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The notion of structures-of-the-whole is one of the major defining
attributes of Piaget's stages of mental growth. Unlike the other key pro-
perties commonly associated with these stages (hierarchization, integration,
coordination, equilibration), which are basically teleological meta-
principles of little or no predictive consequence, structures-of-the-whole
entails some widely recognized predictions which are subject to direct
test. These predictions are concerned with the order in which the pro-
totypic reasoning skills of each stage will be observed to emerge in
children's thinking.
According to the structures-of-the-whole p.inciple, each of the
reasoning skills that characterize a given Piagetian stage presupposes
one or more members of a set of abstract cognitive structures. In Piagetian
theory, the term "presupposes" connotes far more than the assumption that

a certain finite set of structures is a formal process model for a large,

presumably infinite, set of reasoning behaviors. Piaget's structures

also are supposed to be "really there" controlling thought, in the same
sense that the moon is "really there" controlling the tides or a program
is "really there" controlling how a computer processes an input. [At this
point, the philosophically inclined listener no doubt will be anticipating
another chapter in the old realism-nominalism and mind-body controversies.
However, we shall attempt to avoid these metaphysical male-storms.] During
each Piagetian stage of mental development, the specific reasoning skills
associated with the stage presumably are generated (or "deduced") from

the set of structures which define the stage.

Turning to the empirical implications of structures-of-the-whole,
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the principle entails patterns of synchronous emergence of the key reasoning
skills of each stage. This widely recognized prediction (e.qg., cf. Pinard
& Lauvrendeau, 1969; Wohlwill, 1963; Flavell, 1963, 1971) follows from an
assumption that Piaget makes about the emergence of the underlying cognitive
structures. He assumes that the structures which define a stage emerge
in tight synchrony, rather than in some invariant order. An important
caveat must be appended to this assumption. The assumption does not entail
that, in every child, the structures associated with given stages emerge
suddenly and abruptly. Although Piaget's writings are by no means clear
on this point, it seems that stage-defining structures may very well emerge
in somz fixed order in @ty jiven child. However, the order is always
idiosyncratic to that child. If the child acquires some stage-defining
structure X before some other stage-d;fining structure Y, then some other
child will do the reverse. More generally, the members of the set of
structures defining any given Piagetian stage do not emerge in an order
that is constant for all or most children.

From the structural synchrony assumption, it follows that the
reasoning skills generated by these structures also cannot emerge in an
order that is constant for all or most children. If this prediction fis
violated, then one of the following must be true: (a) the structures
themselves emerge in some constant order; {b) the reasoning skills
associated with Piaget's stages do not presuppose thé structures that the
theory says they presuppose; (c) we have not fairly tested the prediction

(i.e., we have committed gross measurement and/or sampling errors). There
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3
is an important exception to tho general rule that stage-defining reasoning

skills must emerge synchronously: the ad hoc prianciple of horizontal

decalaqe. After the fact, Piaget has decided that synchronous emergence

of underlying structures does not necessarily exclude asynchronous emergence
of a giver reasoning skill in different content areas. The classic
illustration of this point involves the conscrvation concept of middle-~
childhood. Children are known to conserve in some content areas (e.g.,
number, lcngth) long before they conserve in others (e.q., area, volume).

The explanation offered for this phenomenon is that, scmehow, certain content
areas tend to resist application of the relevant structures more than other
content arcas. Unfortunately, fhis ad hominem argument offers no basis for
making directional predictions about two or more content areas.

The sort of within-stage asynchrony that cannot be accomodated (or,
at least, has not been to date) by either ad hoc principles or ad hominem
arguments is of the following type. We are given two di%ferent reasoning
skills A and B which the theory says are both generated by the same stage-
defining set of cognitive structures. We examine the order in which A and
B emerge in several content areas and they are observed to emerge in the
same constant order in each area. The concept of conservation, together
with the concept transitivity, provide a case in point. The theory tells
us that the so-called groupement structures of the concrete-operational
stage (Piaget, 1942, 1949) generate both of these concepts. Suppose we
assess both conservation and transitivity in several content areas--e.g.,
length, weight, height--and we observe that transitivity always appears
before conservation in individual areas. It is this sort of finding that

