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ABSTRACT

ﬁ
L f<— ,
Oertaln predlctlons whlch are c¢rucial tests of Pla'Tt's
» ‘
groupement theory were examlned in two concept areas (tlme

cand speed). In partlcular, those predlctlons—are that all’

: 4 -
groupements are acqu1red in synchrony in a glven COncept

.

area ‘and  that “the constituent operations S of a given
. L . =

groupement are acqu1red in synchrony.. Piaget's theory 'of

the development. of time. and speed concepts, was also

examlned ‘“Sixteen kindergarten-yhildren, 31 flrst graders,

‘31 second graders, and 31 thfrd graders were tested on tasks

whlch assessed the presence or absence of two groupements

and their'corstituent operatlons vin‘ th& time and - speed:
) N . ’ . L 4" . ., B ) 'l . .
concept areas, and which: also assessed 'the presence or '

e A

absence of the time and speed concepts themselves. ® -Phere
. , 3

were four principal findings, the first two of which are
inconsistent-uith-groupement_theory and the last two of

which are inConsiStent - with Jﬁiaget's theory of time and‘
e

Ta

speed: (a) The groupementC do. not emerge in concurrence in a

given'concept area"(g) 'the constituent boperations . of a

.glven groupement do. not emerge in concurrence- (c) the-moiar
concepts of. tlme and cpeed are grasped before all of their
_component operatlons are achtped; (d) the operations ‘of
speed -are acdplred befcre the operatlons of tlme.,‘dn the

‘ba51s of these fgndlngs, groupement theory is challenged as

an model: for middle-childhood thougnt and Elagetls‘analysis

lv



of the developmwnt of speed and tim,e canepts ‘is challehgedk_..

v
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~ " INTRODUCTION

The purpcse cf 'the/ present study ‘kés té inv;stigéfé
taln acpectc of .Piaget's éroupemént theo?x (Brainefd,
“@972 Flavell, 1963;.Pinara‘and Laurendead;A1569f and of_his
tﬁedry 9f~thefdeﬁelqpméntldf, n%tioﬁs df {imé -andﬂﬁspeedli
(Pigaet, 1971a, '1971b) | Ba51cally, groupeﬁents E&e the
'cognltlve Structures whlch are mcdels for the thought cf the

'.concrete-operatlonal, or middle—childhood, period of"

~ develorment, and as such they are ménifestéd'in-ali cerncept

areas. The twc groupements w 3Cch . were . studied - are
I3 | 3 - - - s S ) - >

~manifested in the  time concep area -.as operations of.
temporal -.succession, .or crder, .and operations of ~ the

" colligation of durations, or temporal “interval; in tHe speed’
Concept area they are manifested as operations of sPatial-

order and operaticns of the nesting of spatial intérvals.

BN

¥

" For.Piaget, ' . ‘ | ' -
N o ’ * £ g
6"dny; . rLepresentational act which. is an
integral part of organized network of ,
related acts is ar . =zration (Flavell, 1963,
p. . 1€6).m - : '

ks is shdﬁn below, however, operations may be taken tc refer
'to-v'the‘Q setfthecretic . cperat;onc ~of class funion:»and
1ntersectlon and the arithmetic- operatlons of .addition and

multlpl;cat;on.

A

1. Speed, rather than veloc1ty, wlll "be dlscussed [51nce
the latter is composed of koth speed ‘and a vector ccmponent-
whlch 1s of ‘nc interest tc the present study. A

K . RN W “



Piaget (1942 1949) postulated that for any concept
area all of the groupementc and thelr-constltuent operatlonSv

. are acqulred 1n synchrony. In the time concept ?fea, then,v

~

it . was postulated that the operations otzmemporal crder; . and

temporal 1nterval are'acguired in 'Cynch

i} B a

ony, and  in the

speed concept area, that the cperatgonsrof spatlal order and :

-~ -

spatial 1nterval dre acquired in sym hyf' Also accordlngr

to Piaget (1971a, 1971b), operatlonal, or molar,, time ‘and

speed (;.e.,/ time and speed as‘they are understood by the

child nho is functiOning fully at the, concrete—operatlonal

3 »

li:el):,are_ ccnstituted thrcugh the coordlnatlon of all of

the temporal and sp%t;al cperaﬂlons.'
. ¢ : .

]

Groupement h

heory
o A groupement i% a synthesis of the ‘gtoup and latgice

'rstructures f abstract aléebra (Bri)# d,‘1972; FlaVell,
.3963).‘ Ba51cally, a group is a.set of

. N L
under a 51ngle operatlcn"and satisfying four specified

elements. comtinable

1‘postulates: Given a seti G of elements, g,'.g; c;~ e

combinable under an undeflned operatlon de51gnated as. "4,

jis called a g_oup, wlth respect to #, if 'tbe' followlng

4

: 1) Comp0s1tion. For every a, b in G, a#b is
- E also ‘an element in G. S :
: 2)-'Acsoc1at1v1ty. For every a,'g, ¢ in G,
- (a#b) #c= =a# (b#c) . SRR
3)  ‘Identity: There exists in & an glement I
- (the 1dent1ty element) such that for
every-a in G, a#I=I#a=a.

) .Rever51b111ty For eVery element a in G,




; . a0 ) -
-~ - s . L ” ) o /
there exists an element .a' in 'g_[such
that a#a'=a‘#@=I. S B
a . A A ~,_)

The * lattice-visila'eﬁecial case of a partlally~brdered

system. Before this can te explicated,“ it must be made’

cleari what a relation is: a Lelation between two e€lements
t : S L .
can be said tc¢ exist whenever a spec1f1ed' propositional

function ‘g cf two varlatles Xr Y 1s satisfied byéghese two

elements. An example of a relatlon is "1s greater than,
’ 1

and the -’ expre551on XRy then means,,"x is greater than y."

i

Then, a set of elements S ls-sald.to* be' partlally ordered

with respect tﬁ"Ta relatlon Ry if tne ﬁollowlng postulates

hold on S-: ' o o S .,
> ) R is reflexive: Fcr every X in S, X has

'  the relation R to 1tself so that XRx—is -
true. K :

2y R ;s ant;symmetrlc: Por every x, y in-S,
' the ccnjuncticn (ny'-and.ng) implies’
S XY s e . . .
3),-3 is transitive: For every x, ¥, 2z in S,
) S " the conjunctlcn (XRy . and 1_2) implies
: ‘ sz.» :
o,

All that remains before "lattice® can be defined is a few

z
-

mpre preliminary _definiticne.f If X, Yy are = €léments

- B B ! . - . ) -
f .

v(distinct.or ‘not) belonging to a‘partially crdered syctem Sy

-and'4§ is an element of s such that both gRx and ng hold

#hen g is called a lcwer bcund of x and’ 1.' If for any lower

HQund; q', of X and y, g Rg holas, then g is called a‘_meet’

RN 3

of x and 1. If ‘x, ¥y are elements ‘(dlstlnct.cr-not)

belonglng to a partlallf.crdered system S, and'dg} is an

t

element of S such that hoth ‘XRh and 1Rh “hen L is \called an~

=

3



v

= Y

- )

;7 epper bound of '3 and 1 If foQ any upper bound h A of‘gt

AN

v,and Ye th' hclds, then h 1¢‘called a Joln of X ,and  y. 2

lgttggg is a par%lally ordered system S im wnlch eveéy palré
: . "

of elements X, y has a ‘meet and_/a jorn. k For’ exgmple

’

(Flavell 1963 ,E- 172), if b is the class of mammals and 3

‘it 1ncludes tpé Class-A of dog%, then b and B form allqttl ;
. ('
in.which R is . the cet -thecretic .relatlonm"subsu’mes<:g

. / -~ ) Y

Subsumes. A as a  subclase) . "~ The. smallest claes whlch
- ) . %s ;

J(B

e

: L - . : . .8 ) .
‘Inecludes both A and B is B, in this example\ the *ﬂOlR of.;'

-

elements ‘A and B.. a, in‘this exaygple, i% the meet of ﬂ@e

two elements, .the largest class thch is contalned 1in both‘

’

Classes. . ‘ o - . v-";f/i |

fPia et ostulated four; "class" rou ementsqand four
9 E h , - 9 P ,

"relational“.g}oupements (Erainerd, 1972; -Flavell 1963)

" The elements of the class groupemehts are classes and the
7 ' ) i

composition operations are the cet theoretlc operatlons of
(union and 1ntereectlon, the reverse'operations béing the

l';gggrggs of the composrtlcn operatlons (Brabnerd 1972)

The effect cf comblnlng the lattlce propertles (the" partial

ordering postulates) wlth the group postulates and
‘speCifying the ° above operations is to produce stTuctures

which can be applied- 'cnly‘ ‘to \classes which * are
.hierarchically ordered For example, the class. of dogs is

. nested in the clace cf maumalc in the Sense that there, are

.“

‘no dOgc wnlch are not alsc mammals The class of chlhuaﬁuas

° . =

V’

it

PR
‘3’(

R,
}. 2ao.

cid

-

L«'

s

3

’1svs1m11arly mected in the. class of dogs, aS“lS the class”of' :

A}
W/ “
",. ". ' 2



\ . . - .
3 : . . . "
\5\\Sammal§ nested in the class of ve ebrates. If the elements

3
of a ciass grcuperent are the class of dogs and the class of
those m;ﬁmals which are nct dogs, tNen the union composition.
operation is the representatlcnal unlon of these two classes
to yleld the clasc .of all ‘mammals. The inversg operatlon is
the representatlonal removal of the class of dogs from the

, class cf mammals tc leave ‘the class of mammals which are not

'dogs.

The elements of ‘the - relaticnal» groupements “are

© relaticns “an® their comp051tlon operatlons are arlthmetlc

e
K

additipn and multipligatlon, the' reverse operations ’being

'tgg rec_grocals €f the composltlcn operatlons (Bralnerd,‘

————_—=a

1972). The effect of comblnlng the group postulates with
the - lattlce and cpec1fy1ng the abcve operatlonc is partlally
‘ordered systems uhrch okey the groupvpostul$§%§sas,well as
the-lattice assumptions.. For'example, if an element of a

relatlonal grcupement is the relation "<" and two operatlons.

a

performed on this element are’ (AkB) and (B<C), then the
additive comrosition' operation.‘isA the‘ "representatlonal
 . addimg‘ofdkAsE) amd (B<C)~{c yield (A<C) . Tme result of'the
frec1procal operatlon is (C)A) | |

"For purposes of ‘cbnduf';ng "empirical

- research on the . grcupement structures, - we

need consider only the ... composition and
reversibility - froperties cee (the)
remaining. ' ‘properties ,are logical
consequences of the first two. According -to

. . Piaget, the (other) ' properties alsc are
PR develcpmental consequents - of thé flrst two _—
- . properties (Brainerd,'1972 p. 6). v ' )

ol . . —



Plaget"postulated that within each groupement the
compositlon and reverse operations emerge synchronously
(Bralnerd, 1972; ﬁlavell 1963). An operation is said to
have ~emergedt or been 'acgu1red as ‘soon as its recults arei
Aknown by the canizer w1thout anj' actual physical

manipulation of 1its ccntents. Fiaget also postulated that

~all or the_groﬁbementc €merge synchronously 1n any content

domaln (Brainerd, 1972; Flavell, 19633' Pinard and

Laurendeau, 1969).. A groupement is said to-havelemerged B;
been acquired las soon as both its comp051t10n and
Arever51b111ty orerations function sj multaneously., Thus,'the
class groupement mentlonedjabOVe an be sald to have emerged
as soon as the cognlzer is able to unite 51multaneously twc
subordlnate classes (doqs and mammals whlch are not dogs) to7?
form a superordlnate class (mammals) andjto subtract one
;subordlnaie class frcm the Qupercrdinate.class to yield ithe
'A-remarning _subordinate class.. ' Also; the 'relati0nal
‘groupement mentioned above can be sald to ‘have emerged fas
soon as ‘the' nruledge that (A<B) and (B<C) 51multaneously
.'*impliesihoth-(g C) '‘and (C)A) E

by , . _
¥ Pinard'and Laurendeau (1969), perhaps North America's

most eloquent texponents' cf Plaget have demonstrated the
.central le Flayed by’ groupement theory by plac1ng it _ind'

K

the perspectlve of five criteria they deem as essentlal to

Plaget's stage thecry 1n general. ﬁlerarchlzatlogr a fixed-
- order IOf succession 'ex1stsb among the various levels that

»



constitute,a developmenta} seguence. lggegrat;gg: "Asserts-
that the acquisiticns of a glven stage S2 should 1ntegrate‘
those of the Ereceding ”ctage s1, 1nstead of 51mply
substituting for them or'juxtaposiug with thenm (p.;_127f.

