , I976¡

IIarr j-s and Katkir-r, I9l 5; Lj,nds1e,,,, Ig'7O; Lynn , ).966; Mandf er , ).9-/5;

Sclracter, L964; Schacter and Singer, 1962; Sokolov, 1960; Valins, I9-70;

zerazo, r91 2). Even in neonates it has been founcl that- swacldl-ed

inf arrt-s; c¡ j-vc the samc dcgrcc of arousa.ì- ::i:s¡>onsc [:o a ch¡rnc.f c j n

inter-rsity of a st j-mulus as rvìren they are f ree to be ac1_ive (Lipton,

Stonescìrneider .1nd Richmond, 1960). Li¡:l_otr e1, a1. (1960) concluded

from their study that- both arousal ancl activity i¡ neorìates are con-

troÌled by a central ¡;rocess. In a recent study of Lhe reÌationsllip

betrveen activat i.on altd cogrritive drf f iculty of the tasl< in aclults BeatLy

and \'Jagoner (1978) found Lhat hierarchical-Ìy organì.zed cognì-tive pr:o-

cessing varies to the degree to whÍch CNS activation j.s mobitj,zed clui:1¡g

cxccl-tt- j-orl - Or, ,i-ll ot-hcr ,,vorcls, ;rrousa-I .i,cvc.l- va::j-cc] accorclir-rg ¡o L-asl<
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dif f icuJ- ty - Drf f erent lcvel-s of arousal occurrecl cìcpenclrÌtg upon Lìr<:

amount of higfrer orcler cognii:ive processinc-¡ i:he tzrsÌ.1 reclurred.

'I"herefore, Çiven tìre st-ructure and fnnction of the IìTC anc'l

Piaget's definition of equi.libr¿rtion as ¿ìuÍ-oregutation, utilizing

energy; and hrs dif f erential- def -inition of accornmocìat j-on ancl assinrila-

tion rvhich implies dif ferent-i¿rl utiliz¿rtion o.[ ene rgy, iL i s lrypoIhesj.zec]

tl-rat periphereiJ- and central- measures of arousal- shoulcì ilif ferc¡rtiaì.Ly

refÌect accommodation and assimilation during a coqnitive task even v¿hen

verbal neasLrres do not reffect said processes.

The overaLl hypothesj-s of thc ¡trcs;crrt-- study is t-hat thc moi:i.va-

tional- aspect of cognitive equilibration r^¡ill. be dj-fferential.l.y

ref l-ected by changes; in psychphysiol-ogi cal arousal . .t f the aÌ¡ovc n¡.rJ-y-

sis of the rel.at-.ionship betrveen the t-wo Ìrypothet-i.cal. const,rucjl_s,

equiJ-ibra1-ion and arousal, is correcl- t-Ìrcn accommocla.tion shou,l,r-t bc

ref Lected b1z a greater incre¿rsc irr .,io,r,,o l. tlt¡rr r.,,or-rÌcl be r:c f lec i-cd rvlrcir

assimilation occurs a_Ione.
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2 - iiypotheses

Þi¡aa.r-,q (I961j, Lg-l 2) theory prcc'l-rcis tirai subjcc.Ls Ln tr¿lirsitictr,! rqYLu J

(in the prccess of reorganizing their Scì)e m¿ì re : a concepL) rvoulcl

acccnunccl¿rte ¿heir schema g j-ven training tl'raL ¡>re:;ent-s ¿ì con f .l .Lct l>r: L."tcrÉlì'l

tlreir scììen¡r ;lncì realit-y (IJr¿iilrcrcl , I9'/3a, .19-i 3)¡, I91 4, l9l-i ; Si:r:ar-t:;s,

1970; SLrauss ü¡d Langer, L9'72¡ Inheicler, et al., I91 .1 ¡ I.,.rr:ltln, Lgl1),

,.l.he prese nt stucìy \^/as desiglled to test v¡he l-he r an il'ic::e ase in

arousaL ref lccts; accotrutìoclation by Lr¿rn:-; j-t'-iotlal sr-ùjocLs anil tnilL llrtal r;l:

rìo -increasc j.n âÍousâl r:cfl-ects as;sim.i,.ì.¿it-j.orl by notr-br.ansj.tj,c¡n¿l.l-
.

sr.rJ:jects, v,,hen botl'r groups of srrbjecLs ;irc <livcrr trairrinq LltirL pr-cs;cnt-s

1-hcln rviL)r a conf I j.ct ltet-.wccn thc:ir :¡chctn¡l aLircl rc:.rl.i-ty. 'l'llr:r cr,ì-LL:r-i '..rr

fo¡: v,''lictllcr: a cliil-c-ì r.¡a:; tra¡'rs; iL-i,on¿rl o j: tlotr*1-.1':¿ln:,;i.L j-uli;L i ,r/.1s ìt.i.s ctl:

)rcr per:f ol:m¿Ltìcc otl i)o:-ì t--t-¡:s l-s o t t-ìlc cotir:c-'irL -

The stu,Jy was also cìr:si.c;nccì to clctc.rnt.i l-ic whcLltcL: Llic-r l.Jl"rillr i,ì

(Igll ) c¡ite::ia or: t-.ìre C.lci-revan (InhcIder ct- a-1. - , l-9-l 4 ) cr.i-ti:l:j..r fr-'r

transition, non-trans-itio¡r (developmencal l.evel) 
"':e;:e 

morc: preCict-jvc of

subjccts' ¡rerfortuitlce on post-tes1,s of ;r concc¡rt.

!y!g!¡!lls !: Subiects who perform as conservel:s oÌr irosji--t(ìst-s

of ¡unù¡er coLrsc¡r:va'ciolr afLcr t.r:aiuing wì.1 1. ll.rvc sì,qniilicant,,l -v iri.gìrr-r

a::ousal scores cluring pre-t-est.ing, than subjc:ct-s rvi.io do rrot: llr.:ilcfii-

f ronr t:r:ai-rr,incy.

tlypothesis 2: 'I'ransit-ioilal subjecl-s scl'e ct-eil Ìly Gcneva¡l critcri¿i

wj_Ll have - .1..,¡nif icantly ìrigÌter arou5jat .l.cvc.I dur: j.ngJ l'.itc pr e-t-csLi t.rt.1

tii¿'.n Gener¡al1 no¡ì-transiLi-ortal subjects. LloLh tire tralrsi.Liona.l- alt-r tr-l-t-

trans j-tion¿rl suirjecl-s sclecLcd by iì::ai.ni:rc,l':; c::-i.ti:ria r"j,-l--1. i¡c L<>'.v,::,;t- in

¿r rr-r us ¿L -1. .
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[U.¡t!]:S-*_!_ l.- Subjcci-s iclcnt:if.j-ccl ¿r¡; trans.ì-l-ì-or-raì- by t-hc Cìorcvan

criteria and the Brainerd criteria should fiave hi.gl"ìel: arousal- scoi:es

than Brainerd's non-transitional subjects folfor^¡ecì by tl-re Genevan non-

transitional subjects who shourd have the l-owest arousal- scores.

Hypothesis 4: During pre-testing there v¡ilf Ì:e a hj_gher degree

of correl-ation between the developmeni-al level scot es of the Genevan

selected subjects and their arousal- scores than a correl-atj-on beLv¡een the

juclgmenL scores of the Brainerd selected subjects and their arousal scores.

tlypothesis 5: The number of false positives and false negatives

identified by the t-hree measures of cli.sequilibrium will be lowest for the

arousal scores fol-Iowed by t.he Genevan criLeria. The Brainerd criteria

wil-l result in the l-righest number of fal-se negatives and fal-se pos j-tives.

2a. Àdclitional I'lypotheses

wifcler's Lar,/ of rnitiaf val-ues (!ry) : rt is possibfe within this

study to l-est two hypotheses proposed by Brocls]cy and Broclsky (1979).

That the GSIì (Galvanic Skin Response ) did not conform.L.o Wilder,s

r,aw of rnitial- val-ues (Lrv) . "'rhe LrV, an em¡rj-ricar-statistical

rule, cfaims that the following is a general rui-e for t-l-ie quantitative

rule of reslronse and stimul-us. Given a standard close of stimulus and a

standard periocl of measurement the response that is the cìrange f::om l-he

initiaÌ (pre-stimulus) fevel, wì-1J- tend to be smalfer when ilre initial

val-ue (rv) is Ì-righer (p.1211) . " or, in other words, the correlation

between GSR (deflecLions) .ancì base l-.evel shoul,d be negative ancl 3.arge.

Brodsky and Brodsì<y (1979) afso hypothesized that GSR scoring

methods which correct for base Ìevef rvould, in any given exper:iment,

increase the probabiJ-ít.y of accepting the nuJ-l hypothesis rvhen it is, i¡.1
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f act, f al-se. If the GSR is lroj, correl-aLed wii:l'r base J-eveJ-, then

including a corl:ection for the presumed inffuence of base fevel r+ould

j-n effect be adding error variance and variance due i-o individual

differences to the variance due to the ex-perimental effect (Brodsky and

Brodsky , L978) .

Hypothesis la: The correl-ations between base level resistance and

the GSR (deflections) resistance during class incl-usior-l , seriation and

nrunber conservation pre-tests wilf be smalÌ and not significant.

Iìypothesis 2a : The correction of change in GSR scores for the

presumed relationship of change l-o base Level (LIV) increases the

probability of accepting the nu1l hypol-hesÍs in any given expeLiment-
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lvlc 1 lì ôal

The expei:iment was composed of U-rree sessions, pre-testing, tra j,n-

itg, and post- tests . Post-testing r^¡as clone two rveeks af ter training.

1'hc ¡lr:c- tcsj Lrj r''i-:rc ì,':i-¿rgc l-ian Lcs l-s o1- cogni l-ivc ilevef o!tììcrì tal Icvc.l,;

class inclusi-on, ser:.iation, ancl number conserv¿rtiotr. They çers adaptecl

monitored cluringf rom Inhel-cler eL aI . (L914)

the pre-tests.

Each sub¡ecL's GSR was

The Ga]vanic skin Reponse (csn¡ was used as the measure of

arousal-- The operat.ional- defi¡rition of a specific measure of arousal

withj-¡r a spec,ific experimental- context de¡rencls upon 1,1're cìegr:ee ef corr:cJ,a-

i:ion tJ-ratmeasure has with the nomorogicar netv",ork defining the hypo_

thetical construct arousal . In the case of the GSR t.his correl_ation

has been founc'l by a nunber of investigators l-o be better l-han other

measures of psychophysiological arousal (Lacey and Lacey, Lg62; Lacey/

l(agan . Lacey atrd Moss , l-963 ; Lacey , Ig67; Lindsley , I95l ; I4ooclv¿ortl_r &

Schlosberg, 1954; Lynn, 1.966).

During the second session al-l Lhe subjects v¡ere trainecl on a

conservation of number task adapted from FIalford ancl Full-erton (1970)

',vhich they used in a study which resurLed in a significant number of
subjects achieving number conservation on post-test. The training method

\'ùas a prediction-outcome methocl of inducing discrimlnation or cognitive

confl-ict according to Brainerd's (1973) criLeria for trainl-ng methods.

Tïo rveeks after 1-raining endecl three post-tests were gi.ven, trvo

for number conservation ancl one for class inclusion. one of the number

post-tests \^/as the conservation of number test given during the pre_

tesl--ing, and the ol-her was ercìa¡:ted f rom tìre nunlcer post-tes1- usec,i by
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Flalford and Furrerton (1970) . The posl--test for cl-ass incl_usion was

¡-ncl-uded because none of the 57 subjects passecl the pre-test for cl_ass

inclusion. Langer's (I969) class inclusion task rvas usecl . perforlnance

on the post-tests hTas scorecl using the Genevan cr-iteria.
'I e,l]-i ^^+ c

Fifty-seven nursery school and l<inclergarLen children

as subjects. Parental permission h/as obrtained for afl the

the nursery and l<i'dergart.er-r. children, rvho indicated they

I
we::e usec-l

chi-Idren in

did ¡ro1- v,¡ish

was 5 years oId; the standard deviation was 5.39 and

(4 years and 3 months to 6 years and I month) _

boys and 28 girls. None of Lhe analyses founcì any

Al-l- 57 subjects were in aII parts of the stucìy Slx subjects who

¡rumber:, and perfect

the statistical-

to serve as subjects, were dropped. Nine nursery and t.hree kindergarten

children refused. One chifd was dropped because of prolonged absence

from school- due to illness.

The mean age

the range 22 inonths

There were 29

differences due to sex.

lrhe children attended Talmud
Manitoba.

had a perfect score on the pre-l-est for serj_ation ancl

scores on both post-tests for number were not used in

ancr'l-yses of bhe resul- l-s of this si,udy as tì'iey we::e cl-assif iecl as lraving

attained number conservaLion before the study began.

All- the subjects rvere given both the Brainerd (L974) selection

criteria and the Gcnevan -sefect-ion criteria (Inhelder et aI., Ig1¿r) .

The Genevan sel-ection criteria has three l-evels that are aclmin-

istered t.o the chil-d: juclgments, expJ-anations, and counter-sugqestion

Torah School in Winnipeg,
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(Inhel-cler et aJ-. , I974). Brainerd's (L974) sel.ection criteria uses onJ-y

the child's response to the first l-evel- of the Genevan criteria,

judgments. Thus, .l-he Genevan method cont.ains within it t-he Brainercl

scl-cct-i.on cri t-cri¡.

There were four femal-e experimenters who served during the course

of this study. one experimenter did arl the pre-testing, post-testing;

and trained half the subjects. While the firsl- experimente:r: di.cl thc

pre-testing anot.her experimenter ran the psychogalvonometer. Two

ex¡:e::imenters servecl in l-his capacity. Tìre fourth e>lperimenl-er ti:ainecl

the other haÌf of the subjects. The 1-wo-week spring brealc made it

necessary to use this last experimenter when the first harf of the

subjects were ready for post-testing. 'Ihere were no d-ifferences in t-he

training performances of the i-wo groups who were trained by different

experimenters.

2. Pre-Tests

2a. Apparatus

Class incl-usion: A bunch of ten yellow daj-sies and three red

roses Iartificial f]-owersl (fntretaer et af ., I974).

seriation: Ten rittl-e sticks ranging from 16 to fo.6 cm in length

each differing in lengL.ir from the next. by 0.6 cm. and a screen (Inhel-der

et al., 1974).

Erementary number c_o¡servatj-on: l-o red chips and l-o black chips

(Inhel-der et a]. , 1974) .

A portable Lafayette psychogalvonometer (modet 7609A) was used to

contj-nually record the subjects' GSR wirile tl-rey were performing tl're

pre-tests. Tl're electrode used was a Palmer-Dorsal- el,ecl-rode rvith two
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cups' one at either end. The cups have a silver electrode at the ]¡ottom.

The cups were f.illed with Grass Electrode paste which is non-toxic and

is in common use in alt hospital-s . 'Ihe electrocle ca¡r be attachecl to ¡he

chilcl's non-preferred hand so that the cups are j-n conl.act v¡ith the top

and pal-rn of the hancl . Th j s a::::arrcycmr:n i- j.s comfort-al:l.c for Ll-rc ch.i,.l,c-l ¿rlrcl

al-fows freedom of movement-

2b. Proceclure

The experimenl- was run in an empty cfassroom at t.he school-. The

at a table. Thesubject and the experimenter

l-ab.lc ancl chairsi wcrc a size

chj.Id::en. OnJ-y .the materials

\rrere on the tabl-e at anv one

sat across from each other

appro¡:rial-e for four or five year: old

for the specif.ic sl<itt bej-ng clea,l_t wj-tl-i

time. The remaining materials v,rere J<ept out

of sight. The psychogalvonometer was orì a tal¡Ie nexb. 1-o tire t.al¡Ie the

subject rvas seated at.

The GSR electrode and equipment was explained. to the chilcl before

the efectrode was pJ-aced on the child's non-preferrecl hand. Fiandedness

was tested by "l{hich hand do you coror with?" Before beginning with the

'session proper, a resting base fevef was obta-ined., a parallef or decl_in*

ing recording. Tl.re GSR t.¡as continuousl.v recorclccl , .An event ma::lçer on

the psycl-rogalvonometer recorded when tl-ie subSect was i:esponding to the

examiner' s quesi:i_ot1s or sta.l_ements .

Pre-tests: (Adapt.ed from Inhelder et al_., l9j4)

Tnclusion: The experimenter named ilre fl_owers. To make

knew the cfass name she asked: ,,Are the daisies fl-owers?

roses florvers? Do you knov¿ the names of some o1_her

which ones?" 'Ihen the tasl< began.

Clas s

sure tire chilcl

. Àre the

flolers ?
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Trial- l-. The experimenter made a bunch out of tl're f fowers and

asl<ed: "Are there more daisies or more fl-olvers in this br.rnch?" Tire

chilcl gave a ¡udgment respor-ìse. The experimenter asked for an explana-

tion: "Llorv do you Ì<now?" The child çiave an explanation, if necessary

the experimenter asked: "l'1ore than rnthai-?" Then a countersuggesl-ion was

given t-o the cl-rilcl's ori-gir-ral- juclgrnent sLatement.

Trial 2 The experimenter put all the fl-owers together and said:

"I am going to make up a bunch vrith afl- the daisies and you are going t-o

make a bunch with all the flowers. Who rvifl have tl-ie bigger bunch? The

chjl-d responded with a judgment response.

explanation "l-low do you klrorv?" The chi-Ld

countersuggestion rvas given to the chil-d's

The experimenter asked for an

gave an cxp-Lanation. Then a

original judgment statement..

the child, "Are al-I Lhe sticksSeriation:'I'he experimenter asked

the same size or are they different sizes?" T.'o make sure

knerv that the sticks were of different sizes he or she rvas

me the biggest (or small-est) sticl<." Then tl-re tasl<

Trial I: The experimenter asl<ed Lhe child,

Lhat the chilcl

asked: "Fiand

began.

"Can you make a pretty

staircase with all- these stlcks by putt.ing them in order lilce this?" The

experimenter put three in order. The child gave a judgment response.