structures-of-the-whole predicts will not be observed.
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Since the carly years of the preceding decade, it has been strongly
suspected that developmental cvidence would fail to confirm this prediction
(cf. Wohlwill, 1963). Although the prediction was the subject of more than
one investigaticn during the 19¢0s (e.y. Lovell & Ogilvie, 1960: Kofsky,
1966, Mchanis, 1969), measurement issues such as test sensitivity and
response criteria often precluded interpreiation of the findings (cf. Braine,
162, 1984 Brainerd, 1973a, 1973b, 1974a, 1974b; Gruen, 19663 Smedslund,
1963, 19G9). It is only within tho present decade that these issues have
been resulved te a sufficient degree that we can be fairly certain that the
developmental data do indeed fail to support the prediction.

In the remainder of this paper, I propuse briefly to discuss some
findings that illuslrate the asynchronous emncrgence of different stage-
related recasoning skills in individual content areas. Rather than try to
deal with a large number of such skills, I shall focus narrowly on three
select groups. The members of each group normally are associated with
Piaget's coacrete-operational stage. Hence, each skill presumably is a
by-product nf the eight groupement'structurcs used to define this stage.
The criteria employed in selecting these illustrative groups was that each
skill should play a central role in Piaget's seminal discussions of
concrete operations and that the empirical evidence for the asynchronous
emergence of the members of each group should be as unequivocal as
possible. The three groups of skills are: (a) transitivity/conservation/
class inclusion; (b) double classification/double seriation; (c) ordinal,
cardinal, and natural number concepts.

Turning to group a, most listeners no doubt are aware that transitivity,

conservation, and closs inclusion are the three skills which Piaget most
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5
frequently resorts to in genoral discussions of the concrete-operational
stage. Hence, evidence pertaining to the synchronous or asychronous
emergence of these particular skills is especially interesting. Although
the developmental relatiornship between class inclusion and the other two
skills rarely has been stidued, the order of cmergence of transitivity
and conscrvation was the subject of several investigations conducted
during the late 19505 and the 1960s (e.g., Kooistra, 1963; Lovell &
O0gilvie, 19061; McManis, 19693 Srwedslund, 1961, 1963). Conservation
and transitivity were observed to emerge synchronously, in concept areas
such as leayth and weight, in only one of these studies. In the other
studies, conservation was observed to emerge before transitivity. Unfortunately,
all of those earlier studies are subject to scwme important measurcment
criticisms which I have discussed at length in the literature (Brainerd,
1973a, 1973b, 1974a, 1974b). This fact led me to conduct a new series of
investigations in which class inclusion also was included. As a result
of this particular series of studies, plus tvo follow-up cxperiments on
class inclusion, it now seems reasonably clear that, during late preschool
and middie-childhood, transitivity, conservation and class inclusion
emerge in the following constant order in most concept areas: transitivity
first; conservation second; class inclusion third.

The first three studies in this series (Brainerd, 1973a) were
normative and cross-sectional in design. Three different groups of
children, whose ages fell within the broad ranges that Genevans report
for transitivity, conservation, and class inclusion, were administered
tests of all three skills., The tests were new onec devised to eliminate

the measurcment objections alluded to earlier. It was observed that
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transitivity appeared to precede both conservation and class inclusion in
children's thinking: large proportions of subjects passed the transitivity
tests but failed both the conservation and class inclusion tests. It also
was observed that conservation appearc 0 precede class inclusion: large
proportions of subjects passed the conservation tests but failed the class
inclusion tests. To exanine this ovder of emergence under more carefully
controlied conditions, a training experiment was conducted (Brainerd, 1974c).
A large groun of prescheolers was pretested for transitivity, conservation,
and class inclusion. Subjects who Tailed all three tests were then
assigned to one of three training conditions or one of three control conditions.
For the three training conditions, a simple verbul feedback prozedure was
used to induce the three skills. A comparative analysis of the three
training conditions indicated that, on a numter of learning variables, the
findings vere consistent with the order of emergence observed in the carlier
developmental studies: transitivity proved much easier to induce
experimentally than either conservation or class inclusion; conservation
proved much casier to induce experimentally than class inclusion.

