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Sir Hugh.]_~. • •• Vlhat is laJ2i§., Hilliam? 

William. A stone. 

Sir Hugh Evans. And what is a stone, William? 

Willi~Jl!· A pebble. 

Sir Hugh Eval!.§.• No, it is~: I pray you remember in your 

prain. 

\'iilliaz~. Lanis. 
1 

Sir H~~lfS. That is good vJil1j_am. 

1 
Shakespeare, Hm., The :t-1err;z Wives of Winds~, Act IV, 

Scene i, 11. JJ-40. 
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CHAPrER ONE 

Introduction 

The child from five to eight years old has been the 

subject of ::nuch recent research since 1 t has become apparent 

thEJ.t many profound cognitive changes are occurr:i.ng within 

this age period. rrhese changes have 'been studied and noted 

'by developmental psychologists of widely differing theoret­

ical and experimental approaches ( s$e 1·Jhi te, 1965) • For 

instance, American S-R psychologists such as the Kendlers 

( 1962a and b) have found developmental changes betvreen five 

and eight years of age in a child's ability and .style of 

learning concepts and in his capacity to indulge in infer­

ential behavior. The Russians, Razran (1933) and Vygotsky 

(1962) have noted marked developments in this age range, the 

former in the child's resistance to classical conditioning, 

the latter in speech and its subsequent role in the planning 

and representation of behavior. Dramatic perceptual changes 

have been noted by Bruner ( 196!.1-) • And, of course, in the 

theoretical system of Jean Piaget one of the most important 

developments in the cognitive structure of the child occurs 

at this age, namely the change from ~-rhat Piaget calls the 

preoperational stage of development to the concrete opera-

1 
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tiomil stage. 

The present study is set 1-vi thtn Piaget 's theorettcal 

and methodological framevJOr1c. It endeavours to test some of 

Plaget 1 s notions regarding the structural nature of concrete 

intelligence as it is developing in the child between his 

fifth and eighth years. 

PIAGE'J: 1 S THEORY OF THE STHUC'rURAL NATURE OF CONCRETE 

OPERNEIONAL IN'ri-!:LLIGENCE 

As a genetic epistemologist Piaget is interested in 

the growth of knovrledge, the laws under vrhi ch it develops 

and changes. His research seeks to analyze hm'l supert or 

levels of intelligence and scientific thinking come about 

from elementary forms of cognition. One aim of his research 

is to u..ncover the structuring capacity of the organism at 

each developmental level, to examine the inner structure 

which he insists underlietl a knovring response at a particular 

developmental level. He is mainly interested in what is 

general or generalizable in the kn011ing structure of an in-

dividual and not in the unique aspect of a given behavior. 

For instance, Piaget examines a child's abilitym order ob-

jects according to their sizes so that he may discover the 

general behavior of relating and ordering that is manifest 

in a variety of concrete situations. He ts not very con-
, 

cerned about the proceduw..l or material details of these 

situations. 
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For Piaget the development of intelligence is only 

understood through.the study of the structure of intelligence. 

A reaction of an orga...nl sm is a response of its underlying 

structure and not merely a response to outside stimulation. 

In order to explain a response one must examine the underly­

ing structure that makes the response possible. For Piaget, 

behavior at all levels demonstrates aspects of structuring. 

But the capacity for structuring the environment differs 

with age; hence a theory of the stages of intellectual 

development is necessary~ One of the most fundamental crit­

eria of Piaget 1 s concepts of a stage, his notion of "structures 

d 1 ensemble 11, is that 11 the typical actions or operations of a 

given level are not simply juxtaposed one with another in an 

additive fashion, but aro orc;r::mically interconnected by ties 

of implication and recirn·ocal dependence that unlte and group 

them into total structures" (Pinard and Laurendeau, 1969, 

plJ6). In other words, there is an interrelatedness among 

the development of diverse behaviors conforming to the same 

underlying structure. 

The models vvhich Piaget uses to describe this struc­

ture are his groupings, a set of quasi-logical entities of 

his ovm creation possessing so:ne of the properties of the 

group and the lattice, bw logical structures familiar to 

mathematicians. The groupings define the formal properties 

of the reasoning process of the concrete-operational child 

and are intended as an ideru_system of all possible COG-
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ni ti ve operations. Piaget proposed. the existence of a total 

of nine groupings which deal ~;i th the basic nature of the 

concepts of classes and relations and the possible operations 

one can perform on them. His approach in devising them was 

logical, not empirical: they were not derived from obser­

vations of children 1 s behavior or thinking. In fe_ct, there 

.is no empirical evidence as yet for the existence of two of 

his groupings. 

The entities which are organized into these structures 

are active, intellectual operations. Operations are actio~s 

at first carried out on objects and later carried out in 

thought. They are reversible in that they can return to the 

point of origin, unlike simple actions which are irreversible. 

According to Piaget the ftrst operattons appear arm.md seven 

or etght years of age in a concrete form--·i. e. , they can only 

be carried out on actual obje.cts and not on the level of 

abstract thought. All concrete operations--e.g., conserva­

tion, tran~itivity, relationships among classes, notions of 

serial order and measurement, concepts of number, etc.--belong 

to the logic of classes and relations as described by Piaget 1 s 

nine groupings (Piaget, 1953). Operations originally 11 derive 

from sensory-·motor actions by progressive interiorization and 

structuring of coordinattng action schemes" (Furth, 1969, p62). 

Furth interprets this interiorization of actions to form 

operations to mean that thought becomes :i.ncreaslngly indepen­

dent from specif:i.c stimuli situations. 
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Wohlwill (1963 and 196Ea) interprets the notion of 

"structures d 1 ensemble 11 as requiring that the acquisition of 

a logical operation at a given stage implies simultaneous 

mastery of all the problems or tasks founded on this opera­

tion. The mastery of all tasks exemplifying one grouping 

should proceed in synchrony. He cites Piaget 1 s claim that 

conservation of area, distance, and length all appear at the 

same time since all involve the operations of addition and 

subdivision of parts and coordination of positions; and 

also his claim that locating a point in two-dimensional 

space, linear measurement, and the spontaneous conceptual­

ization of spatial coordinates all develop together since 

they are all based on the operation of logical multiplica-

tion. For Wohlwill, finding an interrelationship between 

responses to tasks which differ but which, according to 

Piaget's system, are based on the same intellectual opera­

tions, lies at the core of Piaget:s conception of the stages 

of mental development. One of the purposes of the present 

study is to test Piaget 1 s claim that the construction of asym­

metrical transitive relatiorn implies a system of serial rela­

tions, since both are based on Piaget's grouping V--the addition 

of asymmetrical relations (Piaget, 1953). 

Wohlwill points out further (1966a) that not only does 

Piaget claim that mastery of all tasks exemplifying one group­

ing should proceed in synchrony but that he also ofterJ makes 

the same asswnption for tasks based on different groupings 
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In fact one could interpret Piaget 1 s .stage theory as implying 

that all concrete operations should appear at the same time. 

Piaget's main collaborator Inhelder (1956) says that the 

structure of concrete operations implies the solution of all 

elementary problems of classification, seriation, and numer­

ical conservation. Pinard and Laurendeau (1959) remark that 

Piaget and his associates i.n Geneva emphasize on many occasions 

the "structural j_somorphism and genetic synchronism" of cer­

tain concepts that are quj_te dissimilar and even arise from 

different areas (i.e., logical and sublogical, the latter 

dealing mainly with concepts of space, time, or measurement). 

For instance, they posit a relationship between hierarchical 

inclusion of classes and certain spatial constructi.ons of 

topographical 'Hholes (Inhelder and Pi.aget, 1959); also re­

lationships betl-Teen the compositions of spatial l·;rholes and 

collections of discontinuous objects (Piaget, Inhelder, and 

Szeminska, 1960). It is a second purpose of the presentre­

search to examine the developmental relationship postulated 

between the ,operati.ons of class-inclusion and seriation. 

Each is a manifestation of a different grouping and they are 

t1-1o of the major opera tl ons whose presence define the concrete 

operational stage ( Inhelder and Piaget, 1964·) • 

PIAGET 'S ME'rHOD 

Tl1o pertinent questions concerning hmv to test the 

aspects of Piaget's theory reviewed above come to mind: 
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1) HoN does one test a theory- w·hich postulates the gradual 

approxtmation of thought to certain logical models? and 2) 

Given a method of diagnosing the presence of certain 

structures, hov; does one discover the interrelationships 

. between structures? 

As for Piaget's ansi"Jer to the first question, think­

ing is said to approximate the model v-rhen a child ~~ 

.§..§. thol}sh he Nere operating according to a particular model. 

Examining this calls for a special approach to observation, 

"designing intellectual tasks 1-rhich externalize thought into 

action in such a way that one is able to infer the logical 

assumptions on w·hich the action i'ras based and the nature of 

the logical system ••• from vJhich these asswnpti ons \<Jere 

der:tved 11 (Bruner, 1959, p36J). Thus, Piaget uses a clinical 

method of observatton 11 for the object of clinical diagnosls 

is to evoke for observation those forms of behavior Nhich 

indicate to us how some underlying system is operating" 

(ib:iJl, pJ63). This means that each child is questioned 

and prodded about his performance on the tasks Piaget sets 

for him to test the limits ofhis understanding about the 

operation being exa·mined. 

The second problem is hmT to determine that tv-10 

problems 1'Jhich are similar in logical structure as seen by 

the logician are similar on the plane of psychological pro­

cess. In the Genevan experiments if two or more logically 

similar tasl~s are mastered around the same age the integration 
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of the underlying processes and operations is inferred. But 

different tasJm have usually been given to _slifferent groups 

of children, or if perchance some of the same children aT·e 

used in several experiments, within subject results are not 

examined (e.g. InheJ.der & Piaget, 1961-1-) • 

Thus, Piaget's theory of the underlying organization 

of children's cognitive operations is empirically based on 

the sh1ilari ty in ages of energence and the improvement with 

age of each ability as each was assessed in different groups 

of children. l'1any British and North American studies have 

been done testing the interrelatedness of various logical 

structures by giving different tasks to the same children 

and analysing the 1-1i thin subject relationships among them. 

It w"ill be fruitful to reviev._r some of these findings here 

to see hov¥ ·Nell Piaget' s theory fares \·lhen put to more 

rigorous empirical tests than his mm. 

RESUL'l'S OF NON-GEHEVAN S1'UDIES OF THE INTEHRELNrEDiiJESS OF' 

COGIHTIVE STRUCTURES. 

In summarizing the themes of the articles in the book 

of readings v;hich he co-·edi ted, Sigel ( 1968) observes that 

the studies in 'the volume do not present strong support for 

the hierarchical and integrative aspect of Piaget's theory 

of cognitive growth. Each study investigated different com­

binations of presumed interlocking operations, but in general 

there was a failure to find consistency in the performances 
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of individual children across a ranee of diagnostic tests of 

concrete operations. First, let us examine several studies 

which examined performance on different tasks all concerned 

with the §..§l!}L~ concept. Kofsky (1966) gave four to nine year 

olds eleven tasks designed to tap the developmental sequence 

of classificatory behavior. A scalogram analysis of the 

results revealed an overall order of difficulty of the tasks 

"Nhich corresponded to the order of development predicted by 

Piaget. But those children who passed the more dlfficult 

items did not necessarily pass all the easier ones. Lunzer 

( 1960) tried to c'l.etermine the interl'ocking nature of mathem­

atical elements involved in the abl'li ty to rr1easl.J.re volume. 

He found no consistent pattern in his subjects' responses to 

conservation of volurae taslcs and thei:c understanding of the 

notion of infinite subdivision, even though Piaget says the 

latter is the basis of the former. A study by Doclvv-ell ( 1960) 

reveals only moderate degrees of consistency between a variety 

of tasks in the area of number vrhich Piaget regards as intrin­

sically interrelated aspects of the nurnber concept. In an­

other study Dodw·ell ( 1963) devised seven groups of tests each 

covering a different aspect of spatial concepts and each made 

up of a number of items designed to tap various facets of 

the same problem. Intercorrelations of performances in various 

areas l'lere low and there l-Tas also a· general lack of consistency 

among responses to the itE;nns Hi thin each of the areas, which 

merely represented variants of the same task or problems. 
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The story is sirnilar for stmlies Hhich examine inter­

relationships between structures although Braine (1959) does ----
claim to have found a close assoclation betw-een a child's 

ability to respond to ordinal position of an element in a 

series and his success in a measurement task. On the other 

hand, Lovell and Ogilvie (1961) and Smedslund (1961) fail to 

·substantiate the close relationship bet1qeen the acqui si ti 0:1. 

of conservation and an understanding of transitivity of 

weight 11hich Piaget 1 s theory postulates. Piaget claims that 

conservation is one of the very basic underlying abilities 

of all concrete operations. Dod-.;.rell ( 1962) found a very lmr 

correlation ( +. 20) between formally equivalent proble:ns in-

volving the concept of cardinal numbers and the ~og:i.c of 

.classes, tw·o basic operations a0quired dur1.ng the concrete 

operational period. In a study examln'Lng the relationships 

bet~,reen the three multiplicative groupings of classes, lo-

gical relations, and spatial relations within the same sub­

jects, Sha:t;.tz ( 1967) found that the correlations betw·een 

tasks seldom accounted for more than 25 percent of the var-

lance, thus giving only moderate support for Piaget 1 s 

hypothesis that a close relationship exists among the multip-

licative abilities. 

Even studies l'lhich test the generality of one opera-

tion across various materials fail to find the correlations 

which Piaget's theory would seem to require. For instance, 

Lovell and Ogilvie (1960) found that subjects Hho were non-
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conservers in one situation involving quantity were not in­

evitably non-conservers in another: one-thj_rd of the subjects 

who 1·1ere non-conservers with plasticene balls vrere conservers 

with a stretching rubber band. These authors also present 

evidence from tvw University of London dissertations (Beard, 

1957 and Hyde, 1959) vThich found that non-conservers with 

· plasticene balls 1·mre conservers 1'7hen li.quid was poured from 

one vessel into another of a different shape or into a number 

of smaller vessels. Uzgiri s ( 1964) gave li+O subjects from 

Kindergarten through Grade 6 tests of conservs,ti on of qU:.'ln-

ti ty, v'leight, and volume using the same four mater1als with 

all three physical properties. The results confin1ed the 

findings of Piaget and others that.conservation developed 

first with quantity, next with -vveight and last vTi th volume. 

But this sequence held only with any given material: a child's 

position on the conservation ·sequence ~·ras not constant across 

material. That is, just because he demonstrated conservation 

of weight with one material did not mean he demonstrated it 

with another. Furthermore, the variation was not systematic: 

there was no single material on VIhich all subjects 'i'iere either 

accelerated or lagging behind. The results of these studies 

all throw into serious doubt Piaget 1 s claim that once con­

servation has been attained with one physical property it 

holds in all situations involving that property. 
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POSSIBLE REASONS J?OR Li~CK OF CONCORDANCE IN RESULTS CITED 

As the above results demonstrated, the patterns 

which emerge in studies of cognl ti ve development are co:n-

plex and not completely compatible with Piaget's statements 

about the topic. From a purely experimental standpoint there 

are many factors i·Jhich might tend to disrupt the clear pattern 

of stages described by Piaget. Such subject variables as 

special interests and training, the amount of formal instruc­

tions, and difficulties of learning to apply a set of rules 

or operations learned in one context to a nei-v situation may 

mar an otherwise unified picture (Dodv;rell, 1963). Further­

more, children's performances are notoriously unreliable. 

Young children do not feel the need to be consistent and are 

more lil{ely to perform in a random fashion than adults (Kofsky 

1966). Also such taslc variables as variations in the diffi­

culty and form of the instructions, differences in the faril­

iliarity and in the concreteness or abstractness of the stimuli 

and variations in the manners in 1'lhich the tasks are structured 

may mask any real r.egulari ties in logical development. 

It is equally lilwly, how·ever, that the reasons lie 

within Piaget's theory itself as in the empirical tests of it. 

As Hunt has pointed out, it is probably true 11 that Piaget is 

correct in asserting that the concrete operations become 

Gestalt-li1ce operatimru. structures in which one can find ref­

lected the logical operations he had attributed to them. But 

it is also probably true that Piaget is wrong in.asserting 
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that these emerge quickly and all at once. Rather, they 

appear to emerge tentatively from coping vli th a given kind 

of problem in one situation, then agaj_n w-ith that kind of 

problem in £mother situation, in another, and another, and 

·so on, then from coping l·d th related kinds of problems in a 

variety of situations unttl the rules for the solution be­

come generalized 11 (Hunt, 1969, p54). Besides, as Dodw·ell 

(1963) has noted, the part of Piaget 1 s theory Hhich seems to 

say that once an operation has been ·acquirect its deployment 

in novel situations should present few if any difficulties 

is not a logical requirement of the theory. It is quite 

reasonable that such response generalj_ za tj_ on should be in­

complete at first and only improves 1·1i th experience. Further­

more., Wohlwill (1963) reviews evidence showing that often 

(but not ahmys) Hhen there is a departure from synchrony in 

the development of concepts, in violation of Piaget's~ruc­

tural model, this departure usually takes the form of one 

concept being mastered consistently ahead of the other. That 

is, the deviation is often not rando:1 but tends to follmr a 

predictable sequential pattern, in the scalogram-analysis 

sense. 

Pinard and Laurendeau ( 1969) vmrn that one should not 

use the frequency of dys;ynchroni sms found in the literature 

as a pretext for rejection of the 11 structurESd'ensemble 11 

hypotheses 1-vhich they interpret as characterizing a rela­

tively final stage of development. Hhen ne1·rly emerging 
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structures are in the process of fonnation, as for instance 

during the so-called transition period between five and eight 

years, a child's responses might be expected to oscillate 

from one occasion to the next and t'? be maximally susceptible 

to the effects of task-related variables. That Piaget re­

cognized this is shovm in two ways. First, he provided for 

a stabilization phase in the formation of each stage in 

11J"hich nm·rly formed structures are undergoing consolidation. 

Second, he proposed the concept of "horizontal decalages 11 to 

account for tho differentials in performance relating to the 

particular content of a taslc or to a variety of situational 

variables. 

Let us examine further this notion of horizontal 

"decalages" or 11 diffeTentials" as Flavell translates it 

(1963). Piaget and many other researchers have found that 

the concept. of conservation emerges vTi th respect to substance 

at around five or six years of age, for l'might two years later, 

and for volume hw years after that. Similarly, Piaget ( 1953) 

has fom!d that the notion of transitivity of the equalities 

of length develop arou..Yld seven or eight years, of w·eight 

around nine or ten, and of volume around eleven or b;el ve. 

Piaget 1 s account of horizontal differentials is that "each 

field of experience (that of shape, size, weight, etc.) is 

in turn given a structure by the group of concrete operations, 

and gives rise in its turn to the construction of invariants 

(or concepts of conservation). But these operations and in-



15 

variants cannot be generalized in all fields at once; this 

·leads to a progressive structuring of actual things, but 

'Ni th a time-lag of several years between the different 

subject-matters. Because of this, concrete operations fail 

to constitute a formal logic; they are incompletely for­

malized since form has not yet been completely divorced from 

subject~matter 11 (Piaget 1953, pl?). As is plainly obvious, 

this account is merely a description of events and not an 

explanation. Hohlwill (1966b) criticizes this concept for 

several reasons. First, it is merely an ex post. facto ex­

planation and offers no basis for predicting responses. 

Second, it is not even a complete description of events 

since Piaget has not indicated, for instance, v·rhere the con­

servations of length, area, or number fit into the substance, 

weight and volume sequence. Further, it cannot ·handle the 

discrepancies in the acquisition of different concepts which, 

according to Piaget, mutually imply one another--for instance, 

conservation and transitivity. 

Piaget and Inhelder (19hl) do give reasons why seria­

tion is not applicable to all dimensions of objects at once 

but develop:;; in the sequence of quani ty, iveight, and volume. 

The explanation deals with a child's 11 field of simultaneous 

visual perception" and how this interacts i-Ji th the level of 

develop!I1ent of his intellectual operations. This explanation 

will be examj_ned in more detail beloH in connection with the 

results of the present research, in 'dhich transitivity and 
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seriation tasks of both size and weight 1·1ere presented to 

each child to see the order of development of the t"Vro 

operations in these t'V·ro physical properties within the same 

subjects. 

DIAGNOSIS FOH PRESENCE OF UNDEHLYING STRUC'rUHES 

As has been suggested above one of the reasons for 

the lack of intertask correlations is the variation in the 

methods used to test l•Jhether a child had a grasp of the 

various operations implied in the tasks used. The problem 

of just how- one tests for the presence of an underlying 

structure has generated some discussion but as yet no sat­

isfactory solution upon which all can agree has been found. 

A di stinctj_ on made by Flavell and H ohlwi 11 ( 1969) 

bebreen the competence ancl automaton aspects of co[91i tion 

is relevant here. These authors claim that one must dis­

tinguish betvmen t1-ro principle components of a psychological 

theory vrhi qh accounts for complex behavi o:r·. The first is a 

compe~ model which is a formal, logical representation 

of the structure of some domain. It is the abstract, purely 

logical representation of -v;hat the child knm·rs or could do 

in a timeless, ideal environment. The second is an automaton 

model 1-'Jhi ch encompasses the psychological process by which 

the information embodied in the competence aspect of cognj_tion 

actually becomes available and is utilized in real situations. 

These are the mechanisms used for coding, processing, and 
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divulging information rather than the reasoning processes 

as such. The authors give as illustration of the use of 

these models the performances of three children in situations 

requ:"Lring transi ti vi ty j_nferences. Child A, aged four years, 

never makes transitive inferences in any situation and can­

not be taught the principle by any method. Child B, aged 

··eight, makes transitive inferences on some taslts but not 

others, but tra:lning attempts on the latter are partially 

successful. Child C, aged ll~, correctly applies the rule 

in every situation ·Nithout training. The interpretation of 

these results in the light of this model vrould be that for 

Child A transitivity has not yet become part of his abstract 

cognitive competence. For children B and C the transitive 

operation is part of their co:npetence but they differ in 

their automaton system so that B cannot transfer and gener­

alize the rule to all si tuati'ons v;rhereas C can. 11A compe­

tence-automaton approach does not ignore or underplay the 

undeniable. capacity difference beh;een B and C, but it wants 

to assert that it is not the same kind of difference as that 

i.Vhich distinguishes A and B11 (Flavell and Hohli'J"ill, 1969, 

P73). 