The e>çerimetrter then tol-d the chil-d, "you finÍsh the staircase." After

the child finished 1-1-re experimenter askedf "ldhy ls that the righl- order

for a staircase?" The child gave an explanation, if the chil-d had put

them in the right order and had given a seriation response the ex¡reri-

menter moved a stick in the order anC r¡ade a colutter-suggesl_ion

simuftaneously. "If I move this st.ick here won't tìre staircase be a

better staircase?"
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the chi.l-d and said:

('i:l)(\r' r rìr(.¡ìt.r.tJt' 1r ì.,.rt']crri,r i;,r rrlltr>,t r.rl

"'I'lti-s timc l arn going ,ùo mal(¿l a

2u

:i(.it'()llt l¡cl-v,,r:,;lì l)cì::;r: I f- .ltlri

st-¿ìir:casc, hancì me tìrc

make a stai.rcase-"sticlis one lly orìe tn the right order for me Lo

Af Ler doing l-his the child vra,s askecl for a judgmer.rt:

for a staj. rcase? " and []'¡en a¡r exp]anat ion , "Wlry ,i-s th

the chilil had gj.ven a correct ser-j.ation ex¡;Lanatiolr

posed: '-lhe cxpcrimcnL.er rcmoved Llrc scrcen sllowinq

"If I rnove thls stick here rvouldn'1- it mal..e a better

you know Lherr,. aLe rìlore (oi: Ie ss) ?" The¡,r

i-l-ie chilcl's original -;uclgnrent statemenl_.

"is thj-s t-hc r:.ì.gì-rì_ order

i-s tl're r-ì,ghL. orcler?" l_f

a countcr-suggcstì-on nas

ihc sl-aj rc¿.sc and siiiÌ ,

siaircase? " wh-i,_l_e mov-

a count_ersugqesl-l.ot1 !"ras qi_rzcn to

ing the sticl< out of orcler

lf l-emen Lary lrlr-rmbc r Consc,ti:v¿rl_ j on : 1'ìlc cxl.rcr.i-rncn1- la.rcl ourl, two::ov¡s of_

chips, one row of seven blacl< cl-ri,¡:s ancl one ror,v of severì rccÌ ch-i-.1:s, eclual_Ly

s¡:aced - The e)íIle l:imctìl,er asl<ed t-ì-re cirj-tcl , "Àrc tìrr:::c as tnatìy J:l-¿rcl< ch-ì_1ts

i¡r t-his row as there are recl chi¡:s in i-l-rj-s rorv?", pojnLir-rg to I,hc t-\ro rolrs

as she sPoìte. If l-l-re chrld said, "no" then t-he expcrimentcr, i-f ncccssary,

i)¿l 
j l:c('l [-ìtc r:]ti ¡t.s ttnc )t'¡ r>r'rc m;rìi irtrJ r,;rn:it l-llc t;ll i ì :; ;r¡r1.rri:<:i.rt_r,rl l..lìt: ,.,¡r.r iv,r*

lence of the t!,io rows. Then t_lte task began.

Tri.aI I - Preserving the layout of Lìre two equarly spaced rows the

experimenter modified tl-re layout by j-ncreasing tl-re spaces ]:etr.¡een the ch.ì-ps

of one rolv so thaL Lhey formecl a l-onger row. Tire experimenter tiren as)<ecl ,

"Are there ¿ìs matly the same number of l¡,Lacl< chi¡:s. as recl c1'ri-irs norv

or are there more?" The chifd gave a judgment response. The e>lperimenl-er

asked for an expJ-arnatiou. "llor¿ do you knorv tl-rey are tìre same? or "116rr, do

s¡racccì cj_rc.l.r:s

there as many

¡ onc of bl.acl< cl-r.i ¡:s aucl ont:

rec'l cl'rips in this circle as

Trial 2 The cxperimenter collect_ecl aIl L.hc ch,i¡:s ari-ri

of r:cd cìrì-1-r:;. Sllc:

ni¿Lclc l_ir¡o equal _Ìy

¿r:;l<ccl , "¡\::<¡

c ircle ?bl-ack chip,s in this



poj.nt-j.ng Lo eaclt cinc-l-e as she

paired off the chips as in the

ecluivalence of the trvo cj-rclcs

of the circles cioser together
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spol<c. If l-he child s¿rj-c1 "no" the er.¡>erj.¡ncnter

previous task uni-il- the chil-c1 appreciated the

'Ihc experimentc:: then moved tìre ch.ì_ps j_n one

and asl<ed, "Are Lhere as marly . the same

num,bcr of Ì¡}ack chips as red chips nol or arîe |,hcre more? Thc cl-ri]-cì g:rvc

a judgment response- The experimenter asked for an expJ-anation, "Liow c1o you

know they are the same?" or "LIow do you know there are more (or less) ?" Then a

countersuggesl-ion was given t.o the chil-d's original judgment- stat-ement.

The experimenter recorded all the subject's anslvers on a protocoJ- sheet

that had olr it the questions to be answered ancl a space for the child's answer.

2c. Sco::ing

Al-l the scoring of the pre-tests and t.he psychogalvanometer l-apes

were done after alL the chil-dren vrel:e post.-tested.

The ¡rsychogalvat'rometer tapes were scored fj.rst. Two sco::-ing metìtocls

were used: the Àrousal Interval Scal-e (AIS) developecì by Brodskv and ljroclsk-y

(1976), and conductance scoresf recommendecl b5r Venables and Christie (I973)-

The ÀIS scol:c c'l.ic'l not coÌ:Lcc1- for thc hvpotheti.ca,l. cct:rr:c.ì.at-ion of- C;Slì

(defl-ections) to base l-eveI (LIV). The theoretical and empirical_ ral_ionale

for the ÀJ.S, and the ¡rrocedure for correcti.ng clcflections oìl l-Ìre recor:dì,ng

tape to AIS scores is 1,o be found in Brodsl<y and Broclsì<y (1978). Three

AIS scores were recorded for cfass j-nclusion, seriation, and nunrlcer.

Reliability coefficj-ents have not been coml:utec'l for the Arousal, Interva-L

Scale (ÀrS), but it Ís a highly va]id scale in tha'L. it- has been si-gnificanLty

relal-ed to the particular behavioral criterion in every study thaL has used

it (erodsky and Broclsky, 1978). Thereiore, it can be infe::red that the scal-e

is refiable because an unreliabl-e measure cannot be highty correlal-ed with

a cr:lterion (uess-ick, l-980 )
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'Ihe coniluctaìtce scores t^rere col:recLed for the I'rypotliet-j.cal

corrc.Ì.at j on oJ- GSIì (c'lc,.f .l,cct i.ons) . 1I'hc r<,.coi:c_Ìr:cl cjc Í:.1 ccL_ j.ons on L-lrc t,ar)(l

vrel:e converted to ol-rms/resistance. This r,yas done witì-r a t.able provicìec1

rvith tht: Laf a1;sttc psycì'rogaÌvanometer. Concluctancc j.s tlrc rcc1procal. of

res-istance - Àf I rcsisLarrccs \tcre converatecl l-o concluctanccs;. '.tÌre fol_l_or,¡-

ing f ormula was used t-o correc t each conciuct.rncc score f or e¿,rch sult j ect ,

for each pre-test (Three log conductarrce scorcs;. )

represcn.Ls LÌlc numbei: of ohrns recorcled."no(þ_l +ro. X,- \ trasc /
particular pre-test, j-or

ohms f or the s ¿ìrne sub j ect

negatrve number:s f rom the d j-stribution (l^,roodworhh ancl Schlossbei:g, -l_954;

LyÌ<l<en and vcrables, r91).¡ Ve'rabl.es a'c.l ChrisL.ic (1973). iìcr_lal:.Llitv co-

eff icients are irot given f or tl-re concluctance scale (Venab-lcs a¡rd Chr-is1-,ie,

1973) - Nor does the cot-tducl-ance scalc have high vaì-i-ctir-y (Broc,lsÌ<y ancl

Brodsl<y, l97B) .

for the

a"Lso i n

Pr:e-Lest protocoJ_s'.,¡ere scored

method. Correct judg.rnents received a

zero- A subject couÌd Lhus recc.ive a

trials per pre-test), altd a

a singJ.e su)tj e ct-. Base, is Lire base .l_evcl

. The coì-ìstant 1.0 was.rddcd t_o rernovc

firs l- according Lo llraj_nel:d ' s (lgl 4)

l, and ,ir-rcor:rect j udgments received a

top score of 2 for each pre-test_ (tv.¡o

T'he pre-tests were

total ¡ross ible sjcore

then scored using an

of 6 f or tìrree pre -t es t s

adapl,at ion of Cooley ' s

(1978) DevefopmentaÌ Level Scale A scoring method for tl-re Genevan

sc-l-cci:ion criteria; -ludgmeni-, cxplarratì-orr, ancl countersuggc,:s,;t.i-orr. I¡r

this study a subjecl- rvas giverr a f for a correct judgmcr1t o:: a zero fr-,r

an j-nco¡:rect judc-¡tncl-rtt a I for a conseLvaL,ìorr expJ.;rnatior-r or a::,cr:o for

a non-conservation c'xpl¿ìnation; a I for a consel:vaLj-ot1 3ucìgrncnt not

changcld ullder: countersuggcsLion and a zcro for a non-conserva,¿1on ju,lg-
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ment not changed under countersuggestion. converseJ.y, a zero for a

conservation judgment changed under countcrsuggesi-ion and a I fo:: a noiì-

conservation j udgment which changed Lo a conservation judgmer-rt uncle r

countersuggest_ ion.

cooley (l-978) used ¡rercentages whereas this stucly usecì raw scol:es.

Conservation ex¡:-ì-anations rvere considerccl i-nacìcquai-c j.f t-hey farilecl to meet

any of the follorving criteria adaptecl from tror:sberg (1973).

Criteria for scoring exl?-l-anations. Conservation ex¡tlanation:; wci:c

cons rdered adequal,e if they mc L oì1e or more of t-he f o-l-l,orv j-rrg cr-i-t-c--r j-a:

I- Compensal-ory relat-ions: the subjccl- states thal- chapgcs ir-r

ccrLain d j.mensions arc compcnsal-ecl for by cllanges in ol-her clime ns j.o¡s.

2 - Revers jbllity: the subject states tìlat the transformat 1on

woul-d be cancel-led by an inverse transformaì:ion.

3. Addition/subtraction: the subj cci, states Lhat noth,ing has

been added or takeìr atv¿tv -

4. IdenL.ical- action: the subject states t-hat the stanclari oltjeci:

coul.d be transf ormed in a simifar manner L-.o tlìc com¡tai:ison ob jecl_.

5. Initial equality .rnd/or irrelevanL Lransformation: 1-he subject

sLates tl'ìat the two objects r,vere init.ially equal and/or that the l-r¿rns-

format-i.on makes no d.i i,fr:rcr-lcc to L.hc l)roper:t--y .i.n clr.rcst-i,orr (l_hese trvcr

explanations genera_Lly occurred together) .

6 - Log,ical necessii:y: the subject states a general- rul-e.

1 . Quanti.tat-ive cquì-valence basccl on anol-her prol)erLy.

The f ollowing conservation explanations were considered j-l-radectuate:

B. rrrel-evant: incÌudcd -i' 1-rr-is cat., gory al:e i-autoJ-ogi-es,

unclear respo¡ìses, ancl irrclevant remarks.

9. No ansr'¡er or "don't know."



'r'hus , l-hc t-ol,a.l- Poss.ibJ,c scorc f or cacl-r pr:c- l-cs.r- rv¿rs; 6 (3 f o_r

each tri¿rÌ) and tB was the total- possible score for alf t¡::ee lrl:e-tests
Desp.ite Brainerd's (I973a, b; LgTj) exLensivc ¡;sychomet_ri_c ar_ralysis

of verbal measulîes of I,ransitional stai-us, he at no time::c¡rortes reliabilit.y
coefficients for his judgments-only measure. Further, there are no retiabj,l-
ity coefficients listecl for the Judgments-only measure in the "Tests and

I,ieasurements in Child Development: Flandbook II', (Johnson , Igj6) . On the

other hand, a number of reÌiabilii-y coefficients are given for Genevall measures

of transitional status. The spJ-it-haJ-f reÌiabil-ities, i.e., i:he j-nternal_ con-

si-st.ency of the content, range from .63 to .96 (Johnson, Lg76).

'rhe lowest splil--haIf rel-iabiliLy, .63, was rc¡rorl-ecì for class inc.Lusion

content' The split-hal-f re]iabil-ity coefficients for seriation and number

range from .80 to _96 (Jojrnson, 19'76). The only interscorer reliability

reported was for numrcer tasks and trrat was -g1 (Joh.so' , rg76) - cooley (rg78)

reports interrater reliabilities for the DeveJ-opment Level- Scafe usecl j_n this
study ranging from "83e" t.o J-00? agreement of two raters. rt was, therefore,

thought to be unnecessary r-o.use mere than òne rater in this study.

As vras discussed in the iniroduction there is no agreemen.L in 1-ire fiter-
ature as to the construcL ancl cril-erion validity of these measures of ¡rans-
itional- status- Tl-ris stucly was designed to deLermine which pre-test measul:e

bests diagnosis transitional- status and best predicts ¡rost-test performance

after traj.ning. pred_iction and diagnosis are the t\do necessa::y characLeristics

for criterion val-iclity as cliscussed by lilessick (l98O) . UsJ.ng Messick,s (1980)

analysis of characteristics of validity, this study is also d.esigled to invest-
igate the fol-lowitrg as¡lects of construct vaJ-idity, convergent coherence, clis-

crj-minate dj-stincl-iveness ancl no¡nofogicaJ- relateclness. The Genevan method

clearly has been found to be valid in terms of anotl-rer of Messicl<,s (fgBO)
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characterist j-cs of construct vaì.idity, nameJ-y, popuJ at j-on genei:aI j_zab.ì_l_ j.ty

The Piagetj.an developmental st-ages as measured by the Genevan me1-hod have

been veri-f ied cross-cul-turalIv (Dasen, LgTZ) .

3. Training

3a. Apparatus

The apparatus was adapted from ilalford and f'ul-lerton (f 970). ,Ihere v,'ere

B cardb,:ard sheet,s, 60.96 x 50.8 cm. on which were placecl either five or eight

rectangular pieces of fel-t, 2-5 x 3.5 cm. These fel-t rectangles representecì

beds and were evenly spaced across the top third of the sheet- There v¡ere five

beds on seven of tìre sheets , and eight on thc remaining one. On eacl1 bccl was a

piece of col-ored cardboard, rviLh a picture of a clol-] on it. This was the stan-

dard set of dolIs. Eactr dol,.l was J:acl<ed wii:ì-r velcro, enabì-ing it co l¡c st,uc]<

to the beds or stuck to vel-cro in a row beneatll the becls.

On each sheet the spacing of the beds and the stanclarcl set of clol-Is was

varied in the following way. The spacing of the cloll-s v¡as either ¡,vider, Iess

than, or equal to, the spacing of the fe-tt beds. A straight- line below the

first row of veLcro separated the first row of velcro from five o.l-her rov¡s of

vel-cro. Five test series of do-ì-l-s occupl-ecì t.hese ror,r's. Àt. Ieast one set of

the test dolls was equal in number, length, and.spacing to 1-he standard set

of dol-,Ì-s on the particular carcl . The four o1-ìrer l-est series of dol-Is on a

part.icular card rue::e varied as ì-o number, Ìength, color and spacing from t¡e

standard set of dotts on that card. Thus, the stanclard. set. coul-d be usecl as

a cue to sel-ect Lhe correct test series of dol,ls to match 1_he becls.

The seven cards rvith five beds and the card rvith eight beds were varied

as to the order of presentation on each of the five days of training. The

color of Lhe LesL set of dolls and the standard set of dol-l-s on the eigl'rt

bed card v¿as also varied on each of the five days of training
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3b. Procedure

'-lìre ¡rrocedr,r::c was aclapteil from LIal-ford ancl Fulf erL.or-l (1970) . T'he t::ain-

ing procedure took pJ-ace j.n one indiviclual- scssion ¡>cr clay ovci: fj.vc consecu-

tive days. Each training session consj-sted of B cards. The training sheets

were placed a suitabl-e distance a\,ray from the child. The child rvas given tìre

follolving instructions. "On top of the sheet in front of you are some beds

Lhe dolls are i-n the

the beds? (This was

and l-ots of sets of different col_ored dotls. Now some of

beds and some are not What is the col-or of the dol-l_s in

to ensure that the chird correctly perceived the arrangement- ) lìow, r am going

1-o take the dotÌs out of the beds and put them underneath. Now, I want,you to

tell- me which of the other sets of dol-fs wil-l fit. into the beds so that everv

bed will- have a doll in it and there will- be no dol-l-s lefl- without a bed?"

The experimenter then pointed t-o each set of clol-l-s in turn except t-ìre

standard set, and asl<ed: "l,,li1l- t-ìris set of doll-s f iL ,into j-he beds s;o t_hat t_he

beds and dol-l-s are the same?" In the case of a posf-tive respor.lse u're experimenter

placed the dofls in the beds until- the beds were fil-Ied or the <lolts in tìre set

chosen were exhausted. The experimenter then askecl: "Do al-l b.he clolfs have

beds? Do alf the beds have doll-s?" rn the case of an error, the experime¡ter

pointed to the dolt (or becl) which did not have a bed (or doll-) and asked: ,,FIas

this doll (or bed) have a bed (or dol-t)?" The chilcl was not toÌd whethe:r o::

not his response v¡as correct.

3c. Scoring

There \^/as one score per card , zeto for selecting the incori:ect set and I

for se'lecting Lhe correct set. The hì-ghest score possibì.e per session was

eigirt. The highest possible score at cire encl of the five sessions was 40. The

training protocols v¿ere al-so scored after alf the chiLcìren were Irost-tested.
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4a- Àppara''us

T\^/o tests of nuntber conservatlon. One v¡as a r:epcat of t.he numl¡er

conservation 1-asl< gl.ven on pre-test, i_. e. , scven (j) b1¿rck chips and

seven (l ) red ch ips . 'Ihe second t-e st rvas 6 coins and a pool of canclies .

The second number post.-test v,'as adal:ted f rom I-l¿rlford and tru1l-er¡orì's

(1970) ¡;ost-tests.

The tìrird post-tesL was another class incl-usion test âdapted from

Langer (1969a). It corìsisted of lO beads, three bl-ue l¡eac.ls ancl seven r:ecl

beads, Ìined up in an olren shal-l_ow cardboard box.

4b. Proceclure

Two wcel<s after the training session errded tl-re subjeci-s \,/el:e post-

l:ested f or cJ-ass Ìnclusion and for numbe r conscrvation. Cl¿rss inclusiorr

war:; LcsLcc,ì f i.l::;1 .