Perhaps the most intriguirg and unexpected finding of our studies
of transitivity/conservation/class inclusion was the enormous developmental
gap between class inclusion, on the one hand, and transitivity-conservation,
on the other. The oldest subjects in these studies had been 8-year-olds.
The findings indicated that, by age 8, virtually all the subjects under-
sood transitivity (length and weight) and slightly more than half of them
understood conservation (length and weight). However, to our surprise and

contrary to Cenevan norms for this skill, there was almost no evidence
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of ciass inclusion by age &§. This prosnted two follow-up experiments of
class inclusion with subjccts up to and including 11-years-old (Brainerd
& Kaszor, 1974Y. These cxperiments vere designed to examine the possibility
that the virtual absence of class inclusion in 8-year-olds was an artifact
of procedure.  1In the literature, theore is a tendency to regard the
inordivgte difficuelty of the class inclusion problom as something of an
epiphencnenon (cf. Akr & Youniss, 1970; Hohlwill, 1¢68). According to this
vici;, certain feztures of the stimulus materials normally employed in these
proble~s inhibit class inclusion reasoning. If those features are eliminated,
the ergumoent continues, then class inclusion tests will be passed at a much
younaer age. These features were controlled in our follow-up experiments;
hovever, the results confirind cur carlier findings. There was little
evidonce of class inclusion bofore about age 10. lMoreover, cven in 10-
and 1l-ycar-olds, only about half the subjects really understood class
inclusion. Since the completion of those experinients, our discussant,
Dr. Houper, has uncovercd two findings which tend Lo support my own findiags
on the late emcrgence of class inclusion. First, he has observed (cf.
Hooper et al., 1074) that the solution rate on class inclusion problems
continues to accelerate jradually throughout the adolescent ycars--i.e.,
it continucs to accelerate long after the solution ratc on corresponding
transitivity and conservation problems have reached asymptote. Second,
he also has observed substantial deficits in class inclusion reasoning
among college males.

To sum up the best available evidence on transitivity/conservation,

class inclusion, there secis to be consistent support for the constant
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order of crnurgonce 1 rentioned carlier, More over, when my data on these
three skills are combined with those of Dr, Hooper on class inclusion and
with Tralasso's recenl data on trunsitivity (Bryant & Trabasso, 19713

Riley & Trabasso, 1974), the following normative statements seem reasonable:
Transitivity is worked out in most content areas during the preschool and
very carly niddie-childhood years; conservation is worked out in most content
arcas during the middle~childhood ycars; class inclusion is worked out in
wost content areas during the fuvenile and adolescent ycars. Further, class
inclusion is nuver grasped at a icvel comparable to transitivity and
conservation,

Lel us turn now to our second group of skills: double classification
and double scriation. Double clascification and double scriation are quite
interestinug theoretically because they are generally believed to provide
fairly direct estimates of two diTferent concrete-operalional structures
(Groupenent 1V and Groupenent VIT, respectively). Although these skills
are becening rore curmon in the ncoPiagetian literature, they are not
nearly as coermon as transitivity/conservation/class inclusion and, hence,
they may Le unfamiliar Lo some listeners. For "double classification,”
envisage a 3 x 3 matrix in which the columns are defined by the intensions
"red," "blue," “"green," and the rows arc defincd by the intensions "circle,"
"square," "triangle." For "double scriation," cnvisage another 3 x 3 matrix
in which the three columns are defined by the relation "height" and the
three rows are defined by the relation "diameter.” In each cell of the
double seriation matrix, there is a cylinder. As we go across the matrix,
the cylinders increase in height. As we go down the matrix, the cylinders

increase in diometer. With both the double classification matrix and the
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deuble seriation matrix, the child's main task is to fill in missing cells.
In order to do this veliably, he must have both intensional properties in
mind, in the case of the classification mateix, and he must have both
relations in mind, in the case of the seriation matrix.