It is obviously the competence model of cognition 

with which Piaget's theory is concerned, but it is the autom­

aton model vJi th which we have to deal in order to examine his 

theory empirically. The various opinions and debates in the 

literature as to how to diagnose a child's co:npetence Hi th 

• 
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respect to a given operation and across several operations 

have reall;w been concerned i'ii th holJ to cope -vri th and con­

trol the automaton aspect of his intelligence-~-i. e. , those 

subject and situattonal variables Hhich may operate to ob­

scure the true nature of a child's reasoning ability. For 

instance, Smedslund (1964) has some suggestions about con­

trolling the testing situation. He ·Nould have us distinguish 

and control three things in the testing situation: the per­

cept""-the stimulus situation as appr~hencled by the child; 

the goal object--the pysical property (e.g., length, quantity, 

1·might) ·Hith 1-rhich the taslc deals; and the j_:nference pattern-­

the set of premises and the conclusion required in the situa­

tion (e.g., transitivity, or conservation). To s'tudy any one 

factor the other two must be held constant. For instance, 

if one lmnted to investigate the relationship betw·een con­

servation and transitivity, the percept and the goal object 

of the tasks '\"Jould have to be exactly the same. It is 

Smedslund's claim that this approach offers the only chance 

of findine; exact relations between the operations. Presumably 

then, if exact relations were not found one could conclude 

that it must be due to the competence aspect of cognition, 

that is, to a real lack of relationship betvreen the underlying 

operations themselves, and not to the automaton aspect, that 

is, methoc1ologi cal ancl subject variables in, the situations. 

It could be argued, however, that an experiemntal 

design fulfilling Smedslund' s concii ti ons 1-roulcl be extremely 
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difficult to produce and, moreover, 1vould rev·eal nothing 

about the generality or spontaneous applicability of a 

child 1 s operational unde:cstanding. The results derived from 

such highly artificial situations 1vould be at least as equi-

vocal about the course of natural development as those gleanecl. 

from the diverse but more natural situations presented to 

children in most of the research to date. The present study 

makes no attempt to control for all aspects of the stimulus 

situations in the tasks used. Rather, each ope:r-ation is 

represented by tasks designed to be as p::covocative as possible 

in disclosing the nature of the child's understanding of the 

operation, and it l•ras hoped that each would be as natural a 

medium through i'rhi ch to reveal underlying processes as is 

possible in an already artificial testj_ng situation. 

There are subject variable aspects of the auto:naton 

model w-hich receive attentron.in the literature also. For 

instance, Pascual-Leone. ( 1967), in a study comparing the 

responses of 10 year olds on certain Piagetian tasks ( i'ra ter­

level, conservation of substance, and weight) to their re-

sponses on four tests of Field Dependence, presents results 

which suggest the necessity of including individual differ-

ences and cognitive styles among the variables to be 

controlled experimentally in developmental studies in .. 
cognition. He found that a much i'ieaker relationship ·trtas 

fou11d beh1een the. Piagetian tas1m in field dependent than 

in field independent subjects. He suggests from this 
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that the frequently reported low- intercorrelations among 

Piagetian tasks hypothesized to belong to the same develop­

mental level may be due to the fact that the samples '!';ere 

not homogeneous id th respect to the subject's cognitive 

style--i.e., their field dependence or independence. Since 

there are usually many misleading perceptual cues in all the 

situations, it is possible that the fleld dependent subjects 

severely attenuated the intercorrelations patterns of the 

sample. If only fielc'l. dependent subjects were tested, they 

might be able to overcome the confusion present in misleading 

perceptual cues in the situations and the intercorrelations 

predicted by Piaget's theory might appear. 

One of the most important subject variables is of­

course language, not only a child's verbal fluency, but his 

basic ~mderstanding of verbal cues. One important question 

about language is 1'Jhether to employ it at all in diagnostic 

tests and if so to l'Jhat d.egree and hm·J. This question is 

the basis of the Braine-Smedslund debate reviei'ied belm'l. A 

second question j_ s to vrhat degree one should depend on the 

child's verbal responses as a major, if not only, indication 

of the presence of an underlying structure. Several opinions 

about this question are also revievv-ed belm'i. But both ques­

tions depend for their answers on v:rhat one considers the 

role of language to be in the ~)2Pm~u1 of the cognitive 

structures in the first place. It: is to a discussion of this 

that v·re rrill turn next before dealing itli th these questions 
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more fully. 

HOLE OF LANGUAGE IN DEVELOPNEN'r OF COGHI'riVE STRUC'I'UBES 

As far as Piaget is concerned, language is not an 

intrinsically necessary element of operational thinking. 

Concrete operations originate in sensory-motor shemata and 

·not in language or perception, except in so far as the 

latter is integrally bound up vri th the sensory-motor schem­

ata. Language is only one of the manifestations of the 

symbolic f1mcti on which emerges at the end of the sensory­

motor period, the others beins symbolic play, deferred 

imi ta ti on, and. the mental iJnage. All are internalized 

imitation. The development of the symbolic function is in 

turn. dotn.inated by intelligence in its total functioning. 

Once language is aequired this does not mean that the chj_ld 

receives the operations ready-made from the outside through 

the medium of linguistic constructs •. The development of all 

structures .demands an actlve construction on the part of the 

child. Therefore, 11 a verbal transmission that gives adequate 

information relative to operational structures is only assim­

ilated at levels where these structures have already been 

elaborated on the plane of action or of operations as inter­

iorized actions" (Piaget, 1969, pl27). 

Language is a symbol system used for communlcation 

and is therefore important for sociallzation. It is a 

vehicle of symbolization 'Hithout which thought could never 
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really become socialized. But it is not an indispensible 

medium for intellic;ence. For instance, Purth and his coll­

eagues have devised thinking tasks not couched in verbal 

terms and have found that the basic manifestatlons of loglcal 

·thinking in deaf children, -vrho are of course lj_nguistically 

d~pri ved, w·ere present vri thout any important structural def­

iciencies (see Furth, 1969). 

A contrasting viev1 to Piaget' s is that of Bruner 

(1964), i··rho claims that since langw?:gereleases the child 

from dependence on immediate perceptual input, its use as a 

program. for ordering and integrating experience is the 

mechanis·':l. of transition from iconic to symbolic levels of 

cognltive functioning, i.e., fror1 Hhat Piaget designates 

as ~he preol)erational to the concrete operational stages. 

These tHo contrasting vim·rs on the importance of 

language in the developing cognitive structure of the child 

precipitate contrasting experimental approaches as ·well. 

Since for Piaget language reflects rather than affects 

underlying·structures he has no hesitation in using it lib­

erally in his investigations of children's thinJring. On the 

other hand, an investigator of Bruner's persuasion Nould 

avoid its use in his experimental design lest it obscure or 

lead a child's thinking in the situation. 
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HOLE OP LAHGU/\GE HJ DIAGNOSIS OF UNDERLYING S'l1HUCTUHES 

In his investigations Piae;et presupposes adequate 

linguisitc competence on the part of his subjects and he 

also believes that children adequately express 1·rhat they 

thiru(. Therefore, if a child does not express the loe;ical 

principle of, say, transitivity it is because that operation 

has not yet developed. Hhen he has acquired the operation 

adequate logical definj_ tions will be forthcoming. P:laget, 

therefore, usually requires a verbal justifica t:i. on of behav­

ioral responses as a basis for diagnosing a child as being 

"operationalu or not Hith respect to a given operation. 

Also, he rarely, if ever, bothers to determine beforehand 

i-rhether or not a ch:lld understands the crucial terms in the 

instructi ons-~for j_nstance, relat1 onal terms such as "more 11 , 

11 longer 11 , 11 same 11 , etc. 11Piaget holds that lacl( of compre-

hension of these terms indicates that the ch1ld has not 

assim.l.lated this knovTlede;e to the appropriate coe;nit:Lve 

structure. Therefore, such lack of comprehension in itself 

is an indication of cognitive level" (Sigel, 1968, p520). 

On the other hand, Piaget has shmm that just because a child 

docs unclerstand and can use such relational terms in some 

simple situations does not mean that he can respond correctly 

in si tuation:.n·rhich demand the use of conservation or transit­

ivity inferences (see Furth, 1969, Ch6.). These situations 

demand more of the child than mere verbal competence. 

This is where Braine ( 1962) differs 1<Ti th the· Genevan 
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group. As far as Bratne is concerned if a child understands 

these simple verbal cues tn the situation, this means he must 

have developed the concept already. Therefore, one cannot 

study hoN a concept develops with m~thods 'dhi ch employ ver­

bal cues to evoke tho concept. 11 If one seeks to state an 

age at 1·1hlch a particular type of response develops the only 

age uhich is not completely arbitrary is the earliest age at 

'N'hich this type of response can be elicited using the simplest 

experimental procedures" (Braine, 1968, pl87). For Braine 

this means a completely non-verbal operant conditioning, 

stimulus control si tua ti on ivhere responses are reinforced in 

the presence of the concept under investigation and then 

tests are m.ade for stim.ulus generalization. His rationale 

for this m.ethod is that if the child is presented lii th a 

behavioral problem, the; solution of 'I:Jhi ch requires the under­

standing of a logical inference, and he gets it right, thc;n 

i•J'e can say that the chtld possesses that operation whether 

or not he can express it verbally. The problem then beco~nes 

hoH to set up a behavioral task VJhich can £11J.l be solved by 

recourse to the underlying inference it is supposed to reveal. 

This led to the controversy betvreen Braine ( 1959, 196'-~) and 

Smedslund (1963) as to the adequacy of their various pro­

cedures to do just this with the transitivity of length oper­

ation. Braine's strictly behavioral procedure revealed the 

11 emergence 11 of the transi.tivity operation at around five 

years. Smedslund 's procedure, 'Hhich required the use of 
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language on the part of both E and S,used no reinforcement 

or corrections of responses, and employecl a more stringent 

criterion of transitivity, revealed the operation to emerge 

around eight years. 

As Gruen (1966) poi.nts out, it is no i•ronder that each 

finds a different age of emergence of transitivity since each 

is using different criteria for diagnosing the presence or 

absence of the operation. But the disagreement is not merely 

one· concerning ac;e norms, nor is it entirely a matter of uhich 

experimental procedures are appropriate for assessing cognit-
, 

ive processes. It is basically a disagreement about what 

are the necessary and sufficient co11d.i tions for Piagetian 

concepts to be formed. The different methods Braim and 

Smedsluncl have employed have led them to study qu::;tli ta ti.vely 

different phenomena. The crucial question 1 s th(m vJha t is 

it that Braine fin.cls in four anci five year olds that he calls 

transitivity and hm-;r does it differ qualitatively from 1-;rhat 

Smedsltmd finds in seven and eight year olds? This question 

has not been anm'l'ered. yet. But it is Hunt's (1961) opinion 

that Braine's interpretation of the transitivity inference 

as a capacity vrhich can be revealed even as a learning set 

in a specific situation has little bearing on Piaget's con-

ception of this inference as an operation of thought readily 

available and. serving the end of seeing how things worl\:. 

lvhile the present study employs nothine akin to 

Braine 1 s discrimination method, it does distinguish bet-v.reen 
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behavioral responses and the verbal justifications given for 

these responses for the operations of transitivity and ser­

iation in the hopes of perhaps discoverh1c; some differences 

in the quality of these 1clnds of responses. 

PUHPOSES OF PRESENT RESEARCH 

·1. HELATIOHSHIP BETVJEEN SERIATION AND CLASSIFICA'J:Ion 

In "The Early Growth of Logic in the Child 11 , Inheld.er 

and Piaget ( 1961-r) studied the c1evelopment of seriation and 

classification 11 to discover the essential forrnatory mechan­

isms11, j_. e., the underlying logical structures, com';lOn to both 

operatlons. They studied a handful of children of each age 

from preschool to middle elementary school age and concluded 

that 11 the development of seriation (of length) is almost 

exactly parallel to that of classification and tends to pre­

cede it step by step" (pL~). This conclusion and the elabol~ate 

theories presented to explain the observations place great 

emphasis on the integrated nature of the development of these 

ti-ro operations. As Donaldson (1960) points out, "it is odd, 

then, to find instances 1-;rhere the same subjects figure in 

more than one table and yet not to be told fully and explictly 

hmr the t11o sets of results relate to one another 11 ( pl8L}). 

One of the aims of the present research ~tras therefore to 

repeat many of Inhelder and Piaget's procedures and to analyze 

the "Vri thin-subject data on the development of the bro oper­

ations of classification and seriation. Thus we.Hill be able 



to see if, lri thin the same child, seriation and classification 

develop temporally as Piaget says they do. 

Classifi cation and seriation are t"t-;ro of the most 

important operations which develop betNeen the ages of five 

and eight and their presence dist~nguishes the concrete oper­

ational from the preoperational chil~. The presence of oper-

·ational classification is evident vrhen a child can define 

the qualities of a class in terms of a more general class 

and can give one or lllore specific differences betHeen sub­

classes. Piaget calls this class 11 intensi on". F'urther, the 

child can distinguish behreen the members of the subclasses 

and the general class as shom1 by his mastery of the quant-

ifters 11all 11 , 11 some 11 , 11 one 11 , and 11none 11 • This is called 

class 11 extension 11 • At the concrete oper'ational level this 

operation can only be performed vihen actual stimuli are in 

front of the child. For instance, if a collection of flmrers 

composed of some tulips and roses were put before him, he 

would be aqle to reason that 11all 11 ·of the tulips co~:1prisecl 

only 11 some 11 of the flm·mrs so that if one took 11all 11 of the 

tulips a-v;ray there l'lOUld be 11 some 11 flm·mrs ( 1. e. the roses) 

remaining. He can correctly ansvier the question 11Are there 

more tulips or flovmrs here ? 11 The preoperational child can­

not c1o this for, says Piaget, he cannot compare the part 

(tulips) to the Nhole ( flmvers) but only to another part 

(roses). Tasks involving the child's understanding of the 

quantifiers mentioned above are among Piaget's more famous 



and intr:lguing and were repeated with minor modifications 

in the present research. 
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Operational serlation ls no more than a symbolic 

representat1on of a series which is seen by the child to be 

.more than merely temporally (before-after) or spatially 

(left-right, up-dovm) bound. A child possessed of opera­

tional seriation can deal with asymmetric transitive rela­

tions (e.g. A> B >C) and recognize their reversibility 

(i.e. if A> B, thmB <A), according .to Piaget's logical 

analysis of this operation. Each child in this study 1<ras 

asked to line up several sets of objects 1-vhich varied along 

length and weight dimensions and his performance on these 

taslrs is compared to that on the c1assification tasks men­

tioned above to determ:lnc the degree of interrelationship 

between these bro operations. 

The relevant groupin8S in this comparison are Group­

ings I the primary addition of c1asses, and V, the addition 

of asymmetrical relations. To the author's knowledge no 

other with~n-subject comparison of the development of these 

two structures has been done to date. 

2. RELATIONSHIP BET\rlEEN SERIATION AND TRANSI'riVITY. 

Piaget's Grouping V, the addition of asymmetrical rel­

ations, deals w1 th the composi tj_on of an oJ?dered series from 

the coordination of successive transitive relationships among 

points on a dimension. The behavloral manifestation of this 
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structure would thus be given in the seriation operation or 

any performance directly based on transi ti vJ. ty or ordering. 

But is it empi:rlcally true that the operations of seriation 

and transitivity are interchangeable exemplars of this struc-

·ture? Does the U..'1derstandine.; of one imply the understanding 

of the other? J.Iany authors thinJI so. For instance, :i'urth 

notes that around seven or eight years the child ugrasps 

the double princ].ple of seriation Hhich requires that each 

element must be consistently compared to its neighbour in the 

one direction and to its neighl)our in the reverse direction. 

Hhen this is mastered and the operation of seriation is 

reversible and firmly structured, the principle of transit-

i vi ty follmm as a matter of course. If A is bigger than B 

and B is bigge:c than C, it is understood throue;h thinicing 

alone that A is bigger than C11 • (Furth, 1969, p. 61-!-). Piaget 

(1953) implies that seriation develops before transitivity 

when, in discussing his mm data on the transitivity of 

equality of vreight, he says that transitive reasoning Hill 

not occur until the 1'1eight relationships are structured by 

a preliminary group of operations, such as seriation. 

Piaget and Inhelder (1941) describe investigations 

done in Geneva on the seriation and transitivity of welght. 

For the serla ti on tasl::s, . children Here presented with three, 

four, six, and ten objects to be ordered, s'ometimes in a 

free unstructured si tU8.tion vrhere the child could ·Heigh the . 
objects in his hands or on a balance in any 1·ray he chose, 
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and sometimes in a restricted s'i tuati on vrhere the child i'ras 

told to i'leigh the objects tvro at a time on the balance or tn 

his hands. For the transitivity tas1I, three matchboxes Here 

put in front of thG child and he was told, as the experimenter 

·pointed appropriately, that A 1vas heavier than B, and B was 

heavler than C, and v.ras asked to designate the heaviest and 

lightest. The information reearding the relationships be­

tween the matchboxes was also r;i ven in t1:>ro other forms: 

A > B and C < B, and B < A and >C. The· results revealed three 

stages of development tovrards operational seriation. The 

child in stage I cannot seriate anything by any method. By 

stae;e II he can seriate the 10 elements by trial and error 

in the free situation only, but he cmmot seriate four or 

six .elements uhen restricted to vreighing them hro at a time. 

By stage IIIA he can seriate 10 elements in the free si tu.a ti on 

11 operationally 11 , i.e., by choosing and measurin3 the heaviest 

of all vJhi ch have not yet been placed in line. But he can 

only seriate three elements and no more using the restricted 

method, 1·rhich means he can only coordinate tuo relations us­

ing this method. By stage IIIB he can seriate 10 elements by 

either method, 11hich means he can coordinate many relations. 

This stage is reached by nine or ten years of age. It is 

not tmtil stage IIIB that the child can make transitive 

inferences about the matchboxes no matter how· the information 

is presented. The hardest method of presentation is when he 

is told that B is lighter than A but heavier than c. These 
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results seem to demonstrate that operational seriation and 

transi ti vi ty of I·Jeight do develop at the same time Hi thin 

the same child. There is no doubt that the tasks presented 

in this study v·rere very demanding of the child and employed 

very stringent criteria of operational serlation and transit­

ivity, especially compared to most North American studies of 

. these operations. For instance, Battisti and Simmons (1968} 

and I'Iurre.y and Younlss (1968) conducted investlgations com­

paring performances on transitivity and seriation of length 

tasks w·i thin the same subjects using only simple behavioral 

responses, no verbal justifice.ti ons, as cliagnosti c criteria 

for the prese:o.ce of operations. The fo:r~11er study fou...'Yld that 

success on transitivity preceded success on seriation some­

v-rhat, although neither ability 't'ras examlnecl thoroughly. The 

latter stucly found that the seriation task 1·ms passed by more 

subjects than the transitivity task, although it can be argued 

that the seriation tas1;,: used here Has neither conparable in 

difficulty, nor in the thoroughness w'i th ·which it examined 

the operation, to the transitivity tasks used. 

One purpose of the present study is to see the rela­

tionship betvreen transitivity and seriation performances in 

both length and weight dimensions. Each task 11as designed 

to examine these operations as thoroughly as possible vri th­

out beconing tedious. Thus several sets of different kinds 

of objects are used in each task in order to ascertain some­

thing about the generality of the child 1 s U.."1.derstanding and 
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to give the best possible chance of this understanding reveal­

ing itself in the relatively artificial experimental situation • 

.3. BELATIONSHIP BET'1·JEEN TRAlJSI'riVITY AND SERIATION ON SIZE 

AND HEIGHT DIHENSIONS. 

As discussed in an earlier section, previous research 

using dlfferent groups of subjects has found that trans:l tivi ty 

and seriation of size develop arotmd bro years before transit­

i vi ty and seriatt on of i'reight. Ptaget developed his concept 

of ''horizontal de'"calages 11 to account for these results. A 

purpose of the present research is to see how performance 

on both these operations develops in each of the dimensj_ ons 

of size and_ w-eight .!ll.!llill the same subjects. It 1'i'"ill also 

be of interest to see, if they do develop at different times, 

'tvhich one is most closely related to the development of the 

classification operat:L on. Inhelder and Piaget ( 1964) claim 

that classification develops around the same time as seriation 

of length (i.e., size). 

4. RELATIONSHIP OF BEHP ... VIORAL AHD VERBAL MEASURES OF 

TR.A.NSITIVI'fY Al'JD SERIATION TO EACH OTHER AND TO 

O'rHER PERFOHTlAN CE HEASURES. 

In all transi ti vi ty and seriation tasl\:s in this study 

ti'JO types of measures are taken--w·hat is referred to as behav­

·ioral level responses, and the verbal justifications of these 

responses, or logic, as it is designated here. A child is 
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considered to be displaying tra:nsi ti ve e.bili ty at the behav­

ioral level if, _given the t't'J"O pieces of information that 

A >B and B> C, he can correctly infer that A> c. A child 

is considered to be demonstrating seriation ability at the 

·behavioral level vrhen he can (1) determine in some adequate 

manner the relation ships among a nut"11ber of stimuli varying 

along a dimenslon (size or weight), (2) correctly line these 

stimuli up in order according to these relationships, and 

(3) correctly insert additional stlnn:tli into the already 

constructed series. These types of responses are used by 

many· investigators of these operations (e~g., Battisti and 

Simmons, 1968; Inhelder and Piaget, 19'-H and 1964; r,1urray 

and Yoillliss, 1968; Sm.edslund, 1963). 

In adcli tion to these measures, the subjects 11ere 

aslced to give verbal explanations about their transitive 

choices and placings of certain stimuli in the series they 

had formed. A subject is considered to be displaying tran­

sitivity at the "logical" level if he can state verbally that 

he lmmrs A .>C because A >Band B >C. "Logical" seriation is 

evident 11hen the child can say a certain stimulus goes 11here 

he has (correctly) placed it in a series because it is both 

bigger (oT heavier) than the stimulus (or all the stimuli) 

on one side of it and smaller (or lighter) than the stimulus 

(or stimuli) on the other side. 

As noted earlier, Piaget feels that operations should 

reveal themselves through language as they develop since the 



linguistic tools are already present in the child for any 

operation and it only needs the development within the child 

of the operation fo:r them to be us eel to reveal j_ t. Therefore, 

the present research examines the relationship betv·reen the 
'·~ 

behavioral m~'t>.sures of transitivlty and seriation and these 

verbal explanations about them. Further examination is made 

to see hoH each of these types of measures for each operation 

is related to performance on the classificat:i.on and other 

tasks (to be described in the next section) presented to the 

subjects. 

These tw6 types of measures, the behavioral and the 

logical, Here taken primarily becau~se of a reticence on the 

part of the author to ansvrer at th:i.s time the bas:Lc quest:i.ons 

about the operations being examined, i.e., l:Jhat are transit-

ivity and seriation? Are they the logical process as ex-

pressed in verbal justifications? Or are they the behavioral 

ach:tevements of giving correct behavioral responses? It 1·ras 

thou13ht that at this point in our knm·Jledge about children r s 

thinking an adequate description of cog11.itive development 

demands consideration of both of these sources of data before 

ansHers to these questions can be attenpted. 

,5. T\·JO POSSIBlE LINKS BE'rHEEN THE CLASSIFICA'riON AND 

TRli..HSITIVITY OPERATIOlTS. 