Consolidation:("A reriod must aluays ‘involve at -once an

_aSpect‘ of achlevement of the recently acgu1red behav1or and
an aspect ct preparatlon for the behav1or of 'the. follow;ng
level (.. 129) .n Egg;ilgrgt;gg,gis ‘more Vdifficult to
characterlze br{@fly but ig, essentially; the~'mechanism of
tran51tlon from one level of development to the next.v;The
gcriterion of. concern to_ the present study is that of
‘§trggtg£1ng; Accoriing gtc this critéerion, "The typical'
’hctions or_operatiqpsvbof7'a _giyen level iare net simplyh
‘juxtapcsed one_uith anctherlin an additive.fashion, but,are‘-
organlcaily interconnected by - ties oﬁi implication‘ and

reciérocal dependence' that unite and group them 1nto total

structures-—Plaget s structures d'ensemblg (p- 136) At

—— - ——. = e =D A

the level :of“'concrete cperatlons the structure a’ ensemble

vconsists' of ftthe .. eight groupementsr, ‘1nterconnected;
functionally interdependent, mutually implicative,tetc,-'FOr
Piaget, the - very nature ofv'the‘ notion . of sStru

—— s i e et o

d'ensemble 'impliec"the ,synchronous’ acqu1s1t10n cf . the

*

‘groupements, the gradual ﬁrowth of 1nteract10n amcng them as
they develop in ccncurrence. Also implied is the
: synchronous emergence of the comp051tlon and reverslblllty

, . N
operatlons, ‘nct 'only within each groupement but for all



(

groupements at once. This point is illustrated ky che
foliowing:

"To affirm the psychologlcal existence of an
, authentic operational grouping bearing on a
“ - given cocntent, this content must at the same -
time elicit not only the whole set of
constituent operaticns of this grouping, but
als the ensemble of parallel and connected
gro&ﬁlngs (F- 140).

v

The 'present study was concerned with one class

grouPement and . one reiational’groupement. Groupement‘I is

that of -the primaryiuniOnTOf classes.  The example'"above

Concerning"classec ot dogslind mammals and the operations
performed on them is an 1rctance of thls groupement. The
relational groupement }s groupement v, that of the addltlon

-of asymmetrlc relatloﬁs.- The example,above concerning rhe'

relatlcn "<" and the cperatlons ‘performed on it is an
‘1nstance of groupement V. (For an” account of the - other
groppements, see Flavell, 1963.) : é!,

A+ distinction must  be - made between ‘1ogical; and

infralogical'cperations. While they ‘are aﬂelogous, there
are' some 1mportant differences. The former are applled to
dlscrete,,dlscontlnuouc objectc whlch remain distinCt .and ’

. 4
'separate when comblned 1nto a whole' the latter are applled

~ to Hholes as. c1ngle, contlnuous entltles whose parts are not

dlStlnCt when‘ comblned intc uholes." The former ©are
independent‘.cf the 1spatial and temporal prox1m1ty of the ..

elements of thelr domalnL/the contents. of the latter._are



spatiotemporally ,cont;nuous in character. Basically,
infralogical cperations are appiied to“the phyéical wcrld of
spatiofempgral whcles and parts, di%placemeﬁts’of positions,
‘été.,'whilé the logical oreratiqns are épplied tQ the réalms

of classes, number, etc. These d::fererces, however, are

not  considered to ~-alter the J1act that infralogical

-~

zgpoupemxits can . be tgeated as being analogous to the logical -

. o \ ) . :
groupements\fcr most Eractical ©purposes (Flavell}‘ 1963;

Pinard and'Layrendeau, 19€%).

It %ill be shown that the opetations of temporai N

Succession and of spatial crdering are 'grouped" to form

structures which, in theé infralogical world, corresgpond .to.

groupement V. ° The operations of the colligétién of

durations and c¢f the 'testing of spatial intervéls will,
: : \ ¢ : -

s

likewise be shcwn tc- group into Structures analogous ‘to'

groupement I. A set of ofperations 1< sald to have "grouped"

tA

when the ccmpo¢1tlon and - rever51blllty operaticns . are
& - . . )

simultaneously functioning.

[
Speed and Time B - .

According to Piaget, all children conceive of srpeed -at
first asusimply y
“... " the intuiticn of overtaklng° ‘A travels
faster than B (uhen both move in relaticn to
Cc 51uultaneou¢1y and in the same direction).
if A, vhich was at first placed to the. rear
of B, or .at 'the =same point, is finally.
placed ahead of it ... (thus) 'speed itself,
as welI\Qs rovemernt in genergl, is concelvea
-at first in terms of -relations of placing

’\j"‘L



10

. (1971a, p. 313) .
Accordingly Elaget began his sﬁudy of speed w1th a study. of
"plécements, .which are -the Ecs ltlonc of objects relatlve to
~€ach other ahd to the cbserver. Aan ‘example ofvan operétion
of placement is the 'internalized‘.arrahging‘ of a'eet-of
objects.in some order, such es "A is to the left ob Ev and
"grbis "to. the .left of g;ﬂ‘ The result_of th additive
'composition ofgthese two crerations, itself ah operatioh{ 1s
the hncwledge that "A is to the left of C," and ‘the result
of the rec1procal operatlcn is the knowledge that "g-is‘to
the rlght of _A.h' These compositioh: and - teciprocal
_operotionfﬁ\\ihich Piaget .postuiated to bé‘ acgoitedh ing
synchrony (Piaget, 1871a) , when functional sihultaneously,
age"ahxrinstance\epfoAthelggroupingé' of the additioh of
asymmetric reiaticne, _whioh ’is;.an 1emhodiment j cf the
‘propertiee of: groupement V. . Piaget §tipulated enother
grouping of placements; that of the heetihg ,0f intervals:
'Fof exaﬁble; the. knowledge that the 1nterval betueen A and B
plus the interval _betveeng § and C together embody the

)

 interval between A and‘g,~is the result of “the vcomp051+ion

oﬁerationfl this operatlcn, Elus 1tc 1nverse, the knowledgev_-

thaf’the taking auay of the 1nterval between A and B leaves

the - 1nterwal betueen B and - o whlch Plaget ailso postulated

to emerge in Qynchrony, is, functlonlng 51multaneously, an

2. "Grouplng" is the. Engllsh ’translatlon of the Frenchr
~"groupement," and the meanlngc of the two -are taken to be
1dent1cal hereln. | o : v Cow



11

infralcgical instance of'the,class union groupementm which

¢ ; : -

_is groupement I. ' - . ) : .

GperatlonC bf "displacement" “ are psycholcgicdlly'
edulvalent tc operatlcnc ct placement, according to Piaget,

jah ; R 3
‘:,Hlth the same grouplngs of asymmetric relatlons and - hesting

N
-

- of 1ntervals. ~ The pr1nc1pal dlfference between the two is
that placements are‘~relat1ve~ to the_' observer, whlle
vdisplacements are relative‘ to a flxed coordinmnate cystem.
Two functlons cf flxed cocrdlnatec are maklng the 1nterValc

,between objectc symmetrlcal by deflnlng thelr end p01nts and

making the posltlon of .an object relative to its own 1n1t1al

p051t10n. ‘When the relatiomns of order among ob]ectS'are

consideredﬁalcng nith the"relaticns of’each object ' to its

1n1t1al position, and along wlth the notlon of the symmetrlc.

1nterval ~then the idea of ‘1nterval is endoged w1th the
meaning\&of distance, "and - interval ' .can be' regarded as

distance travelled, cr as rath traversed. Thé€, the. ‘concept

of distance, 1n terms of. whlch the molar forms of tlme andd

My

speed are.deflned,‘.s, fcr Plaget; 'construCted when the

<~ ) : . . . M

_groﬁping' off the 'nesting of 1ntervals is accompllshed 1n

correspondence ‘Wwith the grcuplng of the asymmetrlc relatlons
-. ‘._:ﬂ .

of order in a fixed framewcrk. ;' : o TR

The operatlonQ of correl?tlng two or more dlsplacements
in correspondence wlth cne ancther are operatlons of "Mco-

Pais lacement. Concrete operatlonal speed ‘is manlfested at
1Sp : _
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the level of co-displacements: | A

"A 51ngle dlsplacement, and ' consequently a
chain - of dlsplacements ‘in turn, is a
movement hav1ng nc speed' ‘whether A goes
L from A tc D in cne hour, ‘one second, or at ,
ot “an unlimited speed it is s4ill the. same - N
o ‘displacement. There. is thus no apsolute
' : Speed in the sense  of  the speed of .«a
movement in - isolaticn j... on the other
hand, if the successive positions of one
Jpoving ckject are c¢rdered in relation to .
those ‘of 'another . object, the concept’ .of T
speed mecessarlly intervenes, and this is in
fact how 'it appears from the p01nt of view .
of its psychological origins. For young -
chlldren, speed - is 'overtaklngJ that 1is,
the reversal of the order of the respective’
vp051t10ns, of two -moving objects in the
course of a dlsplacement (Plaget 1971a,  p.-
237)." _ = T«

—.To 1llustrate, given a set of objects in  a ‘definite order

vAi§1gJQL; whlch are ther dlsplaced to B1C1A1D1 this is a

N -

dlsplacement Hlth no speed. Now, glven objects- in order

'A2§2Q2 2 set.in one-tc-omne correspondence with the original

placementS-A1E1C1D1 thls is- a statlc':set of placements

whlch can be called a "state " state I. Then;‘given a state

“IT wlth ‘“the placementc B1C1A1D1 placed opp051t 2C2D2A2,

#T)C !

rthlS 1@Jthe same as: saylng that the dlsplacement bf ~§1

- . Py

-corresponds bto ,ab greater dlsplacement bt A2 relative to

their . respectLve 1n1t1al p051tlons. A1 dnd AZ were once
"eveny" and now the p051t10n of A2 is erdered ahead of ‘the
p051t10n of A1 in the dlrectlon of 'movement. Thus, there
h‘ " been s an overtaklng, a change 1n t he relatlve pcsltlons

of two objectc wlth respect to some flxed coordlnatec (their

3

-respectlve 1n1t1a1 p051t1ch), and hencey’the idea of-speeda

-
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is introduced (A2 went faster than A1).