Cf as s il-rc.ì-usion . The c)iper j.men 1-er l)ointedi Lo tÌre bc¿rcls a¡cl asltecl :

"vJl-rat are these?" rf the chilcl tlid not ansh/er beads he or shc was giverr

the correct name. Tìren tìre experi¡nente r sa j-cl: "'Ihey are rouncl beads.

What col-or at these?" The experimenLcr pointecì to the red beads. The

experimeu t.er asked tlle question again po-i-i'rt j-ng to f:he blue ):eacls . The

ch il-dren alf knerv the colors .

Trial l. The experimenter then asked.: ,'Are there more round

bc¿rr.ìs or morc r,:-.cl bc¿rcls?" I'hc cjl.i_lc1 gavc a j ucìgmcrrL rcsporìsc . ,l'lrc

experimenter asked for an expl-anatj-on. "Llorv do you )ctorv?" The chilct

gave all explanabion - If necessary the experimenter asl<ed: ',More thar-r

r,vhat.? " Then a countcrsuggest j-on rvas givcr-r to L.he chilcl ,s origi¡a1

j udgnrent stal-einerìt .

1'rjal 2 . The experimenter then asl<ed: "t^Jhich ¡,vi f I malce the
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t-.hc roultd ltr:arìs c>t: t_hrt rr:c.l ìtc¡clrs? " lllÌrc- cll:i,ì_rì q;rvr_. .t

j udqmcrrt . The ex¡rcr-imeuter asl<ecl f or an cxplanat- ion , "llow clo .,,ou ltrrorv? "

I'he chilcl gave atl explanation. Then a count(irsuggestion r,vas qiven to

1-he child's o::igì.naJ- judgmen t st_atcment .

Numl¡er Conservati.on l

The subjects were post--test.ed for number conservation usi¡g t¡e

same llrocedure ðs the pre-[est- for number. using the blac]i and red

cl-tips: a j udgiment, an ex¡rlanation, and a countersuggestion v",ere al-I

elici,ted and recorded.

NLrmber Conservat.ion 2

'Ihc second ¡lost-test was ada¡rt-ed from the Llalforcl altC liullerton

(1970) post-test. 'l'he ex¡:erimenter' placol six co j.ns i¡ a ror.¡ a¡cl the

canclies in a pool in frortl- of the subject. Tlte cxpcrimcr-rLer asliecl L¡le

cl-ii-lcl l-o: "Picl< {,he same number of c¿rncli-cs oul- c¡f the bunch ¿urcl makc a

¡:orv o,[ l-hc samc numbcr of candi,cs as l-lrc::c ar:c co-i-ns. " .]-f Llle numl>er o.ll

candies vJere incorrect tì-re expe,rimentet: ¡:aired then of.f urrt¡'-.1- l-hc cl-rj, lcl

appreciated the equivaletlce of l-he rorvs. 'Iìren Lhe exlrerinent-e:: proceede¿

v'¡ith the same procedure as in ¡tosi--test one . The v.¡ords canclies ano coj,ns

v¡ere substituted for black and red cìrips.

The children were aflor,ved [o ta](e a pi.ece of cancìy for themselves

at the end of this post-test.

4c. Scoring

Al-l the post-l-ests rvere sco::ed accorcling to the Developme¡taJ.

Ler"e1 scafe ¡:reviously described in the pre-test sect.ion- The highest

Lol-al- score ¡:ossibJ_.e for a single post-test \^/as

score possible f or all- thr:ee post-tesl_s was lB -

The ìrighest total-



CHAPTtrIì III

Results

'I'l-rcre wcre five rnaì_n l-ry¡:cttÌreses

testecl in this study. Of tìre five main hypotlreses, l, 2, 3, anc'l 5 rvere

Both the addj.tional hy¡:othesesconfirmed by Lhe stati_stical anaÌyses

were a-l,so con J: i_r:rned .

l. Data Anallzses

The hypotheses of this studv were LesLed by four stepr,vise

mu-l-l-j-1llc rcgr:css.ì-ott atraJ-yscs, canonj-caI corrcl-¿rt-ion analysis, by cìr.l--

square arlalyses and sì-mple pearson pi:oduct lqoment cor::el,at-i_ons.

The steprvj-se multiple regi:ession technique provides nieasu::es of

the extent to r'vhj-ch al-1, the independent variables ¡rrccìicl- ¡he cle¡rendent

variabl-es, and the 
.extent 

t.o which each independent variable is a unique

predictor of the dependent variables. rt has a ca¡:acity 1-o mirror com-

¡:lex variabfes (Cohen and Cohen, Lgj5) -

In the analyses done for this study, the first incle¡rendent vari-

¿rbLcs l-o be i¡lLroclucecl ir-rl-o l-hc rcgrcssion cclual-ions werc cìgc ancl scx

therr the rema:i-nj.ng indepenclent variables were sel_ected in terms of

r,vhich of the independent variables at each stage had the largest semi-

¡rartial corref ation coef f icien l-, ancl hence macle l-l're larges l- conl-r j-¡ut- j-o¡

to the muttiple correÌation (n2). The stepwise procedure definecl ¿rn

o::der based u¡:on the reÌative uniclueness of the independent variab,l-es

j-n the s1-udy.

'l'he stepi^rise multiple regression,orocedure produces standardized

regression coef f icient.s (l3eLa rveì-ghts) for each indeperrdenl- varj-abl-e.

The Beta weights vafues are partial regresslor-i coefficients and

represeut the unique j.nffuence of each individual incìepencìent varial¡l-e

and Lv¡o addi l- j-on¿rÌ liy¡:othescs
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v''ith the inf Iucncc of al.l- c¡ther indc1:enclclrt vari-aJ:f es removccl . G.i-vct-t

that the mu-lti¡:.le co::r:el at, j,on cocf f i c j.cn1: (n2l i.s si clnif ì-can1:, 1,lrcn a

stati-sticaLLy s.i-gnificant Beta v.'eight assocj-atecl v¡ith a specì-fic j,ncle-

penclent variab-le Incalls tha t- l-hc vari¿rnce associa t-ecl vri l-h tha t- inclepe¡-

denL variabfe mal<es a statj-stically significant contribution in

accounting for the dependent variable (cohen and cohen, 1975).

The si-ePwj..se multi.ple regression analyscs were chosen because

according to Cohen and Cohen (1975) it is tìre a¡:propriate analysÍs vrìren

tìre research goal- is pritrariry predictive. one of tire goals of thj_s

:;tudy was to determine wl-riclr pretest measure or measures bcst ¡rrecl.ictecl

the performance on the dependent variabl,es training and the post-tests.

only l-ì-rose analyses which had looth a significant multì-ple correl-at-io,,, R2

and significant Beta weights are presented here.

The first al-ralysis consisted of the individual pre-tes.c scores

for each measul:e- They were judgments only: cl-ass incl-usiol-r, (Joc) ,

seriation (JOS), and number (JON) . DevelopmenLal feve_l: class inclusion
(DLC), seriation (DLS), ancl number: (DLN) _ Àrousal intervaf scores:

cf ass incl-usiorr (ARC) , seriation (ARS) , and number (ARN) . Conductance

scores: cl_ass incl-us j-on (CONC) , seriation (CONS) , and number (CONN) .

The depenäent variabfe was the total score for each of Lhe post-

tests cl-ass incl-usion, number l-, plus number 2 (por'). (Table 1). This

anal-ysi's was dcne to determj-ne rvhich of aÌf the independent variables

predicl-ed Post-tesL performance on class incl-usion ancl the two number

post-tests. The results of this anarysis are presenl_ed in Table l.

As can be seen trre onry significant Bel-a weight was for trre

arousal- interval scare scores for cl-ass inclusion. The mu]tiple R for



for tl'r-is analysi-s rvas . B7 and :;i_c.¡nif ic¿rnl-. Itcyond

an;rJ.yr; j-l; ¡ccoLlr'l t-r-.rl f ol: t-ltr-. rtr)l (_ v;ì.t. i;ìtr,;r' () f. .r jlv

'7 6e" .

T'he secol-rd analysis \das done to
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tìte .00.1- ,ì-evci-. 'I'hc

oJl Llrc ;rnlr.l ¡.,r;c,:; r'loric

cletermine which of the irLclivi-

listeci above, best ¡'lredì,ctccì

class incfusion task (pOC). The

clual pr:e-test -i_rrde¡rencìent variabÌes, as

post-test performance on the ¡tosl_-test

results of this analysis are presentecl in Ta]¡le 2-

.As can be seen there are three signj-ficant Beta rveights. Arousal-

interval scores for crass incl-usion (ARC) rvas significant beyon<l

the ' Ol l-evel wìte::eas arousa.l interval scol:cs for .ser,i-ation ÀlìS alrcl the

developmental ,l-evel- scores for class incl-usion were sì-gnifican.L beyoncl

the .05 l-evel. The multiple R, .'1 27 v¡as siçJnificant at beyond the .05

l-eveI and 5 3e¿ of 1-ì-ie variance rvas accounted. for -

The tìrird analysis was done to determi-ne which of t.he total

scores of the foui: pre-test measures best ¡:recìictecì thc total score o¡

the three post-l-es ts : cl-ass inclusi-on , numbr:r test I anc'l ìlutnber_ test 2

(PoT) - The pre-tcst total scores usecl as tìre indepentlent variaJr.l-es vrel:e:

judqments-onj-y serj.ation plus number (JosN), judgments-only cfass

incl-usion, seriation plus number (JoT) , Developmelrtaf level. seriation

¡:lus num]cer (DLSN) , Dcvelopmental level cf ass incf usion, serì.ati-on plus

number (nlr) . A¡:ousaÌ Interval- Scale scores for seriation ¡:1us nunber

(ARS\I) rlror-rs¿rI rnterval Scale scores for class incl-usic¡n, seriation ¡:lus

number (AIìT) , Conductance scores for seriation plus number: (COSN) ancl

co'ductance scores f or class incl-*sion, seriati_on and nr¡mber (coN,l ) . Tlre

results of this analysis are presentecl in Table 3.

¡ls ca¡r be seen there is only one significanl- Beta rveight Àrousal-
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Interval- scale t-ol-al- scores for class incl-usron, se::iation ancl nunù¡ei:

(AlìT) . The mull-r¡:Ie R rs s.ignrf icant Ìreyor-rcì 1-ìre .001, level- and 64e¡ of.

the variance is accounted íor.

None of the multiple regi:essj-on analyses Lhat used the trvo number:

postl-esLs as the c.lcpenclent vari-al¡-l-c cont,aj-necl si-q¡rrifi,canl, llct-a wei-c.¡)'rts

des¡rite highly si.gnifj-cant mul-tiple correlal-i-ons.

The fourth analysis !,ras done to determine which of the total

scoLes of Lhe for-rr pretes L rncasu::es bcst prcdicted 1-lìc 1-ot-aI scor:cs for

t::aj-ning. The pretest total scores used as the inclepenclent variables

analysis. The resufts of thiswere the same as those used i¡r the third

analysis al:e presented in Tabl-e 4

As can J:e seen there are three signif icant Beta weic;hts; 1\ge,

at beyorrd the .00-l Ievel-, Devei-oprnental level scores f or ser-iaL.ion plus

number (DLSN) and Devel-opmental levc.L scores for class inclusi-on, seria-

Lion and number (nlf¡ were sj-gnificant at beyond the .05 level. TÌre

tl-re .05 .l-cvel and 4l,r'ó of t-ìl<:rnul-tj-p.ì-c Iì, .642 v.'as signì-f .i.cant a1- ì:eyoncl

var-iance was accounted for.

To further clefineate tl-le relationship betrveen the independent

varj-ables, t-he ¡:rei-est measul:es, and t-l're de¡>endet-rt var-iables training

and tl-re 1-hree postt.ests a cannonical correlation analysis was clone. For

this analysis the dependent va::iabl-es were posttest.s: cfass inclusiol-i

(POC) , ¡rumber test I (PON) number test 2 (POP) , and training (TRÀIN) .

The inclependent varial¡les rvere j udgments-only; class incf us j-on (Joc) ;

seriation (JOS) , number (JON) , Developmental Level: class inclus j-on (DI-C)

seriation (DLS), number (DLN); Arousaf Interval- ScaIe: cl-ass incfusion

(ARC) , seriation (ARS) , number (AnN) ; and Conductance: cl-ass inclusion
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(CONC), seriation (CONS) , number (CONN)

TItis stltcly )tacl four cìcltenclcnt- var-i.able s : 'lraining; l?ostt-cs L cÌ¿rss;

inclusion, Posttest number I and posttest number 2- The steplvise mul-ti-

ple regression analiusss coul-d dctermine which pretest measure oL measures

best predicted either training or the individual posttests or tire t-otaI

posttest score. However, it could no1- determine whether the de¡rendent

variabl-es rvere relatecl to each other and/or whether the independent vari-

abl-es which vrere significantly related to the individual clependent

variables were also rel-ated significantly to al-I or some of the clependent

vai:iabIes. Cannonj-cal correl-ation anal.ysi-s provj-dcs for a multi,pJ-ì-c.i-ty

of de¡lendent variables as rveIl as multiple independent variables (Cohen

ancl cohen, Ì975; 'rartsuo)<a, r97r). rt j-dent--j-f-ìes l-he comPoncnl_s of one

sel- of varj.ables tìrat are most higl-rly relaLecl (l-incarj-l"y) to conrponents

of the other set of va::iabfes. Canonical- correl,al-ion anatysis also in-

crudes a measure of the ext.ent. to r,¿hich variables wlthin a set are

reclundant. It vras expected Lhat tl're pretest measures rvoulcl be reclunclant

because the Devefopmental levef measure included within it ure Juclgment-

only measure. Thus, it differed onÌy in that it reqnired an exp3.anation

and a counter sr-tggestion as welf as an initial j uclgment. Simil,arly , tl-re

Col-tductance measure ancl the Arousal- Interval, Scal-e measure cliffer onlv as

to the mathematicaf 1-reatment of the same psychophysiolog-ì.cal res¡:onse

The Conductance score corrects for base l-evel resistance rvhereas the

Àrousal Inte::vaÌ Scale score does not. Canonical correlation analvses

produces a set of redundancy coef f icients r,vhich are the squarecì multi¡:le

correlcrtj-ons of each set with every other variable in the set, TÌrus,;. ¡¡¿
,,::.:" 1 :.:' "" "

extellt 1-o which atl of tl-re pretest measures are measur-itrg rhe sdme Llring.
;i
'r, '

1.1,

:.. 't':,'
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\
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can be eval-uated (Cohen and Col-ren, Ig] 5).

If the learnì-ng theory explanat-ion of cognitive cler.zel-ol¡ment is

correct the dependent lneasures shoufd afso Jte rec1unclanl-. Th¿rt isr pre-

sumably training for the numJ:er concept sl-rould be L:efaLed to postt-est

pcrfor:mance of t-hc number corrcel)t_.

If P.ì.aget's Lheory tl-rat only chilcìre r-i r,vho expei:.ience disequ.ì_J_i._

brium or shoiv evidence of accommodation will respond to tralning then

one woufd not expect training llerformance to be relatecl hig)'rly to post-

1-est number concept perfonnance. If cfass incfusion is necessarv for

understanding of the number concept then the posttest- class inclusion

tesl- shoul-d be hi-gl-rIy rel-at-ed to the nunlber tests. 'llabl-e 6.¡rrese¡ts

the redundancy coefficients for each inclependent varial¡le with everv

other j-ncle¡lendent variable in l-he set. IL also presents the redundancy

coef fj-cients of each de¡:elrclent variabfe with every other depencìe¡t

variable in the set.

As is a¡lparenl- the pretesL measures are higìtly redundant; thc R

squares range from . B0 to . 915 . I-lowever, the cìepencìent variables lrresent

a different picture. Trair-ring shares very littfe variance with either of

the number tests wliich have tl-re highes t R squar:es - Cf ass incl-usion is

essential-ly unrelated to tjre other three cìe¡:encìent variables.

The simpJ-e correlations between the independent variabl-es

expected to be redul-rdant support the results reported j-n Table 6. Table

6 gives the simple correlation coefficie¡rts for the verbaf prel-est

measures Developmental level ancl Judgment-only with eacÌ.r otl'rer for tì-re

individuaL pretests and for the toi:al- scores. rt also gives the corre-

fations for the two arousal measures; Conduci-ance ancl Arousal- InLervaL
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Interval- scolres , r'"'i Lh eacìr othcr: . 'illìc corrclatior.is foi: .Ì:hc verbal-

measures rancle f roln - B9 1-o ' 9 3 rvhei:ca:: l-hc a::ousal, mcasurcs rangc f rorn

' 56 to '64 ' Table 7 re¡:orLs the cor:relatj,ons of the pretcst me¿ìsures

and the posttest measures r¿-itl'r tr¿ij-ning. rt arso ¡rresents the correla-

t'i-ons; of t-hc Lhr:cc ¡losl-l-cst-s w,i. l-lr c¿lch ot-lrcr:. 'I'lìc or-rly cor:r:c,l-al,,j-on t-lrat,

is Ìrigh enougl-r i-o be meaningful- is tl'rat of tì-re two numbe,. pos.l_L.ests

(r-rumber.L and.umber 2 witÌ-r s¿çrr n1-hor etr Tr-ie resl- of t_he sig'i.fi_

cant correlations here are so l-o\r, that they share vei:y I j- htlc va::iance

rvith training.

canonicar correr-ation anarysis arso yj_crc]s p;r-i-.i:s of canonical

varj-ates for each set. The first pa.i:: rcpreseni_s the -rine ar compositc:

of the ir-rdependcnl- variables which are maxj-mal-Ly cor:relatcd v.¡.iilr a

i-ilrear cotnllosi bc of thc clcpcrrcìcn l- va::i-ab.l-cs . T,hc s;uJ¡sc<1ue' l- ¡:a j_::s; ar:c

a lj,near composite of the::esiduaì_ fefl_ after cach va::1al_e ìras bec¡r

cxt-l:act-ed. TLre s;r.r)¡sequent vari.rtes accouìl L fo:: r-e:;s; and l-ess of thc
sharecl var-j-ance ancl are otÌ-rogon.rl to cach ot-her a'cl i-ìrc f Ìrsi_ ca'onj-cal_

var j-ate ¡:air (Cohen and Cohen, l-975 ) . .