In analyzing logically the separate structures of 

transi ti vi ty ancl classificati. on, the author found two general 
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bases of similarity behmen them. In order to demonstrate 

concrete operational ability in both a child has to combi.ne 

b;ro successively presented pieces of information together j_n 

order to derive a thj_rd piece of in.formati on. For instance, 

with the transitive operation the child must be able to put 

the tl·JO facts, A> B and B > C, tosether in order to infer the 

third fact that A> c. In a classification task w·here class 

B is composed of subclasses A and A', the facts that an 

ob.ject in class A is an A and also a 3 are presented in 

succession by the experimenter and the child has to manip-

ulate these facts in order to respond correctly toE's - -
questions. This logical ability is designated as "success-

i ve combinati vi ty". A more important ability ·was consid­

ered to be -v;rhat is referred to as 11 s:i.nultaneous combinat-

i vi ty 11 --the ability to consider. that one object possesses 

simultaneously t1'ro qualities, roles, relationships, etc. Thus, 

in a classification task, the child must understand that an 

object of class A is both an A and a 3 and that it possesses 

the qualities of both classes A and 3 at the sa,.'ne time. In 

transitivity, he must consj.der that object B is both> A and 

>C at the same time. 

Thus, it does not seem too absurd to suggest that, if 

classification and transitivity do e:nerge synchronously it 

is because of the development in the child of an understand­

ing of one or both of these combinativity operations. In 

order to get some independent test of this hypothesis other 
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problems vrere sought vJhich required the possession of one or 

other of these logical abilities for their solution. It was 

thought that the inference task used by the Kendlers ( 1962b ) 

required successive combinativity for its completion and. this 

and another inference task of similar structure but different 

content 1·rere used in this study. For simultaneous combinat­

ivity several new problems were devised to meet the specif­

ications of the logic involved. 

Thus, the final purpose of the present study is to 

test by independent means ti·io h.ypotheses concerning the 

possible loG;l cal abilities u.11.derlying the attainment of the 

concrete operations of clas si fica tion and transj_ ti vi ty. These 

are: 

(a) that one of the necessary underlying loe;ical 

abilities is successive combinativity, the 

ability to combine t"t·JO successively presented 

pieces of information in order to infer a 

third piece of infonnatione 

(b) that another necessary logical ability is 

simultaneous combinativity, the ability to 

consider or accept that one object can 

simultaneously possess tvw qualities, rela­

tionships, roles, etc. 



CHAP·rER '£~1 0 

Method 

SUBJECTS 

The subjects used 1rere 93 school children, 31 each in 

Kindergarten, and grades one and t1'JO attending St. Joseph's 

•School in Hamilton. The only criteria for inclusion in the 

study w·ere that a child had. never repeated a grade, that he 

1-1as fluent in English, and that he fell wi thJ.n certain age 

ranges set for each grade. Beyond these specifications the 

children v;rere selected randomly. In the course of the study 

each child was tested on both Forms A and B of the Full 

Range Picture Vocabulary test (FRPV). The means and standard 

deviations of the scores of each grade are presented in Table 

1. 

PROCEDURE 

The research consisted of nine separate tasks. Each 

§. had six sessions of from 10 to 20 minutes long with ~and 

one or tvw tasks were given per session. Testing took about 

three months to complete. The tasks which comprised one 

session were given to all 93 children before the next session 
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'l'able _l 

A summary description of the sample used in the present study 

Kindergarten Grade 1 Grade 2 

n 31 31 31 

Age at beginning 
of testing: 

~1ean 5 yrs, 9 mos. 6 yrs, 9 mos. 7 yrs, 9 mos. 

Range 5 yrs, 2-~- mos.- 6 yrs, 2 mos.- 7 yrs, 1 mo •.• 
6 yrs, 2 mos. 7 yrs, 2 mos. 8 yrs, 2 mos. 

II Females 15 13 15 

ff Nales 16 1.8 16 

FRPV scores: 

He an 98.3 95.7 100.0 

SD. 11.2 15.1 16.3 
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with any one child occurred. Ss -vrere tested individually j_n 

a small, quiet room in the school. E brought S from his 

classroom to the testing room for each session and returned 

hlm thence 1-1hen l t was finished. For all the tasks S and E 

sat opposite each other at a lm·r table which was placed 

beside a higher desk. Before each task was presented E 

ascertained that §. lcnew the colours, names, shapes r or any 

other relevant quality of the stimuli to be used. ~was 

also sc.tisfied that S understood the concepts "larger than 11 , 

"heavier than 11 , and their opposites, or "equal to11 VJhere 

necessary. 

'fASK 1. THA1~SI'riVII'Y OF LEHG'l1H - .3 OBJEC'rS. 

Ti'lo sets of stimuli consisting of three objects each 

i'lere used. The first set vras composed of three ·crayons of 

different colours all .3 1/8 11 long and .J/8 11 in diwneter. (A, 

orange = B, yellow·, = C, purple) • Crayon A l'laS lying dmvn 

on the table. in front of S; crayon C "Vms standing up on the 

adjacent desk about four feet m·my from A. E held crayon B 

in her hand and sa:l.d: 11 Let 1 s pretend that the orange and 

the purple crayons (A and C) are stuck dovm--1-ve can't move 

them at all. I 1tr'Emt to find out which one is longer, or if 

they are both the same length. So I am going to measure them 

both 't'Ji th the yellm1 crayon (B) to fincl out. Hatch me. II Hith 

the crayons separated and in different positions it \vas hoped 

that visual compa:cisons of them -vrould be reduced. E then 
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placed B up against A and said, 11 Hhat do you see here?" S 

replied in words to the effect that they were the same length 

and E reiterated 11 Yes, they are both the same length. Now 

I 1 11 measure the purple one (C) • 11 E repeated the same pro­

cedure vrith c. E then said: "So 1-Jhich do you think is 

bigger, the oral!.ge ( pointj_ng to A) or the purple (pointing 

to C) , or are they both the same length?" After S gave his 

reply, E said: "Why d.o you think that? Hhat made you think 

that? 11 

The second set of stimuli in the task were three 

differently coloured l'Tooden dowels all 1 11 in diameter but of 

different lengths (A, yellovr 5 3/8 11 long > B, green, 5 1/8 11 

long >C, red 511 long). Again S was instructed that A and 

C were 11 stucl{ dm·m", A lying on the desk and C standing on 

the table. E measured each in turn with B makirig sure that 

§..verbalized each relationship, A >Band C< B, and repeating 

it clearly after him. E also prompted S to say the converse 

of the relationship he had stated initially; i.e., if upon 

observing A and B side by side S deelared that 11 A is longer 

than B", E -vwuld add 11And B is ••• than A" expecting S to fill 

in the missing word. Thus both §. and E verbalized both rela­

tionships in two ways. S ·was then asked which of A and C he 

thought lms longer or if they l'lere the same length and t-'lhy. 

He was then asked to designate the longest, middle, and 

shortest dm\l·el. He did this either by pointing to the 

appropriate object or naming it by colour. 



TASK 2. SERIATION OF SIZE - >J OBJECTS 

a. Preliminary tratning. 

To insure that S understood what "lining things up 
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in order of their size" meant, two sets of stimuli consisting 

.of only three objects each were presented initially. The first 

set consisted of three \·woden cubes of different colour and 

size: A, green, 2 5/8 11 on each side, > B, pink, 2 11 on each side, 

>C, white, 1 5/8 11 on each side. They were placed on the table 

in front of S in haphazard fashion a;nd E said: 11 Llne these 

three blocks up so that they make steps. Line them up so that 

the biggest one is first, then the middle one, and then the 

smallest, so that they are in order of size." If S seemed to 

hesitate in his procedure these instructions 1'V'ere repeated. 

If S was still confused, E gave him all necessary assistance 

and instruction until the three bloclm ivere lined up correct­

ly. 

The second set of stimuli consisted of three "I'Woden 

posts ( 1 5/8 11 in depth and v:rid th) of different colours and 

length: A, pin1<:, 16 11 long >B, black, 15 J/LJ-11 lo:r.g >C, blue, 

15~" long. E said: "Now line these up in order of their 

length so that the longest one is first, then the next long­

est, then the shortest. Line them up so that their ends make 

steps. 11 Again E gave all necessary assistance until the line­

up was correct. 

Only 10 Ss (eight in Kindergarten, two in Grade 1) 

needed E 1 s assistance in lining up the objects correctly and 



all revealed understanding of the task after E had made 

appropriate explanations and demonstrations. All the other 

§.s understood what vJas required of them vd thout aid • 

. b. Seriation task 

Two sets of stimuli were used in this task. The first 

set consisted of 11 differently coloured wooden stairs, all 

5" long but of different heights and Hidths so that v-rhen 

lined up properly they made a very C·olourful staircase. The 

end dimensions ranged from 3 3/8 11 square to 15/16 11 square, 

the difference between ac1jacent stairs being usually but 

not ah-rays * 11 in length and ·width. Nine of these i·Jere dv~mped 

on the table in front of S in haphazard fashion and S vms 

asked to line them up in order of size so that they made 

stairs. E noted S procedure of doing this and his final 

assemblage of the objects. If ~ failed to line the objects 

up in the correct order, !2_ lined them up for him and proceed­

ed I<'J'i th the next step. E then presented in turn two more 

stairs, actyally the fourth biggest and the seventh biggest, 

and asked S to insert them correctly into the line up saying: 

"Put this one where it should go so that they still make 

stairs". After each insertion §. i'Tas asked i'lhy he had put the 

inserted stair ·N·here he did. 

The second set of stimuli 1vas composed of 10 wooden 

dowels, 1 11 in dlameter, of different colours and ranging in 

length from l.r 7/8 11 to 3 3/411 , with 1/811 difference between 
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adjacent dm-~Tels. Eight 't'lere dumped on the table initially 

to be lined up, and then bw others, the third and. sixth 

longest, were presented to be inserted into the line-up 

later. Again S i'ms asked why he had placed the inserted 

dowels t-vhere he had. 

T.A..SK 3. TRA.WSITIVI'rY OF \·TEIGHr - 3 OBJECTS 

So that S could become familiar tvi th how the balance 

used in this task l'J'Orked, §_ first weighed ti-ro objects in his 

hands to ascertain I\Thich "''las the heavier, then put them on 

the balance and noted that 11 the heavier one goes dmms and 

the lighter one goes up". S was then instructed to switch 

the objects around to the opposite pans and to note that "no 

matter 1'1hat side they're on the heavier one ahmys goes down, 

the lighter one always goes up 11 • This i'ras repeated with an­

other t1·vo objects. 

Three sets of stimuli of three objects each were used 

in this taslc. The first set consisted of three small plastic 

toy purses of identical size (approximately 3" wide, 2 11 high, 

and 3/LI," deep), but each of a different colour and design. 

Their contents (lead shot, plasticene, and paper) determined 

their t'leights such that purse A, white >B, blue >C, reel. 

After §. had determined vrhat the stimuli were called and their 

respective colours g, said: 11 Let 1 s find out if some are heav­

ier than others or if they are the same '!-·might. You vTatch 

while I 1-•reigh them together and w·e '11 see what happens 11 • E 



vreighecl B ancl C on the balance and asked, 11 vlhat do you see 

here?" making sure that~ stated correctly that B "Vms heavier 

than C and the reverse, that C was lighter than B. The same 

was d. one ·wj_ th A and B. The purses were set bac1\: on the table 

in random fashi.o::-1 and .£. 1\l'as asked the follmving quest:i.ons: 

1. 

2. 

J. 

4. 

5. 

6. 

Hhich tNo 

Hhich one 

l·lhich ttvo 

Hhich one 

'Hhich two 

And if we 

what would 

d:i.d we weigh together first? 

't"i'as heavier? 

did 'Vle '\'Veigh together next? 

was heavier 

didn't w-e weieh together yet? 

dicl vmigh these tvw (A and C) 

happen? 

7. How do you len. ow'? 'dhy do you think that? 

togethe:r 

8. Vlhich one is the heaviest of all, next heaviest, 

and lightest one of all? 

9. Line them up on the table in order of their wetght? 

Questions 1 to 5 were posed to insure that §_'s retention 

of the 11eighings and their outcomes '\lms correct before the 

questi.ons requiring transitive reasoning (questions 6 and 7) 

were posed. Any incorrect responses to questions 1 to 5 "V-rere 

corrected by E, and in some cases where total confusion pre­

vailed the objects were weighed again. Question 9 was given 

merely as a sort of preliminary training for the seriation of 

weight taslr to be described next. 

The second set of stimuli used consisted of three plastic 

flow-ers each a different k.ind, colour and vmight, but of a sim-



i lar size: A, l'rhi te carnation > B, red rose > C, purple iris. 

The procedure was the same as with the purses except that 

flov;rers A and B -vrere Heighed together first, and 3!~nd C 

second. 

The third set of stimuli i'Wre three small gold toy 

trophy cups each standing 3-~ 11 high and identical in appear­

ance except that their bases 11ere of different colours. 

Lead shot and plasticene were stuck inside their bases 1·ihere 

S could not see so that A, red base > B, black base > C, ·Nhi te 

base. The procedure with these ~rms identical to that used 

with the purses. 

TASK 4. SERIATION OF HEIGHT - > 3 OBJEC'I1S. 

By the time this task VIas given all the Ss had already 

done the transi iivi ty of 1-velght task, the last response of 

i'rhich requires §.. to line up tl'le three objects in order of thei:r· 

l'leight, and the seriation of size task vvhlch requires S to line 

up many objects in order of their size. It Has thought that 

these tasks sufficed as 11 preliminary training" for the present 

one and that no special pre-task was necessary to ensure that 

S understood what 11 to llne up in order of weight 11 meant. 

Two sets of stimuli were used in this task. The first 

consisted of five small plastic purses of identical size and 

shape ( 3" l'lide, 2 5/8 11 tall, 1 11 deep) but of different colou:r·s 

and patterns and ·weighted so that A, red > B, green > B', blue 

>C, purple >D, l'lhite. Ji'our of these purses (A, ::3, C, and D) 
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and the balance were set in front of S and E said: 11 I want 

you to find out which of these purses is the heaviest one of 

all, which the next heaviest, which the next, and whj_ch is 

the very lightest one of all. You can weigh them hro at a 

time on the balance in any order and as many times as you 

wish until you are fintshed and can tell me for sure v-rhich 

·is the first heaviest, second heaviest, third heaviest, and 

lightest one of all 11 • If§. did not seem to catch on immediate~ 

ly E repeated these instructions in various i-Iays until S under­

stood what he "Nas to find out. & went on: 11 Hhcn you have 

found this out line the purses up in ord.er of ·weight so that 

the heaviest one is first, then the next heaviest ••• (etc) ••• 

and the lightest is last in the line 11 • E recorded S 's pro­

cedure and his final designation of the stimuli. E pointed 

to the object §. had destgnated as the third heaviest (C if 

he had it correct) and asked 1·rhy it '\'Tent \-There S had placed 

it in the line-up. E then presented the flfth purse, B', 

the third heavisst of the five, and satc1: 11Here is another 

purse -vrhi ch I forgot to give you. Find out -vrhere it should 

go in the line-up. Do w·hatever you have to do so that you 

knmv- for sure where this purse should go according to its 

weight". Hhen S had completed his procedure and made his 

decision, E asked him for an explanation of V>Thy he had 

placed. l t where he did. 

The second set of stimuli Here elght 2~ 11 wooden cubes 

weighted and coloured so that A, buff colour >B, red >C, 

blue > C 1 , orange >D, green > E, white > F, plnk >F' , yellm•r. 



The procedure was similar to that with the purses. Six 

blocks (A, B, C, D, E and F) were introduced first for S 
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to line up according to their ~tmights. This done, E pointed 

to the objects S had deslgnated as the second and fourth 

heaviest (blocks B and D if the line-up was correct) and 

asked ilfhy he had placed thern where he had. E then presented 

C' and Ft in turn for insertion, noted. S's procedure of dis·:. 

covering 'ltJhere each belonged, and then asked it-Thy he had 

inserted C 1 vrhere he had. 

TASK 5. CLASS INCLUSION: ALL-SO:viE 

'rhis task is one used by Piaget in his classification 

experiments ( Inhelder & Piaget, 196'-!-). The paper cardboard 

stimult ~·Jere five circles ( dj_ameter 2 11 ) and four squares 

(2 11 sq.). All the circles were blue, two of the squares 

i'Iere blue and two ·were red. 'l'hese vzere laid in a horizon­

tal row in front of S in random order and he ,.;as asked the 

follmring questions about them. Half the S 's received the 

questions in the order 1 to /.J. and the other half in the re­

verse order. 

1. Are all the circles blue? 

2. Are all the red ones squa:re? 

3. Are all the blue ones circles? 

L~ • Are all the squares red? 

If S did not spontaneously offer an explanation for his 

11 Yes 11 or 11 N o 11 responses he 11ras asked to do so. 
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TASK 6. CLASS INCLUSION: PAHT-1tlHOLE 

This task is very similar to that used by Inhelder 

and. Piaget ( 1961-J-) ancl is designed to see if a child can com-

pare a subset i'Jith the total set of 'Nhich it is a part. 

arranged 16 plastic flov1ers in the following order (from 

point of view) in a horizontal row: L~ pink tulips, 4 yellow 

tulips, 2 roses t 2 carnations, 2 dahlias, 1 straw flovJer, and 

1 bluebell. The underly:'tng hierarchical structure of these 

objects can be schematized as: 

C - flovlers 

---------B - tulips B' -· other floviCrs 
~·~ 

A - pink 
tulips 

A'- yellm'l 
tulips 

On the table in frort of S members of sub-classes are 

grouped together, although the subsets are not set apart 

from each o.ther. 

§. and E together labelled all the flowers and named 

their colours. E then asked the follmving questions in the 

order given. S ·Nas asked to explain or give reasons for all 

his responses. 

1. If you make a bouquet out of the tulips ~<rill 

you use these ••• ? (pointing in turn to the pink 

tulips, yelloH tulips, carnations, and roses.) 

2. Are there more pink tulips or tulips here? 

(also ph:rased for all §_s a.s: If I made a bouquet 

out of all the pink tullps, and you made one out 

., 



of all the tulips, whose bouquet -vwuld be bigger 

or would they be the same'? 

3. Are there more tulips or flowers here? 

(also phrased for all If I made a bouquet 

out of all the tulips, and you made one out of 

all the flowers, whose bouquet would be bigger 

or would they be the same size?) 

4. If you pick up all the tulips vrill there be any 

flowers left on the table? 

5. If you pl ck up all the flmv-ers wi 11 there be any 

tulips left? 

6. If you pick up all the yellmr tulips vri 11 there 

be any tulips left? 

TASK 7. ONE OBJEC'r I rrvro QUALI'11IES 

This task 1-ms designed as a test of simultaneous cos-

binativlty, i.e., to see if S could consider that one object 

possesses s:lmultaneously tNo attributes or roles. To ans1'Ter 

correctly on each trial S must consider some of the stimuli 

presented in tl'iO different ways. 

The stimuli w·ere six cards placed in front of .§ one 

at a time. Each card had a different set of objects pasted 

on it. As each card was presented E ascertained that S lmev; 

the necessary names and colours or any other relevant qualities 

of the objects, as well as their quantities, before question-

ing him about them. A description of each card and the 
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questions aslred about them foll'ov.rs •. .§. 11as required to explain 

each of his responses. 

Card 1. There 1·Jere seven tulips in a horizontal roH 1 three 

red and four yelloH. Four of the tulj_ps ( bro red and two 

·yellol•r) had short stems, three (one red and tv10 yell011) had 

long stems. 

E asked: 11Hhi ch are there more of 

a. red flowers (3) or flower with short stems (lt-)? 

b. yellovr flmJers ( 4) or flowers vri th long stems 

(3)?" 

The number in braclrets is the number in each Cc1.tegory spec·­

j_fied. On this card the tl<Io relevant qualities, colour and 

length of stems, were visually separated. That is, S could 

respond. by fil'st loolcing along the heads of the flm1ers for 

colour, and then along their stems for length. On the next 

three cards the t·wo relevant att;ri butes were not visually 

separated thus, but inhered in the entire gestalt of each 

object. It Nas thougrt that perhaps this vvould make these 

questions m.ore difficult. 

Card 2. Eight flowers w·ere scattered on the card 1 five 

daisies and three tulips. Tvro of each ldnd were yellm·;r, and 

three daisies and one tulip ·Nere lV'hl te. 

E asked: "Which are there more of ••• 

a. circles (4) or big things {J)1 

b. squares (4) or little things (5)'? 11 

Card L1 •• f''i ve apples and tVTo triangles were arranged on the 
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card. THo apples and both triangles ~>Tere red, three apples 

were green. 

E aslced: 11Hhich are there more of ••• red things (l!·) or 

apples (5)?" 

Card 4 differs from the previous three in that one set of 

objects, the triangles, was homogeneous. There were only 

red triangles, no green ones. 

Card 5. Six squares '\!Jere lined up horizontally on the Hhi te 

card. One square was all red, three squares Here all greer1, 

two squares w·ere half red, half green. 

~ asked.: 11 'v-Jhich are there more of squares Ni th reel on t.lH:::rrl 

(3) or squares vlith green on the:n (5)? 11 

This card is similar to Card 1 in that the relevant qualities 

are visually separated within each object. 

Care~...§_. Six female figures vmre represented on the card. 

They vrere all pictures cut out fro~11. a Grade 1 reader. The 

figures w·ere arranged and described to S as folloHs: 

old lady 
mother of 

------· daughter 1 
mother of 

little g/rl 1 

tl'To daughters 

~ daughter 2 (both 
motjler of 

/ ---­little girl 2 little 

you.'\'lg women) 

girl 3 

§.asked: "Hhich are there more of mothers (3) or daughters 

(5)?" 

TASK 8. INFERENCE I 

Tasks 8 and 9 ·were desig.t1ed to be tests of successive 
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combinati vi ty, i.e., to to see 1-Jhether S could put hro 

successively presented pieces of information together in 

order to derive a third and crucial piece of informat1on. 

It is thought that this general ability underlies the oper-

ations of transit:!.vity and classification. 

Task 8 was identical in design to the one used by the 

Kendlers in their research on inferential behavior (1962b). 

The apparatus used is illustrated in Figure 1. 

§. sat in front of a cardboard box the front of l'Jhich 

was divided into three differently coloured vertical panels. 

E was sitting behind the box facing§.. Each panel had a black 

cardboard flap hinged at its top Nhich could be lol·Jered to 

hide the panel Ol' raised to reveal it. The middle panel had 

tw·o holes, one about h" above the other, in its centre. There 

was a candy stuck above the higher hole~' The tTtlO outer panels 

each had a small door l'rhich S could open by pulling the door _, 

knobo Each panel had a small plastic tray at its base to 

catch the subgoals emanating from the doors and holes. The 

doors are designated as A and X, the subgoals emanating from 

them as B and Y respectively. Uhich panel was the A~ B panel 

and vThi ch the X ~Y panel '\.'Tas alternated: for half of the Ss 

it was as in Figure 1; for the other half the sides were 

reversed. Similarly, which of the two stimuli, a green glass 

marble and a sllvex· steel ball bearing, was designated as B 

or Y was alternated also. The middle panel is designated the 

B~G panel. 