About 2 1/2 yeurs ago, our discussani, Dr. Hooper, noted in a letter
to we thot i recently had gathered some data which indicated that children
undersiond and ceuld sclve double seriation problems before they could
colve double classificalion. Subscquently he was able to replicate this
finding in o methodolocically sophisticated large-scale study of the
developsment of children's classification abilities. During the past year,
I included double classification and double seriation tosks, which were
sTightly dificrent than those cuployed by Dr. Hooper, in & number develop-
meint study 1 was conducting. [ observed thal same sequence as Dr. Hooper;
my subjoects vere more successful with double scriation than they were with
double closeification. Shortly after the first of this year, a third
replication wis obtained, quite independently of Hooper's and my scudies,
by lMrs. Beraice Hong who is a doctoral candidate at the University of British
Columbia. During 2 recent visit to Edwonton, Mrs. Hong informed me of this
finding end vas surprisced to lcarn that Dr. Hooper and I had already
obtained thi same datua. Mrs. long's tasks were different from both
Hooper's and wine. Finally, Dr. llooper, in conjunction with Ann Burke-
Merkel, has conducted & training experiment that involved instruction in
both double seriation and double classification. His major finding, that
seriation instruction was more successful than either classification

training or combined seriation/classification training, is consistent with

B
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the develop.ental findinas we have just congidered.

Thus, there se:ias to be fairly consistent support for the develop-
acntal priocity double scriation over double classification, However, I
should 1il- to caution th~ listener about Lhe magnitude of this difference.
Althoug! 2 findinos 1 have just nmentioned consistently support the
priovity of double seriation, the dota also indicate that the gap between
deuble seviclion and deuble classification is fairly small--probably
six wonth: Lo a year in the average child. Frowm a psychometric standpoint,
this means <hat the double seriation/double classification is not nearly
as robust »n the transitivity/censervation/cless inclusion sequence
discussed carlier. Thus, vhile one must commit fairly crude measuircment
errors to 1ask the laticr scquence, small methodological perturbations
will suffice Lo mask tiir Tormer.

Finally, Yot us turn to the develepment of number concepts. As wmost
Fiaget obscrvers are aware, nunber development has been en abiding theme
throughout. Pioget's Torg research career. hs things now stand, the develop:
weat of basic number skills is associated with the concrete-operational
stage in Piagetian thoory. Humber and number concepts mean different
things to ¢ifferent investigators., Plaget's work has been restricted to
three broad cotegories of numerical competence: ordinal number (numbers
as reprascntations of the terms in any ordered progression); natural nunber
(crithmetic computetion and the fundamental Yaus of arithuetic); cardinal
nuber (nucbers as representations of the manyness of any collection of
terms). According to the theory, all three of these generic forms of

number are the province of concrete operations and, of course, emerge
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in strict synchrony during this stage.

About three years ago, I initiated a series of investigations of
ordinal, cardiral, and natural uumber concepts. I began these studies
as an conirical off-shoot of some mathematical interests of mine and with
no thoughi of providing a definitive test of the structures-of-the-whole
princizle as it applics to nuiiber concepts. Hence, the major implications
of thiv research ave for mathowatical epistemology and not for Piagetian
theory pov se. hevertheless, certain of the findings are relevant and 1
should lilke to nole thom.

The studies initially were focused on the early elementary school
years (Lrainerd, 1972¢, 1973¢d, Brainerd @ Fraser, 1975). Though some nunber

ideas arc known to enurge earlier, these are the years when natural number

concepts first appoer. Because 1 was interested primarily in the relative

contritutiions of ordinal nuwber and cardinal number to children's natural

number skills, this is where I began. The initial phase of the investigation

consisted of two large scale developmental studies. These two studies

indicated that the three generic forms of number emerge in the following

order: ordinal nuaber fivst; natural nunber third. It appeared that

most childron enler clementary school with a reasonably good grasp of

ordin:l number, then proceed to work out the basic components of natural

number, and finally, by the late middle~childhood years, begin making

substantial progress with cardinal number. These findings subsequently

were replicated in a study conducted with [lichelle Fraser (Brainerd & Fraser,
, 1975). A training study (Braincrd, 1972d) then was conducted with