The anarysis yielded Lwo signifìcant cano¡r.icaf variatos for eacl-r

set (Tabl-e B ) . The f ii:st pair of canon.ica l_ var j_ates il ) v,,as 1_r.i_ghl1z

signi' f icant , ancl accounts f or 7 5ç. of the variance . il'hc seconci lrarr of
canoll'j-cal val:i'ates (2) rv;rs signi.fj-cant ¿rncl account-ccl j-o::47ri of l_hc

varlance. canoni-cal, variates are best inter.¡ri:etecl Ì:y means of the

structur:e coef fi-cients, rv)-ticlt are zero ordci: corr:cf¿rtiorrs <¡f i,he var:i.rte
wrtlr _ii-_s consti_tuent vari,able s (Cohen and Coì_icn , l-g-l S; .l,ats;r_ro]ra, l97l ) .

The standarciized cocf f _i-ciel-rts (Ioaclings ) foi: e¿rcit set oi: sì_g'if i-cant

c¿rllort-j-ca-l v¿rr:iat-csj ar-c pr-csenteil ill Table 9. I'able lO. c.l,ri_a-i_ns the
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structure coef f icients fo:: each set of canonical- va::iates. Com¡:aring

the st::uc1-ure coef f-ic j-ents for each inclepencìent ancl cleper-rclent varial¡l_e

(T¿rble lo), l"ith .its corresponcìi-ng canonical vari.ate loacìing (Tabl-e 9),

the fj-rst pair of canon-ical- va::iates appears to jrave mos,¿ of iLs vai:j--

ance account-ed for on the ir-rde¡rendent vari¿rblc siile by i-he AR Arousaf

.[rlt-tlrv¡-1. Sca.]-c ijco:rcti a¡rcl t-hc lll, Dcvc,l.clprn<:rrt-,.r.1. .l ,r:v<:.ì. ljc()r:()ri. (AIìç)

Interval Scale class inclusion rvas the fargest structure coeffj-cient of

the arousar rneasures (T.ìb-Le fo) , ancl tÌre _Largest loading of af t tì,ie

ì-r'rclc¡:elrclen l- vai:,j,¿rbl-cs (Tabl-e 9 ) , ¿ìppears t-o bo accoLìr.ì ì- j-nq .foi: Jìror:c of

the variance thalr what it apparentJ-y s)ra::es wj-th Arousaf rn.l-c::val. Scal,e

(¡ìRS and ¡lRN) for ser.iaLj-on and number in this analys-is. The siml:le

coi:l:clal--i.olr o f Àl:ousa,l. .1.¡rtei:va-'1, sca.l.c scorc (AlìC) w j l-ll tlte t-ot-¿i.1. arou.l;a.1.

ïnterva]. Scale scores (anf ) is .91 ancl with the Arousal Interval Scate

scores for sei:-i ation and numbelr (ÀRSN) , .82, whereas tÌrc coi:::el,atio¡rs

with Arousal Interval Scale scores (ÀRS ancl AlìN) for number ancl seriation

B4 and .19, respectively.

Given tl-re ì-rigl-i correlation

are

for class incl-us_ion (ARC and ART)

for a1.l_ three pr:eLests (ÀRf ) are

betwecn thern could be accounted

relat j,onship wi_tì-r pos l_test class

the other half of this canol-rical

between Arousal Inte::v.rl- Scafe scores

the tot-af Àrousal fnterva]_ Scal_e scores

a-L¡ros l- -in {,erchangeable . '-t,he cli f f crcuce

fo,r by A:ronsal. c-'ì.ass j-nc_l-us.i_oir (/\llc)

inclusion (POC) wh_ich is a mcml¡e:: of

varj-at-c 1t.eir. Tlie othei: mcmJ¡e::s of t_Ìrc:

dc¡rencìcnh varrab,les al:e tìre ¡rosttcs L-- j_or numbcr tes.t .ì. (po¡l) ancì nuni]:er:

t'est 2 (PoP) ' Trai.ning is essentì-a1ly incìc¡rencrcnt of tÌre fj-rst canorrical

vai:iate ¡raj-r. rrlc'loecl , tìre str:ucture coefl-.j-c,tcnLs (.r'able l-O) -i-nclicatc [-]rat

Tra-ì-ning .is ¡lart of 1*he seioncl lrair cf sig¡rf ica¡t cano'.ì,ca-l- vai::r-¿r tcs
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('ll¿rÌ¡lc 9) . '1'hr: cìclrc-:nt.lr:ni, l¡¿ri:i.ab,l-cs {-hat- a1rl.rcar i:o }:c accollnti ncr l-or: ¡no:;t

o.f- l-hc va::-i.¿lncct o.f t-hc sccorlrl lra-ì;: of calr<-ltjc¡i.l- v¡¡t-i¡t-c:;, ft:ol¡ ¿,ilr

examination r¡f thc .s l-ructure cocf f ic j c¡-rt-s j,n T¿rl¡le -lO are l-rainJ_nE ar-rd

¡rosl-tcsl- c,l ass -j,lrcÌr-rsion (PoC). Tlie Iat-t-c:: ,i-s ncgal,i-vcJ.1z coi:rcJ,ati:il r^ri,t_Ll

this var-iate. Post tesl- cl-ass incl-us j,o¡rs, J-acl< of ::elai-j-o¡sh j-tt '...rj,t--¡ i:ra,i,n-

ing is confirLnecì by the lorv sim¡rJ-e corrcl¿rtion betr,¡ccn it ancl trainj,r-rcr

r - .0lB and again by it-'s r:cdlu-rc]ancy coeffi-cienr-, .ol (,I.abl_c 5). 'lhi-s

,l-caves t,he rcl-a c.i.onsÌri-p bc t-r,vec¡r (porr ) Lhc sccol-lc.l numbc.r ¡ros t- t-cs L ¿rlrci

TRÀIN. The simple correl-at-ion Ì-rere is . 38. Thj.s siclc of tl-re seconcl

canonical varj-al,e is esseni,ial-ly com¡roscd of training 1>cr:formanccs an¿

iLs reÌationship to ¡rei:formance on l-Lle scconcl nunl¡er tesi_ (Pop) _

On the inde¡rendent variabì.e s.ì-cle the negat-ive co::re.l atj_on arnong

t,hc structurc cocfficicnì_s ('f.ablc.l_O) can bc ¿rccc¡untcr_i Ior: l¡v t-hc rtr--.qaL.i.vc

anil ti:ai-t'r-

j,ng. 'l'hc cor:relation cocffi_c_ienl-s of t-rarn-r,r'rg v¡_ith clcveÌoltmcntaI l.cv<:L

c-l.ass incl.usiolr (DLC) and j udc¡mcni--only c1.a::s j,nclusior-i (Joc) .rr:c -.-ì.¿1

belov,' .30 as not

signif icant, as ,is custoniar:y, this l.eaves 
^rousa-L 

f nt-erva-l Scal_e numbci:

(ARN) rvith .486 and conductance numbel: (coNN) wi.Lì"r -452 (:t'al_¡Ì.c lo) as

accounti-ng for mos1, of tìre rel-at-ionsh-i¡r r,viLh t-rai-ni,ng. Iro\,¡cvcl.-, thi,s

rel-atj,onsl-rip.is r-rot confirmecl by either L.he correl.ation coeffj-clent-s

(Tab-l-e 7 ) , or l-he stc¡>w_ì.se mult.i¡:1e re grcss: j-on an.rl\¡s j.s (Tal:le 4 ) . ,I,ìtc

Bcl-a weigLits of ti're ste¡:wise nlufl--iple regres;sion analyses of l-jre rncli-

vi-r-lu¿rl- PLetesl- IneasLìres rvj,th trainirrg as the cìelrenclent v¿rrial¡l-c clicl not-

reach srgnif -icance. Training is not higl-r1y corre]atecl rvit¡ eitjrcr the

Ilrct-ests or thc post_tesl_s ('Iabl-e 7) . Tr.r.inj,r.ig also has a Iow reclunc-tancv

oja non-existent- rel-ai-ionshì.¡: bei-r,,reen c.l ass .i_nclusic)¡ measu::es

and - - 06, respcct-ì-ve1,y - rf one consiclers cc¡ef f iciellt-s
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coefficienl, r"vÍth tl-rc otìrcr clcpcncìen1: var:j¿rb1es (Tabl.c 5) . .fhr: sL.cpwi.se_-

nu-Lt.i-¡;1c rcgrcssiort an.rlysis in'I'abl-c zl .j,nc1 ic..rt,es tþat- orì.1.y zl .l_rà of l_¡e

var j"ance j.rr l,::a j,rri-trg ,is accor.rnl,ed for by a.L,l, t,ìte var j.abl.cs .l_.ì.sLccl . Of:

1-l're variables 1is1-ed, only tìrree reach signif icance: Age, DLSll , and

DLT, of whicl-r age _is cIearJ,y tlìe rnost important _

Callonj-cal correÌat-ion arlalysis m.rximizes the refat-ionsl-rì-1; betr,vcc¡

two sets of variables (Cohen and Cohen , f.915) and in Lhis case _in the

abscnce of age as a vai:i..rbre Ín t,h j-s arrarysis , i, i: appcarrs Lo havc

capitalized on the variance lcft. Thus, ,iL is safest l-o conc.Iucle, tl-rat

des¡; j. tc Lhe s-ì-g nif .i_c¿incc rcachcil b5r 1-1.,,, s;ccon<ì carron i.cal v¿_rr j-a l-c ¡ra.i. r ,

the relationsh j_¡¡, [hough iutcrpre.L.eb-Le, is r:ca1l1z noL-. meaninqf ul

J:ecaLise of l-hc s;rnal.ì- amor.ìrìt of variancc: j-nvo.l vccl . 'l.lte stc1.)\vi-sc mul_l_i-1rl_r:

rcgression an;rlysis ancl t-he simp-lc corrc-l,atiorrs al so iìo rrol- cc¡nf irm ,¿hc

varj-aJ¡l-e rel-at-i.ol.tshrps de ì,rtreated by t-he secoltcl canonj.cal, variaLe ¡:a-ir-.

The cìri-squarc ana.ì yse s rverc donc to i'ìc1,r:r:mine rvlr,ich pre-tesl-

ncasure had i,l-rc loru'est over:a-L1 eLror in preclicting wl-rich subjecLs r.voul_<l

pass or fail thc two number post-tests (pONp) Accordinç¡ to Brainarcl

(I917 ) , " . - . The a¡r1:ropriate response cril-erion is the onc lvith the lolest

error rate (n.365) - " The crit-erion used for 1-he post-tcsts \.,/as a score

of 10 or betLer ouL of a ¡:ossible score of 12. Conservati,ve cut off

poinl-s were used for each pre-test. Figures l, 2, and 3, pr:esent the

sjc¡.lLt-cr 1lJ ol-s-; of c¿iclt prc-l-csl, mc¿rsurc l^",j.tli Lìrc Lot-al- score for tllc l_ivo

numl¡er tests (PONP) Thc cut off ¡.roin1-s usccl for the cl-ri,-scluarc an;rly-

si s are j.nCicated o¡r i-he scatLer 1:lots - Thc rcsults of thc: ch-i-squarc:

anaJ-yscs are prcseLll-ed ir-t T'abl-e 1l . I'ab-l e ll- al-so c¡jvcs thc rrr-rmJ¡cr o.f
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subjects correctly j-dentified and incorrectly iclentified as transitional-

and non-transitional, the error rates, the cut off points for the pre-tcsts

and ¡lost-t-cs;ts and the chi-scluarcs fc¡r cracl'r ¡;re-tcs1-'s abj..l.:il-y Lo corr:ecbJ,y

ident-ify a subject.

The Arousal Interval- Scale scores ]rad i-he lorvest overall error ra.Le

(24%) , and their ability t.o discriminate transj-tional and non-transitional-

sl-ates was signif icant at beyond the - 0Ol- l-evel. The development.al- f evef

scQres had the next lowesL error rate (31eu¡ and the abitity to discrÍminate

was significant beyond the .01- l-evel. The judgments-only scores had t-he

highesL error rat-c (4]'p¿) ancì tlre chi-squarc for discrÍminat-ion of tra¡rs:ll-j-o¡la1

and non-trans.itj-ona,l. sl-ates was not signif.i.cant.

2- Arousal as a Measure of Accommodation and Assimil-ation

Each analysis consistently found that arousal- as measurecl bv i-he

.Arousal- Interval- Scal-e during p::e-testing predict.ed subjectst post-test per-

formance on the t¡,vo number tests and post-test cl-ass lncl-usion. In the

multiple regression anal-ysis of the indiviclual pre-test measur:es as the

independent variables and the i-otal scores of the post-tests only tl1e

unique variance associat,ed wj.th arousal- cìuring class incrusion pre-

testing (the Beta weight) reached significance (TabÌe 1). r\gain, in

the mul-tiple regression anal-yses with the individual pre-.tes.t measures

as the independent variabre and post-test class incfusion as the

dependent variable, two arousaf pre-test measures reached significance:

arousal interval- scores during pre-Lesting for seriation and class inclusi_on

(Table 2 ) - rn l-he mult-ì.p-'l.e regressi.on anal,ysi.s wi.th l-he tot,al- sco:r.cs

for each pre-test measure as the independent varÍai¡.Les and the total
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Post-test scores as the dependent varial¡1e , only tlìe total_ Àror-rsa,L

Interval scores for al-I threc pre-l-ests l-racl a sigr-rifj-canl- llcLa rveì.glit

(llab.l-e 3) . 'Ihc clli--sqLlare anaì-ysc:; of Lhc nu¡nbc.r: of s;r,tbjc-cts coÌ:l:c-.ct-ì_y

and incorrectly identified as transitionaÌ and non-transitio¡lal found

that- tìre 1-ota1 Arous¿rl rl'rtcrva-I scale scorc ilr-rri_r-rg 1:rc-l-esL.ì.ng

discriminated at bcyond the . OOI level- of sigr-rrf -i-cancc, ancl thc ¡ota.l

Arousal InLerval Scale score during pre-testing for seriatior-r ancl numbe¡:

discriminated at beyond . ol revel of signi-f icance, r.;h j_ch subjec;ts

would and woufd not ¡:ass the post-tests for number (Table Il).

llinally, i-he resu-lts of the canonical correlal-ion anarlyscs are

best summarized as 1-he totaf Arousaf InLcl:val Scale scores during ¡:rc-

testing and the totat developmentaf levcl scores cluri-r'rg ¡rre-testirrg

accounl- f or .866¡ of l-he variance j-n the r<:laLionshil-r of Lllc ¡;re-t-es Ls

to Pc)l:f oi:m¿lncc oll LLrc l os l-- l-cs t-.s .f-or nLrmltcr (il¿rÌ¡ l-cs ij , g , ¿inc] l0 ) .

trigure 4 diagrams the relatlonship that- brtst desc::il¡cs tl're first- pair

of c.rllon j cal var j-¿rl-cs I j-sl-ccl j.lr '.|¿rbl.c [3 ars s j.qn j-f j-<-¿rrrt- bt:y¡;rrcl L)rc

.00I lcvel w j tl-r a canonical correlation of .866 ancl accountiu c; 1=.or 75ta

of the total-

two sets of

(Table 9) by

(T¿rbIe l0) .

have sÍgni.ficantì-y higher arousaf scores clur:ing

sub jec t-s r'¡ho dicl ¡rot- bcnef -it f rom l_ra_iì1-iÌtg. Oy ,

variance; as interpreted by assessing the loadir-rgs of the

variables loadir-rg on the f lrs t_ canoni-ca-l vari_a Lc ¡raì_r:

each val:iabl_e correlation wiLh the canonical, variate

Given tl.iese resul- t.s the f ollowir-rg ìry¡:otheses can lte said Lo bc

conf irmed by these results : I-lypo b.hesi s I , sub j ects r,vho perf ormecl as

collservers on l)osl--tests of lrumbcr consc.ì--vaL.ion afi-er trainj_¡g cìj-cl

pre-testl.ng, than tì1e

in other rvords, high
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levc-Ls; of arous¿:Ll rcf .l-ecLcd 1-hc c:r1ui.J. iirraL, j,orr l)lrrrcLj:j::; Ò.1: ¿rc{j(rrnrnocìat j c¡]l

of tr¿ìn:jj-i-ic-rn¡rl Subj(t(jtS; dur:j.rrg lrl:c-tcsì t,i.¡tq ¿r¡cl l.or"¡ l_t:vr:l.s o.j_ ar1;us¿r,l_

reflected tl-re equ-ilj-bration llrocess of assimi.laLion ¡r¿ non-t-ra¡rsÍtj.ona.ì_

sub jects dur j-ng ¡rre-l-es1- j_ng thus prccìic t_i.ng rnrii_h a lrrc;h l_evcl of

accuracy v'¡l'rj,ch sul)jcci-s v¡ou-lcl l)ass pcst-t-c,sts of numbcr arril v.,ìrj_clt

v¡ould not (Taì:le ll) .

I-lowever, it is the combÍnation of the total developmental leve1

scoLes r,¡ith tl're total Arousaf Tnl-erval scores during the pre-test

whj-ch best predicl-s the performance of subjecl-s on tlre l-wo number post-

tòsis. Tìre f irs I, canolrica-l variate pair: is composecì of just these

variables and accourtts for J5e¿ of Lhe variance in the relationshin

betleen pre-1-es ting training ancl post-tes L. number ¡rerf orrnancc. Anol-¡er

\^ray to account for tìte or:thogonality of {-l.re dcvc-lo¡-rmental fcvcl scorcs

arld the 7\::ousaf Intervaf scores 1s that Lhc arousal- interval scores are

extremeJ-y accurate j-n cl-assj-fying Lransitional subjects whereas 1_he

devel-opmcntal .Ì,clvcl scores tcnd l-o c.¡:l: on cl,¿lssifyi.nq trans-ì,t--j.olra.l. sultjcct-s

aS non-tr¿rnsi1_ir¡nal_ (Table lI) . Tiìey both ltave tþe same raLe f or

cl'assrfying non-tr¡rrsition,rì. subjecl-s as Lransitjonal. I;'ìgurc:-; I a¡c'l 2

give tì-re scjattcr plots of tÌ-re Arousal Inl-erva-l scale to1-al pre-.1-est

scores (ÀR'l.) It j-th the total scores f or thc two numÌ¡e r post- Lcsts a¡ci

lÌle i:o t-a-L clevcf oPmen 1,al f evcl scorcs for the ¡rrc-tests !vi Lh the t!^/o

¡lumJ:er lros L- 1-es ts . 'lhese scatLer plots demolrst¡:ate wl-ry j- t is that tì-le

develo.pmentaL leve,l- scores ancl Arousal rnLe::val- scale scores arc:

'unco::related lvith each other but do combinc t-ogcl-hel: to gi.ve L.he besl._

re-lationship to the post-tesl-s of ar-ry of the olher pre-tesi, measures.
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A llumÌ:cr of chl Ld::cn l'rit-h ,Low clcvclol¡mcnta-ì. l-cvc.ì, scores ìr;rcì very lr j_gl.r

A::ousal- Ini-crv¿l sc¿i-l-c sco::es ¿rncì h j qìt 1>os t--1-csL rjcorc:;. ,1lra¡rs j- l_,j_on.rl,

su-bjects I'rad higher: Àrousal InLerval Scal-e scores rvhcther or not thev

ìracì lr.i-glr dcvclopment¿r,i. lcvel- ¡;corcs or luilgrncnr_s-on1.y .scol:cs. gypo-

t.hesis 4 was not co'fi-rmecl because of thc orthogonatity of tìre

Genevan and arousa_l measure Thus, 1-ìrcre was essenl--iatty a zero

order. correlation bet.rr¡een the Genevan

Brainercl jr-rdgments-only scores ancl the

developmenl-al. l_evef scores, Lhe

lrronsaf Inl-erva i. Scal_e scores.