Figure 1. Illustration of apparatus used in Task 8: Inference I. 
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The procedure tJas as follows: 

1. Introduction of outer panels. 

When S first sat in front of the apparatus all the 

flaps were dovm so that none of the panels could be seen. 
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E opened the flap covering panel A-+- B and said, "Pull this 

door open and see what happens". S did so and subgoal B 

{the green marble for half the Ss, the ball bearing for the 

other half) dropped out. E said, 11 Pi~ck up that thing and 

look at it ••• Now give it back to me and you can have an­

other turn. Pull the door again--see here's the same thing 

again. Give it back to me". Panel A-+- B was closed and the 

procedure was repeated ~;i th panel X-+- Y. E never labelled 

either of the subgoals. 

2. Training on panels A-+- B and X +Y. 

With both the outer panels open to S's vievr, E held 

up subgoals B and Y in random· order each time saying, 11 0pen 

the door that will get you one like this 11 • This continued 

until §. got. six successlve trials correct. The t~>ro outer 

panels were then closed, and the middle panel was revealed 

for §.. 

3. Training on panel B +G. 

E pointed to the candy stuck on the front of the panel 

and said, "See this candy? You may get one for yourself. If 

you drop the right thing through this hole (B) a candy 'l'lill 

come out of this hole (G) and fall into the dish". E held 

out the subgoals B and Y in her hand: "One of these two 
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little things is the right one.· Take one of them and drop 

it in the hole to see if it mal-\:es candy come out 11 • S did 

this until he put the correct subgoal (B) into the upper 

hole, whereupon §..made a candy, the major goal, come out of 

the lovmr hole (G). S was encouraged to repeat this perfor­

mance of choosing ci ther B or Y and dropptng it th:tough the 

upper hole until he correctly chose Emd dropped B through 

the hole and received the candy on four successive trials. 

S 't"J"B,s allo1·red to keep and eat the candy only after the fourth 

correct trial. The left-right position of subgoals B ancl Y 

in ~' s hand. as she offered S to choose one Has randomized .• 

L!-. Test of Inferential Behayi or, or Successive Combinati vi ty. 

Now· §. 'I'Tas tested to see if he could string together 

the _tl'l'O pieces of previously learned behavior, i.e., that 

opening the door in panel A prod.uced subgoal B, and that in­

sert:i.ng B into the upper hole of the middle panel would pro­

duce the major goal, a candy. This is called an 11 integration 

response 11 • §. must ie;nore panel X-+ Y in this operation. All 

panels ·Here opened and E said: 11 vl ould you lil\:e another 

candy? This time I vron't put out any little things in my 

hand, but I will open all the shutters. If you do what you 

e-re supposed to do, you can make a candy come out. Go ahead. 11 

S w-as given 60 seconds in Hhich to open one of the 

doors. If he did not E as1\:ed, "Hhi ch door· should you open 

to help get a candy?tt .§.was then given another 60 seconds 

to rRspond. If he cUd not the tasl;;: w-as terminated. 
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E recorded §..'s first and second choice of doors, 

whether or not he made an integration response, and the time 

talcen. for each of his responses. 

TASK 9. INFEH.ENCE II. 

This task has a similar structure to task 8 lvi th the 

following differences: there is nothing comparable to panel 

X -+ Y in task 8, ar.ld the correct perfonnance of the task 

depends on a bit more verbalization on S's part. This task 

't.Vas designed to be a more d:lrect test of successive combinatr4 

ivlty than task 8 in Nhich it "Yras thought that the presence 

of the X-+ Y panel may have been eli stracting. 

On the table in front of §. were put a toy garage, a 

green truck which 1tJould not fit through the garage door, and 

a blue racing car which 1·1ould. The procedure was as follm;rs: 

1. Training i'ri th A -+B response. 

J]! said: "Let's pretend that this is your green truck. 

Any time you give me your green truck, I'll trade you this 

blue racing car for it. Go ahead, give me the green truck ••• 

Here 1 s the racer for j_ t." This trade was made four times 

and each time E asked a question like, "If you give me the 

green truck l'l'hat 1dll you get?" or 11 If you wanted me to give 

you the blue racer, ·Nhat would you have to give me? 11 etc. 

At the end of the fourth trial S kept the blue racer, and E 

kept the green trucl~. 

., 



2o Training with B-+ G response .• 

E said: 11Here's a garage Hith a little doorway. 

tvhenever you can drive a car or anything through the door-
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way into the garage, you'll get a candy. Try the racer and 

see if it will fit through the doorway. If it does you'll 

get a candy 11 o S did this for four trials with on each trial 

E asking a question like, "If you put the racer through the 

doorvmy into the garage 1·rhat l•rill you get'? 11 or 11 If you 

wanted to get a cand_y right now 'l·rhat. should you clo?" After 

§. gave his verbal aJ1SI-rer to these questions he 1vas allowed 

to drive the racer into the garage and received a candy. He 

'I·Jas only alloHed to lwep and eat the candy after the fourth 

trial. After the fourth trial §. retrieved the nicer. 

3o Test for inferential behavlour, or successive combin­

ativity. 

E said: 11H ouJ.d you like another candy?. o o Here's 

your green truc1r baclr again. Remember, ivhenever you can drive 

anything through the doon·ray into the garae;e you' 11 get a 

candy. See if you can get another candy." The correct res­

ponse i'Jas for S to trade his green truck for E' s blue racer 

and then lnsert the racer into the garage. All of §.' s behmr­

i or at this point v-ms recorded. He ~tv-as allm-v-ed 60 seconds 

to make an initial response. If he had done nothing in this 

60 seconds E said, 11 Is there anyway I can [).elp you get a 

candy? 11 S vms then given another 60 seconds in 1·1hich to res­

pond. If he did nothing again in.this time the task uas ter-
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ORDER OF PHESENTATION OF rrHE TASKS. 

The tas1<::s w-ere given in six sessions :i.n the order 

.outlined beloN. The tasks are numbered here as they are 

above. 

Session 1. _s. Class Inclusion: All-Some 

8. 

Session 2. 1. 

Session 3. 3. 

6. 

Session l-J-. 2. 

?. 

S e s s i on 5 • 4-. 

Session 6. 6. 

Inference I 

Transitivity of Length - 3 Objects 

Transitivity of Weight - 3 Objects 

Class Inclusion: Part-1.;J'hole 

Seriation of Size - > 3 Objects 

One Object, Tvro QuaJJ. ties 

Seriation of \'!eight - > 3 Objects 

Inference II. 
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The FH.PV intelligence test vrs.s given at the end of the 

sixth session. 



CHAP'rEH THREE 

Results 

The results of each task will be presented separately 

first before the relationships between the tasks are con­

sidered. 

TASK 1. TRANSITIVITY OF LENGTH - 3 OBJECT'S. 

RESPONSE MEASURES. 

For each of the two sets of stimuli we have the 

following measures: 

1. Beha&Q_ralr.~_Eg,nsi.t_iyi t;z (BT). S 's prediction as to H!1ich 

object, A or C, was longer or if they were the same length. 

2. LogJq. S's reasons as to why or how he came to this con­

clusion. In both transitivity tasks in this study, for an 

explanation to be considered logical S had to make verbal 

reference to both relationships relevant to the transitive 

conclusion, i.e., he had to indicate somehow both that A>B, 

and that B>c, and that that's how he knew A>C. Scoring an 

explanation as logical is quite straightforward--S either 

made reference to these t1-vo relationships or he did not. If 

S made reference to only one of the relationships E would 

59 
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question him about this further to see if he was implying 

the other relationship as well or not. For instance, an S 

might say, "A was longer than B so it's longer than C too". 

E would then say, "Just because A is longer than B does that 

mean it will be longer than C too? Why?" S might respond 

affirmatively and leave it at that, in 1-Ihi ch case his ex-

_planation would be scored as a non-logical; or he might say, 

"No, but B was longer than C too, so A must be longer than 

C." This explanation would be scored as logical. This pro­

cedure l"las alw-ays follovJed whenever only one of the two re­

levant relationships was alluded to by s. 

3. Verbal Serlation (VS). For the second set of stimuli of 

unequal lengths VIe also have §.'s designation by pointing or 

naming of the longest, middle and shortest objects. S does 

not actually move any of the objects. All three objects must 

be designated correctly for VS to be counted as correct. 

DESCR1?.~VE RESU~~ 

Table 2 is a summary of the percentage of correct res­

ponses given in this task. Since there were no differences 

between the two sets of stimuli in the percentage of correct 

BT responses or in the percentage of logical explanations 

given, these percentages have been combined to yield one BT 

percentage and one Logic percentage for each grade. The per­

centage of correct BT responses is high in every grade. Only 

the difference between Kindergarten and Grade 2 is significant 



Table 2 

Descriptive results for Task 1: Transitivity of Length- 3 Objects 

Percentage of Correct Responses 

Kindergarten Grade 1 Grade 2 

1. Behavioral Responses 
Behavioral Trans. (BT) 80.6 91.9 100 
(mean of 2 sets of stimuli) 

Verbal Seriation (VS) 74.2 77.4 100 
(unequal set) 

BT & VS both correct 67.7 77.4 100 
(unequal set) 

2. Logic 
(mean of 2 sets of stimuli) 21-J.. 2 64.5 9.3.5 

Nean 

90.9 

8.3.9 

81.7 

6o.s 

o--
1-' 
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(p < .01, using a two-tailed test of significance between 

proportions for independent samples). rrhe 11 BT and vs both 

correct'' measure is the percentage of e_s who had both the 

Behavioral Transitiv1ty and Verbal Seriation responses 

correct with the second set of stimuli which were of unequal 

lengths. For both the Verbal Seriation alone percentages 

and the BT and VS combined percentages, the differences 

betw·een Grade 2 and each of the other h;o grades are signif­

icant (all p's < .01, two-tailed). The Kindergarten-Grade 1 

differences are not significant. 

With the unequal set of objects in several instances 

an S predicted correctly that A>C but then failed to seriate 

the three objects A, B, and C in the correct order. This is 

designated a Type A error--correct BT but incorrect vs. 
Three Ss in Kindergarten made this type of error, and three 

Grade 1 §.s made it. Vlith five out of the six of these errors 

made the ordering of objects A and C is correct, that is, S 

acknm•lledges that A is still longer than C, but object B is 

designated incorrectly as either the longest or the shortest 

object. Only one S (in Grade 1) indicated that C was now 

longer than A, having said the opposite for his BT response. 

Therefore, this type of error seems mainly due to confusion 

with regard to the 11middle" object rather than blatant con­

tradictions in S's thinking. A type B error occurs when S 

incorrectly predlcts that c>A but then verbally seriates the 

three objects in the correct order-~incorrect BT but correct 



VS. '1'-,vo type B errors v;rere committed, both by Kindergarten 

§.s. With thi.s type of error S 1 s thin}::ing is contradictory 

since he says first that C>A and almost immediately after 

that A>C. 

Since it occurs on only three occasions that the VS 

response is blatantly contradictory to the BT response with 

the unequal set of stimuli, this error seems insignificant 

in this task. Therefore, only the BT responses are con­

sidered hereafter when dealing with behavioral level per­

formance on this task. 

For the Logic responses all the differences in per­

centage of the logical explanations given between grades are 

significant at the .01 level or better. With the·Grade 2 Ss 

only one S failed to give at least one logical explanation. 

for his predictions. l·li th the Kindergarten Ss only three 

§.s could give two logical reasons for their two BT responses. 

Logical performance is not as good as Behavioral performance 

in any of the grades and the differences between the BT and 

Logic percentages are significant (both p's <.01) for the 

Kindergarten and Grade 1 Ss. The small difference in Grade 

2 is not significant. 

CATEGORIES OF PERFORHANCE. 

On each of the transitivity and seriation tasks in 

this study the Ss are divided into Categories of Performance 

on the basis of their behavioral and logical performances 
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respectively on that task. It is then possible to compare a 

Sts performance on the different tasks by comparing his 

Categories of Performance on these tasks. 

1. LOGIC 

In the transitivity of length task S was asked to give 

tvTo explanations for his Behavioral Transi ti vi ty responses, 

one for each set of stimuli, equal and unequal. Thus an S 

could give two, one, or no logical explanations. The Categ-

ories of Performance decided upon were Good, Some, and None; 

they are defined and their distributions are given in Table 

'3. Over half the sample has Good logic, the majority of these 

being in Grade 2. There is a sort of 811-or-none effect, i.e., 

most Ss either shoW" perfect logic or no logic at all, with 

only a fevJ' Ss showing Some logic. There is a significant 

Grade by Category relationship in that the higher the grade 

the more logic displayed (x
2 

= /.J.-1.03, p <.001). 

2. BEHAVIOR 

The Behavioral Transitivity measure is the only one 

considered in dividing the Ss into the Categories of Perfor­

mance for behavior. There is a certain probability that S 

could get a BT response correct by chance alone, and this is 

why there are more than one set of stimuli and thus more than 

me B'r response requested on the two transi ti vi ty tasks in 

this study. In designating the Categories of Performance, 

Good transitivity will be considered to exist only in those 

Ss who get all the BT responses correct. 



Table_l_ 

Logic Categories of Performance for Taslc 1: Transi ti vi ty 
of Length - 3 Objects 

Description Score Distribution 
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# logical expl. K l 2 'rotal 

.Good 2 3 17 28 48 

Some 1 9 4 2 15 

None 0 19 10 1 30 

Total 31 31 31 93 
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· Table L~ presents the definitions and di stri buti ons 

of Categories of Performance for behavior for this task. 

Behavioral performance in this task is very good, l'Ii th a 

.large majority of Ss making perfect predictions. Only two 

Ss had no BT responses correct and they are both in Kinder­

garten (and they both displayed no logic also). The Grade 

by Category relationship is significant ( x2 == 11.92, p <.01). 

(For this task only there is no Fair category for behavior. 

This is because the frequencies in the Fair and Poor categ-

ories, 13 and 2 respectively, would have been too low to 

permit statistical comparl son vd th other tasks.) 

3. RELATIONSHIP BETHEEN LOGIC AND BEHAVIOR 

Table 5 is a contingency table showing the relation-

ship between the Categories of Performance for logic and 

behavior for Ss in all three grades co!Ilbined. The relation­

ship is highly significant (x 2 = 22.03, p<.OOl). Nobody with 

Good logic has Poor behavior, and the majority of Ss Hith 

Poor behavior reveal no logic at all. Thus in this task an 

S 1 s logical ability is highly correlated i'Tith his behavioral 

responses. If his logic is perfect, his behavior is also 

perfect. If his behavior is poor, chances are he lacks 

logic in explaining his responses. On the other hand, even 

if he gives no logical explanations there is a good chance 

that his behavioral responses were all correct nevertheless. 

Thus there is a sizeable group of Ss (18) whose behavior is 

perfect but who reveal no logic •. Their performance on other 
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Behavior Categories of Performance for Task 1: Transitivity 
of Length - 3 Objects 

Descripti~n 

Good 

Score 
#BT correct 

2 

0.1 

Distribution 
K 1 2 

21 26 31 

10 5 0 

31 31 31 

Total 

78 

15 

93 

Relationship betl'leen Logic and Behavior Cs.tegories of Perfor­
mance for Task 1: Transitivity of Length - 3 Objects. 

Logic 
Good Some None Total 

Good 48 12 18 78 
Behavior 

Poor 0 3 12 15 

Total 48 15 30 93 
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tasks will be examined later to.see if this is a consistent 

pattern of performance for these Ss or if it occurs with 

them only on this task. 

rASK 2. SERIATION OF SIZE - >3 OBJECTS 

RESPONSE MEASURES 

For each of the two sets of stimuli the following 

response measures were recorded~ 

1. Behavi~l_Seriation: Whether or not S correctly lined 

t t h h t 1: t d . •t 1 up he objects, no mat er ow e wen a JOU o1ng J_ • 

2. Behavioral Insertion§_: Whether or not §.. inserted the 

two additional objects into each set correctly, no matter how 

he ·went about it. 1 

). LO[Q.£.!.. Whether or not §. gave logical or non-logical 

explanat:i.ons in response to E 's query as to vlhy he had ins-

erted each of the tw·o objects in each set where he did. F'or 

---------------------------------------------------------"----·--·----------
1 
Neither the S's manner of going about lining up the 

objects initially nor his method of finding out where to 
insert the ·extra objects into the line-up is considered in 
this task. It is very difficult to discriminate between 
true operational behavior and merely good. perceptual dis­
crimination when the dimensional differences between the 
stimuli are visible as here. Also, the types of trial and 
error behavior are many, rangi1 from one or two errors of 
placement which are quickly cor.rected by S, to total hit and 
miss behavior which, after much shuffling, finally results 
in a correct line-up or insertion. Furthermore, there was 
only one observer present to record all of S's behavior and 
make the necessary judgements about vJhich type of behavior 
S was displaying. For these reasons the reliability of the 
mode of attack measures would be open to doubt and thus it 
was thought best to abandon them.· 



an explanation to be scored as logical the following criteria 

must be met: S must mention in some fashion that the object 

he inserted is both smaller than the adjacent larger object 

or objects preceding it in the line-up and larger than the 

adjacent smaller object or objects fbllowing it in the line-

up. That is, he must mention tv;ro relationships: the inserted 

object is both larger than some objects and smaller than others. 

As in the transitivity tasks, if Q mentioned only one of these 

rel$-tions and stopped, E kept up an interaction by asking him 

questions (e.g., 11Just because it is bigger than this one, 

is that the only reason it goes in here? 11 ) to see if §..was 

aware of the other relation but had failed to mention it at 

first. This measure is very easy to score, as are the two 

behavioral responses. 

DESCRIPTIVE RESUL'rS 

Table 6 presents the percentage of correct responses 

given in this task. Since there -vrere no significant differences 

between the two sets of stimuli in the percentage of correct 

responses with any of the response measures the results for 

the two sets have been combined to yield one percentage for 

each response measure in each grade. The percentage of correct 

behavioral seriations increases with grade, being almost per­

fect in Grade 2. The differences between Kindergarten and 

the other two grades are significant (both p's < .01 in a two­

tailed test of the difference between the two proportions for 



Table 6 

Descriptive results for Task 2: Seriation of Size - > 3 Objects 

Percentage of Correct Responses 

Kindergarten Grade 1 Grade 2 

1. Behavioral Responses 
96.8 Seriations 54.8 85.5 

(mean of 2 sets of stimuli) 

Insertions 74.2 94.4 99.2 
(mean of 2 sets of stimuli) 

2. Logic 16.9 59-7 75.3 
(mean of 2 sets of stimuli) 

:tvlean 

79.0 

89.2 

56.5 

""" 0 
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for independent samples). The Grade 1-Grade 2 difference is 

not significant. 

Insertion ability also improves with increasing grade. 

Again the differences betv.reen Kindergarten and the other tHo 

grades are significant (p <.05 for the Kindergarten-Grade 1 

difference; p < • 01 for the Kindergarten-Grade 2 difference), 

whereas the Grade 1-Grade 2 difference is not significant. 

In all three grades the percentage of correct insertions is 

higher than the percentage of correct seriations. Although 

none of these differences attains significance this result 

is very interesting. In the procedure if S did not seriate 

the objects correctly ini tia.lly §. did :i. t for him and then 

gave him the objects to be inserted. Therefore it was 

possible, and indeed occurred, that S could not seriate the 

objects correctly himself but could correctly insert objects 

into an already constructed s~ries. Other experiments in 

the literature on seriation (e.g., Battisti and Simmons, 

1968; Murray and Youniss, 1968) usually term1nate a trial 

if£ fails to seriate the objects correctly by himself. 

Thus they have not examined the relationship between the 

abilities to insert objects and to seriate them initially. 

It seems to be easier for the §s, especially for the Kinder­

gartenel.B, to deal with a situation already structured for 

them than to structure it initially for themselves. 

Logical performance also improves with grade, and 

again only the difference between Grades 1 and 2 is not signif-
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ificant (both other p 1 s <.001). 

CATEGORIES OF PERFORNA.l\JCE 

.1. LOGIC 

S had four opportunities to give logical explan-

ations: with each of the two sets of sti~uli he was asked 

to explain why he inserted the two extra objects into the 

series where he had. Table 7 presents the Categories of 

Performance for these logical explanations with definitions 

and distributions. The higher the grade, significantly more 

2 logic is displayed (x = 30.57, p <.001). Again, as with the 

transitivity task, there is a sort of all-or-nore effect with 

regard to logic: most ~s either display perfect ur near­

perfect logic or none at all. The six Ss with three out of 

four logical explanations were grouped in the Good category 

because it was judged that their one non-logical explanation 

was a lapse, i.e., it was nearly logical but not quite, being 

not completely off base. 

2. BEHAVIOR 

According to the definition of correct seriation per-

formance at the behavioral level employed in this study an 

S must not only be able to line objects up correctly accord-

ing to the relationships he has discovered among them, but he 

must also be able to correctly insert additional objects into 

this line-up. Therefore, both behavioral seriation and ins-

ertion responses were considered when devising the Categories 
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Table_l 

Logic Categories of Performance for Task 2: Seriation of 
Size - >3 Objects 

Description Score Di.stribution 
# logical expl. K 1 2 Total 

Good 3, 4 3 18 23 44 

Some 1, 2 5 3 4 12 

None 0 23 10 4 37 

31 31 31 93 
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of Performance for behavior for this task. Table 8 presents 

these categories for the behavioral responses combined--the 

· t1'lo initial seriati ons of the stimull, and the four inserti o:ns 

of the extra objects. Host of the Grades 1 and 2 Ss had per-

feet performances on this task but l~ss than 25 percent of 

the Kindergarteners did. (Note that an S could be categorized 

as Fair if he had four behavioral responses correct and all 

four of these could have been insertions only; i.e., he 

could have failed to line up both sets of stimuli in the 

first place and yet be categorized as Fair. This only occurred 

tTith two Ss, both in Grade l)e The Grade by Categor.y relation­

ship is significant (x
2 = 32.75, p<.OOl). In general, behav-

ioral performance is quite good on this task, with nearly two-

thirds of the Ss (60/93) giving perfectly correct responses .. 

3. RELATIONSHIP BETWEEN LOGIC AND BEHAVIOR. 

Table 9 is a contingency table shol'ling the relationship 

between the Categories of Performance for Logic and Behavior 

for §.s in all three grades combined. The relationship bet1'leen 

logic and behavior is highly significant (x2 = 30el.}3, p<.OOl). 

But note that behavior is much better than logic - 33 Ss lie 

above the diagonal from the Good to Poor-None cells, and only 

five lie below it. Hany §.s displayed only some or no logic 

but still had perfectly correct behavioral responses, whereas 

nobody who had Good or Some logic turned in a Poor behavioral 

perfonnance. As in the previous transitivity task, logical 

ability seems to develop later than behavioral ability in 

this task. 



75 

Behavior Categories of Performance for Task 2: Seriation of 
Size - >3 Objects 

Description Score Distribution 
total II sertns 

& insertns correct K 1 2 Total 

Good 6 8 24 28 60 

Fair 4, 5 14 5 3 22 

Poor 0·· 3 9 2 0 11 

31 31 31 93 

Relationship betHeen Logic and Behavior Categories of 
Performance for Task 2: Seriation of Size - > 3 Objects. 