s

’
1

When the child is: capable of perform;ng Ooperations  of

[

co- dlsplacement then, he nmust also, according to ﬁiaget;
have a grasp of the nctior .of speed. = The speed- cf one
object may be ﬁgZOgnized as . being greater or less jthan that

Lo : _ :
" of another according -to the ‘degree' of overtaklng. In

. J
.

addltlon, distances , covered. by moving objects between twov

. states = can te'.ccmpared and every overtaklng will  be

-

/accompanied by an 1nequalﬁty 1n paths traversed (prov1d1ng,

o

of course, that the mov1ng objects started 51multaneousL§§
and from correspondlng p01nts——the simplest case); ¥hd

greatest ‘speed can then be recognized by the fact that a °

lipnger -distance has been travelled in a given'time-(between

“two states).d Also, when cperaticns of co?displacement ‘are
vpossible,.’a tempcral"order of - succe551on 1s recognlzed 1nv
‘the sense ‘tha't state II 1c after state I.  This temporal
order is seen to be;distinct from‘spatial order, whereas the:
two klnds of crder are confounded in the cases of placements

and dlsplacement " An cbject ‘that is "ahead (behlndl" of .
- -
another_in the spatial sense ni;l alsc be "before (afﬁer)"

it in the temporal _sense in cases of placements. and

g

dispiacements, while in the case of .co~- dlSplacement ﬂwithw

their distinct temporal states and several objecte mov1ng..'

'51multaneOUCly, this corfcundlng does ;not ‘occur. . For *
. ' ..’ ! . . .'" . N -‘QA . ! . ’

example. . . R o ) ~ . .~ R \‘) S . R 5
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"... if A weént further than §ﬁ;and B
being objects travelling = in the  same
~directicn  along parallel paths, having
started simultanecusly ' fron corresponding
points), but B was still moving after A had
stopped, (then) the temporal ‘'before' and
Yafter' are nc lcnger 1dent1cal with the
‘spatial (Piaget, 1971a, p- .286). " s

' Finally, duratlon is recognlzed as the temporal 1nterval'
hetueen two states, betueen the 11m1ts of time elapsed,'as
opposed to teing congounded with the spatial interval

betueen initial and ctopplng positions of an ob-ect

-

:under901ng a dlsplacement.l

Thus it is_Seen that, according to‘Piaget, .thekwnotion
ofl_speeq 'is derived from obsertations of overtaking, the
‘latter being poSSible' cnly durlng co- dlsplacement Co-

“\

dlsplacements are coordlnatlons ct tuo or more ﬁ$°placements
CL b
arraﬁgéd slmultaneously, ' and- dlspl@@emente : are -

psychologlcally egulvalent to placement Tbo two grouplngs

24

. of placements (those of spatlal 1nterval am{ spatlal order), -

E L. Piaget's notion

" Since the notlons of épeed wg,_&lme are sc mutually

bound up, it is nct curprlslng that the two aspects cf~-timev
which uere 1nvestlgated '1n the present study haﬁp alreadylﬂ
been 1ntroduced in the dlccu551on of speed The,compcsition
“and rec1procal operatlons iofv'temporal Successibn, ~which

:

o ' .
Piaget (1971b) postulated to emerge in synchrony, are, when

. . 1. ‘

functlonal 51multaneou<1y, an 1nstance of the' addltlve



'grouping' of asymmetric relations (¢croupement V). In its

simpleet form, this is 'transitiye inference and its
reciprccal perforned ‘Ié;resentationally on a sequence of
nonsimnltaneous eVents.‘ Fcr example, knowing simultaneously .
thar, if state A OCCurs before state B and if state E occurs
before state_g,’then state A cccurs before state C and State
C occurs after state é, ;resupposes the acq sition of

groupement V.

.

Duration, or temporal interval, is the "amount" of time

elapsed betheen two non81multaneous evenE;ib The. grouplng of

the colllgatlon of duratlons is analogous to the grouplng of

the nestlng cf sratial intervals, an’ embodlment of the
CE ) '

.propertf%s of " grcupement I. As ‘temporal order“becomes

“.gradually udissociated from spatiai order, so is duration

o

gradually dlfferentlated from the path traversed by a ‘moving - -

object

Piaget 'relieves,‘,as - mentioned 1 above, that "the.

,0peratlons of spatial order and spatlal Interval are ~grouped

' sxnchronously. The case is somewhat different for the

tempdralrgronpings: About half of the «children tested by

Piaget - grouped the operations of duration first and derived-

théfgroupingxof the operations of temporal order--frcm ‘“them .-
8. e 4 e “m o

(instantaneously, so it seems), and yice versa for the

-remainder of the'children"(Piagetu 1971b) . . Névertheless,

" for the 'PUrECses ,of'this sfudy the two temporallgroupings
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£

¢an be regarded as emerging synchronOUCly, that is}~there is
no general tendency for ore grouping to be acquired beforev
'another.v In additioni Piaget - postulated that{;the two
spatial \groupinos and the " two .temporal 'groupings ate |
acguired in synchrcny.

S

N

"The "mature"zconcr t operational, or molar, conception
_iof speed ) , . for Piaget (1971a), qualitative:yone‘moting'
object is kncwn to‘have-mcved»faster (or slower; than;‘or at
the sane speed as, another by the taking into accoun?taf the
-distances they ‘travellea. related to the time- it tock each',j'
h;object Ito‘ dec . so, prov1ded ,that ‘the_ disparity in their
distances or.times’or.both is sufficientl§v detectable: but
at the' level of ccncrete cperations 1t cannot be known how
much faster c¢ne object hac travelled than another. | If‘ one
object is 'travelling,_ cr-has stopped, ahead_of the other,
then operationc cf both spatial crder and spatialy interual
are 1nvolved The case “of - time isk analogous (Piaget,
‘ : N

1971b). One mcv1ng ob]ect is known to have taken less (more)
time than;_or the same-timevas; another by the taking into.
account of the distances\;they travelled related to their”

speeds, again prcvided that the disparity in their distances

- -,or speeds,or_tcth is sUfficiently'detectable; it »cannot bef~

known how g ch more or less time one object has taken. If
one object has takentlcnger than another, then operations of"
both temporal crder and'duration are involved. It ‘is not

the ,: case, then, - " that speed=distance/time ‘and
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time=distance/§Peed, for these formulas are guantitative;
. N 4 . v B . n
rather, speed=(distance)X(—time) and tlme-(dlstance)x

(fspeed) are the more correct expres51ons, where’ the minus
. J “ .
slgns are not to be taken as such, but rather as indications:

that t1me and Steed, respectlvely, are inversely related to
distance. These mclar \ccncepts of time ‘and speed were
- postulated to emerge 1n ccncurrence as soon as operatlons of
. co- dlsplacements are'grouped (Piaget, 1971a, 1971b) . It is
. not untll the Chlld is capable of formal- operatlonal thought

‘and the use of relterable unlts‘-for measurement that the
concepts of time. and - speed can be said to take their.

c e

Newtonian forums.

Previous Research

2

. he Theoretlcal Plnard and Laurendeau (1969) have argued

,————— s

’

that the flndlng of asynchrcncus emergence of groupemen €S 1n
a glven concept area wculd amount to a dlsconflrmatlon of
the hypothes:Lc of ctructures d'ensemble, the hYpothesis-that.

——————— e = _——__._._.—_.,_

s the operat10n< of é given 1evel cf development are united

W

- 1nto tlghtly 1nteruoven total structures, and also
Ehr

' L O would serlously jeopardlze Piaget's
_concerticn of stage because -it would "deny

i - one cf its most ecsentlal characteristics,

o .. -and Lecause it wculd be . difficult taq

' 'reconc1lev wlth the very nature of grouplngs'
(p. 145). : . . Y

These authors further _ postulated that any cbserved
asynchrony amcrg groupements cr operations applying to a'

:-51ngle conceptual domain - must ‘result from nonconceptual

’
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‘differences in the ,tasks"used to study these stiecfu;es,
rather than ffem vbohpetence ‘differences.‘ »E§£ .example,
sUCcess siﬁ;‘sclviﬂgv a 1:ansitive inference froblem with a.
series‘of seven cbjects is‘,sﬁr% 'to;‘come later,v due to
informafion-prcceScing; perceptual etc.,‘deficiencies; ihan
success on “the same problem with three cbjects, although the

L&cognltlve ‘structure . belng assessed is the same in both

instances.

4

_Bfainerd (1972) took a  similar
.:possible finding 3of <esynchroneus‘emergencevc -groupements
and operationsf Aeéerding‘éo him, sjEEhtopouSIEme;gence' is”
such a ,crqcial"eqpiriéal prediction of'g;oupemenf theory
that the‘\failure. fdl find_e.synchrony ’ QQuld ‘seriously
jeopagdize.l its claih .as a model fOﬁ- mfddlé°ChildhOOd 
thought. B |

Aceording to Ela?ell dnd wohlwill (1969),;¢n,t5é sother
hand,.fhere is Do logiéal-reason to consider the éfoﬁbe?ents
as ﬂsd; 1nterdependent as tc pfeclude their beingntreated as .
separate entltles, each followiﬁg, its/ own 'deveiopﬁentail
stlmetable. 1 Ihey- dd nct belleve that such asynchrony would
‘be serlously v1t1at1ng for Plaget s groupement theoryi vbﬁte
thet "it  might rather te 1nstrumental in requlrlng a more\

precise specification . of the. entire concrete‘operatloaii/:

period.

‘Flavell (1970, 1€71) further suggested‘ that _the

el

(S
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interdependence of the grcupements may be due to . their
interacting after having -=merged asynchronously, rather than

béing a iogical reason tqr‘expecting synchnOnous emergence.
He beiieves that the‘connections among groupements can be
derived,<peychcicgica11y as well as logicaliy, from tnein'
‘.pnopertiee,vonCe -they have -been:acquired. Flanell.argued
~amalogously cnat tneie is ncthing'ianPiaget'e .theory_'that"
logically'-reguiree- the constituentaoperatione dithinjeach‘
groupemenF #o- emerge inn\synchnbny. He_ pmsgzlated tno
'_explanatians,:fof Piaget;s (and qthersf) consistent.finding'
of 'groubement and opeiationai concu::eDCe: ~(a) If two
5>cognitive'litems emerge in'an-iniarianf otder? but net too
eebaraced‘ in ‘_tame,‘ -fnenn >£heife frue “dévélOPmGﬁE?l
relaticnship ' is not _likelyiito ‘be discovered empiriCally
unlesgﬂthe tests ueed\’to decectx”then. are of egu1valent
eensicivity ‘with  regard to thelr respectlve items' in the
‘“vast majonitf of cases this ccndlt;onghas not been met. (b) -
In'the' case of Eéaget‘{in' particqla:; bany-venek subject
-fnornaliy has: participated uin_Acnlyvone experiméncal task;

'Plaget has usually taken the average age.of the subjects who'

.