children of this age level. The study was designed to determine: (a) the
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relative susccplibility of ordinal number and cardinal number to training
exporiences and (b) the extent to which ordinal number training and cardinal
nunbhor training enhance natural numbor skills, It was observed that ordinal
nusier vas Tor casier to train than cardinal number and that there was
sulistantial trensior of ordinal number training to natural number, Cardinal
nuoner Lraining, on the ciber hand, was not observed to enhance natural
nedor sEills,  Anothap training study was conducted with preschoolers
(Brainerd, 1974¢).  This particular study focused on training preschooiers
to usc nuacrical symbols ciiher as  representations of terms in an ovderd
progression (ordinal nusbor) or as representations of the manyness of
cellections of terms {cardinal number). It turned to be much easier to
train the Tornar sort of representations than the latter.

From thz pcrspective of the structures-of-the-vhole principle, of
course, the innortant aspeci these findings on nuwber development is the
indication of a cunstant order of cmergence for ordinal, natural, and
cardinal number. Since lhese findinos have been @vailable in the literature
for only a short period, there has not yet been time for comprehensive
rcplicetory evidonce to appear from other laboratories. However, some
suppartive independent evidence is beginning to appear. Our chairman,

Dr. Siegel, rceently conducted an investigation of ordering and correspondence
operations in preschoolers (Siegel, 1474). She concluded that certain

aspects of her data were consistent wit ny finding that ordinal number

skills generally appear before cardinal number skills. Mrs. Bernice tong,
whom T mentioned carlier with regard to research on classification/seriation,

examined the relationship between the correspandence operation and
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a measure oi natural nunber, Her data appear to be consistent with my
gen2ral (indings about Lhe developmcntal relation between natural number
and cardinal number.

To swv up very briefly, it is obvious that the synchronous emergence
predicting of the strvcturves-eof-the-vhole principle has not fared well in
conjunctica vith tha three groups of concrcte-cperational skills which we
have considered,  Conirory to Lho vrinciple, asychronous emeraence of stage-
velated okills appear- to the rule rather than the exception. Some listeners
my also hove poticed that thore is a discernible pattern ruaning through
specific scquences observed for the three grouns of skills. In each case,
children appcar to groen the relevant relational skill before they grasp
the correspuading classificatory skill: trancsitivity is understood before
class inclusion; double seriation is understood before double classification;
ordinal e 15 undersiood before cardinal number. This suggesis that the
specific awymchronies we have considered are not isolated idiosyncratic
phcnoinena tutl, rather, they are part of some underlying pattern in the
groubh of human logic that we do not yet fully understand. The best hunch
about what this underlying pattern it seems to be that the ontogennsis
of logical thought mirvirors the axiomatic development of logic itself--in
vhich the sLstract louic of classes is generated from the abstract legic

of relations,

ERIC Wi ¥




References
M, P.R., & Youniss, J. Reasons for failurc on the class inclusion problem

Child bovalopuont, 1970, 41, 131-143.

Braine, H.D.S. DPiaget on reasoning: A methodological critique and alternative

proposals.  In U Yessen & €. Kuhliman (Lds.), Thought in the young child.

- e vmed =

Menceo ohs of the Seciety for Rescarch in Child Develorment, 1962, 27(2,
Urele o, 83).

Braine, w005, Developroct of a aresp of trensitivity of length: A reply to
Stadslucd.  Child Poveloraeat, 1964, 35, 799-810

Crotnord, C. J. Order of acquisition of trensitivity, conservation, and class

inclusion of Tengdh and weight.  Developmontal Psycholoay, 1973, 8,

105-116. (a)

Brainerd, C. Jd. Judguoais and eaplanations as criteria for the presence of
cognitive structwres. Psycholosical Bulletin, 1973, 79, 172-179. (b)
Brainord, €. J. Dathowntical and behavioral doundations of number. Journal of

Geneval Psucholenr, 1973, 68, 221-281. (c)
Ereinerd, C. J. Tie origins of nuwder concepis. Scientific American, 1973,