Logic 
Good Some None Total 

Good 39 7 14 6o 

Behavior Fair 5 5 12 22 

Poor 0 0 11 11 

Total 44 12 37 93 



TASK 3. TRANSITIVITY OF WEIGHT - 3 OBJECTS 

RESPONSE IvlEASURES. 

The following measures were recorded in this task: 

1. Behaviora~_r.I'rS!....11.2.i.ll.Vlli (BT): S 1 s response to the 

question, 11 If we weighed A and C together what w·ould happen?" 

In other words, £ 1 s prediction about the outcome of weighing 

A and C together after he had seen A and B and then B and C 

weighed together. 

2. Logi_g_: S's explanation as to why he made the BT response 

he did. In order for this response to be judged 11 Logical 11 

S must make explicit reference to the outcome of the two 

weighings which E made and indicate that these are the reasons 

for his saying that A>C. For example, he would say something 

to the effect that 11A was heavier than B, and B was heavier 

than C, so A will be heavier now." Instead of''heavier than 11 

he could say 11 v;ent dovm with" (i.e., on the balance) etc. 

3. Verbal seriation (VS): S was asked to point to or name 

the heaviest, next heaviest, and lightest objects without 

moving therri. All three objects must be correctly designated 

for the VS response to be correct. 

DESCRIPTIVE RESULTS 

Table 10 presents the percentages of the responses 

which were correct. The results for the three sets of stimuli 

have been combined since there w·ere no differences between 

them. The percentage of correct BT responses increases with 
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Table 10 

Descriptive results for Task J: Transitivity of Weight - J Objects 

Percentage of Correct Responses 

Kindergarten Grade 1 Grade 2 Mean 

1. Behavioral Responses 
Behavioral Trans (BT) 67.7 80.6 84.9 77.8 

Verbal seriation (VS) 50.5 6J.4 6J.4 59.1 

BT and VS both correct 41.9 59.1 6J.4 54·. 8 

2. Logic 
% logical explanations 1.1 24.7 41.9 22.6 

--J 
-.J 
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the grade. The dlfferences between·Kindergarten and both 

Grades 1 and 2 are significant ( p < • 05 and p < • 01 respec­

tively) , but that bebreen Grade 1 and Grade 2 is not. The 

VS responses also improve between Kindergarten and Grade 1 

.( p <. 05) but remain the same in Grades 1 and 2. In all the 

grades the percentage of correct WJ~ responses is greater than 

the percentage of correct VS responses and all these dif­

ferences are significant (all p's<.Ol). Similarly in all 

the grades the percentage of trials on which the BT and VS 

responses we:r.e both correct is significantly lower than the 

percentage of trials on which the BT response alone was 

correct (all p's < .01). 'l'he discrepancies among the percen­

tages of correct responses of these three behavioral measures 

reveals that on one trial a BT response could be correct while 

the VS response was wrong (obyious from the dlscrepancy bet­

ween the BT and VS scores alone), and. also that a BT res­

ponse could be incorrect while the VS was correct (evident 

from the discrepancy between the VS alone score and the BT 

and VS combined score). 

These behavioral errors deserve closer examination. 

A type A error occurs where the BT response was correct but 

the VS was wrong. A Type B error occurs where the BT res­

ponse was incorrect b~the VS correct. Table 11 presents the 

frequency wi. th which each type of error wa~ made in each grade. 

The number of Type A errors made does not decrease appreciably 

with age. Type A errors occur on.22.9 percent of the total 



A. 

B. 

Table 11 

Behavioral errors made in Task 3: Transitivity of ~~eight - 3 Objects 

BT correct, VS wrong 
Total 

1. A-C order correct 
2. A-C order reversed 

BT wrong, VS correct 
Total 

Frequency of Errors (n = 93 Trials) 

Kindergarten Grade 1 

24 20 

19 18 
5 2 

8 4 

Grade 2 

20 

18 
2 

3 

Total 
(279 Trials) 

64 

15 

55 
9 

-...1 
\..() 
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trials. But the ordering of objects A and C is correct in 

85.9 percent of these errors; that is, S indicates that A 

is heavier than C but says that B is either the heaviest or 

the lightest of all three. The A - C order is reversed so 

that S's ordering is either C>A>B, B>C>A, or C>B>A, in 14.1 

percent of these errors. Type B errors are made on 5.4 per­

cent of the total trials. 

1'hus on 71.7 percent of all the trials (100-22.9-5.L!,) 

BT and VS are both correct or both incorrect. Ole know from 

Table 10 that they are both correct on 54.8 percent of the 

trials; therefore, they are both incorrect on 16.9 percent 

of the trials). On the 28.3 percent of the trials that Brr 

and VS outcomes do not concur, chances are greater than 4 to 

1 ( 64: 15) that the B'I' Has correct and the VS wrong. Of the 

total number of trials l'fhere one of these responses was 

correct and the other incorrect, the ordering of objects A 

and C was contradictory in the two responses on only 8.6 per­

cent of the trials (all the Type B errors plus the Type A 

errors #2)~ Therefore, here as in the transitivity of length 

task, BT and VS responses are contradictory on an insignif­

icant number of irials and we are justified in ignoring the 

VS responses hereafter when considering behavioral level 

performance on this task. 

In Table 10 the percentage of logical explanations 

increases with increasing grade, the differences between all 

grades being significant (all p's <.01). In each grade the 
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percentage of each of the behavi.oral responses correct is much ., 

greater than the percentage of logical explanations given. 

All these dtfferences between behavior and logic are signif-

icant (all p's <.01). 

CATEGORIES OF PERFORHANCE. 

1. LOGIC. 

Table 12 presents the definitions and distributions 

of the logical Categories of Performance for this task. The 

higher the grade, significantly more logic is displayed 

( x2 = 21.:31, p < .001) o In fact only one Kindergarten §. gave 

onA logical explanation; all the rest gave non-logical 

reasons for thei:r BT responses. Logical performance is not 

very good on this task: only 29 percent of the sample show 

any logic at all. 

2. BEHAVIOR 

Only the BT responses are considered in devising the 

Categories of Performance for behavior. Since there is a 

certain probability that the BT response can be correct by 

chance alone, it is necessary to have several trials and to 

categorize so that most or all of the B·r responses must be 

correct for an S's performance to be considered Fair or Good. 

Table 13 presents the definitions and distributions of the 

behavioral Categories of Performance for t}fis task. Behav-

ioral performance is quite good Hith over half of the sample 

(around 53 percent) getting all the BT responses correct and 
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Table 12 

Logic Categories of Performance for Task 3: Transitivity of 
Weight - 3 Objects 

Description Score Distribution 
# logical expl. K 1 2 Total 

Good 3 0 7 10 17 

Some 1, 2 1 2 7 10 

None 0 30 22 14 66 

31 31 31 93 

Table D. 

Behavior Categories of Performance for Task 3: Transitivity 
of Weight - 3 Objects 

Description Score Distribution 
# BT correct K 1 2 Total 

Good 3 13. 16 20 49 

Fair 2 8 12 8 28 

Poor 0, 1 10 3 3 16 

31 31 31 93 
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only 17 percent having a Poor performance. Behavior does 

improve with grade but the relationship ls not significant 

2 (X == 8.78, p <.10). 

3. RELATIONSHIP BETWEEN LOGIC AND BEHAVIOR. 

Table 14 presents the distribution of the Ss among 

the logic and behavior categories in contingency fashion with 

the grades combined. The relationship between logic and 

behavior is highly significant ( x2 = 22.28, p < .001). Ob-

viously though, behavior is far superior to logic on this 

task (58 Ss lie above the Good - Good to Poor - None diag­

, onal and only one S lies below it). There are no S s with 

Good logic but Poor behavior, but the reverse is found--Ss 

w·i th no logic and Good behavior. There is only one S with 

Some logic but Poor behavior. So it would seem that the dis-

play of logical reasoning i'Jould indicate an S w!lose behavior 

was well above chance performance. The opposite is not true, 

however. Just because an S displays no logic does not mean 

that his behavior is poor--he could have perfect, fair, or 

poor behavior. In fact the chances are that his behavior will 

be Fair or Good. The performances of these Ss on other tasks 

will be examined in a subsequent section. 

TASK 4. SERIATION OF WEIGHT - >.3 OBJECTS. 

RESPONSE JVIEASURES. 

For both sets of stimuli the following response measures 

were recorded: 
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Table 14 --
Relationship betw·een Logic and Behavior Categories of 
Peformance for Task 3: Transitivity of Height - 3 Objects. 

Logic 
Good Some None Total 

Good 17 7 25 49 

Behavior Fair 0 2 26 28 

Poor 0 1 15 16 

Total 17 10 66 93 



85 

1. §.er!§.ll'2TI ..... tL<?9-e Qf_J\~~1£: hoH §. tvent about di sco-v·ering 

the relationships among the objects. This could range from 

weighing them all in pairs on the balance in a systematic and 

thorough manner and then lining them up in order, to lifting 

some of them up in one's hands and then arranging them as 

one saw fit, with several inteTrnediate modes of attack in 

between. The only quality assessed about the procedure was 

"VThether or not they were "Adequate" to discover the relation­

sh~ps among the objects and hence their correct order. In 

order for a weighing procedure to be "Adequate",§. must have 

'weighed on the balance g t le~!::_:st each adjacent pair of stimuli., 

whatever else he weighed as "t<rell. .For instance, with the 

first set of stimuli w·here four objects are presented to be 

lined up initially--A>B>C>D--S must weigh the adjacent pairs 

A-B, B-C, and C-D rn order to discover all the :r;elevant rela­

tionships among the objects. He probably will also have 

weighed other pairs together in his procedure--e.g., A-C, 

or B-D etc., but if his procedure included the weighing of 

the three adjacent pairs it 1-;ras labelled "Adequate"; if it 

did not include these pairs it was "Inadequate". With the 

second set of stimuli where six objects are to be lined up 

initially--A>B>C>D>E F--§. must again at least weigh adjacent 

pairs of stimuli together for his procedure to be "Adequate". 

2. Beha~,ioral . ..§.~riation: Whether or not S lines the objects 

up in correct order after he has completed his procedure of 

discovery, whatever it may have been. 
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3. Ins~rtion T'1ode of ~: S 's procedure of finding out 

where in the line-up the insertion object should go. This 

ranged again from correctly weighing the insertion object 

on the balance with the appropriate objects already in the 

line-up until he discovered between v-rhich two it belonged, 

to simply shoving the object somew·here into the line-up with­

out weighing it or comparing it at all. Again the weighing 

procedure was categorized as "Adequate" or "Inadequate". In 

order for it to be "Adequate" S must have compared the ins-· 

ertion object with enough of the others to be able to discover 

its relationship to them and therefore where it belonged in 

the line-up. For instance, with the first set of objects 

A>B >C>D, B 1 is the insertion object and it belongs betrreen 

B and C. In order for S to knmll this he must have weighed 

B 1 together i'Ji th objects B and C at least. For his weighing 

to be "Adequate" then, these two pairs, B'-B and B 1-C, must 

have been vleighed. If they were not his weighing procedure 

was "Inadequate". Hith the second set of stimuli, insertion 

object C1 , which belongs between C and D, must be _weighed at 

least with these two objects for an "Adequate" procedure. 

In fact most S 1 s starting comparlng C 1 from one end of the 

line-up or the other, and so many more pairs than the two 

crucial ones ~>rere actually w·eighed. With insertion object 

F 1 which belonged at the lightest end of the series, S had 

to weigh it only with F to discover its proper place and 

have an "Adequate" procedure. 
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4. Behavioral Insertion: Whether o~ not S inserted these 

objects in the appropriate place, whatever mode of attack he 

had used to discover this. 

5. ~ogic with §§jj~tio~: When~ had lined up the objects 

as he saw- fit E asked him how he knew that certain of the 

objects should go where he had put them. With the purses, 

the first set of stimuli presented, the object inquired about 

was C, or whichever one S had placed third. Hi th the bloc-ks, 

enquiries were made about objects B and D, or whichever ones 

S had placed second and fourth. 

6. Logic vri th Ins.§.r .. tt.2D..§.: After S had inserted the inser­

tion object E asked him how he knew it belonged wherever he 

had put it. With Set 1 the insertion object was B 1 • Hl th 

Set 2 there were tvm lnsertion objects, C 1 and F 1 , but only 

C' was inquired about. 

In Task 2 the definition of a logical explanation 

stated that S must make reference to the two relevant rela­

tionships which determined an object's placement in the line­

up. The same definition is employed here. Therefore, a logical 

explanation is one which includes mention of the two adjacent 

relations of the object inquired about--e.g., for insertion 

B 1 in Set 1 ~must say words to the effect that B 1 <B and B 1 >C 

as reason for its being placed between B and C; or for object 

B in the original line-up S must say that B<A and >C and so 

it belongs in second place, or words to this effect. 
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DESCRIPTIVE IlliSULTS. 

Table 15 presents the percentage of correct responses 

for the various response measures in this task. Since there 

l'lere no differences between the two sets of stimuli on any 

.of the measures their results have been combined in this 

table. For behavioral seriations, both the percentage of 

adequate weighings and the percentage of correct seriations 

increase significantly between Kindergarten and Grade 1 

(both p's <.01) and then stay stable through Grade 2. Sim­

ilarly, with the insertions, the biggest improvement in the 

percentage of adequate i•mighings and of correct insertions 

occurs between Kindergarten and Grade 1 (both. p's <.001), 

with smaller improvements betvJeen Grades 1 and 2 (for Adeq. 

Wghings p<.05; Insertions is nonsignifj.cant). With seriation 

behavior in all grades the percentage of correct seriations 

is either the same as or slightly greater than the percentage 

of adequate weighings. With insertion behavior in all grades 

the percentage of adequate weighings is slightly greater than 

the percen~age of correct insertions. 

Table 16 examines the errors made which cause these 

discrepant percentages within each grade. Type A errors are 

those where the i'Jeighing procedure was Adequate but the ser­

iation or insertion was incorrect. These occur least frequent­

ly in Kindergarten because of the very few .Adequate weighings 

in the first place compared l'Ji th the other two grades. Type 

B errors are those where the weighing procedure was Inadequate 



Table 12 
Descriptive results for Task 4: Seriation of Weight - >3 Objects 

1. Behavioral Responses 
a) Seriations 

Trials with Adeq Wghings 
Trials with correct sertns. 

b) Insertions 
Trials 111 th Adeq H ghings 
Trials with correct Instns. 

c) Sertns correct given 
Adeq ~J ghings 

d) Insertns correct given Adeq 
vlghings 

e) Mean Sertns and Insertns 
correct given Adeq Wghings 

2. Logic 
Seriations 
Insertions 
Nean 

Percentage of Correct Responses 

Kindergarten 

6.5 
12.9 

17.2 
14.0 

1.6 

10.8 

7.1 

4.3 
3.2 
J.9 

Grade 1 

53.2 
59.7 

76.3 
6?.7 

46.8 

63.4 

56.8 

53.8 
50.0 
52.3 

Grade 2 

58.1 
58.1 

88.2 
73.1 

53*2 

72.0 

64.5 

76.3 
72.6 
74.8 

Mean 

39.3 
43.7 

6o.6 
51.6 

33.9 

48.7 

42.8 

44.8 
41.9 
43.7 

co 
\..() 



Tab~6 

Behavioral errors made in Task 4: Seriation of Weight - >3 Objects 

Type of Error Frequency of Errors 

Kindergarten Grade 1 Grade 2 

Type A - Wghing Adeq but 
incorrect.-

Seriation 4 4 3 

Insertion 3 8 9 

Total 7 12 12 

Type B - Wghing Ina.deq but 
correct.-

Seriation 7 8 3 

Insertion 3 
,.., 

0 ,) 

Total 10 11 3 

Total 

11 

20 

31 

18 

6 

24 

'-0 
0 
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but S got the seriation or insertion correct any-vmy. This is 

really chance behavior--S had no way of knowing the correct 

order of the objects if his procedure w-as Inadequate and so 

his final outcome was merely fortuitously correct. There are 

.many fewer of these errors made by Grade 2 Ss than by others. 

On 8.3 • .3 percent of the total number of trials there is agree­

ment between the weighing procedure rn1d the final outcome-­

lee., an adequate procedure leads to a correct seriation of 

the objects, or an inadequate proced:ure leads to an incorrect 

one. For the insertion performance thts percentage of agree­

ment between the procedure and outcome is 90.2 percent. 

In general, performance is better with the insertions 

than with the original seriations. A similar findtng occurred 

in the length dimension. It was possible there because if S 

could not line the objects up correctly himself, E did it for 

him and then requested him to insert the extra objects, which 

he could often do correctly even though he was unable to 

seriate them initially. With this weight dimension task not 

one S thought he t-.ras unable to line the objects up correctly. 

All Ss made some sort of line-up and because there was no 

visual feedback as to is accuracy, all assu~ed that their 

line-up vms correct. Many, hovrever, were not, as can be seen 

in Table 15. Nonetheless it was possible to insert the ins­

ertion objects correctly despite the fact that the line-up 

was not wholly correct. For instance, with the first set of 

stimuli §. could have lined the objects up thusly: B A c D, 
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which of course is Hrong. How·ever, he could insert object B 1 

between A and C and be perfectly correct. That is, if he 

started comparing B 1 with B he would see that B 1 <B. He would 

then go on to A and see that B 1 <A also. vlhen he weighed B 1 

with C and sat-r B 1 >C he 1'-iould conclude that B 1 >C but <A and 

therefore belongs bet-1-Teen them. His logic would be impeccable 

and his positioning of B 1 perfectly correct. Hovmver, if he 

had lined up the original four objects thus: A C B D, CAB D, 

or ~n several other ways he could not possibly insert B 1 

appropriately unless he changed the order of the other four 

objects. This often occurred in which case S could again get 

the insertion correct even though the original seriation based 

on his original weighing procedure was Hrong. Thus, when we 

look at the most crucial behavioral statistics of all, the 

percentage of correct seriations and insertions given that the 

procedures were Adequate (Table 15 rows c and d) we see that 

the percentages for insertion behavior are higher than for 

seriation behavior in all three grades (p 1 s for Kindergarten 

and Grade 1 both< .05; p for Grade 2<.01). This finding 

reveals something about the differences in ability when S is 

required to organize the objects in his environment himself 

as compared to when they are already organized for him and he 

has merely to operate upon them in some fairly well prescribed 

manner. 

The percentage of logical explanations given for both 

seri.ations and insertions increases S..gnificantly with grade, 
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all beb'Veen grade differences being significant (all p 's <. 01 

or better). 

If we compare the mean percentages for behavior and 

logic--i.e., the mean percentage of correct seriations and 

.insertions given adequate weighings (row e) and the mean per­

centage of logical explanations given, we see that the over­

all percentages are close (42.8 and 43.7 respectively) and 

that in Grade 2 more logic is displayed than there are correct 

behavioral responses to explain. (None of the vli thin-grade 

differences is significant). This is the only task in 1-Jhich 

man:>r S 's logical performance surpass their behavioral perfor­

mance. This is possible because an S can give a logical ex­

planation for an incorrect behavioral performance. For example, 

suppose with the first set of stimuli S has lined the objects 

up incorrectly--A C B D. E would then ask him to explain why 

he had placed B third in line and he might say because B< C 

(which it was not) and B>D (which it was) and so it should go 

between them. He may not have actually weighed B and C, or 

he may have weighed them but have forgotten the outcome. In 

any case, he has placed B and C incorrectly. But he has made 

a line-up--he has imposed order on the objects--and when asked 

anything further about the relationships among the objects he 

reasons from the order he has derived and not from the original 

weighings vJhich gave him the information to, discover this order. 

This could only occur in the v-might dimension where 

there is no visual feedback: S does not knm'J' his line-up is 
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incorrect. In the length dimension he can see when he has 

the objects correctly seriated and inserted so he would only 

give logical explanations about correct behavioral responses. 

It does not occur in the transitivity of weight task because 

S does not actually impose physical order on the three ob­

jects before he is asked to explain his BT response. The 

three objects are not lined up in order of their weight, that 

is, in the order he thinks they should go in, but are scattered 

on ·the table in front of him. Therefore, he has only his 

memory of the outcome of the original l'leighings to go by when 

explaining his behavioral response. 

Thus there exist children i'lhO fail to organize the 

objects adequately in such a way initially so as to order them 

correctly, but who once having imposed some order, even though 

it is incorrect, on the objects can then reason 'in a perfectly 

logical manner about the already ordered situation. It seems 

they can operate perfectly correctly in a structured situation 

but are at a loss in an unstructured one. 

CATEGORIES OF' PERFOill1ANCE 

LOGIC. 

Table 17 presents the definitions and distributions of 

the logical Categories of Performance. In all, justifications 

were requested for five objects, three in the original line­

ups, and two insertion objects. As grade increases, the amount 

of logic displayed increases significantly (x 2 = 43.94, p<.ool). 



Table 17 

Logic Categories of Performance for Task 4: Seriation of 
Height - > 3 Objects 

Score Distribution 

95 

Description # logical expl. K 1 2 Total 

Good 4, 5 0 15 22 37 

Some 1-3 3 l.j- 6 13 

None 0 28 12 3 43 

31 31 31 93 



There is quite a strong all-or•-none effect 11i th few Ss dis­

playing Some logic. (Only six Ss had four out of five log­

ical explanations, and in all cases the one explanation that 

missed being logical was a near miss--i.e., one relationship 

was mentioned but the second one was not made explicit. 

Therefore, these Ss were grouped in the 11Good 11 category 

along with those whose logic was perfect.) 

BEHAVIOR. 

According to the definition of correct seriation 

performance at the behavioral level employed in this study 

an£ must demonstrate: (1) the ability to organize objects 

in such a way so as to adequately discover the relationships 

among them (i.e., in this task, to weigh the pairs Adequately) 

and, (2) the ability to line the objects up correctly accord­

ing to these perceived relationships. These two abilities 

are involved in both initial seriation and insertion behavior. 

The ability to correctly insert objects into a series is 

included in. Piaget 1 s definition of the seriation operation. 

Therefore, the measure used as the basis for the behavioral 

Categories of Performance are those where seriations and 

insertions are correct glven that the weighing procedure were 

Adequate. 

Table 18 presents the definitions and distributions of 

the Categories of performance for behavior for this task. 

Again there is a significant grade effect (x 2 = 40.99, p<.OOl). 
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Table 18 

Behavior Categorles of Perfonnance for Task 4: Seriation of 
Height - > 3 Objects 

Description Score Distribution 
# correct Sertns 
& Insertns given 

Adeq. Wghings K 1 2 Total 

Good 5 0 6 ll.t- 20 

Fai'r 3. 4 0 12 3 15 

Poor 0-2 31 13 14 58 

31 31 31 93 
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Notice that all the Kindergarten Ss have Poor behavior. In 

fact, 22 out of 31 of them had no behavioral responses 

correct, seriations or insertions, and only two ~s had a 

score of 2. 