‘gave ev1dence of just hav1ng acgulred,‘say, 1tem A,q'and if

thls average age was the same as the JNErage age of those

t
«

subjects who chowed ev1dence of just hav1ng acqulred 1tem B
~"then Plaget has concluded that J.temc A and '§ must. emerge’

synchronously. Flavell correctly p01nted out.-that drawlng

'conc1nsionsAahout ulthln cubject phenOmena from betweenfw_

,

Py

e
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subject data is not logically soéund.

Empirical. Relatively few investigators have ccncerned-

thenselves with Pf%getian notions of time and speed. _Loveli

and Slater {1960)' studied notions.. of simultaneity,‘the

equality of synchroncus durations, and temporal order as

primitive conponents of Plaget s molar time ccncept. They’

used tasks V1rtually 1dent1cal to those  of plaget.'(1971b)
and obtained results not_significantly different enOugh‘from
Piaget's to beaof any concern to the present study. Lovell,
”‘Kellett, and Moorhbuse (1962) replicated_much of Fiaget's

‘work on speed concepts (Piaget, 1971a), u51ng identical or

"

very -similar tasks; thelr results were generally supportlve'

of'those of Piaget. Well (1969), ‘using Plaget's time s

concept- tasks, fcund the order of dlfflculty of the 1tems'

‘s1m11ar to that of Plaget' ; wlth tine, dlstance, and speed
'belng confused before they become operational.. Charlesworth
(1962) studled the effect of rotatlon on a placement (llnear

L

.order) task,pcomparlng the performance of youngercand-older

‘subjects.. Delcrme and Pinard (197OL used a modlfled ver51on

- of a Piagetian speed ccnoept task to =tudy the development

R4

of - notlons cf_ relatlve speed whlch is a formal-, not a*

concrete 0perat10nal problem.f Rothenberg (1969b)A used one

Plagetlan speed concept task to whlch ;%e added 1ncrea51ngly
_compllcated 'varlatlons, -and found. that tne primary
- conceptual difficulty in - the- domain» of distance iz  the

‘#‘taking  irto account of- repeated°spatial units that occur
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oo '
between the starting and ~stcpping points of a total distance
travelled. In sum, none cf the émpirical research that has

been concerned with time and speed in the Piégetian
_ i
framework has focused on time apd. .speed concerts as

manifeétafiénS““cf“”gfbﬁbements, and those studies ccncerned

with operaticns of - time and speed have been either =

‘supportive of Piaget's fhepries- or not concerned with '

testing then. B .

A host of other studies has been Coﬁcéfned: with other

aspects of time. Ames (1946) ,  Bradley (1947),'Friedman'

(1944a, 1944b),. Hartigan (1971), Oakden and Sturt = (1922),

~and ‘Schechter, Symonds, and Bé;hStein (1955)  studied the

. develorment of children's conceptions . of such. things as

7

- seasons, ‘days of the weék, hcurs and mihutes;fage} the past

-(éense of histpry), and the future: (making plans),w.whilé

' Springer (19:2) ‘studied the deve1opment of‘the.abiiity to

(\_téll time anﬁ use the cloCk, This literature was reviewed
./ '

-

by Jahoda (1963). -

R

Brainerd (1972) refported. the results of a series of

 studies of Piaget's groupement thédry in ‘th® domain of

' simple quantification.® He found that some of the.

groupements are acquired reliably earlier ' than others for .

all subjects; specifically, he found. that 'all of lfhe

relational grcupements are acguired eaf1ief than any of the

class.'groupemehts. :*Anotherf fiﬁding was that, within' each
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‘class groupement,'the inverse operation is acquired earlier

than the compcsition operation.

The Present Study
| The‘ present ctudy was concerned with five tasks. There
was one task ror the assessment of the presence or absence
of - each of the-gronpings of temporal order (groupement V),
temporal interval (groupement 1), spatial order (grcupenent
;f),i and' séatial intervalv(groupementAI), which tested for
"~ the presence cr absence cf both ‘their ~component operations..,

- The fifth task was focused on’ the molar concepts of time and
t
Speed, testing for their presence qr.absence.;

’

"In ﬁiaget's own tasks, as well as in those used:in most .

.of the'emniriCal research,cited above,,the ,nsual case. has
been' for .suhjects.'to tequhestioned abont; say,:temporal

_ relations Whichware to be‘derived fron the observationr.of

objects moving or water levels rising at different_rates;‘in
Piagetian tasks assessing speed operations there usually has
.been a Similar confounding of speed uith time. An effect of'

lbthlS kind of confounding must be ‘to increase the protability
-of finding"ccncurrence among the'operations of speed and
time in question, even in the absence .of any true

_concurrence. The first four tasks of.the_presentystudy were
‘ : e s ‘ N : :
conc ived ,so as to rigorously exclude the possibility of

‘fconfOunding”* € concepts they ‘Wwere to assess with any ‘other’
' L U
concepts.’ Fn. the chse cf the fifth- task, it was necessary»

[

¥

.
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: ,tq&éonfound time and speed since they are defined in. terns
. . . e

éf’eaéh other at the molar level. -

The foilcwing hypptheses were testedi/ig) The grodping
df‘the operaticné ct tempcral"order and tﬁe grouping cf the
0péra£ions  9£_;témporal interval are acgquired in'synbhrdny;
(b) the grodping ct tﬁe operatibnsvoﬁ spatial otder and the
'grouping of thé-ogeraticns‘of spatial intérvai are acquiredf
in'synchrony;b(é) the tempotal  grdﬁpipgs and. the  spatial
groupings até acquired in synchrony; (4) the'comgositibﬁ'
operétiqn and the reverse)cperation“cfv each " of the above
_toupin;é/ are écqui:ed vin. synchrony; (g) the Spatiai
wp;ratigns are agquiréd'ptibr to the molar concept of speed;
(£) the'tempqral oferations gre,ééquired prior to_thé molér
conqept ”of ‘timé; andA (g) the .molar éoncepts of time_and

speed are acquired in synchrony.



Materials

. © METHOD

The subjects were drawn randomly from the’ first—grade-,

seCongagrade-, and third-grade—class lists of the Edmonton

Public- School Systen, and from the kindergarten-class 1list

“of a;gfivate kindergarten in a middle-class neighborhood of

Edmohién;3 Tne"kindergarten sample was composed of :16
children‘ (éight boys and eight girls) whese mean age was 5
years € months and whose age range was from 5 years 1 month

to 6 years 0 months. The flrst—grade ‘sample was composed of

;:31"ch11&ren (15 boys- and 16 girls) whose mean-age was 6'

years 7 months and whose .age range was fron 6,years,1v month

to T years‘B”nonths{ The second-grade sample was composed

fof 31 chlldren (15 boys and 16 glrls) whoSe nean age was 7

~.

years 8 months and Hhose age range was from 7 years 1 month
to 9 years 11 mcnths., Ihe thlrd grade sample was lcomposed
of 31 ‘chlldren (15 boys and 16 glrls) whose mean age was 8 .
years 9 months and whose age range vas from 7 ‘Years 5 months:

to 9 years 11 months. A 25-year-old male served 'as the

“experlmenter ior'all,subjecrs;

!

The materials for assessing operationsZOf temporal crder

o

Sy

. 3. It was decided to use kindergarten children for the
"mlar time and speed task after a ceiling effect for first-
-grade subjectC on.this task was dlscovered.

S
i,
[

24
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were'five.petri dishec rainteé red, yellou, blue, black and
green' a. suall glasC pltcher one- thlrd full with water; a
piece of white matte board 29.5 Ccm by_ 31 cum wlth red,
yellow, and blue paper circles 10 cm.in-diauerer glued to it
such -that the three Circlesb were ‘equidistanb frou eaeh
other; a®similar fiece of matte board uith‘black, blue, aud':
green circles glued tcs it' ‘ The materlals for asse551ng,
operailons ct temporaﬁ 1nterval were four soup cans "with the
labels removed and’ palnted yellow, blue, black, and green';a
large'plastlc pltcher half full w1th water- a. plece cf black
cardboarfd . 45 cm by 22 cm cn whlch Were glued WO "clocks,“
that is, whlte cardboard c1rcles yrthout numbers, 12 cm in
diameter and sebarated'byv9.cm,‘eachlhaving one "hand" of
“black ‘cardboard. The materials for assessing3operafions,of‘
spatial order-uere’fiVe‘rennls ballsA painted yellow, red,
B blue, green, ;and black;4a;uoodenhtunnelipainted black and

‘35,5_cm lon§,'12ecu_uide,'and 11r5rcmfip heighr;‘ bhe- same-

pieoes of matte bcard uitb colored cirCles as vere. uséd for

“the assessment ‘of operatlons of - temporal order; Ihe'

:materials for acse551ng operatlons of spatlal 1nterval were
-a- plece of white matte board 81 cm by 28 cm .on' whnch was
glued lengthwise av “"road," +that is, a pieee of black
cardboard:71:cm by 7f5 cm, ‘with a-yellow paper circle 9.5 cnm
in diapeter ulued neut to cne endlof the road a blue 'paper-

vcircle of the same size glued next to the road 39.5 cm from

’

'-the yellow c1rcle, and a hroun c1rcle of, the‘same 51ze glued
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next to the other end of the road, 11.5 cm from “thé blue

circle; " a 51nllar plece cf matte board w1th a 51m11ar'road

with red, green, and black circles 9. 5 cm in dlameter spaced-

alohgfthe road_as.uere the yellow, blue,—and broun- circles,

respectiﬁely:'a piece of thte matte board_2u.cm~hy,2u'ch_on

which - Merel glued replicas cf the yellcw; hlue; and‘brown

clrcles spacea equidistant‘fromveach other; amsimilar. piece

of ‘matte rhoard with red, green,'ahd hlack'circles; a“metal
. N ‘

toy car>7'cm in length. 1The materials for assesSing the'

: 0«‘«

concepts of time and speed*were two wooden tunnels 1dent1cal

to’ that used  fer the aesessment of operatlcns‘of spatial -

order; four tennis  balls 'painted blue,‘ reh, hlack; and
B greeh, each skeiered or the end cf a 39 ¢cm length of
straight’coat—hahger‘wire.i” ‘ “l »
. . 4 N : ’
2£9£§QE£§
hll- first-, lsechdF, *ahd third-grade subjects lwere'
‘tested on each of 'the.'five_‘tasks detailed below.