Hypothesis 5. The number of false pos_itives arrd

(erro¡: r¿rl-c) iclc.t.ifrcd by LIre 1-ilrcc mcasurcsì of cl-i_secrui-

false negatives

.l-ibrium v,'crc

fowest for the arousaf scores fol-lowed by the Gcnevan crij-eria. Tl]e

Brainerd crj-terj-¿r clid result in the h.igl-rest (error rate) fal-se negatives

and fa-l-se ¡rositives - This I'rypot-hesis was clearly conf irmed. by the

results summariz-ed in Table tl. The cl-ri-scluare analvs j-s of subiects

correctfy and incorrectly idenr-ified by i-he three pre-test measures.

3. Class Tnclusi_on

As previously mentioned tìte post-tes.t- cÌass incl-usion poC task

w¿rs adcled I-o the l)ost-L.es Iing durj,ng t]rc runnj,r-rg o.f t¡c cx1-rcrj_mcnt

because lt was nol-ed that even cl-rilclren who achieved a trerf ect score on

t-he prc- t-ests, seriat.ion and number , were not ¡)assì-ng c-lass incl-usion .

of the six cl-r j-ldren rvho acl-rievccl perf ecL scorcs on s:r-iat,lon a¡cl numbcr,

as v¡ell- as perf ect scores oìl pos l_-tests of number, \r¡ho were not used in

the statistical analysis because tllelr çs¡s cor-lsiclered to have the numbe::

concept, alJ- of tirem received a zero score on ¡rre-tcst class incfus_ior-l .

Al-l but two receivecl a zero scoLe or post-test cfass incl-usion. The
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varjous allalysclsj pc'r.formcd c'or)J:j-rmcdl Ll ìat- t,hc ¡-.rrc*tilrjt vcl:Ì)a-L cI.l:¡s

j-tlcl.r-¡:;.j oll meiì:,iLtllc:j \tLr.rc not c()lala(-'.ì.¡L<:r.l w.i.Llr t,ìrc pr-ist--1:r::.;i_ llu¡nl¡r:r Lc:jLs.

1'l-le correlation of the pre-test develo¡->mcnt levcI class inclusiorr

scorcs (llLC) ¡¡lus tl're post- t-est cf ass incl,usion scorcs (l?oc) wit_ir t,hc

post-i-est scores for ¡rost-t-esl- rrurnbers I and 2 (poNIr) r,vas .186.

Ste¡:wise mul bi¡rle re gression anal.l,¡sis of the j-ncliviclual, pre_te st

measures for class ir-tclusion, seriatior-r, ancì number rvcre do¡e vri¡h posl_-

l-est clas;s inclusion and total posl--Lest scores as Lhe i¡cle¡:enclent

variables (Tables I a¡rd 2) . TaÌ:le 2 shows I,l.rat (ARC) arousal cl.rss

inclusiolr, (ARS) arousal seriation, and (DLC) cìevelopmcnt¿rl level cl_ass

inclusion accour-rt for a significant. amount of the vari¿rnce in tire

rclat-j-onshi¡; beL-.\^/ccrl i.rost-l-esl- cl-ass inc,Lusj-on ancl i-he inclcpc¡cle¡t

variabl-es . Tlre rcduLrdancy coef ficier-r'c (Tab.l-e 5) f or post- t-csl- class

lnclusion (PoC) , .o'7, indicates that 1t is a,l.so ì1or: l:elated t-o Lile post-
'L.ests of nulnber

IIowcvcr, arousar (z\rìc) scol:cs cìur-i.ng pr:c-t-r:sti,ng for class

inclusion are hr-ghly relatecl l-o both post-test class irrclusion ancl the

Lo[-¿r,1, ¡.ros l_- t(,]sj L scol:cs (po1l) (,1,¿rl¡lcs I .rncl .2) . Ai:ous¿r l, c.l_¿rss inc.l,us;.j orr

(ARC) is aÌso ì'rì ghly corrcl-atecl rvith the t-ot-al. (AIìT) aro¡.rsa.l. score,

T = .91, arrd wi-tl-r the Lotai, arousaf score f or serrat io¡'r a¡rd number

(^RSl'i) , T = -82 - ll'hus, tlte j ncf usion oi- t-hc-. variancc assoc j-atccl rv.i. l_h

arousal class iucl-us;ion (ARC) results in the total arousaf score ART

berng a l¡el-ter predlctor of tr-re totar post-tests scores (por) thar-i 1_rre

total arousa,Ì. score for the scrj_¿rtion and rrumirer (¡IRSN). Thc t-otaÌ

arousa-l scol:e (ART) c,lassifies better 1-hair thc tot-al ar:ousal- score for
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scriation and lllìmber (ARSN) as \.rct t (Tai¡lc l_.1 ) lndcccl , the mr,r1L j 1t.l.c

R of the regression .enalysis of Tabl-e I _is l-righcr tharr tìrat of

Tablc 3. Tl.re rnul-tiple lì for t.otal, pre-test scores agai¡str total posb-

t-es t- scores (T;rìl.Lc 3) j.s . u0 r,vhich j s sic-¡nrf .i c¿rnt ltcyoncl Ll.rc . O.t .l cvcl. ,

whereas the muÌt'ipì-e R for indiviclual- 1;re-test scores ac-1ai¡s L tota-l

post-test scol:es (Tabte t) is . B7 rvlricrr -is signif icant be1,o¡¿ ¡1,r" . ool

1cvcl.. .t.n I¡ot-,ìr c¿lsr.:s t-l're aror-rs¿r_l (^lì) scolros accoun[- for a sì-grrificanl-

amourìL of variance, buL as it can bc seen j,n Tar¡,r.e l., j_L is lìRC a-r,one

wh-ich accounts for a srgn-ifica't amount of variarrce-

There j-ore, i t nìLìst- be c<,ltcluclc<1 thal- ¡.rrc¡usa.l- .i-ncrc¿rsc:-; c-lur-- j_rrg

Prc-testiirg for cl,ass j.ncfus-ion arc l-iighly r:cl.at.cci L.o posl:-,ú.c-sL 1-;c;:for-

marìcc on nuln]Jer ¿rrld class inclusion, whercas pcr.L'orma¡ccj o¡ vcrl:¿rl

mcâ..cjuraes of class _i,nc ìusion prc-tcsl- oi: L)os-jt-_L-.cst arc not t:o.l_atcc,l t-c.r

post-test performance of lrumber-

4. Training

If any of the indcpeudent- variabÌes

i-ìre mosL accurate ones f ou¡rd in Lhis studv

¡:redrct tr;rining lterformarrce

are f irs t_ , ,-ìçJe , L.hen , total

ì:y DLSI{, tìre t-o1_at score f orc.levelopmental- level score (DLT,) , fol-lorvecì

scr,iat-ion ancl numbcr lTaì-¡ l". ¡ )

A less comforl-able conclusion to l¡e drarvn from thesc resurt,s is

tl-ial- l-raining hars ver)/ lil:tle eff ect upon j)ost-test i:esu,r-ts ,[or numbcr.

Tìre simpte correlatiorrs account for very l_ittle variance (Tabì,e 7) .

Botlì Lhe r:edu¡idancy coefficients and tìre structure coeffj-cie¡ts (Tables

5 and l0) confirm the conclusion that training has very f.iLtl-e effect

upon j)ost-test_ resul-ts for number rls :f:or i Ls cf .l_ect n¡.ror-r posL-tests



rcsu.l,ts foj: class ir-iclursior-t, trairrir-r9 rl_:l ,cars; i.o havc crtl¡cr no r-nf fu_

erìce or a nccJat-i,vc i-trf _luct)cc (T¿rbl-es 7, ) , ¿.Lrrcl lO)

5. rYethodological Issues

It j-s airparen t- that tl-re Geneval developmerrtal fevel, measurc j_i;

¡rerformance Lhan l-he Braincrcl

correl-ations between the

a more acculrate pred.i.ctor: of post.-test

¡udgments-onJ-y measure despite tìre l-rÌgh

measures. The correlati.ons are: class inclusio:r, . B9; seriat j_on,

cf ass inclusion, serial,ion, ancltoLel scores for

number, - B9; and tot-41 scores f or seriation and nu¡iber:, . 93 . Des¡:_ite

l-he f acL. Lh.il- tiìcsc correl,aLiorrs arc so lr i,glr tl-rc clcvel-oprnerìtal- Ìcvcl

scores class-i-fy tral-rsitiolral and non-transi.t-ional, subjects signi.fi.canL.-l,y

J:et-tcr than Lhc judgments-only scores (Tablc ll) . Srncc t_l,re juclgmcllLs_

otl'Ly mczrsurc w¿ì5; thc fj,rsL. clucs;t--i-on i-n tllr: t-llrc<r ì-tr:nl clr-.vcl<;1-rnrcrrt;r.ì

l-evel measure j.n Lhj-s stucìy i], can be concluclcd ìn bìrat it j-s the ext-ra

i-tems in the dcvelo¡-rmcntal lcvel measure, cxplanations and counter_

suggest-i.o¡ls r"¡hj-ch caulje thc develo¡rmental fevel measure to clj-scrimi¡atc

signif icarrtly bette:: ar.rd ì-lave a rower ove rall- error ratc.

13rairlercl (IC)1 l) ¡lrescnLecl a rnathcmatical mocle-l "¡;roving" l-hat- Lhe

f a-lse ncgative rate, f or such a measure as t-he clevelopmcnL.al .l,crrc ì_ uscil

in this studtz would be higher than the falsc ¡-rositive error rate for

juclgnrents-onl1r. rn this study t-.he falsc :-rcgat j_ve raLc for cteveÌop*

mc¡rtal level i s 6, the f ar-se posì.tivc ratc for juclgments-o'r_ì-1r is ,r_B

(TabIe ll) . Thus, ir-r tenns of ove¡af i- error rate and B::ainerc.l ,s (r977)

matÌ-rematical hypothes j,s, the Genevan cleveJ-o¡rmeril*al levef measure is t_l-rc

l.¡est ve rbal response cr j.terion (Table ll )
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Il'ì''al-ly, it shou-rcl l:e Lrotccl Lrrat tlre juclgni:'t-s*orrJ_1r rncasu_ìrc i-si

¡ra::t-ì'crllarrl y -ì'Lia'¡rr:op,riaLc for cl ¿rss i-¡r<--,l.us; i,or.i t_i:sL9;. ,J.,.i..r'¡._, anc.l aqa.irr

sub j ects i'i this stuc-lv gave the ¡ uclgmer-rt bhat- Llrere \{ere-j more f l.owers

on r:)re-test and i-l-rat tr-rere \^/ere more rouncì beacls; on post_test thus
receiving e corre ct juctgment score. llor.",cvcr, t-he ex¡rì-;rratior-ls reveal,ecl

that' t-ircy equaLecl clarsies rvit-h fÌor,vers ancl they equal-c,.cl r:ouncl wrth recl

beads. They had reduced rhe lnc-rusive cat-cgory .o one of its surr_

categories ' rather than subsuming the sub-categories rv,ithi' the incfu-
sive class. The j udgments_or-rJ.y measure carÌno; refÌect l-l_ris

l.rhenome non .

As l'ras Þro¡:osed prev-ì-ously it was ¡:ossible withii-l this stuclv to
Lcsl- Lwo acìd j- t-j.<¡rlaf rnct-hoclol.ogì.cai. Ìrypot-hc.r.;cs rcl,¿rl-ccì t-o tìrc nìciì:jLr:cmcrìr

of t^e galvarric sJ<i'n res¡ronse (GSrì) - IIyl->or-rres-ì-s .l,a: wasi t-haL corrc-L-
ations betv¡eerr base level resj,stance and GSIì (clcflectj_olls) resj,st_
ance dur-ir-rg crass incrusj-o.r, seriation and nurnbe:: corìservation pre_
't-e sts wj'll be smal'Ì and noL sigrri.f icant. This lrypoLìrcs j s j-s a t_est of
I^/i-l'der's Larv of rn.itiaÌ values rvhich I'rol-cls l-ìrat GSIì clef lect_-rons arc
corre lal-ed highly wi't-h basc lcvel r:esisi:ance. 'rhe corre-l¿rtions be tr.recn

base l-evel (ohms rcsistance) ancl deflections (ol_rms resj.si,ancc) for cacl.r

¡rre-tes;t r,ver:e cÌass j_nclusioi_r, l:

1aL = . rb. 'ltìc rìLtnbcr of subjccts

= .09, seri;_il__iorr, r =

was 57.

07 , anc'l number

The second ìrlzpot-ìresis (2a) that coulcl be testecl was that corrcc_
l-ion of chatrge -ir-r GSR scores for: the presnmecl relatio¡rsl-ri-;r oi: c¡ar-ic,e i:o

base level- woul cl ilrcrease the probability of acceptir.rg the nurl-l- hy¡rotÌre-
sis i-n a giver-r ex¡;eriment, because incrudi'rg a colrrection fo:: base .Leve.l

-i n [ìtc cllancjc :ìco]:(-\:; vror-t-l-cì ci:i:icnt,,i,al. I y l.;r: ,irlc'r ì ng cr:r:c-ri: v¡-ll:-i-a¡.lc-.c .i- J, l lrr¡
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clegree of changc l'/as not i:el.¿rt-cd to basc levc-l resi.s {-ancc . ll,lii-, conclur:*

l-ance scores (CON) usecl ilr LIris c_r¡_,erimenl, corrcct fo:: base l.cvcl_

resisLar'.,ce/conductance as recommenclcd by vcnabrcs ancl chl:ist-i,c (.1 g73) .

'rhese conductance scores (coN) c]id not reach sì.qn-ifi,cancc l-evel

itr elny of Lhe analyses cìone cìes]-riLe a r:easolrabf l, goocì corr:elai,roll r,¡rt¡

the arousa-l i_nt:crva.l_ scorcs (Tablc 6). ,I,'c arous¿rl, i_l.tt-crval, scol.cs

reached significance many times, in fact, the results 1ndicatc that
arousal- as measul:ed by tlle Arousaf rrrterval Scaf e accour-rts f or more of
the variance assocj-ated r^¡ith Post-test resufts than any oi-lrcr ¡rre-l-est
measure ' Thus, it can be concf ude d that in this study i:he cor::e1a1-iorrs
- -: r Iwl- tn Elle llase -Level' of changes ili rcsista¡cc u¡der s l-imulal-ion lvere

cssorll-i'al-ì'y zcrot ¿'ltriì Lhat- t:llt¡ corrclr¡cL¿ìnc():ic()l:cFi wlri.cìl cor.Ìac(.rt-ccl Lo.l:

base leve'I res j'sl-ance woulcl have f ed one to accelrt il-re null. Ì-rv¡:otlres j s

when it rvas f alsc.

6. Sununa::y

Four oul, .f f ive of Lhe ma jor r-ry¡:otÌrescs of thi s s Lr_rdy were

conf irnecl by the results of the stucly. Trvo acldj-i-ior.ial methodolog j-cal

hypotheses r^JeLe conf j-rmecl 
_

'Ihe major Ity¡'lothesrs 1_lrat increascs r- n aro us ¿t I r,'ou,l,d i:c f l- c c t
accommodation b1' trans_it

reflect assj,mj_lation by

thc arr-ralyses cìc¡ne. Tì-le

f eve l, (f nl-ieldei: et a j. . ,

rvould be more predicl-ì_ve

Br:ai.ncrcl (I91j) crj.t-cria

ionaÌ suÌ:jects a'd ro increasc i. ar.usa_L rvou.r,cl

r-iolr-transitional subjeci-s v¿as confj_rmed by all

relatccì hv¡tol-l-rescs Lhab tlre Genevan clevcÌopmcnta-1.

l-91 4) criteria for b.ransition olî noll_trarisi,tic¡n

of sub j eci,s pos.L-t-,es t_ perf ornrance thatr tl-re

lvas a.l.so coufi::rnccl Ì:r, [,]lc c¿rnoll-i_c¿r_1, cot:rc_l.al-.i_<tn

analyses and the chi-scluare analyses
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Tr'¡o url¿lnt-ì'ci1;atcd ì:csLl-LrLs vrerc Llìat Lir¿lir-ri-ng \,Jas ])cst ¡;i:r:cììct_c:d

,rtil l ìr, r;¡rilc llti f ,lcl lìr,rl t.llc v,'r'lr, r l{) I

Ìrre-te s l- class 'i-nclus j-on ûì<: asurcs llor thc l)os i-- Les i- cl ass ilrcf us r o'
performance 

'^rere rerated to post-tcst number performance.