RELATIONSHIP BETWEEN LOGIC AND BEHAVIOR 

Table 19 presents the distribution of the categories 

for logic and behavior combined. '11here are some things 

occurring in this task which occur in no other. First of all, 

five Ss display Good logic but Poor behavior. That is, one 

could say they have the concept but they cannot apply it. We 

1·1ill note later h01v these five Ss fared on the transitivity 

tasks. Vlith seriation it looks as though they have a grasp 

of the operation of seriation once the series are established 

for them, but they are overHhelmed by the number of objects 

presented and simply cannot organize them all themselves. 

Also there are 12 Ss i'iho display Some logic but Poor behavior, 

another unusual finding. Unlike the previous tasks there are 

no Ss here with No logic but Good behavior. Much logical Wider­

standing is obviously necessary in this task before it can be 

malt with adequately on the behavioral level. The only Ss 

with Good behavior are those who also have Good logic. But 

all of those with Good logic do not have Good behavior. Log­

ical ability is a necessary but not a sufficient condition 

for good behavioral perfonnance. What else is needed? One 

could speculate at length about this, out by observing the 



Relationship between Logic and Behavior Categories of 
Performance for Task 4: Seriation of Weight - >3 Objects. 

Logic 
Good Some None Total 

Good 20 0 0 20 

Behavior Fair 12 1 2 15 

Poor 5 12 41 58 

Total 37 13 43 93 

99 
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Ss one could see that one quality the Ss with Good behavior 

demonstrated which was lacking in varying degrees in the 

others vias an organizational ability. The §.s who went 

through all the trials perfectly were very organized and 

directed in their behavior. They weighed the paiJ.'s together 

in a systematic fashion keeping track of which ones had been 

weighed together and what the outcomes Nere ln some very 

precise way--usually by placi.ng the objects in appropriate 

order according to the weighings completed so far. In other 

words they were spati.all.y organized: they arranged th.e 

objects in appropriate spatial relations as they went along. 

Other §.s may have done thls too up to a point, but not as 

consistently or clearly enough so as to eliminate all ambig­

uities. This task would seem to divide those l'Tho are truly 

operational with regard to seriation from those vJho are not. 

Trial and error behavior will not lead to ultimately correct 

solutions as it i'lill in all the other tasks discussed so far. 

There is no visual feedback to help one as there is in the 

length dimepsion tasks, and there are too many objects for a 

solution to be correct by chance, unlike in the transitivity 

of v-1eight task Nhere this is a possibility. Therefore, 

according to this reasoning those 20 Ss with Good behavior 

and Good logic in this task should be the cream of the sample 

and should have perfect performance in the other tasks if they 

are really related. This hypothesis will be examined later. 

'I'he relationship between logic and behavior is highly 
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significant ( x2 = 6J.98, p < .001). Logical performance out-

·strips behavioral performance, the number of Ss in Table 19 

falling belo11 the Good-Good to Poor-None diagonal (29) far 

exceeding the nwnber above (2). 

TASK 59 CLASS INCLUSION - ALL-SOI1E. 

1. ANALYSIS OF THE QUESTIONS. 

The first question is: 

(1) CB - Are all the circles blue? - to which the answer ls 

Yes, because there are five circles and they are all blue; 
' 

there are no red circles, etc. 

'l'he second question is: 

( 2) RS - Are all the red ones squares - to 1'ihich the ansvJer 

is also Yes, since there are only ti-m red things and they are 

both square, there being no red circles, etc. 

The form of both of these questions is the same and it 

is desj_gnated as form AB: i.e., what is being asked :ls, 11Are 

all the As Bs? 11 , where A<B. The structure of the relationship 

is: B = A + At, 1-lhi ch can be considered in two ways: 

1. Blue objects == blue circles + blue squares, 

(relevant to the first question, CB), or 

2. Square objects == reel squares + blue squares, 

(relevant to the second question, RS). 

A is included in B, hence vm are examj_ning class inclu-

sion. \·!hat is being asked is 11 Are all the As some of the Bs?'l 

In form AB the subject of the question (A) is smaller than and 
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included in the class of the predicate (B). 

The third question is: 

( 3) BC - Are all the blue ones circles? - to l'Jhich the ans1-1er 

is No, because there are blue onffi i'lhich are square. 

The fourth question is: 

( LJ,) SR Are all the squares red? - to w·hich the anSl·Ier is 

also No, because there are bw squares whlch are blue. 

The form of these tvw questions is BA, 11Are all the Bs 

As?", where A<B as outlined above. In this case the subject 

,(B) is larger than the predicate Hhich it includes (A). 

In the first and fourth questions, CB and SR, the sub­

ject of the q'Llesti on is a shape and ·the predicate is a colour 

In the second and thlrd questions, RS and BC, the subjects are 

colou:m and the predicates are shapes. This distinction is an 

important one in the results which follow·. 

2. DESCRIPTIVE RESULTS 

Since this task is the same as one given by Inhelder 

and Piaget (1964) to 52 children, it might be ivorth~vhile to 

describe briefly their results as a basis of comparison l'-Ti th 

our mm. Their scoring method is not clearly described, but 

there seems to have been some leniency for self-corrected 

responses. For each of the four questions, between the ages 

of five and eight years there is a consistent increase in the 

percentage of correct responses with increasing age. Question 

RS is the hardest question, with 54 percent of the five-year 
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olds responding correctly, this'peroentage increasing every 

year up to 80 percent at eight years. Question CB is the 

easiest with the percentage of correct responses ranging 

from 67 percent at five years to 100 percent at eight years. 

Questions BC and SH. are of intermediate difficulty. Besides 

this consistent increase in correct responses wl th age, tvw 

other trends are evident in Inhelder and Piaget's results. 

The first is that, on the basis of the percentage of Ss 

responding to both questions correctly, questions of the form 

BA (BC and SR) are easier than questions of the form AB (CB 

and RS) at all ages, except age seven years vrhere they are 

equal. The second trend is that the mean percentage of 

correct responses for questtons CB and SR combined, questions 

in which the subject is Ehape, the predicate colcur, is higher 

at all ages (except at five years where they are equal) than 

the mean of questions BC and RS 1'lhere the subject is colcu.r, 

the predicate shape. 

Table 20 presents the percentage of correct responses 

given to th~ four questions by the 93 children in this study. 

The first four columns present these percentages for each 

question separately. The column headed 11 AB" presents the 

percentage of Ss who answer both questions CB and RS (of the 

form AB) correctlye Similarly, the column headed 11 BA" presents 

the percentage of Ss vlho answer both questions BC and SH (of 

the form BA) correctly. The responses recorded were the S's 

initial responses to the questions, but if a S changed his 



Grade 

Kindergarten 

Grade l 

Grade 2 

Hean % 

Table 20 

Descriptive results for Task 5: Class Inclusion: All-Some 

Percentage of Correct Responses 
all 4 CB & SR 

CB RS BC SR AB BA correct both corr. 

94 55 32 97 52 32 13 90 

90 55 81 97 48 77 39 87 

97 52 55 90 52 45 29 87 

94 58 56 95 51 52 27 88 

RS & BC 
both corr. 

16 

1+8 

35 

33 

1--' 
0 
+:" 
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mind immediately without any prompting this second response 

was the one scored. 

vii th all four questions there is no consistent improve-· 

ment with grade. There is only one improvement betlv-een grades, 

the increase in the percentage of correct BC responses between 

Kindergarten and Grade 1 (p<.OOl), but then performance ~rorsens 

between Grades 1 and 2 (p<.05). Any percentages in the last 

five colu.rnns ~vhich include the BC response also reflect this 

result. In colu.rrm BA the Kindergarten-Grade 1 difference is 

significant (p<.OOl) as is the Grade 1-Grade 2 difference (p< 
\ 

.01). In the last column, H.S and BC both correct, only the 

Kindergarten-·Grade 1 difference is significant (p<.Ol). Sim-

ilarly, only the difference between Kindergarten and Grade 1 

is significant (p <.05) in the percentage of Ss getting all 

four questions correct. 

Questlons CB and SR are ahsHered correctly by almost 

all Ss in all grades. Questions RS and BC are more difficult. 

The percentage of Ss responding correctly to both questions 

CB and SR (subject shape, predicate colcur) is significantly 

greater than the percentage responding correctly to both 

questions RS and BC (subject colarr, predicate shape) in all 

grades (all p 1 s<.Ol or better). Inhelder and Piaget found the 

same thing, but the trend in the present results is much more 

marked. This will be discussed shortly. 

There is no overall difference between the percentage 

of correct responses to questions of Fonns AB and BA. There 

'·· 
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are differences within the grades (the only significant one 

is in Grade 1 where p<.05), but these are not all in the 

same direction and seem highly unpredictable. 

Inhelder and Piaget found questions of the form BA 

easier than of the form AB at all ages five through nine years 

except seven years vlhere they ·were equal. These authors ex­

pound at great length as to why, if B = A-:-A', Ss find it 

easier to answer correctly that all Bs are As is wrong than 

to recognize that all As are Bs is right. They reason that 

in the question "Are all Bs As" whtch is really asking "Are 

all the Bs some of the As? 11 , most Ss will interpret it to 

mean "Are all the Bs .§}1 the As? 11 They make the same mistake 

with form AB also. They quantify the predicate incorrectly. 

Because S sees the collection B = A+A' in front of him he can 

see that A·lB since there are some A 1 present and so he can 

easily say No to questions of .the form BA - "Are all the Bs 

As?" But since he has not mastered class inclusion, he can­

not see that A = B-A' and so when asked 11 Are all the As Bs?" 

he still says No, because there are some A's. He interprets 

the question to be asking 11 Is A = B?" instead of "Is A<B? 11 

With neither form is S quantifying the predicate correctly, 

but he gets away with it with form BA and not with form AB. 

This interpretation does shed light on what might be occurring 

in the non-operational child's mind, but it does not explain 

the data in this task since no such differences between the 

two forms were found. 
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Our most dramatic result, and one that does agree 

with Inhelder and Piaget, is that a question tends to be 

easier vihen the collection as a whole indicated by the w·ord 

11 all 11 is defined by shape than when defined by colour. Ob­

viously it must be easier to form a non-graphic collection 

(i.e. , one formed in S 's mind and not actually assembled 

physically) on the basis of shape than of colour. That is, 

S can more easily image collections based on shape than based 

on colour in this task. Thus he can lreep the graphic collec­

tion of the 11 clrcles 11 or the 11 squares 11 in his head very 1vell 

and make colour the subordinate quality of the objects in 

front of him. The reverse is much harder to do. 

This finding of the increased saliency of form over 

colour for children in this age range is a common one in the 

literature. In a study by Kagan and Lemkin (1961), ~aged 

3 years, 9 months to 8 years, 6 months Nere asked to select 

among comparison stimuli varying in form, colour and size, 

the stimulus which was the "same as" a standard stimulus. 

r'or all ages and with all the stimuli used form ·Nas di sctinct-~ 

ively preferred to colour as a basis for similarity. Buchman 

and Trobasso (1966) tested 3 to 6 year olds in a similar but 

more complicated sj_tuation vJhere hue saturation and figure 

contour were varied. They found that the younger Ss chose 

colour over form and that the older Ss chose form over colour 

as the basis of similarlty among the stimuli. The median age 

at which their Ss began to choose form over colour was 1-t years 
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and 2 months. Within the age range tested the trend for 

form increased and the difference bet11een form and colour 

increased significantly beyond this transition age. 

CATEGORIES OF PEHF'ORl'1ANCE 

Since there were no significant between-grade dif-

ferences in this task it would appear not to discriminate 

among the Ss very well. Ho'I'Iever, there may be some cllf-

ferenCE'!S bet1·men Ss who respond perfectly on this task and 

those who do not in their performances on the other tasks~ 

Therefore, the ~s have been divided into Categories of 

Performance I'Ihose definitions and d:i stri buti ons are presented 

in Table 21. The relationship between Grade e.nd Category is 

not significant (x
2 = 6.94, p>.lO), as would be expected. 

'rASK 6. CLASS INCLUSION: PART-HHOLE. 

DESCRIP'riVE RESUL'rS. 

Table 22 presents the percentages of correct responses 

given to each of the six questions by each grade. Question 1, 

which Has a sort of preliminary class-inclusion exercise to 

see if §. understood the difference between tulips and non-

tulips, is responded to correctly by 70 percent of all Ss and 

no regular trend with grade can be noted. 

Questions 2 and 3 are the same form: S is asked to 

compare one part with the Hhole. In question 2 he must com-

pare the pink tulips with all the tulips; in question 3 he 

'·'· 
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Table 21 

Categories of Performance for Task 5: Class Inclusion: All-Some 

Description Score Distribution 
II correct 
responses K 1 2 Total 

Good 4 4 11 9 21-J-

Fair 3 17 15 11 43 

Poor 0-2 10 5 11 26 

31 31 31 93 
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Table 22 

Descriptive results for rrask 6: Class Inclusion: Part­
Vlhole 

Percentage of Cor:eect Responses 
Questlon 
~1 2 3 4 5 6 :fl1ean 

Grade ----------·-------·-----

Kindergarten 58.1 38.7 3.2. 93.5 38.7 93.5 53.3 
Grade l 83.9 67.7 16.1 100 67.7 100 72.6 

Grade 2 67.7 87.1 lJj. 2 100 74.2 96.8 78.5 

mean 69.9 64.5 21.5 9'7.8 60.2 96.8 68 .l~-
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must compare the tulips with all the· flow·ers. Despite this 

similarity in form, question 2 is significantly easier than 

question 3 for all grades (all p 1 s<.Ol or better). Each 

question also shovls considerable improvement with increas­

ing grade (for all between grade differences for both ques­

tipns p <. 05 or better, two.~ tailed except the Grade 1-Grade 2 

difference for question 2, and the Kindergarten-Grade 1 dif­

ference for question 3, where both p's <.01). In order to 

determine why question 2 is so much e·asier than question 3 

let us look at the types of errors made in response to each 

question. 

For all grades combined 64.5 percent of the responses 

are correct for question 2. The most usual kind of error made 

was to say that there were the same number each because there 

were four pink tulips and four yellow· tulips. This response 

was given 19.4 percent of the time. The remaining 16.1 per­

cent of the responses were either perceptually based var­

iations of this type (i.e., one bunch looked bigger or took 

up more space etc.) or responses which can only be termed 

idi osyncra tic or complete nonsense (e.g., 11 t1ore pink tulips 

--they're nicer. I have some just like them at home" etc.). 

Ninety percent of these are made by Kindergarten Ss. There­

fore, although the question calls for a comparison of a part 

with a vJhole, 19.4 percent of the §.s compared one part Hi th 

the other part. This accounts for around 56 percent of the 

errors made in question 2. For question 3, comparing the 
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tulips with all the flm'fers, only 21$5 percent of the res­

ponses were correct. Over t·wo thirds of the Ss (66.7 percent) 

compared one part, the tulips, with the other part, the non­

tullps, instead of with the whole. This accounts for 85 

percent of all the errors made, the others beJ.ng nearly all 

nonsense responses made mostly Kindergarteners. vJhy this 

greater tendency to compare the two parts instead of one 

part with the whole ).n questlon 3 than in question 2 (66.7 

percent of the responses compared with 19. 1-J. percent of the 

responses)? The confusion on the S 1 s part may be verbal 

rather than conceptual. Question 2 refers to two sets of 

11 tulJ.ps 11 , one set being modified by 11 pin1r 11 • The two sets 

are not really verbally distinct, and the fact that one set 

is modified may help to enhance the notion that it is in­

cluded in the non-modified and therefore rnore general set~ 

Question 3 refers to two verbally distinct sets of objects--

11tulips11 and 11 flowers"--and, as we have seen, most §.s (67 

percent) interpret the 11 flowers" to be the non-tulips. They 

are not given the same verbal clues in this question that 

the one set is included in the other. The tulips are really 

called by hw distinct names here--"tulipsll and 11 flow·ers"-­

but most §~s failed to see this. So they naturally thought 

that E meant them to compare the tulips i'li th the non-tulips, 

i.e., the "flowers". This verbal factor may account for much 

of the difference in difficulty betw·een these questions. 

Questions 4 and 6 are anm·mred correctly by almost 
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everyone and therefore show· no trend by grade. 'rhese two 

questions are of the same form--if you remove one part 1'lill 

there be any of the whole remaining? 1~11 one has to do to 

respond correctly is to compare one part ~ri th the other; the 

concept of the whole need not enter the picture. 

Question 5 aslm if you remove the whole i'Vill one of 

the parts remain. Thus S has to compare the ''rhole with one 

of its parts to respond correctly here. The most common 

err·or here agaln was to interpret "flotrvers" to be the non­

tulips and therefore to say that if you took the flowers 

away the tulips 1-Tould sti 11 remain. The percentages of 

correct responses to this question eire much lower than for 

questions 4 and 6f and all the within-grade differences 

between question 5 and each of questions 4 and 6 are signif­

icant (for Kindergarten both p1 s <. 001; for Grade 1 both p 1 s < 

.01; for Grade 2 both p 1 s<.02). The percentage of correct 

responses to question 5 also increase Nlth increasing grade. 

The Kindergarten-Grade 1 and Kindergarten-Grade 2 differences 

are both significant (p<.05 and .01 respectively). The Grade 

1-Grade 2 difference is not significant. 

According to Inhelder and Piaget's reasoning, only 

questions 2 and 3 of this taslc are decisive tests of vrhether 

or not S m1derstands class inclusion. Here §. is asked to 

compare the extension of B with that of A (where B == A+A'), 

or of C with that of B (where C = B+B'). If S recognizes 

that there are more tulips (B) than pink tulips (A) in a bunch 
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he must be aware of B as the sum of A+A 1 and he must simul­

taneously be aware of A as the difference B-A'. It is this 

ability to transform the equation B = A+A' into A = B-A' w-hich 

defines operational ability in this realm. Before this dev­

elops §. can be intuitively avJa.re that the whole is the union 

of its parts and that one part is distinct from another (and 

·therefore can correctly ans11er questions 4 and 6) 9 even though 

he cannot compare the extension of the part and the whole. 

Hhen asked to compare the extension of B and A he reduces 

B to At. 

But Inhelder and Piaget's explanations do not explain 

why there are large differences between the percentages of 

correct responses to questions 2 and J. Indeed, these authors 

found no such differences. In fact, question 3 is easier for 

their Ss than question 2 for all ages 5 through 8 years, where­

as the opposite is true for our Ss. ~lhy? Perhaps their Ss 

were more familiar with flowers in general than ours and had 

no trouble ;remembering that 11 primulas 11 (instead of our 

11 tulips 11 ) were also flowers. 

Inhelder and Piaget also group question 5 with questions 

4 and 6 and declare them all to be the same form--i.e., one 

which asks §. merely to compare the tvw parts of a whole instead 

of one part with the whole. Their results suggest that these 

questions are all of the same order also, since they found no 

difference in the percentage of correct responses among them. 

But ours do not, and logical analysls of these questiorsalso 



discloses differences in the forns of these questions as 

discussed above~ Question 5 does require £ to compare the 

extension of the whole with one of its parts and is there­

fore harder to answer than questions 4 and 6. 

CATEGORIES OF PERFOR11ANCE 
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Since questions 2, 3 and 5 are the only ones which dis-

criminate among the grades and which are true testa of class 

inclusion reasoning ability, the Categories of Performance 

for this task have been based solely upon the responses to 

these three questions. Responses to questions 1, 4 and 6 have 

been ignored for this purpose. Table 23 presents the defin-

itions and distributions of the categories for this task. 

Performance improves significantly with increasing grade 
2 . 

(x = 22.91, p<.OOl). 

TASK 7. ONE OBJECT, THO QUALITIES. 

This t\'1S1{ was devised as a test of simultaneous com-

binativity • In order to respond correctly to questions about 

the stimuli S must count some of the objects twice, regarding 

them in hw different ways. 

ANALYSIS OF STI.NULI A._'f\JD QUESTIONS. 

The underlying structure of the objects on the six cards 

presented to Ss will be examined first. Figure 2 presents 

graphical representations of the structures of each of the 
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Table ~ 

Categories of Performance for Task 6: Class Inclusion: 
Part-Hhole 

Description Score 
II resp. correct 

Distribution 

to Q's 2,3.5. K 1 2 Total 

Good 3 1 5 11 17 

Fair 2 5 11 13 29 

Poor 0, 1 25 15 7 47 

31 31 31 93 
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Graphical representations of underlying structture of stimuli 
used in Tas1c 7 

Card 1 
B. Stem Length 

b-short b 1-long 

:::::lloJt-~;~-~~:r~-~~~~;1 
A,B-dimensions 
a,a 1 ,b,b 1-qualities 
ab, a 1b, ab 1 , a 1b'-

A. Color 

Ca:rs.L.l 

Same as Card 1 where Same as Card 1 

A. Flower, a - daisy 
a' - tulip 

B. Color, b - white 
b 1 - yellovr 

.Qard_!± 

B. Thing 

A. Shape, 

B. Size, 

b-apple b'-triangle 

a-red ~~-. ~-r-A. Color -
a'-green -- · 

Card 5 
red 

greeJ aJ J aa ' 
a' 

A. Color red and 

green 

Card 6 

a -
a'-

b -
b'-

A. Role 

Grandmother J ----=· ~ 
Nother 1 /ther 2 ] 

Gill 1 Girl 2 ~rl 3 

quadrants 

where, 

circle 
square 

big 
little 

a -mothers } aa' 

a'- daughters 



118 

six cards. Cards 1, 2 and 3 all have the same structure. 

Question (a) for each card asks S to compare all a with all 

b; question (b) asks him to compare all a' with all b'. In 

other vJords in both cases he must corp.pare all the objects 

possessing one quality of one dimension with all the objects 

possesstng one quality of the other dimension~ Some objects 

possess both qUr'J.li ties a:nd must be counted b.rice ~ 

Card 4 has a different structure from the first three 

since one of the quadrants is empty--there are no green 

;triangles. S is still aslred to compare all a ·N·ith all b, 

as with Cards 1-3, but in this case all the objects must be 

considered in the response whereas with Cards 1-3 some objects, 

e.g., those in qv.adrant a 1b', must be ignored. 

On Card 5 all the objects differ on only one dimension 

--colour. They are all squares. S must consider all of the 

objects on the card as he is aslmd to compare all a with all 

a'. Card 6 is similar to 5 in that the objects differ along 

only one dimension, in this case role. But it differs from 

all the other cards in this task since it deals with the 

relationships among the stimuli and not vdth their qualities. 

DESCRIPTIVE RESULTS 

Table 2L~ presents the number of correct responses given 

to each question in each of the three grades. In general, per­

formance is very poor on this task, l'Jith only 20.2 percent of 

the total responses being correct, 5.0 percent in Kindergarten, 

'·' 
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Table 21+ 

Descriptive results for Task 7: One Object, Two Qualities 

Number of co:crect Responses 

~rade Kindergarten Grade 1 Grade 2 Total 
Questi In) ( 31) ( 31) ( 31) ( 9 3) 

la 3 9 18 30 
lb 3 15 21 39 

2a 0 2 7 9 
2b 0 2 9 11 

3a 0 3 9 12 
3b 0 2 9 11 

4 0 4 5 9 

5 8 15 19 42 

6 0 3 3 6 

Total ( 279 trials) 14 55 100 169 
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19.? percent in Grade 1, and 35.8 percent in Grade 2. HoH­

ever, performance does improve with grade in each question. 