Kindergarten subjects were tested only on the time and speed<

AN

concept task Throughout the assessments the, experlmenter
; . - ‘ :

.ahdr the subject sat acrcss from each other at one,of two-;
Smail, .rectangularh tables. Thex-”tasksﬁe assesslng ‘ the
' operatimhs.of‘temporalvcrder,<temporal'interval}hand spatial
order-'eere ‘carried out at one Ltahle, while the tasks
'assessing the operatlons‘tcf fspatial. interéal- ahdv' the
cohcepts: of tiﬁe ~and speed were'carrled out at the secohd

‘table. aThus,'itvwas'neceseary for the experimenter and the
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assessments,_ and up to »four, tlmes,'

presentatlon order of ( the. tasks;b Whene er it was necessa@?&J

to change tables the subject ‘was td{ﬁ%f

B p i au:y"'.
ﬂNaEﬂue»have tc g&wé%@fpf
‘ "
- e
® go back. to. the

R

the other table (again) ," or; "Now ":

[

first table.agein." Only tﬁe materlals‘g§or 'the_'spec1f1c‘o).‘
task. b61ng carrled out were on‘a table at any one tloe, w1th
the . exceptlon of theJtHo,pltChers,'whlch werevjudged not to
be of any nplay value. ‘The rémainder‘of the materials_ﬁefe
_kept out of the subject S view on a chair or ‘on_'the‘ floor -

~below the tables.,

Although~ the-ifive assessment procedures are detailed
below, it sh%gld ke ,notedfvhere ‘that all of - the tesks
‘cootrolled for -fhree‘ sources of measurement e;foi:‘coior
'blindness,.childten's.fendency'to~agreeuwith_what en dadult
says more frequently thoh-they disaéree {(ct. Rothenberg,
1969a), and 'tde-‘fact fhét difference judgmente _ and‘
equi;eleoce' judgnents' generally :darei of 'diffetential
dlfflculty (_f *Mehler and,Bever,_1967). Color blindness -
uas controlled by asking the"subjeot to hamevthe colors?
iapproprlate tc each task. In the case .of tief;temoonal
.ofdef- Lspatial“'ordef,b and spatidi interval ’tasks; the
subject was asked to.name the colors of the c1rcles glued to‘
the approprlate pieces of - matte board befq\e the. task was:
admlnlstered. " In tne case of the temporal 1nterval ‘task,

' the subject was. asked to rane the colors éﬁzthe .cans. as they\' 3
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were placed on the table. In the case of the'time and speed
concept task, the subject was asked to name  the cdlors of
the  tennis. ballc as they Here placed on the table. 1f the

task presentation order -was. such that the subject had
- T : £ . PR

previously mnamed the cclcrs pertlnent to a glven task, he

S : .
was not asked again. Two subjects failed to name all colors

-correctly and were replaced by tuo'other randomly selected

smbjects, The false-agreement effect was controlled by

structuring the experimenter's questions such that it was
. : | | v - o

necessary ~for a.subject bcth tc agree and to disagree with

% L - o . : .. : o . -
the -experlmenter!s assertions to be- judged as having

I

acqulred the Qperations in question. The differential
dlfflculty of eguivalence "and difference vjudgments was
controlled by using both quectionc for which the correct

responce ‘'was- an egulvalence judgment and questlons for thCh

. the correct response was a dlfferencev]udgmept.

When the. subject had entered the’ experimenter' rbom-b

amd - was, seated across' from him at the table at which the

- flrst task was to be performed he ¥as asked hlS name, which

Was ﬂ‘wr%tten ~on the questlon sheet. He was then asked, "Do
you like Smartlec (the Caradian . equlvalent of M&Ms)’“ After

an. afflrmatlve reply, the experlmenter - took two Smartles

from a bowl thch Has at all tlmes v151ble>to the cubject,

saying, "OK. Here are some Smartles. Yomygan eat them . now
if YOu‘vHant, cr you can save them for later, Hhatever you

want to do. _Now, we' reY901ng to play some games 1ﬁ§ here,'
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and I'11 ask you some questions about them. If ycu watéh

what I do carefully and try hara to answer my questicns, you

can win SODE [OCIe Smﬁr%i;s. OK?" Then the first task was

™

administered.

1. Assessment of operations of temporal order. “a) The

composition  goperation. ‘After thgﬁ

pretest the suktject was tcld, "We're going to play ‘a ganme

colorfdiscrimination~
with some dishes, and then I'll ask you some questions.
Now, éatch caiéfully.ﬁ The red pétri dish was piaéed én the
table béfore the subﬁéct and filled fro@~the sﬁail éitcher
Iwhiie the subject -was tcld, "I'm filling the red dish with
- uater."i The blue dish ﬁas then,placed on tép of the réd
’\f“‘apsh and. filled while the&suﬁjecf was told, "I filled, the
fed dish before I filled the blue’»dish," with. a ‘heav§v
emphgsis on fhe_-ﬁord Fﬁefore;" Af£er a pauSe of Several
secondé to e@éure that thé suﬁject'gbt'a gdod look at , the
dishes; fhe red dish ués qﬁickly réméved framfbeneéth the
<biﬁe dish and placedVOQt cf the subject's view while the
;'yéllow fdiSﬁ wééiplaced Ch"tqp of the blueidisp. Whiie‘the‘
.yellow:dish was being filleé the subjeé% vas told, "Now, I

P : : : :

- filled  the tlue dish tefore I filled the yellow dish.“
_Aftéf anbther rause tgé‘tub'disheé 'ueée_ removed from the
tablé .énd .the 'makte board.uithvthe red, biue, and'yéllow‘
circles wds inmediately placed on the table in f:oPt ct the
(subject; ~who was _then ‘tCid,""Herei are pictures of the

dishes." Thebgollcuing questions were then asked: 1) "Did I
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fill the red dish before the yellow.dish7" 2)6"Did 1 fill

—_———— Ee=—==

. the yellow dish and the red dish at the same tlme°" 3) "Was

1

the red dish full Qgiggs'theeyellom ohe?" VQ) "Here the fed
»and yellow dishes'filled,at the same gigé?"' 5) "bid I éut;
vater in the red dish befcre the yellow one?" 6) "Did I
£i11 the yelibw»‘disﬁ tefore the xed _dish?"v‘ For_ all
questiéne, ~each time a dish was mentioned the.circle of the
appropriate cclor was indicated on the matte boa:d' to sthe
subject. Theﬁ, -aftef the matte> board had been removed,

regardless of the subject's performanée; he was tcld, "Good.

Here are (or, you win) scére mcre Smarties."v" He was given
two g;artles. "Noul we're goingtto dd'ft'again'with'some
different dishes, and 1'11 ask someqmere:queseions;". §) 13§
reciprccal‘ gperation. ~ The procedure was>vrepeated with

black, blue, and green dishes in that'order} and the subject

P

was tcld,. "Now he%e are. some more guestlons ",:1).9Did I
£i11 the green dlch-after the black dlSh’" 2) "pid I £ill
the black dish and the dreen ‘dish at the same g;gg°" 3)
ﬂWas the.green-dish fllled'ggigg the blaCK one?" u)> "Were
the green and black dishes fil;ed et the same g;gg7" )5
"Did_I pﬁt water in.the.green_aish ggigg,the_black one?“ ‘6)
“Did I.fill the klack dish g;ggg'kthe.;green one?2" The

subject was again rewarded.

of‘temporal interval. a)

The compositicn operation. Ihe subject was told, "Now we're

'%901ng to play a game with sdme cans, and When we! re. finished
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I'11 ask you scme questions." The blue and yellow cans were
.placed on the table in a 1line parallel‘to_igﬁ long axis, and
‘;‘the)piece of"oa:dboard.uith the olooks was 'placeﬁh between

,\th9<ﬁsubiect and- the canshsuCh that each can was directly

.abbve a’'clock. The hands cf the clocks were pointed to ‘the.

'12500 fpoéiticn . Telative, to the subject. After the color-
dlscrlmlnatlon pretest the subject wa's told "These 'clocks

-nwlll measure- ‘the fllllng tlme for the canmns.! The blue can.

‘was fllled completely from’ he large plastlc pltcher,v after

which the subgect was ﬂold, "I filled the blue can and 1t>

took this -much filling time. The, hand ofo the. clock'

correeponding tc - the blue can‘wac moved to. the 30 eecond
i‘positiou. Ihen the yellow can was falled about one-third
full after whgfh the subject was told "T.filled the yellow

A SO
- can and, it tog§ thls nuch fllllng time." The hand cf the

-’clock correspondlng to the yellou can was moved to the 10-

second .pos1tlon. After a pause the sub]ect was told, “Now'

1'11 ask some questions." For all_questlons,A each. t%ge a.

. C o o Fa)

can was menticned it was fpointed out to the subject. 1)‘

¥

;ﬁDid it take more time to f£ill bcth cans than to fill the

blue can?" z) "Dld it take the Same tlme to fill: the blue.

"

‘can as to fill both cans?" 3) "Did I take more time to fill

both. cans than the blue can?" 4) "D1d I take the same ?timg_

' N
to flll the blue can as to flll both cans’” 5) "Dld I take
lg_gg; to flll both cdns than the blue can?" 6) "Dld* it

take l;gggg to fill the blue can than to flll both cans’"

A
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‘The subject was then rewarded and told, "Now we're gcing "to

'dq it again with some different cans.' The clock hands ‘were
'theni reset tc their orlglnal pﬁs&tlons'and the water in the
: blue'and yellcw cans was-gcured back into the pltcher. tfb)
Ihe- inverse cge;gt;gg. ‘.The procedufe was repeated with-
green and black cans, the,latter can being 'the one'ltb _be'
, : S . .

filled 1last . and ccmpletely. ."quﬁﬂhere.Aare/ SOEE = more

questions." 1) "If I take away the thiJ:fi;led.the black
. . ¢ .

it took to fill ‘the black can the same as’the time it tdok

to f£ill both cans?"  3) "If the tlme it took to f£ill the

~

black can ' is sone, Hlll there be any fllllng tlme _gi

'\)

4)

"Is the tlmevlt took to.fill both cans the same a th, time

S R - L o .
it took to £fill the black can?" 5) nIf I take awaxk% he tlme

it tock to fill the black can, "will there be any fllllng'

time left?" . 6) "If I take away the time I filled the black,

~can, will ‘g;l "the fi ling. tlgg be gone?"™ The subjgbt was

.~ again rewarded. o . ‘ S S

e

3.  ASsessment of orerations of spgtial order. Q)' The

A

\

composition cperation. After ‘the. color‘discriminatiOn

pretest tbe.subjéct was tcld, "Now we're;\going to _play a
game with scme‘ balls' 1n a tunnel and when we're flnlshed
I'11l ask you. some - questlons The tunnel was placed on_ the:

2y

table in frcnt of the subject, allgned such that he could

not see 1nto €ither end. " The yellow tennis ball was placed

at the entrance -~ tze tunnel on the subject's'left,’with‘

~.

can, will there be any fillinc time*left?" 2) "Is the timé¥

-~
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. the blue ballk placed ]ust to the left of and contiguous to,

the . yelloy ball. Then;‘the' subject was told "Watch

.saxefully. The yellow ball gces in ahead of the blue ball, ".‘

as the experlmenter used “the blue ball to push slcwly, the-

o “yellow ball into the tunnel and cut of the subject S view..

- Then the red ball was placed to’ the left of and contiguous

i
Jateins

.to,lthe blue kall, which ncw rested just‘outSide the mputh

of " the tunnel. The Subject was told, "Now watch, the.blue

ball gces intghgag”of the -red .ball "ooas’ both balls' were

slouly‘pushed into the'tunnel and out of the subject S view.

Then the matte board Hlth the yellou, blue,‘and red circles

was*plaq%d on the‘table'whlle’the subject ‘was - told, "Here
' ; ,3; X . . i . ’ ‘ -
are pictures of those' balls, ‘and now I'll "ask some
. . . : ) I (- ] g
questicns." Fcr . all_»@uestions, each 'time a ‘ball was

mentioned the circle of the appropriate color was indicated

to the subject. 1) "Es the yellow ball- aheadb of ' the red

N

. ball2"  2) "Is the red ball rlqht up even with. the yellow.

o

‘ball?" 3) "Did T put the yellow ball ahbad- of the red

-
A
"
o

ball?™ 4) “Dpid I put the yellow ball right“gp even with the

.red(ball?"‘ 5) fHas the yellou ball ahead of the red ball’"-

'ev,
“6) "Is ‘the red ball €ad of the yeLlfw gall?" The subject'

%:"3

) uas then rewarded °and ‘the balls in the tunnel were removed.,

! n_

" The subject was - told "Nou ue're go%ng to do. it :agaln w1th

P
some diffeTent balls and I'11 ask/‘

u some mo:e questlons;ﬂv

s 4/¥Fhe procedure was repeated

7.