222(3), 101-103. (d)

Brainerd, C. J. Postmorizm on judarents, explanations and Piagetian cognitive
structuircs. Psychnlosical Butlctin, 1974, 81, 70-71. (a)

Eraincd, C. J. MNcoPiasetian training experimonts revisitad: Is there any
support for ihz cunnitive-deveiopmental stage-hypothesis? Cognition, 1974,
in press.{b)

Brainerd, C. J. Training and transfer of transitivity, conservation, and class

inclusion of length. Child Duvelopmer.t, 1974, 45, 324-334. (c)

g
b
Pt



Brained, €. J. Tnducing ordinal and cardinal reprcsentations of the first five

n2lural nuobers.  Journal of Experiwental Child Psychology., 1974, in press.(d)

Braitesd, G Joy & Iresery A further test of the ordinal thecory of number
developnent.  Jowirnal of Coenetic Psychology, 1975, in press.

Brainerd, C. J.. & iaszor, P, An analysis of two proposed sources of childron's
Cleas inclusion crrors. Developmental Psycholooy, 1974, in press.

Bryont, . Lo, & Dvehasso, To Transitive inferences and memory in young children.
Waiones, 1971, 232, 456-4038.

Flavell, Jd. Ho The ygyelopkgpigj_psychglgpg of Jean Picget. Princeton, L. J.:

V. ioctrand, 1003,

Flavell, J. !, Stcge-related properties of cognitive development. Cognitive
Percioloay, 571, 2, 421-153.

Grucn, C. L. liote oo conservation: Methodological and definiticnal consider-
ativns,  Child preclopsni, 1066, 37, 977-933.

Hooper o bo Hey €L ale A cross- scebional atudy of classificatory development.
Technical report, Research and Developinent Center for Cognitive Learning,

Untvorsity of Wisconsin, 1274,

wfakv, L. A scalogesn study of classificatory development. Child Develoraont,
150, 37, 191204, |

kovistra. 4. H. Developaental trends in the attainment of conservation, transit-
ivit., and relativism in the thinking of children: A replication and ex-
tensinn of Piceci's ontoyenetic formulations. Unpublished doctoral disserta-
tion, Woyne Stite University, 1963.

Lovell, ¥., & Ogilvie, E. A study of the conservation of weight in the junior
school child. [Pritish Journal of Educational Psychology, 1961, 31,
138-144.

McManis, D. L. Conscrvation and transitivity of weight and length by normals

and retarda’es. Developrzntal Psychology 1969, 1, 373-382.

AR B



asses, relations et nombre, Paris: Vrin, 1942,

c ——- - . e G

Piaget, J.

Piagal, J. Traile do Jonicue. Paris: Colin, 1949.

Pinard, A., & Lawrenicsu, M. "Stage" in Piaget's cognitive-developrmiental theory:
Exegesis of a coacept. In Do Elkind & J. H. Mavell (Eds.), Studies in
cornitive develeaont.  Nou York:  Oxford, 1963.

River. U, Av, & Trabaszo, Too Comparatives, loygical structures, and encoding
i oa Lrensitive inferance tenk.  Jdovrnsl of Exporimental Child Psycholowy,
1004, 17, 187 704,

Sice.l, L. S. Duvolegnant of nusher contepls: Ordcering and corrcsyondence
crurctions et Lhe role of leagth cues.  Develouzntal Psve cholegy, 1974,
oprass.

Suededunty J. Too aceuisilion of conservation of sulistancCe and weioht in
chiloren. 1T, Ixlernal reinforcensnt of conservation of weight and of the
vpis atians of ccdition end subiraction. Secandgnayian Juurinal of Psyuiioluy,
16.Y, 2, 71-040.

S ne 6, . Buv duiaent of coacrete transitivity ol length in children.

Civilg ' ovelors ity 1963, 31, 389-405,

Susdsling, J. Psycholugical dicgnostics. Poycholonical Bulletin, 1969, 1,
231248,
tohlwill. J. F. Poxonses to class-inclusion questions for verbally and

pictorially rresonted itews.  Child Develonment, 1968, 39, 449-465.