(The between grade differences which are signifi.cant, p .05 

or better, two-tailed are: question la, both lower grades 

i'Ti th Grade 2; question lb, Kindergarten vli th both higher 

grades; question 2a, Grade 1-Grade 2; question 2b, both 

.lm.;rer grades l'J"i th Grade 2; question 3a, Kindergarten-Grade 

2; question Jb, both lm>Ter grades with Grade 2; question 4, 

Kindergarten with both higher grades; question 5, Kinder­

garten-Grade 2; question 6, none.) 

Performance is best on questions la and b and 5. The 

differences betNeen the number of correct responses to ques­

tions la and b and all the other questions (except ll5) are 

significant (p<.05 or better, two-tailed) except for the 

Kindergarteners, and for the Grade 1 Ss between questions 

la and 3a, 3b, 4 and 6. Performance in all grades on ques­

tion 5 is significantly better than on all the other questions 

except la and b (all p 1 s<.05 or better); 

Why are questions la and b and 5 the easiest? There 

are two visual factors which could contribute at least par­

tially to this. First of all the pictures on both these cards 

are arranged in a horizontal rm'l 1>Thereas those on .the other 

cards are scattered randomly (except card 6 where the pic­

tures are arranged hierarchically). It is possible that a 

horizontal row is much easier to scan and also makes it easier 

for§. to count the objects possesslng the various qualities 
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specified and keep track of those he hs.s already counted. 

Secondly, on Card 1 the tl'w dimensions, colou:c and length of 

stem, are visually separated making it possible for~ to res­

pond by first looking across the heads of the flmv-ers for 

colour and then along their stems for length. Similarly on 

Card 5 the two relevant qualities, red and green, were located 

on separate areas of the stimuli and therefore could be regar­

ded independently. On the other cards the two dimensions are 

not visually separated. Thus S could not break the objects 

into two separate dimensions or quali tie~> as easily as 1'11 th 

Cards 1 and 5. 

Another factor which could account for questions la 

and b and 5 being easier than all the others is the way in 

which the objects are labelled in the questions. On Card 1 

everything is labelled as a "flower" and the distinguishing 

labels are the modifiers of the word, e.g., "red", 11 vli th long 

stems 11 , etc. Similarly, on Card 5 all the objects are called 

"squares" and they are distinguished simply by the colours 

occurring on them. Thus on both cards the groups of objects 

to be compared are both referred to by their general names 

modified by the dimensions or qualities to be distinguished. 

On the other cards (except Card 6 again), in each question 

one group is called by its specific name (e.g., on Card 2, 

"daisies" or 11 tulips 11 ) while the other group is referred to 

by its general name modified by a quality (e.g., "white 

flowers 11 or 11 yellmv flowers") • It is hj_ghly possible, there-
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fore, that in question 2a, say, S could interpret the 11 white 

. flowers 11 to mean the white tulips since the tulips are the 

obvious opposite to the daisies and he might assume that E 

was merely labelling the tulips as 11 flowers 11 • Similarly for 

questions Ja and b, it would be quite natural on §. 1 s part to 

assume that E was referring to the objects with the shape not 

specifically labelled as 11 things 11 instead of as their specifj_c 

shape. This v--rould ·encourage the occurrence of the type of 

err.or found to a considerable degree 1vi th Cards 2 and .3, but 

virtually nonexistant with Card 1, namely, the comparison of 

one quality with one opposite quBdrant. For instance, in res-

ponse to question 2a 11Hhich are there more of daisies (5) or 

white flowers (4)? 11 many Ss replied "Daisies, because there 

are five of them and only one white flov1er 11 (meaning the 1vhi te 

tulip), thus betraying the fact that they are equating 11 flowers" 

and 11 tulips 11 despite the fact that j_n describing the pictures 

on the card E carefully called them all flowers 11 some of which 

are daisies and some tulips". Thus, both visual and verbal 

factors could account for the different rates of correct res-

ponses among the questions. It is impossible to differentiate 

among these factors in the present study. 

CATEGORIES OF PERFOill1N~CE 

In order to compare performance on this tasl{ 1·Ji th that 

on the other tasks the Ss have been divided into three Cate-- . 

gories of Performance based on the nu.:11ber of correct responses 
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they gave to the nine questions they·were posed about the 

six cards (two questions each for Cards 1-3, one each for 

Cards L~-6). Table 25 presents the definitions and distri bu-

tions of these categories. The relationship bet~men grade 

( 2· 4 I ) and performance is significant x = 2 .1·2, p<.OOl • 

TASK 8. INFERENCE I. 

DESCRIP·riVE RESULTS 

1. Preliminary Training. 

§.s in all grades quicklJ learned the subgoal segment, 

i.e., they learned which door yielded the marble and which 

yielded the ball bearing. No one made more than ~even errors, 

and the vast majortty of §.s made no errors at all. The major 

goal seg1nent was also easily learned, i.e., whether the marble 

or the ball bearing yielded the candy. Again the maximum 

number of errors 1-'ras seven. Table 26 presents the number of 

Ss reaching criterion i'Vi thout error for both segments. There 

are practically no differences among the grades. 

2. Test Trial: Initial Choice. 

The first component of inferential behavior is the ini-

tial choice between doors A and X of which A is the inferential 

choice. Table 27 presents the number of Ss making the responses 

described. The top half of the table deals ·Ni th those §.s Hho 
' 

spontaneously opened either door A or X. The bottom half deals 

with those who did nothing for 60 s.econds on the test trial, 

and then made a choice only after E said: "~lhich door should 



Categories of Performance for Task 7: One Object-Two Qualities 

Description Score Di stri }"mti on 
# responses 

correct K 1 2 Total 

Good 6-9 0 2 8 10 

F'air 1-5 12 22 18 52 

Poor 0 19 7 5 31 

31 31 31 93 



Table 26 

Nu~ber of Ss reaching criterion without error on training trials in Task 8: 
Inference I. 

Grade Kindergarten Grade 1 Grade 2 Total 
(n) ( 31) ( 31) ( 31) ( 93) 

Side panels - subgoals 26 29 28 83 

Middle panel - major goal 28 27 26 81 

Total 54 56 54 161-f. 

1-1 
N 

\..)\ 



Table 2Z 

Descriptive results for Task 8: Inference I 

Number of Ss making each type of response on 
the Test Trial 

Type of Response Kindergarten Grade 1· Grade 2 Total 

Spontaneous Behavior 

1. Initial Choice: 
choose A first 19 19 21 59 
choose X first 9 7 9 25 

Total 28 26 30 84 

2. Integration Response: 

direct 9 16 7 32 
indirect 7 3 13 23 

Total 16 19 6 55 

After Adult Prompt 

1. Initial Choice: 
choose A first 3 3 1 7 
choose X first 0 2 0 2 

Total 3 5 1 9 f-1 
N 

2. Integration Response: 0'\ 

direct 2 2 0 4 
indirect 0 1 0 1 

Total 2 3 0 5 
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should you open to help you get a candy? 11 This is called the 

"adult prompt 11 • The number of Ss spontaneously choosing 

doors A or X first hardly vary at all among the three grades. 

Ni.nety percent (84/93) of the Ss do spontaneously open one of 

the doors within 60 seconds and 70 percent (59 /8'-.J-) of them 

make the correct inferential choice. Ten percent (9/93) of 

the Ss require an adult prompt to get started ancl 78 percent 

of them subsequently make the correct choice (7/9). 

3. Test Trial: Integration Response. · 

If after his initial choice§. inserted a subgoal into 

hole B he vras considered to have made an integration :response. 

This response was correct if the su.bgoal he used was B and 

incorrect if he used Y. Of those making an integration res-

ponse only oneS (in Grade 2) inserted subgoal Y into the 

hole. All other integration responses made were correct and 

are the only ones discussed from now on. HovJOver, a correct 

integration response could be direct, that is, be made with 

no unnecessary responses intervening beb·men initial and goal 

responses, or indirect, that is, occur after one or more un-

necessary responses (iee., pulling door X either before or 

after Shad pulled door A). From Table 27 it can be seen that 

of all those Ss spontaneously making an initial choice, the 

total number of Ss who then make an integration response 
' 

increases slightly with increasing grade (16, 19 and 20 res-

pectively forK, Grades 1 and 2)o. Howev-er, the number of Ss 

making a direct integration response does not vary in any 
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regular manner with grade. The n~~ber of Ss in Grade 1 mak-

ing a direct response (16/31) is higher than in the other two 

grades (only the Grade 1-Grade 2 difference is signiflcant 

at the .05 level, hw-tailed). The number in Grade 2 is 

surprisingly lm-J ( 7 /31) e But the number making an indirect 

response in Grade 2 ( 13/2.1) is greater than in Kindergarten 

or Grade 1 (7 and 3 respectively) (only the Grade 1-Grade 2 

difference is significant at the .05 level, tw~tailed). Of 

all those Ss spontaneously making an initial choice, 65 

percent (55/BLI-) subsequently make an integration response. 
' 
The other 35 percent make no further response after opening 

one of the side panel doors. Of th6se Ss making the correct 

initial response of opening door A, 54 percent make a direct 

integration response. Of those responding initially only 

after an adult prompt 56 percent (5/9) make an integration 

responseo Of those making a correct initial choice after an 

adult prompt 57 percent (4/7) make a direct response. 

CATEGORIES OF PERFORMANCE 

For the purpose of comparing an S 1 s performance on 

this task with that on the other tasks in this study, the 

Ss have again been divided into Categories of Performance. 

Table 28 presents the definitions and the distributions by 

grade of these categories. Obviously those 'i'lho make a spon-

taneous initial choice followed by a direct integration 

response (Category A) fulfillall that is expected of them in 

'·· 
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Table 28 

Categories of Performance for Task 8: Inference I • 

Distribution 
Description K 1 2 'rotal 

A. Spontaneous direct 

integration response 9 16 7 32 

B., Spontaneous indirect 

integration response 7 3 13 23 

c. After adult prompt, 

direct or indirect 

integration response 2 3 0 5 

D. No integratiol'l 

response 13 9 11 33 

31 31 31 93 
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this task. 'rhey demonstrate the abi.lity, at least in this 

situation, to link tv;ro successively occurring events together 

(A~B, B~G) in order to reach the main goal. In so doing they 

can ignore any other stimuli (such as door X) in the situation 

which will not help thern to achieve the goal. Those who 

spontaneously make an initial choice whi.ch is followed by 

an indlrect lntegration response (Category B) are displaying 

ability to link two pieces of behavior together to achieve a 

goal, but they ca:r..not ignore other stimuli and possible 

responses available in the situation~ They can make the in­

tegration response only after they have the two subgoals 

available in front of them as they had during training. They 

cannot shortcut this process. Those who ma1-::e initial choices 

only after an adult prompt (Category C) present a problem for 

us. They need no prompt to make the integrat1on response and 

80 percent of them made a direct integration response (l.J-/5). 

But initially they were stymied vJhen asked to get a candy 

for themselveso They did not 1-::now where to start. But once 

E put them in motion the behavior proceeded along alright. 

Since it is the integration response and whether or not it is 

direct which is the most crucial aspect of performance in this 

taslr, one could argue that these five Ss should be put into 

Categories A and B. However, it is important that S see exact­

ly hovT to go about getting to the goal for himself without 

anyone giving him hints, and this fact prevents us from putting 

these five §.s into the first two categories. In fact, when 



these categories are compared with those of other tasks 

subsequently, Category C will be combined vvi th Category D 

1.31 

to insure expected values of sufficient size in the Chi-square 

tests. For the distribution in Table 28 the Grade by Cate­

gory relationship is significant (x
2 

c:: 14 . .32, p<.05) but 

certainly not regular. Grade 1 perfonnance is superior to 

.that of the other bw grades. 

'rASK 9. INFERENCE II. 

Every S "''lent through the two training stages without 

error. For the test for inferential behavior, every S (vii th 

the curious exception of two Ss, one in Kindergarten and one 

in Grade 2, both of whom achieved the final solution) tried 

to put the green truck through the garage door. This response 

was to be expected since it was an obvious first possible -vmy 

of getting a candy. The fact.that the green truck was too 

large in all its dlmensions to fit through nevertheless did 

not deter m~ny Ss from trying out ingeneous angles and manoeu­

vers to make the truck fit through the doorway. All'these 

attempts failed. Many Ss then gave up declaring that there 

was no way they could get the truck in and therefore no chance 

of getting a candy. How·ever, some then sa-v1 that if they could 

get the blue racer back again they could achieve their goal. 

They then traded the:lr green u .. uck for the blue racer with ~, 

drove the racer into the garage, and received a candy. These 

§.s achj_eved solution spontaneously. If S had tried in vain 
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to get the green truck through the doorway and then given up 

in despair, E alvmys said: 11 Is there any v.ray I can help you 

get a candy?" If S then sai'r that he could trade the trucl{ for 

!f. 1 s racer and then proceeded to achieve the goal, he vms con-

sidered to have achieved the solution with an adult prompt. 

Many Ss were not helped by this prompt and never achieved the 

solution. Nost of these suggested somehow that E help them 

get the green truck into the garage, or simply give them a 

candy since they were ~ 1 s to give. 

Table 29 presents the Categories of Performance,~ their 

definitions and distributions, ·which are just those responses 

described above. The n1.1t11ber of §.s in the various categories 

in Grades 1 and 2 are almost identical, and only slightly 

fewer Ss in Kindergarten reached a solution than in the other 

hw grades. The relationship betv.reen Grade and Category is 

not significant (x2 == 2.19). Despite this lack of discrimina-

tion between grades this task might discriminate among the 

Ss within grades in some fashion whjch is relevant to their 

performances on other tasks in this study. 

Note that performance on this task differs from that 

on the previous one in the following way. Of those failing 

to make an integration response in the previous task, all did 

make an initial choice by opening one or other side panel doors. 

It was the second response in the chain which they failed to 

perform. In the present task those Ss who failed to solve 

the problem falled to make the first necessary response toward 
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Categories of Performance for Task 9: Inference II 

Distribution 
Description K 1 2 Total 

A. Spontaneous Solution 5 8 9 22 

B. Solution after adult 
prompt 8 9 9 26 

c. No Solution 18 lL~ 13 45 

31 31 31 93 



reaching the goal, i.e., trading the green truck for the 

blue racer. All of those who did make the trade made the 

second necessary response, inserting the racer in the garage, 

to get the candy. Thus there are obviously crucial d.iffer­

~nces between these two tasks in the saliency of their first 

or second necessary responses. 

RELATIONSHIPS AMONG THE TASKS 

INTRATASK RELATIONSHIPS BEnlEEN LOGIC AND BEHAVIOR IN 

TRANSITIVITY AND SERIATION TASKS 

The results to be described in thj.s sectj_on pertain 

to the fourth purpose outlined in the Introduction. Table 

30 presents a summary of the contingency tables which re-

late logical and behavioral performances J;'fi thin each of the 

four transit1vity and seriation tasks. The first two columns 

present the Chi-square scores and p's of each of these tables. 

The third column gives the number of Ss who fall in the same 

category on both measures. That is, they either have Good 

behavior and logic, or Fair behavior and Some logic, or Poor 

behavior and No logic. (For the transitivity of length task 

where there were only two categories for behavioral perform­

ances, 60 is the number of Ss with either Good behavior and 

logic, or Poor behavior and No logic) o The fourth colu.111n, 

the 11Directlon of the relationship", gives the m:unber of Ss 

whose categories of behavior and logic differ and the direc­

tion of the differences~ For instance, fox· task 2, seriation 
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Relationship bet\veen Logic and Behavior on rrransi ti vi ty and 
Seriation tasks: summary of continge:ncy tables 

Log. VS Beh. 2 fJ Ss on DirecU.on I ). 

on Task # X p Diagonal of relnship ~· LB ----------

1. Trans Lgth 22.03 <. 001 6o Beh> Log .49 • 20 
30:3 

2. Sertn Lgth J0.4J <.001 55 Beh >Log .40 .22 
33:5 

3. Trans vJgt 22.28 <.001 34 Beh >Log .35 .10 
58:1 

4. Sertn Wgt 6J.98 <.001 62 Log> Beh .59 .53 
29:2 



136 

of length, behavioral performance is.better than logical 

performanee (stated as Beh <Log j_n the table) because 33 Ss 

had either Good behavioral performance but showed Some or 

No logic, or had F'air behavior and No logic. That is, they 

had a higher category of performance for behavior than for 

logic. Only 5 Ss did the reverse. The fifth column presents 

the phi-coefficient (~),which is a measure of the stren­

gth of association between two variables in a contingency 
2 

table. It is based on the x for the table and can range 

from zero, reflecting complete independenee, to one, showing 

complete dependence, of the variables. Finally, the last 

column gives \B' which is an index of predictive associa­

tion between tllO attributes, L and B (for Logic and Behav-

ior). That is, knowing the S's category of performance on 

either measure L or B red.uces the probability of making a:o. 

error in predicting his category on the other measure by ALB 

X 100 percent. It is a measure of how much one attribute 

tells us about the other, a measure of our power to predict 

where neither attribute is specifically designated as the 

thlng predicted from or known first. It is calculated in­

dependently of the x
2 

for each contingency table (Hays, 1963, 

p606ff). 

The pertinent question here is what is the relationship 

within each task between the behavior and logic measures? Are 

they interchangeable measures in identifying ~s who do or do 

not possess the operation? The results in Table 30 indicate 
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that these measures are not ind.ependent. All the 2 
x s are 

significant bey-ond the • 001 level, and the tp's range from • 35 

to .59. But they are not interchangeable either since one 

measure develops earlier than the other in at least one-third 

of the Ss in each task (in task 3 this proportion is nearly 

two-thirds). In tasks 1 to 3 behavior develops before logic; 

1n task 4 logic develops before behavior. The directions of 

all these relationships are quite stable~ reflected in the 

large ratios among thoreSs who change categories. In every 

task, of those Ss who change, a very large majority change 

in one direction and only a fev;r change in the other. 

All the Ss in the two transitivity- tasks, and nearly 

all in the seriation tasks, who have Good logic also have 

Good behavior. But Ss Hith No logic are almost evenly divid-

ed among the behavior categories: in fact there is slightly 

more chance of their having Good behavior than any other 

category. Logical reasoning ability is not a prerequisite 

for Good behavioral performance on these tasks. The per-

centages of Ss with Good behavior who also have Good logic 

in tasks 1, 2 and 3 are 61, 65 and 35 respectively. In 

task 4, seriation of weight, this percentage is 100. Also 

in this task J.n of the 43 Ss with No logic have Poor behavior, 

and 12 of the 13 Ss with Some logic have Poor behavior. These 

results no doubt make for the large ALB (.53) for this task. 

The error of predicting an S's category of performance on 

one measure is greatly reduced b;y knovdng his category on 
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the other measure. In the seriation of weight task logical 

reasoning is obviously a prerequisite to good behavioral per­

formance. 

In a study of the development of transitivity of 

length Smedslund ( 1963) found that any S 11ho gave four out of 

four correct behavioral transitivity responses also gave a 

logical explanation for at least one of these responses. 

This is not the case in the present data. The percentage of 

Ss with perfect behavior giving at least one logical explana­

tion is 76 for transitivity of length and 49 for transitivity 

of weight. In Smedslund's study 89 percent of all correct 

behavior transitivity responses are given logical explanatlons. 

In the present study the percentages are 69 and 28 for transit­

ivity of length and weight respectively. In the seriation of 

length task 57 percent of all correct insertions are logically 

justified (see Table 31). 

How· can S give a correct behavioral response without a 

logical justification? As Smedslund points out, a correct 

prediction that A<C need not be based upon transitive reason­

ing. A non-transitive S may give a correct response for 

several reasons, one of which is guessing. The probability 

of guessing correctly is lessened if there is no reinforce­

ment and no information about errors given in the situation, 

as here, but it is still greater than zero. · Althoug'"l guess­

ing I'Ias controlled for as much as posslble in the experimental 

sj_ tuation, 1 t v-ras not controlled for statistically in the 
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'I'a.ble . ..Jl 

Type of explanation giv-en for correct bellil-Vioral responses 
in Tasks 1, 2 and 3 

Percentage of Responses Giv-en 

Type of Trans Sertn Trans 
explan. length length ·wght 

Logical 68.6 56.9 28.3 

Semi-logical 2.4 18 .. 1 33.8 

Other. 29.0 25.0 37.9 

'·' 
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1 

present research. Another possible basis of getting a 

correct behavioral response is perceptual discrimination of 

the relationship bet1>Jeen objects A and c. This was very 

unlikely in the present transi ti vi ty of length tas1{ where 

the differences between stimuli A and C were very small or 

nil and where A and C were placed several feet apart and on 

·different horizontal levels. Perceptual discrimination was 

impossible in the transitivity of weight task where the 

weights of the stimuli were not related to their sizes or 

to any other of their features. It is possible in the seria-

tion of length task, though, where S can line up the objects 

and insert others by trlal and error solely on the basis of 

perception. A third non-logical way of being behaviorally 

correct is by the use of vJhat Smedslund calls a non-transitive 

·----------
1 
Guessing is a possible factor in the two behavioral 

transitivity measures only: it is certainly not a possible 
basis for any verbally logical resportses, nor for any behav­
ioral seriation responses where the coordination cf so many 
relationships precludes a correct outcome by chance. There­
fore, the chance of miscategorizing an S because he guessed 
the correct response instead of figuring it out some other way 
only occurs vJi th the behavioral transi ti vi ty measures. 'rhis 
source of unreliability could account for some of the insta­
bility of these behavior measures in this study, but it can 
be noted in Table 33 that behavior across seriation tasks 
l>Jhere guessing is ni 1 has no more predlcti ve association 
than across the transitivity tasks. Also, the relationships 
in Table 30 demonstrate that the degree of association betw·een 
behavior and logic is no less on the transitivity tasks than 
on the seriation tasks. Therefore, any miscategorizing error, 
if it exists, is probably small and affects such a small area 
of the results, namely two response measures out of a total 
of 13, that it can be discounted as affecting the results 
to any significant degree. 
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hypothesis, or what is referred to in Table .31 as a semi­

logical explanation. That is, S reasons only on the basis 

of one relationship--e.g., he says A>Bs therefore A>C- instead 

of the two relationships necessary for a truly logical explan­

ation. Table .31 shm;rs that this type of explanation -vms given 

very little in the transitivity of length task (2.4 percent) 

but one-third of the time in the transitivity of weight task. 

It is thus more lilcely in the latter than in the former task 

that correct behavioral transttivity responses we:re based on 

non-transltive hypotheses. However, there were more correct 

behavioral responses in each task arrived at by neither 

logical nor semi-logical hypotheses, indeed by no regular 

sort of hypotheses but rather by perceptual, tautological, 

nonsense, or no reasons at all (see 11 other 11 :row in Table .31). 