1s ' in that order. '~ The ©



34

questions were: 1) "Is the black bhll behind the green

“ball?2" 25,"is the green tall right up even with the black
‘ballz"™ 3) *"pia 1 put the klack ball ngigg the green ballz?®
54) "Did I put the black ball r;ght Up even with the green

ball?" 5) "Was the black ball behind the green ‘ballzm 6)

"Is the green‘ball behingd the black'ball?" The subject was

again rewarded.

4. Assessment of operations of spatial interval. a)

The .cemposition cperaticn. After the color-discriminaticn

pretest'the subjeCt was rold, "Now.we're goigg 'tc‘ watch a
car on’adroad, and I'11 ask'you.some gquestions.® Ihe.matte
board, with the rocad and the'yellow;'blue, and orodn circles
was. placed ' cn the table in frent of the eubject euch that
the rcad ran parallel to the long axis of the table and the
circles were between the subjecr and the road, the yellow
,Circle being on the subject'slleft. The car was placed 'on
the road next to the yellcn circle and puChed slowly to the
other.end while the subject wae told, "The car starts at thedﬁ
yellou:circle.x It[goesidcwn the road and it comes to a blue
-circle, then it keepe on going and comes to a 'brown- circle
ar:'the ‘end " Then' the road was quickly removed from the.
,’tab e. and replaced by the matte ‘board wlth the yellow, blue,
" and brown c1rcles.'vThe guestlons gere:‘1)b"Does the car go
gorg frod the yellow circle.to the brown cirClerthan.from
the yellow tovthe‘blue2"v 2) IV'D‘oe‘s rhe car go the same

amount from ‘the‘yellow circle to the blue circle AS tovthefv
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brcwn?ﬂ 3) "Rhen the car gets to the bluebcircle; does it

have to gc more tc get to the brown circle?" '4) "Loes the

car dgo the .sare amcunt frcm‘rhe yellowvcircle to thej brownf
circle as .tc\ the‘blue circlez" 5) "Do I ha&e‘tc push tﬁe;
car EQiﬁ ;rgm‘fhe‘yellow circle to the brown circle than
frem the yellcw to the hlue’"‘ 6)«"DOcS the car have to go
more from the yellou circle tc¢ the blue c1rcle than from the
yellow to the brown?", For all guestlons, each‘tlme a circle

was mentloned it was indicated to the sub]ect The subject

Was rewa ded and told ~"Now we'll look at another road." 'b)

The vlnverse.cperatlon. The rroceddre was repeared'ﬁitﬁ the
'_rogdﬁwith the red, green, and black circlee. The queStiens'
were: 1) vif I §g§§ g!gx the road from the red c1rcle to the
~green c1rcle,' Hlll there be ggi road left2" _2)-"Is the
adbhnt'of roadufrom the red circle‘to‘the green~ Circle the
Same as:¥from the red tc the black?" 3) "Ifnthe road frgm
the red circle to the green 01rcle is gone, will chere‘dbg
‘any rggg"legg?".r»a)‘ "is the amcunt pf road from the red
c1rcle to the black c1rcle the same as fronm the red ,to"the
1green?“ : 5) “If the road 1s ggg. from the’ red c1rcle to. thev
dgreen circle, will there be any road l_;;.f 6) wIf T take
gggj the road from the red circle to the green'cirCle,‘will

~

ﬁall the road ke goné?" The subjecf was again rewarded.

5. .A§§§§§g§gg of the concepts of time and speed.

ilgé. The subject was told, "Now we're going to Hatch,some

-
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balls ’have' ahrace through'sone tunnels."; The tunnels were
placed slde by s1de in frent of the'asubject such ‘that ‘he
, couldv not ‘see 1nto elther end { The subject was then toldf
- s

"FirSt we! ll watch a race betuee; these two balls (dreen and
black) . Can you tell me what colors they are? Good. Now,
they'll 'start }at‘ thlS end (polnts to the suhject'c rlght)
but they'll lelQh doun here (to the subject“s left), so we
have to Hatchﬂ here and see uhat happens " The green and
black tennls halls ckewered on the wlrec were slowly pushed,

~ each through cne tunnel, the black ball emerglng notlceably
before thefgreen_hall.l When both balls had emerged from the
' tunnels;* they were - left placed 51de by side at the tunnel
exits, and the subject uaC guestloned 'For.;all -questions,

- each. tlme_,a ball»,was mentloned it'uas'rointed out to the

‘.SUbject,h d) "Did’the green'ball\take l_gg than the blacb

.L

ball?" 2)  "Did the black ball and. the green ball take the
. . . N ntv. i
7

m than the -

same time?" 3)'"D1d the green ball tak mor

—....

Cedat
Iy

blac&‘ball?", 4y . "Dld the green ball and the bl ck. ball‘take o

the same tlmev" . 5) "Was the green ball later than the black
ball’" ‘6) f"Dld the black ball take long_r than the green
lwball?" The subject was then rewarded and told _‘Qﬂow ‘we'll
.watch _another, race, th1Q tlme between these ‘two balls (redr
and blue) _Can - you tell me what colors they; are?‘ Goodrwf

Watch ”andv‘see what happens,‘;,b) §géeg; "The procedure was

4. Tunnels were used to cover the paths of" the:'ballS'“so
that the subject could not observe any overtaking. ' :

e
0
] o
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repeated, with the red ball "winning the race." The
_questicns wWwere: - 1) "W&fithe red ball faster than the blue

 i3ball?" 2y "Did the blue and ﬁéa balls go the same <sreed?"

3) “D1d the: red ball go ﬁaster than the blue ball?" 4y "pid
the red and tlue balls gc the'same _Eeed°" 5) "Was the red
ball golng faster han the blue ball’" 6) "HWas ~the blue’

ball faster than the red kall?" The'subject was rewvwarded.

—_———

A

g

‘in order Jto-centrol fdr order effects‘such as warm-up,
lthe presehraticn crder cf\ the five _ tasks was fully
randomized across ‘subjects. The presentatien'order of the
two parts of eacﬁ‘ task HaS. also fullf.irandomized. In

.addition, the presentation crder of the six questions within

q

each = subtask  was’ randomized‘ with the condition .that
questions for--which the correct answer 'was "Yes'" and
questions for . which the ccrrect answer was "Nc¢" were

‘ alternated;
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All correct’ judgments Were a551gned "1s": and ail

‘7}'1ncorrect judgnentC were aQC1gned "O0s." - A 3 (Grade Level) X

‘ fé (Groupement) X 2 ‘(Opezation)- X2 (Concept Area) nixed®

analysis of variance was_ccmputed;_ The maiﬁ effects . that

'attained significance ‘Were: (a) the between- subjects grade

hevel effect (F= 16", 68, df 2/90 E< 0001), (b) the  within-

tjects’ effect fcr groupement (F 46. 85 df=1,/90, p( 0001),

- and (c) the wlthln subjecté effect for concept area (F=9.64,

T4

af=1,/90, p<.005) (see Table 1) Concerning a, crthogonal

polynomlals ccmparlsons revealed that all of the 1mprovement

- assocliated with ~a4ge was accounted for by the llnear trend

(F=253.92, £=1/28, p<.0001). Ccncemnlng b, it can te ‘seen

from Table . 2 that_ groupement v tasks Wwere less dlfflcult
than groupement I tasks. Ccncernlng C, it alsc can he seen
from Table 2 that speed concept tasks were less difficult
~than tlme ccncerpt tasks.A In addltlon, the followlng firsﬁf

order interacticns attalned 51gn1f1cance: Grade Level X;

Concept Area (2#5.88, .4£=2,/90, p<.025), _Gfoupementir,x
Operation (F=70.61, df=1/90, p£;0001), and Groupement X

Concept Area (E=100.99, d£=1/90, p<.0001). (see Table 1.

‘PoSt © hoc tests (Scheffe, 1953)‘_revealed that the first

inte:action uas-ouei to the fact that -the ‘third- ~grade

subjects ‘found the speed concept tasks less dlfflcult than

2
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TABLE 1

ANALYSIS OF VARIANCE

SOURCE B . DE ss s
Subjects | ' Sz 371.82
Between Subjects -2 100.55 50.27
Error 30 271.27 3.01.
Groupement L 1 103.88  103.88
GrourementXSubjects 2 0.56 0.28
Error : 90 199.56 2.22
Operation ‘ 1 2.60 2.60
OperatlonXSubjects 2 3.40 .70
Error ) 90 119.50 1.33
Concept Area - t 1 - w54 14,54
Concept AreaXSub]ects 2 17.72 . 8.86
Error ‘ o 90 135.74 - 1.51
‘GroupementXOperaticn ) 1 120.S7 - 120.97
GroupementXCperationX : T .
Subjects ' B 2 . 8,35 - 4.18
Error ' S0 154.18 1.71
GroupementXConcepf Area 1 120.<7 © 120.97
GrourementXCcncergpt. , e v B
AreaXSubjects 2 0.23- 0.11
Error e 90 107.81 1.20
'OperationXCcncept Area 1 3.36 3.36
OperationXCcncept . S
AreaXSubjects, , 2°% 1.7 0.59
Error . SC

109.97 1.22

GroupementXCpetatioﬁX _
Concept Area A 1.21 1.21
- GroupementXCperationX o

Concept AreaXSubjects 2 12.52 6.26
Error .90 101.77 1
Within Subjects . 651 1340.00

TSQ/N=12536.18

*p<L025
*¥%p<.01 .
*¥%p<.005
**%%p<.0001

39 .