The two ac-ldil-,i.onaJ- hypo[ìrcscs cor]ccr:nccl rvj. t-h thc mcasuLcìmc:nt of
the GSR were af so confirmed. Tìre defleci-ions (changes in ohms

resistance) of the GSR correlatlons with l¡ase level- resistcaìrce were

esential Ly zero thus disconf irm.ing t^lil-der 's l-aw of Initiaf Vafues as

being refevant for the measurement of GSR deflections. r¡lnally, con-

ducLanc(] scores wlrich corrccL for basc Ievcl dicì nol- reacl-r sj-gnificarrcc

in auy of the data analyses rvìrereas l-he Arousal rnterval ScaÌe scores

by DevelopmenLal f c¡ve1 mcasurcs and agc, an<l

class incfusion best predictccl ¡tcrformance c,.i.t

which did not correct for base l_evei, accounted

variancc thati any ol-l1er pre-tcsl_ mcasure. Use

aS a measure of arousal rvoufd .have lecl one to

in this sbudy when it rvas false.

tiìat aj:c)l-tsal_ lcvcÌ during

posi--test class incl usion

for significantly more

of conductance scorcs

accepl_ the null- hy1:otl-resis
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l).i :;e u:;:;.i rrlr

This study tested five hy¡:otheses afl of

a hypotÌ-ìet j-cal integrat ion of piaget 's ( l9 7Ia)

equiÌibratior-r, and Arousal i:heoi:y (Duf fy , l_962;

wh,ich wei:e c'lerivecl fi:om

hypothecical- construc t,,

Lindsley, 1951; Mal_mo,

1959) ' tly¡;otì-rescs ,l , 2, 3, aucl 5 reco j.vccl st,rorlg conf j,rm¿rt, j.o' f roni tÌrc

results of tlle analyses performecl

This scci:ion rvifl discus:; tÌte results.il-t te::nls of the thec¡t:eti-cal_

and ti-re conf .irmedimplications of the no'-conf irmecl hy¡:ol-r-resls, 
'umber 4,

lrv¡rot-hcscs;. Àcl<.lir-.i.on¿rl f incì i,ngs; 1-llat rvj_-l_.1_ bi: cl iscr-rssccl rtr Lcrrns oJ:

train-ì-r-rg anilthei-r il'reoretical- implications are the ::elationship of

class i-rrcf usion to the ¡rost-test ::esul.Ls.

I . Ài:ou¡;a.i as ¿r Measure of IÌcpuj l.-i.ìtrat.i_on

I-lypo l-ltesis I : T.'lle rcsults of tìris s;tudy ¡:rovicìed s t_rong conf ir-
¡nation that- sub jec ts who ¡:erformed as corlscrvers on post-tests of number

corlservation af ter training, did have signi_f icanl-l-y l.righer arousal_

scores durì-rrg pre-test-i-rì9 tharì suJ: jects wlro d-id not- benefil_ from l-r¿ri rr-

ing. This l-rypothesis. ¡,vas decluced from p.iaget-'s (l97la) def inition of
equi-l-ì,bratiorr as a biological- autoregula.r_ory process, whj-cl-r crear_l_v

im¡:Iì-cd that the pl:ocess of equiri.br¿l.tion ai- the cogrrit_i-ve rcvel
ut-il-izes energ'y at the neuroprrysiologrc;rì, levef (piaget, r97ra; À,riscÌrer,

I97 I; l¡lavef 1, .1963) . It also f of lowed tl.iat ti-re c.-ral, Þrocesses

subsumed uncler ec;uilibratiorr, assimilation, and accorwrodation, rvould

i'nvol-ve thc utirization of different amouni-s of eì..'crgy. pragei, (_I97la)

def-ines accommodation as ruvolving a rest.ructuring of a schema so Lhat

external elemenLs catl be assimitated. Thus, accommodat.ion would j-¡rvolve
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l,hc uLif -izat- j,olt of mol:c cneÌ:gy l_ìralt ass j.mi. lat.i otr.

By def inition , sub jects are understoocl Lo have accommoclated the j_ j:

schemas, if they do not l;ass pre-tests for numl¡er (class J.nclusion,

seriation anci nurnl¡er) , but do receive higì-r scol:es orì post-tes ts of

number aftcr Lraining.

t- j.onaf sub j ccts ) and sub j ects lvho had assimif atecl (non_ L.rans j_ bioltal

sub j ects) v¿itìl a lower error rale than either verJ¡al measure of accommo-

dal-ion and ass jmi-Lation. Thrs f inding replicates 1-ì-re resuf ts of a sLudy

clone bv Brodsky and Brodsky (1979) . That study also foutrcl thai: the

In this study, high

l.r.ì.tli h,ì-c;lr scorcìs <tr-r numbcr

du::ing pre-test hiere assoc

The arousal score:; classi-f

Scale scores fc¡r

Arousal fnterval

prc-i:es L arousal score s i^rere ì-rigl-rly associated

¡rost-t_csLs. Colrvc.rs;c.ly, .l.oiv aroursal_ scoros

iated ivith loiv scores on numl¡er Lrost-ttests

ic:cl sub_l ects rviro had accommodal_ccl (1,::ans j-*

at a hrghì_y

Ld5l. _

recordecl in

arousar measure ¡:redÍc tecl accommoclation ancl assimi-lation

si-gnifi-cant l.evel on a conflict inducing class inclusron

As furthei: evidencer trral- the ircrease in arousar-

this st-udy reflected accommodal-io¡r, alrd ¿rssj.milation ther:c were sj-x

sub jec I-s drop¡led f rom the stat j,s ì,ical analysis in th-is stuclv l¡ec¿ruse

t-i-rey achì-cved ¡rerf cct pre-tr:st arLcl post-tcst scorcs. T,hcs;c ci-rilcl::e;r

wcr-r-ld have bcclr ¡rl:cdì-ctecì to ìrave shorvn 1 j L r- l c or rìo j llci:cas;r: -i-l) arous¿r

durirrg Ìrrc-r-e.st bccausc.Lher,, woul.d bc a:,;s-i mi,.lai_jnq t-lre pl:e-r_csL i_asl(s

1-o tl'reir schema for iturnl:er invarialtcc 'I'l-rei,r mcaì1 -f\rousal Int-ervaf

Scal-e score used to class if y transitional arrd non_

ti'rc-. l-h::ce prc-t-est--s r,vas :] - 33, rarrcJc lì_6. The mccli.¿rrr

transitional sub jects \t¿ìs 10.56. These sr-rbjects r.¡ouf d have been classi-
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f iecl as rlon-trar)sitiorr.rl, v"rhicrr in f act ,chev r,,er:e. They aJ_rcac11z rlacr tÌ-re

numl¡cr: schcnl¿r in tìtc j,i: rc¡-lct_o.ì,rc.

'rhus, it c¿rn be colrcluclecl l-Ìrat arousal- as measLìl:ecl by Lhe Arousal
rnterr¡ar scal-c (Àrs) r';hife the subjecL i.s performir-rg a piaget:.arr cogni-
t j've tasl< v"il-l ref f ect to a l-ii-ç¡h degrec of accuracy, ¿rccommocìation a'cl

assi-mif atíon as lvell as 1-ransitiona_l and non-tr.ansir-i_onal sr_atus.

Flypothesis 4: The resur.Ls v,rrrich di-d not conf i.rm htrpothesis 4

are particularly relevant ìtere. I{lzpothesis 4 proposed tl-rat .t-ìrere woul-cl

bc 'r higìl cc¡rro-L¿rt-i<¡lt bct-tr¡ccn I-lrc cicrrr:van clcvcr-ojJrlìcntar .l cve.l- sc.,rr:s ¿rr.rcl

arousal scoiîcs - T'ìlc r:csu-r. Is i,rrr]i catc-cr t-il¿it- ¿rr.r-rs¿,r l

orthogonal to both verbal pre_tesi- measures.

'J'll-i's calr ì]c-'-itrtcr:1rl:cLcc,l t,o mc¿tn l-h.rt- t-hc,'cc)rLj.cal arr;.rJ-yscL:,,

(sokolov, 1960) controfs both the arc-:usar response ancì the verbar
l:csponse ' 1'he verbal rcsponse cloes not have to refl,ect tl're cogrril_ive

rccoqriì'l-'j'otl of a discre¡:ancy betwccrr ì,ìrc sub jccl-,s schcma aacl t-¡c [¿rsj,(

requiremenL.s. LIo\rever, if there is j-nternar cognitive accommodat.ion

tlre arousal- response must ref rect it (Beatty ancr wagor-rer, r97g; Bloorn,

19l0 ; 1975; Broclsky and Brodslcy, 1978; Br:uner , 1966; I{ate ancl Strick_

lancì, I976; i{arris and Katkin, I9l5¡ Inhefder et al - , IL)f 4; f nhelder
and Piaget, 1964; Lyr-rr-r, 1966; Mand.l_er , I975; Mill-er, S., I916;
C,-l--^¡-^-^)crìactcr, r964; scrlacr,er: ar-rd singc::, 1.962; sokol,ov, rg60; vaì.ìr.r:;, rgTo)

The findings thaL the dcveÌopmental- fevel measul:e misiclent-ifies rnore

.r¿i'si Iionaf s'l>jccLs t-ìrar r-hc ar:ous¿r-r mc¿ìjiLì]:c sLlppol:ts Irri.s i_l.lLcrr,¡rt:.-

ta1-ion of the ¡:r:obable intern¿¡l occurrences. su¡r¡rort af so comes from

the many studies that have founcl that arousa] measures rr:flect clrscrim-
jnation even tvhen the subject gives no bchav-ic¡ral ev-rdence 1-ìlat he has

\/¿l:: Irt:ul),ll)l.y
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madc a discrirniral-ion (Deatt-y anc-r [,.iagoner, Lglg; r3erryr-rc, f960, _1965;

llr:ocl:;ìiy lrtrcì lìrod:;]i,7, l()"19; I.ll:unr:.1: allii l)9:;t..¡1,ìrì, l,1lijo; Il¿il.c ¿,i<,1 Sl_rjcJ.r-

land, L976; I-rarris and KatÌ<in, r915¡ Lynn, 1966; Mandl_er, LgZ5).

l"ur Lher sup¡rort f or l-his interpretat.ion of the role of the

"cortrcal analyser" is tl-re f ind-ing that the accuracy of ¡rreclicting pos t-
test number scores is increased by using both Lhe arousal rneasure and

the Genevan developmental level measure

own, but the combiuation of two of the

equilibratiou ¡trocess. Äccording to

. Arous¿rl cloes very rvell on its

Ìrypothetical- funcl_ions of the

"cortical- analyser" gives Lr'ìe besr, pred-icLi,on rate for ¡;ost-r_ests, even

I-llougir l-hcsr: v¿ri:j,ablcs aLc aPp¡ìl:cn1-J.y j,nclcpcnilont- of c¿-rclr oLl rcl:. .l,lrr.

perf ormance on the post-l-ests lvas three weeks af Ler ¡rre- l-es i-ing rvhe . t¡e

arousal resllol'lsc was recordecl . Tl're ¡:ost-1-csl- v¡as also Lrúo wecl<s afLer

trai'lr'ing- T'i-tcrefor:e, l-he subjects hacl pìent-y of time and ¡rracLice irr

reorganizat'i-ng tl-reir schema for numl:er. rt ls assumecl rvith some ¡usti-
f ication, LÌrat post-test resu] Ls are a more reliabf e ancl val-icl measure

of the true state of a subject's i<nowfedge tha'either'pre-tesLs or

training performance (i{iì_gard and Marquis, 196S) Tìrerefore, from a

traditi.onal- learni'g poinl- of vier.v, ì-t could be said thal_ 1_he post_

Lesrs rerrect more acclrraLeÌy the ".true" sl,ate of 1,ìre schemas of ihe

"corticaf analyser, " and that. is why both tlle arousaf and develol:men.Lal-

l-cvel' pre*tcs'u mcasul:es correl-atc highì.y rvi.Lìr ¡;ost-tests, l¡r-rl- lrot l.¡i.t-l-r

each otlrer.

'I'he resul- l-s also c.¡ls r-itu i-e co.siclcrable supllol: t_ f or the co'-

strucL vaJ,j.drty o1- p.i,aget's (l97la) I.ry¡rothc l-rca_1, cons l,l:uc1_, thc

Cron)¡acìt ar-rd lrieehl- (l960) val.icla_

tj,on of a hypotl'retical corlsi-rucL is done by the process of buildrng ei



rìorì1of og ical nc: t_ , Tl'rey clef ine

().1-' ,L i t!v:., . 'l'l lL.: l , nv:; rrr ir y r:'tt .l ¿.r {_ r,t

j-c¿rl integrat-ioÌt

ti.on and Arousal

Lindsley, l95l ;

trvo hypo t_hct. ic¿r l-

6l

lronìological- tlei_ as an int-erfr¡cl<ing s;ct

(¿.r) oJ¡r;r:t-v¿rJ.t Ir.: 1rr:.o¡rr:r[_.icr; ot.. tllr.rrrt- i._

a

t ies v/ith each other ; or (b) theoreti-car- constructs to one erìother oL

(c) d j-f f erenc Lheore j,ica.l- co¡rs Lruci,s to one another (I9f:6 , ¡t .77 ) .,,

(a) Tìrree oÌ:servabl-e vari¿rbf es !vere found to l¡e ::el-aLecl to eacÌ.r

otÌ.ler as predicted from tire tìreoret-ical- -integration of Àrousaf i-hcory

and Piaget's (197ra) I'ry¡rotl'relical- collstruct, eqr-rilibration. sub jects ,

post-test scores on number tasks ivere highly relat_ed 1-o subjec1-s,

dcvelopmcnt¿r-l- J-cvcr scores and arousal- (^rs) scorcs fc¡r l-¡c pl:e-Lcsir_s.

(b) Piaget 's (197.r a) theoreticar- conceptuar,Íza.ti_on of trre

relaLionshi¡l cf cognitive mol-ivat-ion to energy ut-i-lrzaLio¡ received

conf j'rmab j'orl f rom tl-ic resuf l-s of th-i-s st-udy. ,sub¡c-:ci:s rvho f¿rj..l.ed t-_hc:

pre-tests and ivho l-rad la::ge increascs i-n arousaJ- duri-ng pLc-.t,ests were

f ound to ¡:erform sj-gnif icantly bctter on ¡:os1,-l-ests t¡an su5jects who

fai-lccl tlrc 1li:c'-t-cst-s ¿¡rlcl cv,i,clcncr--cì .l ,i.t t-l r: ol: no i nci:ca..;r-. i.. arousa L

during pre-tests. Presumably, arousal- -rncreases refÌecting accommoda-

t j'on resul-tccl in tl-re high arousal. subjects' "learni¡rg" duri'g l-raj_r-rir-rg.

Tìrus, tìrere Ís support f rom these resurts Lha r_ the ,,neccl for ,i_nr_erna_L

consistency oi: logi-cat, consisteltcV (Mischel, 197t) ,,' at Ll-re cognii:ivc

lcvel- results ir-r r-rre mobiri-zatio. of erìergy f or ,,rearni_'g . ,,

(c) This s;tudv tested five hypot.heses dcrive.r f::om a þ,,r¡:othet-

of Pi-agcL's (t97la) hy¡roLheLical construcl,, eclulibr.r_

tlrcory Iertrol-]rer hypol_hcbica.l. consl_rucjt,l (Duffy, l.()(,:,2;

i'1almo, I959) . The hypotl,resi_zecl ::e,l_ationsl.r_i¡.¡ of Ilic

corsLrLrc'ùs from criffercnt-- tÌrcor-ì.cs rcceivccl strong
sLlpport from the r:esul-ts of this study . T'lrercf o::e , tìrc resu-1. t-s of th.j-s;
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study can bc .sai,d to rneer- al I r-hrcc oi_ cr.onb.lcÌì al.ìd I.rc,-clil ,s;

criter-ia for co¡-t:;i--Lt.ìct v¿l l i clati.on.

( l9f;6 )

2 - I'lethodological l_:;_cr-rcs

IJypothcses 2 -rnd 3 concerned t.c vaJ_idi. 1-y of trre ,¿v",o verba,L

response neasures of transitional status. Tìrey hypot)-resizecl a c_Loser

reÌationship betrucen the more vaf icl measure and al:ousa1 , ancl transitio.a l

status as deLermined by

measure was iry¡>othesized

sLatus i_han t_he IJi:a_i. lrerd judgment-on_ly measure As sLal,ed prcvi_ousl,y,

Àrousal- and develo¡rmental fevef r./ere together trre most acc,Jrate preclic-
tors of post-te'st scores. A1so, as l-hc rcsul-t-s inclicar-ed, cleve-Lolrrnc'tal

level- scorcs rr:ached significance afonc i.n 1-hc:ir a):ì-lity to prccri_c1_

¡-rost-tes1, SCOreS, wltereas; tlrr¡ i'c1qme'L.s;_or-rl.y mcarsut:c never reacìtcci

sign-if ica'cc ' using Braine::cl 's (rg77) cr-rt-cria r-or tllc J¡est Lcsr)oììs(ì

measure, the overall- crritolr raLe, i. c,.. , i-irc coml¡inccì rate of f alsc nega_

l-ivcs ancl f¿r-Lsc 1-ros-ì-1-ì-ves, Lhc clevcJ,opmcntaf Ler¡el scorcs r^.,ci:e c.r.car.l.v

better tÌ'ran judgmenLs-onl-y at class-ifying subjecl,s as trarsii-ional a'cl

non-Lransitional. Braj-nercl (Igll) also presented a mathematical

post-testing.,Ihe Genevan developmentaÌ level

to be a more val_id measure of t-l:ansi_t_i_onal

hypothesis thal- i:he false negative rat_c, for

develo¡tmental scorc used in this si_uciy, wou_lcì

such a measurc as l,he

be ìrigher i-han tÌre false

¡rositive error rate f or iucìgmcnLs-only. Tn ai¡solute 
'umbers 

.t_ìre f alse
¡:ositive rate in trris stucry for judgmcnl-s-o'ly r,vas i_hree ti,mes the
faf se negative rate of tìre develolrmentaÌ f evef scores _

Ïn tiris study tÌre same subject rvas rated on ]¡oth measures As

notecl before, juCAmer-rt i,s Lhc fit:st ston

prob.lem wi th thc j udgment*onl-y metllocl j-s

of the Cienevan metl-rod. Tllc

that onc clucstJ on per task -i.s
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noL a Iargc cnougl'r s;arnl;,1.c of tltr,: su)t-j c<_.f:r;' Ìtcllavi

Lhc question r:t:c1ui ri r.rg a iuclcJmr:n[, rrrasi as].tr:cl i_iu,i cr

'jt.'. fl, tìr.i :: ;;1-¡¿7

for c,'ach [,as]{., anc,l

even Lhcn. t-he judgnrc'rl--o']y scorcs rverc: llot re-Liai¡le or va-Iicl. ,llrc

tlcvc-l.o1lnr:nt¡.r.1 Lcvtt I nr:l.,itocl Lr t j. ] i ;:r:t-i :; i;l :,;irnr¡., 1r:r; c.ill vc¡.Jr¿_r I lrrtll¡rv j.or i¡r
each tasl<' From a psychomcti:ic Poini- of vicr.¡ tho larger t¡e r-iuml¡cr ojl

items in a t-es r- trrat sam¡rres a behavior¿i1 crom¿ri, of interest , trrc

cJi.caLel: thc rcl.i.abi.l_i_t_y of t-hc Lcst- (AnasL;rsi,, J.9(;tJ; Cr<:r_.1r, .l97U).