Lo

16.67 9% x4 x

46 .8UE*k%kR
0.126

1.960
1.280

9.639%%*%
5.875%

70 .61 %%%%

2.439

100.987****

: 0 094
2.750
0.u480
1_‘.0_70

5.53y4%x%

4

55T=1711.82



TABLE 2

- " MEANS FOR BETWEEN— AND WITHIN-SUBJECTS
SOURCES OF VARIANCE ‘
¢

- et - ——— o —————— — —

Grade Level 1  3.63
T 2 ‘4.16

3 4,53

Groupement I 3.73
v 4.48

Operaticn C 4.16
' : R 4.05
Concept Area T 3.97
S 4,25
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the first-grade subjects (E<.O1),,whi;e this was‘ nct the
case for the tlme ccncept tasks (see Figure 1) . Thevsecond
1nteractlon resulted from the fact that"in.vthe case of
groupement V _the composition operation was less difficult
than the reve151b111ty operatlon (p<.01), while in the " case
Oﬁ, Qrcupement I the reverse was true (E< 05); in- addifion,“
1ﬂ)uas found that the compcsltlon operatlon of groupement v
uas less dlfflcult than the composltlon ~onerat10n of
‘ gqyupement T (E<f01),"ﬂhile there was no significant

ai&;éfencé between uhe -reversibility' operations of - the
g:oupements (see Figure'2f§% Ihe‘third infefaction was téuef
t& tbe‘.fact that ~ the groupement I speed concept task was
lesaﬁdlfflcult than the tire concept -task ‘(E<.O1), whlle

al

thls 'was‘{not ‘the case " for the groupement 'V tasks- in
addltlon7 the groupement V task in the tlme concept area was
found to be less difficult than the groupement I task

(p<1p1),‘ thle “this was not the case in theuspeed concept

A third-order Grade Level X Groupement

'X Operatlon X Concept Area 1nteractlon was found ton'ber
'31gn1f1cant (F—S SB%idf 4/90 p<. 01) “It seeuS'likeiy.fhat
this 1nteract10n ‘was a recult of the interaction of the
Grade,;Level XA,Ccncepgv Area and Groupemént'.x_Ope;ation

v

. ) X ' o
interactions ‘discussed abcve.

d%dinal Analyses
Sevefal ulthln-subjectcfordlnal analyses were conducted

to determlne uhetber or not the pan?metrlc dlfferences 1n
) : )
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groupement, operation, and concept area task dlfflculty also

‘may be construed as 1nvar1ant sequences. In addltlon,' an
& .

ordlnal analy51s was computed for the molar time and speed

f s -

" concepts assessed by the f;fth task, and the data for - the
.kindergarten subjects uere‘lncluded for this anal‘ysis*f:%)_rll)/'.‘5
Specifically, ‘the ordinal analyses tested for invarlant‘
-séquences (a) ‘between' tie ‘composition and reversibility.
operations fcr each grcupement in each concept area; (Qf
between the tup grOupenents in: eachv concept iarea( (<)

between. the tuc ICOHCept areas; (4) between the molar
concepts of tlme and(speed assessed by the fifth task; and“
(e) ‘between the .tlme .ccncepts assessed'by:the‘f%rst and
.second tasks and tbe‘molar time concept »assessed ,by the
fifth tash -and hetween the Speed ‘concepts assessed b& the
third and fourth tasks and the molar speed concept :assessed
"Sy* the fifth task. It crder to conduct'these analySes a

pass-fail .«criterion was used to parﬁltlon the subjects' into
those who  had and those who had not acgulred each of ‘the
operations or concepts in questlon' If ‘the subject correctly
-answered five or six of the six questlons for a particular
Joperation or concept,.the operatlon Oor concept was ca1d to
;have been acquired; ctherulse rt.yas said not to have been
acquired. ' If - _koth the composition' aud™ reversibility

, , ) Y
operations of a particular - groupement were acquired, the

=5 A" procedural €rror ty the experlmenter resulted in the
discarding of the data cf the molar time and speed concept
task for one first- grade subject.- ' ,
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groupement was said to have been acqui;ed;‘otheIQise the
groupement was said not to have been acquired. " If both
gronpement I and gronbement V of a particuler concert area
were acguired, that concerfpt areé_-wae said to have heen
acquired; othernise the concept a:ea Was said not'to have
been acquired.v'The binomial test (Siegel, 1956) was used to
test the.significance of the various reiationships nhich are

shown in Tables 3-6.

The probability values appearing at thev kcttcms of

Tables 3-6 suggest that (a) in the case of groupement V the -

comfposition operation is acquired prior to the reciprocal

operetion, and 'in'ithe _case. of groupement T the inverse
operation is‘acguiredvpricr tc the comp051tlon voperation,
for both concept areas (see Iable 3); (b) in the case ot the:
time concept area gtoupement_ Vo ois acquired‘;prior ‘toh
groupement i; nhile no conclusion can‘immediately be drawn
concerning theee groupenents in the speed concept-atea (see

Table 4); (c) thebtwo grcurements in the concept area of

speed ‘are in ev1dence before they are both seen in the

'concept area cf time (see Table 5); (4) the molar ccncept of

speed is acguired prior'tc the'molar concept of tfﬁe (also

see Table 5)' and (e) the nolar concept of time is acgu1red

prior to the acqu151t10n of all of the operatlons cf  time,

and the molar ,ccncept of 5peed is acqulred prlor to the

o acquisition‘of all of -the cperations of speed (aleo ‘see

Table 5). Ccncernlng Concluelon a,’ for groupement V in the

-
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CIABLE 3

A DEVELOPMENTAL RELATIONQHIPS BETWEEN THE COMPOSITION
AND REVERSIBILITY OPERATIONS OF GROUPEMENTS I AND' V
IN THE CONCEPT Ai\AS OF TIME AND SPEED

_—— e e e o ———— - ———--———_—--_——_———.;—_—..__-..————_—-_-— o —

Y e > e — ————— — ————— e - —— ———————————

Grpupement . . ° © .Groupement I Groupement \Y -

Operation_'

T e e, e, e e e e, i e ——
—-_-—-__-----_‘_—--_—__-—-_....--_—_
.._.._....____..—-—..-_-_—--—-..-—_—..——.._—_———————-— ————— e —————— -

Present 1 S 26%
Absent bx 62

Reciprocal - . . o
Present R . 38 ';jk*
Absent | o _ 36** SRR R SREN

Speed Concept Area ' ‘ ﬁ‘ U

' . " Inverse . , - ‘
Groupement 'I ~  Present - 30 - ~3g%k% _ o
: - Absent . 4 23

: "Reéiprocal S C
Groupement v Present oo .\Q\ 29 28%%,
: - Absent ' ' '

**24 0001

A ~
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TABLE 4 ~

DEVELOPMENTAL RELATIONSHIES EETWEEN GROUPEMENTS I AND vV IN
THE CONCEPT AREAS OF TIME AND SPEED

T A e e e e e e o e = - e e e . W aa T . - ——— A s - ——— ——

Concept Area

- Groupement

Groupement
Present
Absent

Groupement

Present
‘Absent

Time Speed
--------------------------------- X
Groupement -
Groupement-i Groupement ¥V
Present Absent Present  Absent
15 15
14 49-
0 37%*
1% -

*p<.00001

3
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TABLE 5
DEVELOPMENTAL RELATIONSHIPS BETWEEN. TIME AND SPEED'
. AND MOLAR TIME AND
, SPEED
Oreration .or Concept Area
Operations or S
Concept Area - Time Operations Molar Time Molar Speed:

e — -, ———— = - - e e - ——————

“Speed Operations A _ S
Present 0 - 15% , T b= . 0% -
Absent . ' 0* - 18 e 2 =

~ Molar 'Speed ‘ B S
' Present - : 79 . 21%
Absent . : : S P 7
Time Operations : ; - - s
Present _ B .0 0%
. Absent , : ‘ 76% 16

*p<.0001
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/

.tl@eécpncept area 36 subjects evidenced the acquisition of_
‘the~‘compos:t1cn ‘cperatlcn in the absence of the recinrecal

»operation, ihilebthree sukjects evidenced the reverse; ‘in
‘the‘speed concept area 28 snbjects eyidenced.the acquisition
of 'the,- comp051t1cn operation in the absence of the
re01prccal operatlon of thlS groupement, while tuo‘dSubjeCts
ev1denced the reverse.‘ Fcr groupement I in the time cocncept
area"2v6t.sub*ectC ‘ev1denced the acg0151t10n of the 1nverse

'_operatlon in- the absence cf the comp051t10n operation, wlth
"four subjects”,ev1denc1n; the‘reverse° ‘in the speed cqncept
area 36 subjects evidenced the acgulsltlon_:cf the inverse
'.cperatlon- ‘in the absence of the comp051tlon operatlon,‘with
- four subjectS'evldenc1ng:the reyerse.‘eCanernrng Conclusion

Q, in the ‘tinme ccncept area;'B7‘ Subjects. evidenced the
a [ ] !- -

acqu151t10n ct @rcupement v 1n‘the absence of" groupement I,

-~

',w1th cne sub]ectt ev1denc1ngﬂ’the reverse; in the speed

'-q0nceptr area 14 subjects e&idenced the acquisiticn of

i

'grbﬁpement'v in thef<an§ence of groupement I, with 15
. T ) ) . }

subjects ev1denc1ng tﬁe reverse, An additional-finding in

: . oy S :
thls concept‘ areaswwas ‘that the ‘'inverse operatlon of

groupement I 1§ %cgulred prior to the rec1procal operatlon

e

’of groupement Vn'hlth u2 <ub]ects ev1denc1ng the acqulsltlon

'”f‘of the former in- the absence of the‘ latter, and seven

'fvsubjects ev1denc1ng"‘the reverse (see Table - 6). ' Seven
reversals-out of aypopulation of 49, however, may ke too

'large:'a proporticn‘»to warrant the conclus1on .that an




A - | TABLE 6
AN R 3 | ‘ .
N DEVELOPMENTAL RELATIONSHIP ' RETWEEN THE RECIPROCAL OPEPATION‘ ;
OF GROUPEMENT V AND THE INVERSE OPERATION OF GROUPEMENT

) 'I IN THE SPEED" CONCEPT AREA

‘ . Groupement
Grdufeﬁent ’, 0T . -T-;;;;;;;;;;-%fi'“ - ->¢Q;
iy
‘operation ,“-'1?;;{;;;;;1"'

- - ———— —— - - ——

Inverse

Grougpement I Eresent . = 24 g%
' Absentj”‘ 7% 20

T T T e o e e e e e e e . ————— e - — ———— e

*p<. 00001
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~'in§ariant sequence exists here. Thus, it seems reasonable
to conclude that, oveiall, groupement V is acquired Erior to
groupemeﬁt 1. | Ccncerning. Cenclusion g;'.15 squects
evidenced.the-acquisition of both groupements"in ~the - speed
concept{area in the absence of their acgdisition in the time
- concept area, witﬁ né subjecgs_ evidénéing the feverse.
Cdncerhing ‘Cchclugion d, . 21 subjects eQidenced: fhé
acquis;tion of thg:molar’speed ccncept‘ih the absence of the
molar-time concept, Hith'oﬁe‘subject evidencing the reﬁefsé.
CénCerning Conclusion = 76 subjecis evidenced the
_acquisitioﬁvof the méla: time congept iﬁ the absence of all
of ®fhe . time operations,v with no éubjécﬁs evidencing the
rejegse; 72 subjeété.eVidenced‘the acquisition of'éhe moiar
speed cohcept in the’absénce of‘dli of the speed operations,

~ . ’ )
with no subjects evidencing the reverse.
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R DISCUSSION

Groupement Theorx-gﬁ L . s

%he principal findings uith‘regatdito'groupement theory

are that grougements I and V are not acquired in concurrence

[

in the time <concept area and that the composition and
Teversibility ogperations of these groupements are not
acquired in concurrence in either concept area. Concerning

the first finding, while it was shown that gronpenent, vV 1is

‘acquired pricr tc gronpenent I in the time concept area, no

{
asynchrony was found in the speed ccncept area." Theref,are

at least three pcselble explanatlonc for this flndlng' (a)
These groupéments really are acqulred in synchrony, ‘tut for
some reason they were observed to- emerge eeguentlally 'in the

time ‘concept .area; {(b) these groupements are acqulreﬂ in a

is, ~about half‘ of all ch;ldren
approachlng : .the cchrete-opeiational ~level vacguirev
groupement I prior 'tc groupement v and the remalnder acquire
them in theereverse'order; but for some reason a sequance
observed ‘innthe fime concept area; (g)‘groupengnn V is
@c@uired eanlier tnan groupement I, but for scme,reaeon. the
sequence was cbscured 1n ‘the speed concept.area. Concerning
mhe. first explanatlon, 'lt is poss1ble that the. dlccrepant