Va]idity in 1-his case appears to turn on havi'g a measure of the child,
abil1ty to explarr his j ucìgme^t and resi.st couìltersuggesti_o'. r t was

the variance associal-ed wi1-h expranations and coul-ltersuggestions tilat
discriminated betweerl transiL-lonal and non-transiblor-ial staLus srgnrfr-
cantly better than ;udgments-onJ-y by itself. During t.he experiment

t j'rne aird aga-ir.r the j uclgmenl-s werc corrccl-, Ìrut o.f- l-err thc ch.j,.l-d c j. bìlcr
coufd not expra,in or give a correct cx¡rranatio'. Not a si.gre sublccr_

9avc an i-ncorrcc t j ucrgrncn L wi r-rr a correc L cxplar;r tio. .

'l'ìrr-' clc:vr'-r.oLnn(l.ta-r- l.cvcr l sìclorac\fiì r'r. {-crcì [-c> c.r.¿*;s; i Iv rn.r:c_. cìr.i..r.r,r rt:,
as faÌse negatives i-han eitrrer trre arousar or Lhe judgme'1,s_orrry

measure, but trrc d.if fc.¡re'ce !vas not grcat. Also f ar,se ncç;ai-lvcs cl_is_

criminate aqainst thc Genevan hypotìresis, that only transitional sub_

jects rvill respo'd bo trair-ring, since faf sc ueg¿rtives are cÌri-l dreu r,virct

are in f act trans itÍonar - rn particuì.ar thls tenclency .o have grea.er
farse negatives r,'ourd increase trre proba):ility of ;rcce¡:ting 1_rre nurr
l.rypot'hesis ' rn tl-ris stucly the Genevan <level,opmer-rtal level measurc did
so rve.l-I l¡ecausc it is extremcfv accural_e in j.clet-it-if¡,,ing non_trans_j, l_jona-l-

subj ects .

'.t.'hc ¡.>rob.lcm o-[ which mr:t_hoc]

itionaf st atus camc about. because

rs appl:opr¡_al-c for asscssì.ng t_ratÌs_

of the conl,roversy over rvhether
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childrerr learr-r bv accretion (che f carning irypoLhesi.s) or l,¡ìreLhe:: thcy

learn because they ìrave t-hc appro.¡:riate cognil-ive schemas to,j_111-r:crrr1-r:

the informat-ion ¡jresentcd t-o r-hcm (Bra:i.ncrcì , .LC)-l 3a, rgl 3b, )gJ4, .L9-Ì f ¡

rnhclder ct 41., r974; LarseÌr , r9'7f ) . .r.hus, nr:t only are {-he mcr_h<¡cls

d-if .fercrll- for .rsscss j,rtg tlrarlsii-iona-l st-aLusj, l:ut- t-lrc cr.i,Lcri¿r usccl for

deLermining whether 1,he subject "fcarned" or not are dj-ffererrt (13rain-

erd, r91'7; Germair, Lg6g; Ilaf forcl a¡rd Fuf lerton, rgTo; Henry , ).g7€>;

r-a\'u'son ct al-, r974). r'or cxampl-c, Lhi.s sLucìy usccl t-rrrcc r)osL-t():ir,s

and scored them witl-r the developmental levef measure. studies rvhj_ch

use judç¡ment-only to assess Lransitional stral-us typica.lly use jucÌgme.t--

o'1y to sc-orc pos l-- t es r-s , Llrc cri t-cr-i-o' pcr f ormarcr: .

The question is which verbaf response methoil is a more valid

measure of tìle child's understandir-rg of the number concept. Give' tl-re

presenl- dÍcl-rtomy of studies in the I j-1-eraLurc thai- clues Lion c¿Lnrrot be

answered- i{olvever, the resul.ts of Lhis study can begin to aì-ìs\der ¡hat

question' Three methocis: of assessing transiLional s{:atLrs wer:e used j rì

thì s s1-ucìy ' Tlrc most accul:ate neasurc was {:hc al:ousal measLìrc. Al:orlsa,l-

level duriug pre-1_esting was highly preclicLive

as measured by develo¡:mentaf levcl scoros. If

measure was noL accurately assessing the chj.l,cl

of ¡-:osl--test performance

l-he clcvc.l.o¡rmcn l-aJ l_cvc.l

's undersl-anding of tì-re

lcvel during pre-tes1_ir-rgnumber concept there

should be re1ated to

during pre-iesting d

during pre-testing,

is r-lo reason r,vhy arousal

post-test results. trurthermore, the arousal l_e.zel

id not correlate witìr developmer-rtal level, scores

but r..¡as corre_Lated wil_h developmental fevel sccrcs

during post-iestirrg. Therefore, the level of arousal cìur1ng pre_testing
cannot be attributed l-o the differences betwecn the two me1-l-iocls of
assessmcnt cìur:i.ng l)rc-tes t_inc¡.
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trJ-nalÌ-y, arousal rcvcf du::-ing prc-b.csLi_rrg ¡,reclicLe¿ post--r-es,.

deveJ-opmental ,lcvel scorcs much more accuratcly tharr Lhe prc-i:cst:

developmental leve f scores. Thus, it can be concluclecl thal- ihe cleve.l_-

ollmental level neasure is a ntore valid measure c¡f the ciri.lcì,s; levcl of

Ì<r'rowledge bot-h a[ ¡¡rc- tes t- auc.l pos L-tcst, ).lccause arousaf c]ocs uot

ref -lect the cogniL ive content of corl_ical acl,ivity; it ref lects an

increase in cortica-l ac i,ivity , whicl-r signif ics Lhal- t-he sub j e ct has;

made an orientatj-olr reaction response, thc mearrj-ng of ,"vhiclL can or]_v Ì¡c

interpreted in terms of the content of Lhc behavioraÌ respo'rse and

l,ìrc-. s l-imu_l_r-rs s,i turat i,ou .

The resu ì'i-s of this sl-udy comparing Lhree measuresj of 1-rans-i.t-ion¿rl_

status strongly support the conclusion tl'rat of the.Lr.vo verbal- measures

Brai-nerd's judgmeni,-o'J-y ancr Lrre Genevan creveropmenr-al -levef ; trrc:

Genevan cìevelopmental- l-evel is a more rcl.ial¡l-e ancl vati.d measure of a

child's level_ of understand_i,ng of number.

3 . Trarining

The resuri-s of this study found r-har- ¿.gc accolrni_ed for mosL of

tl-ie var'iancc irr traì-nlng ¡rerf ormance , f o,l. l orvcd by Dl,T , to l,¿ìl r-ìevclo.1:-

me¡rtal- 'l-evel -scorc and l-hen DLSN toLa.L dcve-Lo¡:mcnLa.L.l.evcl score for
ser iat ion and nrrmber . Holever, none of tlicsc¡ varia]:f es account.ed f or
vcry mucìl vari¡rIrcc ¿rs thc h j-gì-rcst- sì.m¡rl.u corrcl.¿rLiorj \{as .43 f or Dl,sN

rv ith trairring. Furthermore, Lra,ininE ¡:crf omance was f ouncl 1,o be

essen'Laa-Lry unreJ.ated to post-tes1- performance on the number post-tes Ls .

rt rvourcl be difficurt to inter:pr:et the t_asl< as ¡ol, teacrrir-ig

number, as it is testecl b-v piagetian tasl<s for number conserval_ion.

rndeed' half the subjects were asked at Lrre end of Lhe training, how

I-hcy tuere abLtl 1-o pick tl-re rj-gì-rt set o.f clo.ll,s. Dvcj.y chj-l-cl wlro hacl
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achieved an et rorfess pcrformance orr irain,ing by tìre last clay answercil

by sayt'-ng "vou couni:. ,' The cìrildre¡l who cl_i_cl noL ¿,ìchievÈ ¿rn crror_Less;

Ðerfornìatlce usuaJ,ly

f rt j-n tl'ie becls; " .r

exception was one I

gave as âû éulsrr'elr, "yoLì havc t_o ii-ìcl Lhe dol,ls i_hat

varj_atiolr of tìre ì:ra.rining c_l j_recl- j,ons - T,he onlr_z

ittle grrl, rvho i,old tÌte ex¡rer.imentei: l,Ììai: to gct

bu L t_o coltrì L vr,,rs clrc_.al-.ì ng I Tllc oLhc;: li¿r_l,f

be observed. to )¡i_- coulnLj.rrq the se,cs of clolÌs
usuaJ-ly ou{: -LoLlcl . Furl-her:more, the task !,ias origì-nal1v chosen J¡ecause
j-t was used successful-ly i-o teach chi-lcìren nLrmber before (Lialford ancl

['ullcrton, ],970) .

t-hcn rj,ght yoLt mlrst_ counL

t.hat were not asked could

The only

r.(ìr;u,1.IS .ì.:i IllaL

exp-lanation that a¡:parenl,ly can accounL for tl-resc

i n ;rny .l.t:ar:rr,i.rrg cxllcìì: i.rnr:nL, cvon \"/j.Lll .l.caì:¡ìj.rìcl t_ö a

criterion, rvherl retenti-on is tesi:ecl after a period of Lime a certai n

proportion of subjects "forget" whai- L.hey learned (FIilgarcl and .tiarcluis,
1968) - To translate trris i¡rl-o piagetiarn tcrns, piaEet f,sàÐ r,,our-cl

predicL that chilclren who were i-ra.isitio'al would accommoclat.e 1-heir

schemas, and if trained they would rear-n trre irer,¡ concept and ret,ain it
ovcr l- ime ' Children ''vlto i,rere non-trans-il-ional coul,cl Learn to count,
and learn trrat counting was neccssarv to get trre ,,ri,grrt,, scr_ of crorls.
Ilorvcvc,-r, rvh.r1- L--lics;c sub j e ct_s j n t jt.ì s st_r_rdy obvi ous Llz cìi cl ltot, noLtcc lv¿ls

that s¡:acing a'd ler-rgth of tl-re rov¿s of 1-he doils \.ras nol- rel¿i,cecl t_o horv

m;rrry cioÌls l-lr<,_.rc rvcrc irr a row . T,ite f l-rhe.l,clcr c ì_ al - (l ()l 4) Lasl<-s f or
number uLiÌizc s;¡:atia-l transf ormations of cclual numJ¡er Lo\,rs ol: circl es

of oblects' The non-transitional subject interprets the spatì,al trairs-
f ormations as cìianges ir-r number -

'rhus, ti:arrs.ir--j.on.rl, ch.ir.crrcn as i_crcnt-if icd by [_]rc arousa.r. mcasur:c
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¿iltci Lllc <Jr':vcJ'opmcrlt¿r.l-.1 cvc-l mc¿ll.;urc -l.c¿rrllcci thc col-rccl)L of ¡umbcr

-ì'nvarl atrcc, t¿llci:c¡l:: t-hc ¡ron-t,r¿ìn:j j. t- j,ona.l. clli. lrli:c-.n Ir:¿r.rlr.cl ltorv to coLì rìl-_

the dolls, but did not learn

chilclren did noL cven fearrr

number -i rrv.rriance

Lo coult l- the do-l l- s

Another smaff group of

lf Lhe learninq b;,

bcclt a good corrcla-

If the cognit.ì_ve

l-here should have J¡een

The

accretion hypol-hesis is correct there shoufd ì,rave

tion betv,'een traini_ng and ¡:ost-test ¡lerformance.

lcarn j.rrq ìtypotìresis of tl-re Genevan's is corl:ect,

a low corref.rti-on betr.¡ee't-raining anct post-tesi_ performance

Ial-ter wcrs the case i-r-l l-l-ris stuclv.

Frnally, afLer age, tl-re otrly pre_test- measurcs to accounl, for a

sic;nì-f icant ¿ìmoun t of totaf variance of the ir-rdependent variabl-es rv j-t¡

l-rain i-ttg , wcre t-he clevelollmcìl t-af l-cvcl scoLes . T'hc-se resuf i-s i'.lical,e

lrhal- , cvcn Io¡: Lr:eri,n-irrg , Lhc cìcvcl,o¡.rmcn ta l, ].crvc.l- nrca-surc ,i.s a 
^.rc_. 

va.l,.j_cl

measure than the ¡uCgment-only measure. Presumably, the develolxentaJ.

level scores do l¡etter here because they are consister.rtly 5etter at
identifyillg llol-l-transii-ionaJ- subjeci:s 1,han the ¡udgme¡L-only measure.

Tl-re results of this stuc]y sulrlrort the hypo{_hesis of tl-ie Genevans

that only chil-dren in trans it ion wi tl responcl to trainì-ng (rnhel-der et
af ., )-914; Piagel-, 197lb) .

4 " CIass Inclusio¡r

"À1r l-hat 1-ìrc operatior-ls constitutinq uumber, .i. c. , one to orìc

correspolrdence (with conservation of the resufting equivaf ence cìes;¡:ite

il'i-fft'rrc'ccs ir sher¡rc) or simprc rc¡rct.ì.Lio'oI u.,i. l-r, ( 1-r-] = i); )- r,).

= 3; etc ' ) requirc are the adclÍtive groulrings of c.lassi-f icat--i-on ancl 1-hc

scrialization of asy,metrlca,l- re,Lations (ordcr-ing) ; but, 1,hese are

blcrlclccl inl-c¡ ¿r s j-nglc oPera{--ì-o¡l.rl wllolc, s;o r-ìraL urnit I -ls s imu1t<ìl,lcclusl r.r
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an c.l.cmcnt j.n ¿ c:.1.¡ss (.l j nc.l.L¡r-ì cr1 i.ll 2 2 i¡r 3, r--t-c.) ,:rlrcì jn a scrir.r,

(f irst I precedir-ìg Lhe second 1, etc. ) (piageL, l96O , p.144) -,,

rn oLìler rvorcls, Lhe understanding¡ of Piaget's number corcelrt

cle¡:elrcìs u¡lolr tìrc chi-.1-c-l 's uudcrst-anclinq of cl.¿rs¡; j.¡lcl-L-rs.j.oa ¿rncl sr_.r: j.aL j_o'

The resul-ts of this study confir:med that tl-re number concept l-ested was

rclat-ed t-o sc_'r-i at_ion, but- l_l.rc verbal- mcasurc (clevclopmcnLa.l_ f cvcl) of
class inc-lusion t'¡as not related 1-o either serlat-ion or number: - Nor r,ras

class i-nclusion reratecl to the post-Lests of num.J¡er. Not one subjecl-

our or tiìc or-rg-r-na1 57 subjects ¡rassccl c_rass incr_usion du::_ing pre_

testing' There were four subjects who receivecl a passing score oì1 
'ost--test cl-ass i'clusion - Two of tÌrese sub j ects were clroppec-r f rom tÌ-re

s t.a L,i.s l_ical- ana-l_vs i s

seriation and number,

ol:her Lwo h'ere among

had per:fect scoi:cs on

becausc Lhey Ì'racì lrcrfcct-:jcol:cs on bol_ll 1:rc_test_s

and perfect scores on botìr number post_tesLs. The

l-he l-9 1-ransitionar subjects. These subject-s arso

post-test

t-he corrtr,i,l¡u L.ion

t-llc trvo numbcr lros t_- t_es l-s 'l'he mosl_ frcqurenl,

score was zero for alf subject-s. Thirì,y-sevcn subjecl-s out of 57 scored

zero on post-tesL class inclusio¡r. A recent review of the research on

crass inclus ion concl-ucled that- relat-j-onsl-ri¡r of class j-ncrusior-r to other
cognitive deveropmentar schcmas is uncrear (r,.Jiner, lgB0) Trre

unantici¡rat-ed rcsurts of thrs stucly rnay sl-rccì somc l-ì.ghb on l-his ¡rro¡J-.:m.

Arousal levef durÌng ¡rre-tcsi:ing for cr-ass -incr,ussion is tl-rc o.J_y 1r::e_

l-est measure that is sig'ificantly relatecl i:o i_he total

results. As mcnt,ionecl in tlte resuf ts it rs a¡r¡tai:er_rt_ty

of arousal class incrusion (ÀRC) to the total scolre for total arousal
(AlìT) th.rt re snl l_s .in tìlc t_otal arousal scol:e (^RT) ci,arssi_J_y,Lng Lrans-i__

tional a¡rd non-trairsition.rl- subjecl-s on {-hc two rrumJ:cr. tcsts }¡ctbcr i,h.rn



the t<;ta I arous¿rl

There are

Piagetian number

number concept.

tes Ls are _ì_nan¡:r-o¡:riate tests

'Ihis may be because as piage t:

(r l)

i-his ¡;henomcuon. (l)

of P-iaget 's (.1 960 , p -l_44)

(f 960) says : "I¡ur t-her-

by number j.nvariance

i.nclusion, and then the

sÌìovred -ì-nrgc incrcases,i_n

also slioivc¡l incrcascs in

.icore fo:: ser-ì_at j.on ancl nu¡nl_rei:, ARSt\ (TaÌ:l,e ì,1)

Lwo possl-blc' cxu-Lanal- j ons fo.r

more, as soon as Lirese addÍtive groupings are acquirecl muÌtipl1_cat j.r,,e

groupirrgs are immeclial-el-y understood in the form of correspo¡dence

(p.la3) - " Tì're rnìrel-der et aJ-., (Igl 4) number tasl<s can be done i.f t,ìre

cl-tild only understancls number invarì.ance, i . e . , i,ìrat spatiaÌ transfor-

mations do not change nunLber. Tn otller rvords, only adclition and sub-

traction need 1,o be ulrderstoocl i,n ordcr to do the tasl< . The nncìers l_alrd-

rng of the principle of multiplicatÍon is not necessary_ Irowever, it

is clear, from P j,agcl-'s above clef ini,tion, t_har_ class inclusion is;

llcccss¿ll:\¡ llor t-irr: unclt:r:st-¿rnil.ing oI nlr-r,ll,.iPì ic,rt-ion. (:¿) ']'lrrr oLlrcr:

¡rossrbi-1 itv ls tìral- Lhe unders tanding of 1l ì-.rc;e L 's f nlI l-ruml¡er concepI

is dcpendeut u¡)ott tìle cLri-Icl belng j-n <lec¿rl.¿rclc for both c.l-.rss j.nc-Lusj,on

and number invariance. rf this is the ca:;c L.hen atl_airlmcnt of Lhe

fuIl number concept as piaget (1960) dcscribes it, woul-cl Ìte dependenl_

upon the understanding of seriat,i.on, follorvecl

(addition and subtractiorr) , follor,ved bv class

full number concept (mulfiplication) .