2
-

regnlfs were due tc the temporal 1nterval task 'belng, ‘in
b N o . .
some. noncognitive asfect (s) _(perceptual, * intuitive,

abstract, informaticn-processing,_ etc.), more a;fficult in

52
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i
. 5t

vt

. (
the ccntext cf the temporal Erder task than was the spatlal
Y e‘i )
- gy

e :
1nterval task in the cqmt&xt of the spatlal order task, in

spite of the fact,that the two groupements are acquiredyin
Synchrony;w Ccncerning ex;lanarion b, it iis‘ p0551blev that
the discrepant. results,'nere due to the temporal 1nterval
task belng more dlfflcult, in some noncognltlve dlmenslon,
in the ccntext of the temporal "order task than the spatial
interval- task was in the context of the sPatlal order task,
in srpite 'of rhe fact thatrthe two»groupements_are really
acqnired in a‘réndcm order._'Given‘the,actual data;'rnat in-
.,#he speed concept aree 15_%§bjects‘evidenced ﬁﬁg'acquisirion_
of groupemest I  in thePabsence'of‘groupement V; while 14
‘ subjects ev1denced the reverse, and that in the time concept
'.area the ratlo was 37 to ‘cne in favor of groupement V Ekeing

o

acgu1red flrgt, it 1s dlfflcult 1f not 1mposs1ble tc favor
 >the firsr %xplanarlcn " over . toe second  or y_g_ versa.r
However,» both"of the above explanatlons may be faulted on
tno‘grcunds{ First, of the 37 subjectQ " who »ev1denced the
‘acquisifiony cf grcupementlv in. the absence of,groupenent I
in rhe timedccncept_area, seven iere _firstegrade students,'
14 werev second~grade ‘students,‘ and bf6. were thlrd gradee'
studentS'vthe 51gn1f1cance of this dlstrlbutlon is “that it
is extremely unllkely that such noncognltlve factors as ‘were
.suggested above wculd result 1n a’ three year,‘or longer, lag'

“between the - demonstrated presence  of two cognitive

lstructures uhlch truly emerge in synchrony or 1n a random
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*order. The\)second ‘reason is that, . in additicn to holding

across a Fhree -year span, the sequence‘ found in the time

-

concept area is ]uct too kig to be dlsmlssed by am appeal to

seconﬁary factors. Concernlng e;planatlon c, 1t 1S€%$called‘._'

. . L]
that the primary ’materlals used for theaassessment of the

orerations of spatial interval consisted oﬁ‘"roads" with all
- of the colored .circles ‘about which the Subjec{s vere

questioned vieiblehsimultaheodsiy and in order. Due to the
il : ,

simple “and perceptually undemandlng layout of these

_méterials, it is likely that conc *”u"operations, that'is;
the cognitive structure whlch- isﬁ groupemeht' I; ue;e' not
required by sev fal of the eubjects for the solution of this’
task;-h tatﬁg;jéx freoperational intuition, | the  simple
internahé;eticn of péroepts»in‘the'forh of representetional
images, may 'have<been.Sufficieht.- It'is'accepted that_thea
thihd explahation is the mcst.reaSOnable and it 1is therefore
vascerted that groupement V is acqulred prlor to dToupement
I. Concernlng the second finding, it was shown that in the
_ceee of groupement' I 'hhe _1nverse ‘operatlon is ‘acqu1red
earlier than the' compo°1t1cn operatlon and in Ehe case of

groupement v the comp051t10n operatlon is acquired prlor to‘

the-reciprocal operation, fer both'concept areas.

y .

In 'the.‘empiricalf llterature only Bralnerd (1972) has

reported research”fccused directly on- groupement theory
The flndlng hat groupement \ _is ‘acqu1red earlier than

' groupement I is con51stent with his flndlng that all cf he

(e

, -
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o relatlcnal groupements aé%:acgd@ﬁed before'3§§~of the class

i 94 v LN St
groupements. The flndlngﬁthat for .gu st I fheo 1nver§é§§(
‘i—ﬁ o '. ' o R . A ’
'operatlon is acgulred pr;;g to the cqmp051tlon Fo
g
consistent swlth.dBralnerd's'vflndlng ‘that _this”%fseguence
, ‘

'-obtains for all of the class groupements. Brainerdgdid not

tjon 1is

report flndlng any sequential acg@méltlon of.the .operatidns

bl

of the relat10na1 groupements; 'because his paper\ is a
summary report the data were . not preseﬂted in suff1c1ent
detall to warrant Qpeculatlon aiéﬁo why hlS flndlngs and the

present findings differ on this point. . ‘4
. . - ) , :

/The' akove flndlngsv are inconsistent with groupement
theory in whlch 1t is stlpulated that all of the groupements
emerge synchrcnouCly in a given concept area and that all of
the operatlcnC of- the groupementc also emerge synchronously,

' Brainerd (1974) has stated that bcth of these' stlpulations‘
are"such cruciai emplrlcal predlctlons ot the theory that
any contrary flndlng nust ke detrlmental to 1ts status as a
model for. mlddle—chlldhccd thought.» Plnard and Laurenaeau
(1969) have argued that such findings uould not‘ on1y~~haveg
the’ effect ct vitiating groupement‘ theory, 'butbaiso‘ofyc-.
seriousiy jeo?ardiitngk Piaget's"entire stage‘ concept, by
undermining the structuring criterion, Flavell (1970,‘1971f
and Flavell and ‘Wohlwill (1969), on’ ‘the other hand, have
argued.that there is no lcgical reason forv the . theory 3?0.
require the 'concurrent_ emergence ot groupementsf rather,. . -

’

~according tc these authcrs; whatever logical " and

-1
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' g
p3ychological «ccnnections Piaget postulates to eiist‘among

 the groupements nay be formed after they ali have
asynchronousiy emerged, énd the stipulation ihat all
grodpemeﬂts emerge together may ke a restriction Muithout
which the thecry,fares.better. " Flavell k1970, i971) has put
forth a similar_ argurent uith'respect to the cdhstitueai
operations ofra given groupement. Bfainerd (1973), howevef,
has shcwn on lcgiCalfgfounds that if an organism' pcssesses
‘one of the deflnlng traits of a given stage, li must also
tend to possess the,remaﬁélng.tralﬁs of the‘stage, if thatjl
stage. is to be ‘taken to ccrrespond to something inﬁthe real
guorld. La the case of Piagef‘s theorx the stage is thafl_ofﬂ
‘concrete operations and the definiaggfraitsvare‘the eighf
groupemenfs and their 16° ccnstituent eperatidns. It  has
been shown in the Eresent study that the presence ef”one
- defining traif (ﬁer'exampie, groupemeﬁt‘ V;.or the inverse
‘operation"oig groupement I or the comp051tlon operatlon of
gfoupement V).lc nct necessarlly acccmpanled by the tendency

-

to possess ancther-'of the traits (grqupement I or the
L , . . o T

compoSition operation';of_ groupement I or the reciprbcal

_foperatlon of groupement v, respectlvely) This is'the sort

"of ev1dence that is generally belleved challenges chupementv_

theory .as a mcdel for mlddle—chlldhood thought. Whether or
~not such ev1dence challengec Plaget's entire sﬁage'.theory,‘

'“as‘ Pinard and Laurendeau (1969) have: suggested .canronly be

S

decided by future research.

L w
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Time and Speed

Before the findings ccncerning Pieéet's tﬁeory* of the
develofmenfl cf tihe and ., speed coﬁcept‘\are diccussed .a
‘brlef rev1ew of the major p01nts of the theory is in crder.
Plaget postulated (Q) that\for each’ ‘of ‘tﬁg greuplnge of
temporal  order, temporal\ intefvel; spatial pfder; and -
séatial’interval, the c-mrcsition and Leverse operations are
acquiredvin synchrcny; (b) fhat theboperations of temporal
‘order, fempcral. interval, spétial :order, ~and  spatial
1nterva1 are grouped in synchrony, (e) that an underCtandlng
‘:of the molar ccncepts of time and: speed is 1mplled -onlyf by

\ .

the presence of all of the above grouplngs 1nterccnnected
into dperations .cf co- dlcplacement' (d) - that thre molar
concepts" ef time ané speed are grasped in syneﬁrony; The
fihdings with respect to.-a are that din +the <case of the
interval groupings the inverse operation is acquired;prior
"0 the compositiqn'operation and tﬁaf in" the cese ef  the'
-der groupings the ccmpdSiﬁien eperation is acqui;ed‘

e.rlier than the-reeiprccalﬁoperatien; Copcerning Q; it‘waév

<aown that for:each  concept area gfhe‘“ofdern grouping is
acquifed earlier than the 1nterval gfouplng. It was also
shoun that both spatlal grcuplngc are acqulred 'before both
temporal grouplnge,_ but in v1eu of the fact that the task

assesclng the operations cf spatlal ‘1nterval as probably

often, colved by spurlous, non0perat1onal means, thlS flndlng

is questionakle. Ccncerning C,. it Hasishoun that the molar
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©  gPrecursors by some‘sSubjects and earlier than at least one of

NN

s
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. \ ‘ o ‘
time ccncept is grasgped beforeﬁgoyh temporal groupings are:

acquired and-that,the molar speed concept is grasped before

the spatial groupings are acquired.. Concerning d, it was

shown that . the mclar speed conéept is Qrasped earlier than

the molar time concept. | 4' 5 B

" v

-The findings to the effect that the constituent

i

~ operations of the various- groupings are not acquired in -

"synchrony and that the grcupings themselves are not acquired

) .

.in synchrony were discussed in the previous section. The

conclusion réached, that the sta%us cf grbupement théory‘as

a mcdel forJ middle-childhooﬁ thought is challenged,

certainly ”appliés.to,the specific Concept Areas of time and'

spéed. And'eﬁen if the ncticn of grouping is.discarded and

-

juay ~the individualﬂopérations consideted,_rﬁ‘is clear that

¢
. - 0 . o o .
the theory of tg%{%fveIOPEent of time -~and speed - is not
v ' Beol W O ' .
viabléE for ‘the nmolar ~concepts - of time and: speed, in

st

SR X . . . : ROt ) 3 ’ . R
additicn to not having [feen' grasped in synchrcny, were®

N

gr%%péd ‘earlier ,thagigaﬁi of their ’proposed'operational

W

——their prorosed p:ecdrsors by most:subjects.

-
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©  CELL MEANS FOR ANALYSIS OF VARIANCE ST, j
.‘:, . g . ; . » ‘ L .“ ‘:ﬁ
;E} Groupement K
. 2 S i B it e
N ‘ I ' : v
Operation !
Concept ' Grade Ccmpositicn Inverse Compositiéh Reciprocal
Area . Level ————--———;-——%-*--—~----+4—*-——-—:———7f —————— 2
’ 1 2.61 3.10 . 5;;3 - =3.68
Time 2 2.81 3.87 5.36 4.36
3 3.19 3.55 - 5,45 - 4.49
o 3.68 3.74 3,61 . 3.49
Speed 2.  3.68 - 4.84 4.68 . 3.71
- 3 T 4.36 - . 5.36 "5.42 4.39