The resuf t-s show thal_ tire subjects, wl-ro

arousal during pre-testing for class inclusion

arousa-L during ¡rrc-ì-c s t_ing

sub j ects r,vho unde rstood tì-re

numJ¡er post-tesLs.

Tìrus, tllc_.rc arc trvo

for seriatior.r and number. .l.hcse rvcre the

corlcepl- of lrumber: as defined b1z tl-rc t'n;o

clucstLotls which ar_isc fron L:ìris sl_Lrclv t_h¿ìtl
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cÌ cscr:ve fr-rrtrror i.ilvcrs;t-igai-.rorr. i\rc i--rlc: rnhclclc:.r ot a.r, (rg74) t-csi:s;

tion of the number concept? Does tLle attaÍnnent of crass i.nclusi.c¡n

occul: before or: af ter number ilrvariance? Tl-ie r:esul- ts of th j_s st.uclv

tenl-ative-ly indicatc Lhat cf ass i nclus,ion occurs af Lcr numbcr irrvariance
and that LÌre chj-ld who rvil-1 l-earn numJrer j-nvariance is in decal_age for
both cl'ass inclusion and number invar-iance. Given trai'ing for number
j-nvar'i'ancc such chi I'clren ,j-n 1-hj.s sturcly att-¿-rj-¡lr:cl ¡lumbcr .j,rrvarj-a'cc l¡ut-

not cf ass i nc lurs ioli .
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5. Concl-usion

Tirc rcsul-t-s of ¡h-is s r-udy of tlle relal,ionsh.i.¡.: of 1_Ì-rc irylrol-l.re1-i-

caf cons t-ruct arousa.l- to piaget 's (l97la)

equili.bration, 1:rovide s Lrong conf irmation

the different amount of energy utilizatlon

processes of cquil.ì-bratj.on, accommocìal-ion,

hy¡:othetrcal- construct

that arousal changes

hypothesized for Lhe

and ¿rss j-milat.ion; dur

refl.ect

dual

ing thc

perf ormance of a Piagetian cognitj-ve task. These resulLs vrere also

found to f uIf il-.I Cronbaclr and Þteehl- 's (1966) criteria f or construct

v.r-l.i.clati,<¡¡1.

rt was also found that the Genevan develo¡;mental l_evel measure

\^/as a more reliabÌe arrd val-id measure of transit-i-onal- sì-ai:us than the

Bra'i'nerd (L91 1) juclgmclrt-onJ.y mcasurc. 'J]hc Gcncvan met-)rocl mct- sl,at-ì.s;-

tical significar-rce criteria, as wetÌ as Brainerd's (Igl]-) criteria for

the best vei:bal_ response measure. The mos i: accuratc measure f or cl-ass-

i,f ying trarsil,io'¿r.l s t-¿ì t us w¿rs L-he arousa l. mcasui:cr

Training was found to h¿rvc a low corre_l.ai_ion v¡it-11 pos.r--t_esr,

¡>erformancc - It rvas corlcrucled t-hat. this v,¡as becausc both Lral'is,i-Li.on¿r.1.. .

and non-transj-tic.¡nal subjecLs pcrformecl rvclf on Lhe trair-lir-rg l-ask, Ì:uf,

1-he transitional subjects learnecl number i-nvariance, and thus performed

v"el-1 on the ¡lost-tests - Ilottever, the lrorr-transit jonal chil-dre'l Ìcarnecl

only to count the dorls, tlrus doi'g poorly on the post---tests. .As

furt-her evidence for this -inter¡:reta1-ion it was found t-ìrat only the

deveJ-o¡,mcrtal level measure, which accuratc.ry classifiedl no.-

transitional subjccts, predicted training performance.

F-ina11y, the findir-rgs, tìrat arousal. during pre-tesL c,r,ass

incl-usion was higl-rJ-Y ¡:redict-ive of post-l-est performance,. whereas tl.re
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verbaÌ measurc for Ì¡ot--h c.ì-ass; irrc.Lusi-orl r--csìts r.¡cLc noL.; \rcrc i,¡rLcr-

preted to mean: either the Inhelder et a_L. (Ig14) tests of ¡rumber were

ina¡:pro¡:riate measures of piaget ' s ( 1960) number concepl-_ , or tlìat cla ss

il-rc-Lusion occurs af i:er numbcr invarj-ancc. À hlzpol-lresis vJas l,rc¡pc¡:,;crl

integrating thesc tivo j-ntcrprei-at j,ons; 1-hat thc ilevr:1o1;mcnt of ll j-aqct ,s

( 1960) number cot-ìcept ¡:roceeds f rom unclers t-ar-rcling seriation, to number

j-nvariancc (aclditlor-r ancl subtractiolr) , fol. lor,¡cc.l l:y class j-¡c.L'rrsj,on ¿rrici

then the fuÌ1 number concept (mull-iplrcation) .
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Table 5

Canonical Corr:elation Anal)/sis: Redundancy Coefficients:

squared I'lurtlple correlations of Each rndependent variabfe l^lith

Eve::12 Other Variable in the Set

Variable

Judgment-only class inclusion
seriat.i on
number

DeveJ-opmental Level class inclusion
se riat ion
number

Conductance cl-ass inclusion
ser iat lon
number

Arousal In1-erval- Scale class inclusion
seriat ion
number

JOC
JOS
JON

DLC
DLS
DLN

CONC

CONS

CONN

ARC

ARS

ARN

R Squared

.867

. ÒJt)

.9t3

.867

.iJJ L

.9r5

.l 40

.806

.869

.87 6

.849

. B0t-

Squared Multj-ple Correlations of Each Dependent
Variable with Every Other Variable in the Sec

Variable R Scuared

Training

Post-tests class
first
second

inclusi-on
nurnber t.est
number test

TRATN

POC

PON

POP

11

.o7

.75
?o
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Tabfe 6

Correfations of Redundant Independent Variables

Arousaf i"leasures Verbal ù{easures

ARC - CONC .6¿.

ARS _ CONS ,56

ARN - CONN .6]
ARSN - COSN -61

ARl' _ CONT .63

DLC - JOC .89

DLS - JOS .89

DLN - JON .93

DLSN - JOSN .93

DLT - JOT .89

ARC = Arousal interval scale class incl_usions scores.
ARS : Arousal intervaf scale serlation scores.
ARN : Arousal intervaf scale number scores.
ARSN = Arousal interval scafe total scores for seriation

and number.
ART : Arousaf intervaf scale total- scores for cfass

inclusion, seriation and number.
CONC = Conductance class i¡rclusion scores.
CONS = Conductance seriation scores.
CONN = Conductance number scores
coNS = conductance toL.al scores for seriation and nu,nber.
CONT = Conductance total- scores for class inclusion,

seriat'ion and number.
DLC : Developmental level cl-ass incfusion scores.
DLS = Developmental level seriation scores.
DLN : DevelopmenLal l-evel number scores.
DLSN =' Developmental l-evel totaÌ scores for seriat.ion and.

number.
DLT : Developmental Level total scores for class incrusion

seriation and nurnber.
JOC : Judg,nrents-only class inclusion scores.
JOS = Judgments-onl1z seriatiolr scores.
JON = Judg.rnents-only number scores.
JosN = Judgrnents-only Eotaf scores for seriation and number.
JOT : Judgments-onJ-y total scores for class inclusion,

seriation and ¡rumber.
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TabÌe 7

correl-ation of Pre-Tests and Post-Tests with training scores

Post-TestsPre-Tests

Judgments-OnIy
class incl-usion
seriation
number

Developmental Level
class incl-usion
seriation
number

Arousal- Tntervaf Scal-e
cl-ass incl-usion
seriati-on
number

Conductance
cl-ass inclusion
seriation
number

Pre-Tests

Class inclusion
-.06 Number test I
.24 Number test 2

.33*

,o*

1A

.20

.22

.20 Age -4I4**

.I4

.25

.01

.18

.38**

Post=Tests

Judgments-Only Number tests I and 2 .3O*
seriation and number .40** Cl_ass inclusion,
cfass incl-usion, seriation and number .32* number tests l- and 2 .2-73*

Developmentaf LeveI
seriation and number .43**
class inclusion, seriation and number .37**

Arousa] Interval Scafe
seriation and numbey .22
class inclusion, seriation and number .20

Conductance
seriation and number .2O Acrê Al|*x
cfass incfusion, seriation and number .2I

Correlation of Post-Tests with Each Other

Post-Tests

Cfass incl-usion - Number test l. .24

Cfass inclusion - Number test 2. .26

Number test l- Number test 2 B5***
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TabLe I

Canonical- Correlation Ànal-ysis Between Tvo Sets of Variables:

pre-Test' .l'leasures (rnd¡:endent Variables), and Dependent

Variabl-es, Training and Post-Tests

Pair of Canonicaf
Variates

Canonicaf
Correlat ion

Eigen Chi-
Value Square df

. 866

.691

.549

.430

.150 l07.gg*** 48

.418 50.4_t-* 33

?^l îf 
^a

I O( o tra. ruJ o - -)L o

¿U

P < .05

P < .01

+++

P < .00-l-
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Canonical- Correlation Analysis: SLandardized Coefficients (Loadings)

First Pair of Canonical Vartgl3e
Independent Variables Dependent Variables

Judgrnents-only crass inclusion (,loc) -.544 Training (TRATN) - _o5l
Judgments-onJ-y seriation (JOS) .428 post_test class
Judgments-only number (JoN) .tB6 j-nclusion (Poc) .431

Developmental Level_ cl_ass inclusion (Drc) -64j Post-test .l- nuinber

Developmental- Level seriation (DLS) -.4r0 (PoN) .4or

DeveÌopmental Level number (DLN) -2j2 Post-test 2 number

/ loConductance cfass incl-usion (cotlc) -.073 
(PoP) '-rÕ

Conductance seriation (CONS) --025
Conductance number (CONN) .395

Arousal. Interval Scale cl-ass incl-usion (ARC) .857 R. = . 866o*
Arousal- Interval Scale seriaiiotr (ARS) -.566
Arousal Interval Scale number (ARN) -089 Variance accounted for -/5\

Second Pair of Canonical Variates
fndependent Variabl-es Dependent Variabl-es

JudgmenLs-onry class lnclusion (Joc L.445 Training (TRÀrN) .366
Judgrnents-only seriat.ion (JOS) -.I72 post-test class
Judgments-only number (JON) .613 incfusion (POC) -.7L9

Developmental Level cl-ass incfusion (DLC) -r.2ga Post-test -L number
(PON) _.442

Deve,_opmental Level seriation (Oi_S) -l-93 post_test 2 number
Developmental Levef number (DLN) -.213 (pop) -895
Conductance class inclusion (CONC) .199

Conductance seriation (CONS) .164

Conductance numbcr (CONN) .?02

Arousal rntervaf Scal-e class inclusion (ARC) -I . 366 R. = -69-l*
Arousal Interva I Scale ser_iat ion (ÀRS ) f 069

Arousal rnterval sca_Le number (ÀRl,J) .2,¿l variance accounted for 4íi?;'

p < .05
**.p < .001
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Tal¡le I0

canonical correlation Anal-ysis Structure coefficients :

correlation of Each variabte in a set. wi-th its Canonicaf variate

First Pair of Canonical- Variates
Dependent Variables Independent Variables
Judgments-only crass inclusion (Joc) -.069 Training (TRATN) .2o3
Judg:ments-only serj-ation (.tOS ) .056 post_test cl-ass
Jud.gments-onÌy number (JoN) .639 inclusion (Poc) -644

Deveropmentar Level- class inclusj-on (DLC) . 116 Post-test I number
(PON) .878

Devel0pmentar- Lever- seriation (DLS) 'o20 post-test 2 number
Deveì-o¡xnental- Level number (DLN) .7 jO (pop) . 868
Conductance class inclusion (CONC) .65I
Conductance seriation (CONS) .598

Conductance number (CONN) -62L
Arousaf Intervaf Scale class incl-usiorr (ARC) -694
Arousaf fnterval Scale seriation (ARS) -47A

Arousal Interval number (ARN) -567

Second Pair of Canonical Variates
Dependent Variables Independeni- Variables
Judgrnents-only class inclusion (JOC) -.086 Training (TRÀIN) .616
Judgments-only seriation (JOS) .051 post_test class
Judgments-only number (JoN) .334 incfus j-on (PoC) -.605

Developmental- Levef class inclusion (DLC) .3ll Post-test I number
(PON) ,204

Developmental Level seriation (DLS) -Lg2 post-test 2 number
Developmentaf Level number (DLN) .2J6 (POP) - 480
Conductarrce class inclusion (CONC) .I40
Conductance seriation (CONS) .ZZl
Conductance number (CONI.I) .452
Arousal f nter¡.'al Scal-e cf ass inclusion (ARC) . ÌlB
¡lrousal rntcrvaf Scale seriation (ARS) .3iL
Àrousal- Inte::vaf Scaf e number (AIìN) .4g6
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Tabfe 12

The Correlation Coeffj_cients of Arousal- Scores (AR) Iri_th

Genevan Devel_opmental- Level Scores (DL) and with
Brainerd's Judgment-Only Scores (JO)

Jugments-Only Devclopmenta-l Level

Pre-Test s
Class fncl-usion

(c)

S eriation
(s)

Number
(N)

C+S+N

S+N

aJOC -. 15

JOS _. OB

JOT -. OB

JOSN . 13

DLC -. 13

DLS _.05

DLT -.03
DLSN . 13

JON .29* DLN .35*

p .05

aJOC, Judgments-onl¡z class inclusion; JOS, Judg.rnents-
only seriat.ion; JON, Judgments-only numbe::; JOT, Judgments-
only total score for class inclusion, seriat-ion and number;
JosN, Judgments only total score for seriation ancl number;
DLC, Developmental Level cfass inclusion; DLS, Developmental Level-
seriation; DLN, Developmental Level_ numÌ¡er; DLT, DevelopmentaÌ
Level total score for class inclusion, seriation and numbert DLSN,
Developmental- Level- serial-ion and number
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Tab1e 13

Descriptive Statistics of the Independent VariabÌes
and Dependent Variables

I"A"p."a."t V"rl-

CÌass i-ncfuslon (ÀRC)
Seriatlon (ARS)
Number (ARN)
Total score for seriation and

number (ARSN)

Cl-ass inclusj-on (CONC)

Seriation (CONS)

Number (CONN)

Total score for seriation
and number (COSN)

Totaf score for cl-ass inclusion,

Total score for class inclusion,
seriation arrd number (ART) 14.931

Conductance Scale

Standard
Deviat ion Range

4.525 17 .000
5. t07 2Ì.000
4 .t 28 t9 . 000

9.349 40.000

13.371 53.500

L.4'76 5,23A
t.351 5.840
1.280 5 _ 300

2.525 I0.000

3.731 15.2LO

Conl-inued. . .

Mean

Sex 1.491_' .5O4 I.OOO
Age 60 .491_ months 5.386 22.OOO

Judgments-Only

Class inclusion (JOC) .439 .62'7 2. OOO
SerÍation (JOS) .965 .BOl 2 _OOO
Number (JON) . BO7 .854 2. OOO
Total score for seriat_ior-i

and number (JOSN) I.j't2 1.310 4.OOO
Total score for class inclus-ion,

seriation and number (JOT) 2.ZII 1.333 4.OO

Developmental Level

Class inclusion (DLC) .581 . gB7 4. OOO
Seriation (DLS) 2.368 2.I2j 6.000
Number (DLN) 2.018 2.303 6.000
Total- score seriation and

number (DLSN) 4.386 3.7A7 12. OOO
Total score for cfass inclusion,

seriation and number (DLT) 4-g4j 3-642 12.OOO

Arousal Intervaf Scal_e

4.95I
Á o1A

5.012

9.986

) 2 .165
12.930
L2.832

25.162

seriation and number (CONT) 38.562
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Tabfe 13 (Continued)

Descriptive Statistics of the Independent Variabl_es

and Dependent Variables

Standard
Mean Deviation Ranqe

Dependent Variables

Trainir-rg 23.9r2 11.397 35 .000

Post-Tests

Class inclusion (pOC) -7gg l.820 6.000
Number test I (PON) 3.OBB 2.j2I 6.000
Number test 2 (Pop) 3.35f 2.761 6. OOO
Tota] score for number tests

l- and 2 (PONP) 6.439 5. 2BB 12. oOO
Total score for class incJ_usion,

number tests I and 2 (por) 7.228 6.o1i r8.ooo
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PONP Post-tests total score for lj,¡¡rlcer- Post-tests 1 and 2.



5CÀTIEFGRÀts OP (DOHt) POSllESl FUHBER T¿S1
1.50 2-10

PO}iP
0.90

| +2 (ÀcFoss) JoT
J,33 1.90

101

J u D G E H t N 1 S I ll c L t S I o tr + s E R r À T I o N + ¡l¡¡.50 5.10 5.?0

I

I
I
I
+

I
I
lr

10,80

9,60

8.t¡0

't .20

+

I
I
T
I
+

I
T
I
I
+

It
I
I

6.00

q ,80

3,60

2,U0

'I .20

0.c +[

0,0 c.6c

Judgments Only total score for cl_ass
and number.

1.80
--+-- --t----+- ---+----+- ---+----+---r +----'----+----+----+

3.00 3.6C 4,20 u.80 5,43 5.

F îgure 3

JOT

PONP

inclusion, seriation

Post-tests total- score for number pos-u-tests I and



LO2

R. "866

r[RST"PAIROF
CANO I\ flCAL VA R IAT E S

gurq*.
DLT Developmcntal l-evel total- score for class inclusion, seriation ancl

number.

ÀlìT Arousal Interval Scale totaf score for: class inclusion, seriation
and number.

PONP Post-tests total score for l.Jumber tests I and 2

fs