This might suggest that there is either a lot of. guessing 

going on in these tasks or that Ss can use other types of 

hypotheses, or no hypotheses vlhich can be verbalized at all, 

to derive the correct response. 

It is important to remember that S is asked to justify 

his behavioral response ~f!e~ he makes it; therefore, what 

he says after making the response may not be the reasons he 

used before to help him derive his response. In fact, S may 

not have used any sort of reasoning which he can readily re­

port beforehand--merely intuitive reactions may lead to the 

response. But then E asks for a verbal justification and S 

has to come up with something since he sees that E expects 
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it. This something may be pure nonsense, or S may quickly 

seek a perceptual basis for his response, or he may remember 

that A went dovm before on the balance when put on with B 

so it will go do~m again with C, or he may even come up with 

a logical explanation. But none of these justifications 

necessarily reflect the reasoning process that S used to 

arrive at his behavioral response initially. 

In tasks 1, 2 and J, many ~s had perfect behavior but 

no logic (n = 18, 14 and 25 respectively; see Table 32). 

Their behavior is well above chance performance so it cannot 

be all attributed to guessing. And yet all their reasoning 

is not semi-logical either. They do give proportionally more 

semi-logical explanations than the sample as a whole, but 

still not enough to accoru1t for all their correct behavioral 

responses. Semi-logical explanations are most prominent in 

the transitivity of vTeight task i'ihere many responses are 

justified by "A went dm·m with B (or was heavier than B) so 

it will go dmm with C (or is heavier than C)". Actually 

this explanation need not really be semi-logical, i.e., S 

may not really be considering that A is actually heavier than 

B and therefore is heavier than c. He may merely have noted 

that A went down before when put on the balance with B and 

so he figures it always goes down (or he may reason similarly 

about C always going up). In this case he is merely assess­

ing the probabilities of the situation and responding accord­

ingly. 



Type of explanation given for correct behavioral responses 
in Tasks 1, 2 and 3 by Qs ~·ri th perfect behavior but 

·Type of 
explan. 

Semi-logical 

Other 

n 

# Ss giving all 
semi-log explans 

no logic 

Percentage of Responses Given 

Trans 
length 

5.5 

94.5 

Sertn 
length 

44.6 

55.4 

Trans 
vTght 

58.7 

hl.J 
"--------------------------

18 14 25 

0 2 8 
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These Ss whose behavioral performance was perfect but 

who displayed no logic on tasks 1, 2 and 3 are not the same 

Ss on each task: the probability of one of these Ss who has 

No logic and Good behavior on one task falli.ng into the same 

category on one of the other tasks is no greater than that 

for the sample as a whole. Thus, one cannot single out a 

group of §.s who consistently perform behaviorally very well 

while displaying no logic. This type of performance just 

happens to occur on one task. The chances are very good 

that either their logical category or their behavior category 

or both will be different on the next task. 

If with these same Ss in each of the three tasks men-

tioned 'I'Je compare their distributions among the categories 

of performances for the other tasks with the distribution of 

the entire sample using a Chi-square goodness-of-fit test 

\-Je can see if they differ significantly from the whole sample 

in the categories in 'I'Jhich they occur. Thus, each of the No 

logic, Good. behavior groups of Ss in the two transitivity 

tasks and the seriation of length task were compared with the 

entire sa..'llple on their categorles of performance for logic 

and behavior on the other transitivity and seriation tasks 

combined and on all the other tasks 5 through 9 combined. 

The only significant difference in distribution found was 

that those Ss who had No logic and Good behavior on the 

transitivity of length task displayed significantly less 

logic in all the other tasks combined (x
2 = 9.94, p .01). 
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This is a reasonable finding in :view of the fact that in the 

sample as a whole more logic Nas displayed in this task than 

in any other. None of these groups of Ss show any difference 

in their performance on any of the other tasks. 

The results are quite different in the seriation of 

weight task. Here less than one percent of all correct behav­

ioral responses (correct seriations and insertions given 

Adequate weighings) ax-e no:t_ justified with a logical explana­

tion, and nearly all of these are semi-logical reasons. In 

this task there are many \"Iror-:_g behavioral responses which 

are given perfectly logical justificat:i.onR. How this can 

happen has been discussed previously. Again one can single 

out for special com pari son t·Ho groups of Ss to see if their 

performance on this task ls part of a cons:lstent pattern 

they may display on other tasks. There were five Ss who had 

Good logic but Poor behavior in the seriation of weight task. 

These fj_ve did not differ significantly from the sample as 

a Hhole in their performances on any of the other tasks. 

Also there ·Nere 20 Ss who had Good logic and Good behavior, 

and it vms hypothesized that these Ss i'Iere the most advanced 

of the sample and would have superior performances on all the 

other tasks. ~1hen their di stri buti ons among the various 

categories on the other tasks are compared lvi th those of the 

entire sample the only significant differe:tfce found is that 

they display significantly more logic on the other three 

transitivity and seriation tasks combined than does the 
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2 sample as a whole ( x :::: 13. 3, p <-. 01) ~ Thel r performances 

are not slgnificantly superlor on the behavioral measures of 

these tasks nor on any of the other tasks 5 through 9. 

Thus any search for specific groups of .§.s itlho sh.ow con~· 

sistent behavior of a given type across several tasks is 

quite fruitless. No aspect of performance on the tasks 

presented in this study is that clear-cut. 

RELNriONSHIP BETWEEN PERFORMANCE IN LENGTH AND HEIGH'r 

DD1ENSI ONS ON TRANSITIVITY AND SERIA'l'ION TASKS. 

Table 33 presents the results pertaining to the third 

purpose of this study: to see the relationship in performances 

l'Ti thin the same Ss on transi ti vi ty and seriation ·tasks between 

the size and weight dimensions. The aim was to see in what 

order performance on these dimensions develops. Performance 

in the length dimension develops before that in the weight 

dimension on both measures of the transitivity and seriation 

tasks. The direction of all the relationships is quite 

stable--i.e., the ratios of Ss performing better on the length 

task to Ss performing better on the l'Teight task are large in 

all four pairs of tasks. One could predict with a high degree 

of accuracy that whatever an ~'s category of performance on 

a weight task it will be the same or higher on an analogous 

length task. But that is all one can predict with respect 

to behavioral performance where predictive association 

bet"\>;reen dimensions is nll (both A.LvJ ::: 0). An S 's behavior 
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Table_ .ll_ 

Relationship between performance in Length and Height dimensions 
on Transitivity and Seriation tasks: summary of contingency 

tables. 

Lgth vs Wgt 2 # Ss on Dlrection 
(f' · :\LW on Heasures X p diagonal of relnshp 

-~--------·----------~---··-·---~----~-----------------· ·------
rl'rans - Log 37.92 <.001 45 Lgth>vJgt 

lr6: 2 
.45 .19 

Trans - Beh 0.89 N.S. 36 Lgth>Hgt .10 0 
L!-6: 11 

Sertn - Log 58.43 <.001 69 Lgth>Wgt .56 5Q • v 

20:6 

Sertn - Beh 15.56 <.01 29 Lgth> \-lgt • 29 0 
61:3 
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category in one dimension is no more predictable when given 

his behavior category on the other dimension than Hhen the 

latter ls not known. This is true even though behavior per-

formances in the t"viO seriation tasks are not independent 

Cx2 - 15.56, p<.Ol) and shm'l" some degree of association 

(~~- .29). But a significant x 2 result, especially with a 

relatively large sample like this one, does not mean that a 

relatl.onship "observable to the naked-eye, which will be 

applicable in some real-l'forld situation" has been discovered. 

Lambda does suggest, hm·vever, 11 just how much the relationship 

found implies about real predictions, and ho~; much one 

attribute actually does tell us about the other" (Hays, 

1963, p6lo). 

On the other hand, logi.cal ability is more closely 

associated across dimensions ( ~~ = .l-1-5 for transi ti vi ty, • 56 

for seriation). In the transitivity tasks logic in length 

develops much earlier than in weight (46:2 ratio of Ss who 

change categories betv1een dimensions), but there is some 

predictabili.ty (A.LH = .19) betw·een dimensions in some categ­

ories: e.g., 28 out of 30 Ss with No logic in length have No 

logic in weight, and 16 out of the 17 Ss i'fith Good logic in 

weight have Good logic i.n length. The degree of association 

betHeen the logical performances on the seriation tasks is 

the highest one in the entire study by whatever means it is 
2 

measured,-· x, number of Ss on the d.iagonal, ~~ or\vl" Predic-

tabill ty between dimenslons is high (A. = .58) because. over 
Lvl 
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two-thirds of the sample (65 Ss) falls in either the Good­

Good (32) or None-None (33) categories on both tasks: 32 of 

the 36 ~s with Good logic in weight also have Good logic in 

length; 33 of the 4·3 §.s Nith No logic in l'Jeight have No 

logic in length; 33 of the 37 Ss with No logic in length 

have No logic in weight. All these results indicate that 

knowlng an S's logical category of performance in one 

dimension greatly reduces the probability of error in predict­

ing. his category in the other. 

Logieal abilities in the seriation tasks are the most 

hearly equal in development of all four relationsh:i.ps in 

Table 33. In both cases S is reasoning about objects already 

lined up in a series in front of him, one according to length 

the other according to weight, and as far as he knows each 

series is correct. 'Perhaps it is true that once. the objects 

are lined up they could be along an_;y d:l..mensi on. Only the 

words used to express the relationships among the objects 

(i.e., "longer", or "heavier") are different; the reasoning 

for an object's placement in the series is the same. The 

very close relationship betv;een the logical performances on 

these two tasks suggests that this is a reasonable notion. 

Hhy do the operations of transitivity and seriation 

develop earlier in the size dimension than in weight? When 

an operation is revealed with respect to one sort of quality 

why isn't it immediately applicable to a second and a third? 

Piaget and Inhelder (1941) offer an explanation for their 
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results, which are similar to ours, on the seriation of size 

and l'leight. According to these authors, when objects differ 

along a perceptual dimension the child can usually perceive 

this all at once--that is, it is apparent in his "field of 

simultaneous visual perception11 (p240). But when a series 

of objects differ in ·Neight this is not visually apparent 

and the field of simultaneous perception established by the 

hands or the balance l'lhich weight the objects is much more 

confined or limited than the visual field. Therefore, the 

seriation of weight will imply a much larger number of 

intellectual operations in order to coordinate the perceived 

relations. (One could add here that it would also seem to 

imply a more highly developed memory system in order to 

remember all the perceived relations). The cbstacle to 

operational attainment is the child's egocentrism which makes 

him deal with absolutes rather than with relations. The 

qualities of weight remain egocentric longer than the visible 

dimensions. Vision puts the child in the universe of simul­

taneous givens where an appreciation of relations of size and 

space develops readily. He comes to understand rapidly that 

the big and small, the 1-Iide and narroN, etc. , do not exist 

in themselves but only relative to other perceptually apparent 

things. But because the heavy and the light are more dif­

ficult to structure perceptually there occurs not only a delay 

but also a fixation of egocentric pabits which render these 

qualities more resistant to relativity. 

., 
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RELATIONSHIP BETVJEEN TRANSITIVI'rY AND SEHINEION. 

Table Jlt- presents a summary of the contingency tables 

relating the §.s 1 performances on the transi ti vl ty and seria-

tion tasks within the length and weight dimensions. In the 

length dimension .. behavioral performances on the two tasks are 

independent ( i == 4.28, NeS.) and there is no predictability 

between categories ( A.TS = 0). Transi ti.vi ty develops a little 

before seriation but the ratio of Ss who change categories 

between tasks is not large (25:11). In the weight dimension 
2 

behavioral performances are not independent (X = 10.59, 

p<.05; i.p'== .24) but again there is no predictability from 

one set of cate,(jories to another ( A.T := 0) • Those S s with ' . s -
Good behavior in the transitivity task (49) are not divided 

among the seriation categories any differently than how· the 

marginals in the contingeney table 1-'Tould suggest. Similarly 

those Ss who have Poor behavior on the seriation task are 

divided among the transitivity categories in proportion to 

the marginal totals. Therefore, kno-vJing a 2. t s category on 

one task does not reduce the probability of error in predict-

ing his category on the other. Although transitivity per-

forJtlance is much better than seriation performance, the ratio 

of Ss who change categories being large (54:5), not all those 

Ss \>Vi th Good behavior on seriation have Good behavior on 

transitivity: out of 20 Ss with Good seriation behavior, 15 

have Good, three have Fair, and two have Poor transitivity 

behavior. Good seriation behavioral performance usually 
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Table~ 
. 

Relationshlp betv.reen Transltivity and Seriation in Length and 
Welght dlmensions: summary of contingency tables. 

Trans VScSertn 2 # Ss on Direction 
lf' /.. of Tasks X p diagonal: of relnshp 'J'S 

--------------

Length •· Log 31.,45 <.001 59 Trans >Sertn .41 .38 
21:13 

Length - Beh 4.28 N.s. 57 Trans>Sertn .21 0 
25:11 

Vlgt - Log 32.54 <.001 59 Sertn>Trans .42 .27 
31:3 

Wgt - Beh 10.59 <.05 34 Trans>Sertn 
54:5 

• 24 0 

'·l 
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implies Good transitivity performance, but not always. 

Logical abilities on t~two tasks within each dimen­

sion are related (both x2 •s significant <.001 level;~~= .41 

and .J.J-2 for length and Height respecti ve1y). In the length 

dimension the fact that 5? out of the 58 Ss who fall on the 

diagonal occur in either the Good--Good ( 35) or None-None 

(22) cells helps account for the high degree of predictab­

ility bebmen the transtti vi ty and seriation categories 

( A.rrs :::: • 38). A fevr more Ss display logioal reasoning on 

the transitivity task, but the ratio of Ss changing categories 

between the tasks is very small (21:12). The relationship 

between the logical performances on the hlO weight dimensi o:'1 

tasks is the only one in Hhich seriation performance sur-

passes transitivity performance, and the direction of this 

relationship is very stable (the ratio of change is a large 

31:3). The fair degree of predictability between the two 

( A.TS == • 2?) is no doubt accounted for b;<l the fact that 41 

out of 43 Sf3 with No logic on the seriation task also have 

No logic on the transitivity task, and 16 out of 17 Ss vrith 

Good logic on transitivity also have Good logic on seriation. 

These results suggest a Guttman scale relationship between 

the logical abilities on these tasks: if S is logical on 

transitivity, he's logical on seriation, but notvice verse. 

But if he shows no logic on seriation, he shows. nom on tran-

sitivity either. It is thought that more logic is displayed 

with seriation than with transitivity because in the seriation 
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task S is asked to give logical explanations about objects 

which are already lined up in order along the dimension 

(whether the order be correct or not does not matter since 

S thinks it is correct) and therefore presents§. with a 

structured situation to contemplate, whereas in the transitiv­

ity task the three objects are scattered randomly on the 

table and S must rely on his memory of the original 1-'leighings 

in order to respond logically. 

Piaget and Inhelder (1941) found that at the behav-

1 oral level operational seriation and transi ti vi ty of ,;eight 

were achieved around the same time. That is, it was not until 

S could correctly seriate up to 10 objects by weighing them 

two at a time in his hands or on a balance that he could also 

ans\ver transi ti vi ty quer_;ti ons about three objects of differ­

ent weights. No justifications were requested for any of 

the ~st responses. This operational behavior was achieved 

around nine or ten years of age. In the present study tran­

sitivity bepavior is much easier than seriation. The present 

seriation task is very similar to Piaget and Inhelder's, but 

the transitivity task here is probably less demanding than 

theirs. In their task the three objects are not actually 

weighed in frontof S: he is merely told byE that A<B, 

and B<C and he must designate the heaviest and lightest. 

'fhe informatlon is also presented in hw other ways--A>B, 

C<B, and B<A but >C--and S must respond correctly in all 

three situations to be considered operational. In the tran-
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sitivity if weight task employed in this research the three 

sets of stimuli are always weighed on the balance for £ and, 

as noted earlier, he can derive his response by means other 

than transitive reasoning. This seems much less likely in 

Piaget and Inhelder's task and probably aecounts for the 

later development of transitivity in their study. 

Murray and Youniss (1968) in comparing the develop­

ment of transltivity and seriation of length using behavioral 

measures only, found that the seriation task was passed by 

more of their ~s, aged 5i to 8 years, than the transitivity 

task. Their easy seriation task required §. merely to line 

up five objects initially and then insert one more. Their 

transitivity task had four tr1als altogther in which the 

middle stick B was either of intermediate length between A 

and C, equal to A, equal to C or absent altogether. Three 

out of four trials correct was considered a 11 pass 11 • It w-ould 

appear just at face value that the transitivity task was quite 

a bit harde.r than the seriation task and this could account 

for the direction of their results. Battisti and Simmons 

(1968) also compared transitivity and seriation of length 

performance at the behavloral level and found their transitiv­

ity task to be easier than the seriation task. In the seria­

tion taskS had to line up eight sticks initially and then 

insert eight more. In the transitivity task E compared B 

with A and C, whose lengths were approprlately disguised, and 

S had to say which w-as longer, A or C, and designate the 
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correct order of all three stimuli. It would appear that 

perhaps these tasks are more nearly comparable in dif-

ficulty than those used by Hurray and Youniss. 

All these stud.ies, and the present one, point up the 

experimental problems one inevitably runs into in trying to 

compare abilities across different tasks. How do you know 

if the tasks are of equal difficulty to begin with? That is, 

does each survey the operation it is meant to be testing wj_ th 

the same thoroughness? Does each probe the Ss 1 depth and 
- -

breadth of understanding of the operations to the same 

degreert These are extremely difficult questions to answer 

and the diversity of experimental situations employed to date 

and the discrepancies among their results indicate that no 

one has found the solution yet. 

RELA'riONSHIP BETHEEN rrHE CLASSIFICNriON AND SERIATION 

OPERA'riONS. 

In this study we presented two of Inhelder and Piaget's 

measures of classification ability both of ·Nhich are claimed 

to be tests of the m~derstanding of class-inclusion, namely, 

the All-Some task and the Part Whole task. The first row in 

Table 35 presents a summary of the measures of association 

made on the contingency tables relating the §_s 1 categories 

of perfonnance on these two tasks. The Chi-square test 

( X
2 8 ) reveals them to be independent = .79, N.S. , the degree 

I 
of association between them is lmi ( 4? = .• 22), and the pre-
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Table 25. 

Relationship betvJeen Classification and Seriation-Transitivity 
operations. 1. Task 5: All-Some compared with Seriation and 

Transitivtty tasks 

2 //Ss on Direction 
lp' 

A. 
All-Some VS X p dtagonal of relnship LB 

Part-Hhole 8.79 N.S. 37 A-S>P-W .22 .02 
39:17 

Len-Sertn-Log J.86 N.S. 35 Ser>A-S 
32:26 

.14 .OJ 

Len-Sertn-Beh 5·97 N.S~ 33 Ser>A-S .18 0 
47:13 

Len-Tran-Log 3.90 N.S. 32 Tran>A-S .14 0 
36:25 

Len-Tran-Beh 0 .11·2 N.S. 26 •rran>A-S .07 0 
57:10 

Wgt-Sertn-Log 5.59 N.S. 28 A-S >Ser .17 .05 
33:31 

Wgt-Sertn-Beh 2.4·3 N.S. 32 A-S>Ser .11 0 
44:17 

W gt-rrran-Log 5.38 N.S. 31 A-S>Tran .1'? 0 
47:15 

Wgt-Tran-Bef:l 6.92 N.S. 27 Tran>A-S .19 .02 
47:19 
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dictive association betvwen them· practically nil (A. = .02). '· 
cs 

The All-Some task is easier than the Part-Hhole: 39 Ss per-

form better on All-Some while only 17 perform better on Part-

whole. This lack of psychological association between these 

bra tasks might suggest that class inclusion is not a unitary 

operation and that these two tasks are measuring different 

aspects of it. At any rate it means that they cannot be 

regarded as one measure and therefore they will have to be 

compared with the other tasks in the .study separately. 

Similarly since vre have just seen how seriation and tran-

sitiv.ity abilities can vary within the same Ss, these tasks 

will have to be treated separately also from now on in com-

paring them with the others in the study. 

Table 35 presents a summary of the relationship between 

performances on the All-Some task and the seriation and tran-

sitivity tasks. The Chi-square scores reveal that performance 

on the All-Some task is independent of ability on all the other 

tasks. There is no predictive association between it and any 

of the other tasks. In general, performance on length dimen-

sion tasks is superior to All-Some performance, and performance 

in the weight dimension is inferior (except for behavioral 

transitivity). But these relationships are very unstable: 

there are fevT Ss on the diagonals and the ratios of Ss whose 

performances change between tasks are not large. 

It can be concluded on the basis of these results that 

the classification operation, when measured by the All-Some 
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class lnclusion task, is psychologically unrelated to both 

the seriation and transitivity operations, measured in size 

and weight dimensions, as they are understood both behavior-

ally and logically by the child. Furthermore, since All-Some 

perfonnance does not improve vii th increasine; grade, it is 

doubtful that it is a measure of class-inclusion under-

standing at all, if it is to be assumed that this understand-

ing increases across the age range tested here. 

Table 36 presents a summary of the contingency tables 

relating the Part-Whole classification task to the transitiv-

ity and seriation tasks. It is evident from the Chi-square 

scores that Part-Whole performance is not independent of 

performance on these tasks as AJ.l-Some performance was. The 

degree of association betv1een Part-\1/hole and the other tasks 

is fair (as measured by~'), but the predictive association 

between them is poor (as measured by A ). Thus, while per-
es 

formance on the tasks are not independent, one cannot predict 

much about an §..'s ability on one of· the tasks by knowing his 

level of ability on the other. 

The Part-Whole task would appear to be a real test of 

class-inclusion si.nce S is asked to compare the parts and 

wholes in a hierarchical set-up 1-Ji th objects i'Thich have mean-

ing for him. Inhelder and Piaget (1964) claim that classifi-

cation ability, an aspect of 1-vhich is the 1mderstandlng of 

class-inclusion, develops around the same tlme as the seria-

tion of ~:.. Table 36 reveals that in the pre_sent study 
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Table 16 ·-. ~~ 
Relationship between Classification and Seriation-Transitivity 
operations. 2. Task 6: Part-Vlhole compared l'vith Seriation· and 

Transitivity tasks 

Part-Whole vs 

Len-Ser-Log 

Len-Ser-Beh 

Len-Tran-Log 

Len-'l,ran-Beh 

Hgt-Ser-Log 

vlgt-Ser-Beh 

H gt-Tran-Log 

W gt-TJ:an-Beh 

2 # Ss on Direction 
_x ____ P ___ d_i __ a_g_o_n_a_l_of reln~h~ __ l[__ __ . --~-~s _ 

11.15 <. 05 

17.47 <.01 

21.97 <.001 

3.91 N.s. 

lJ.l4 <o 02 

10.73 <. 05 

23.26 <.001 

16.15 <. 01 

42 

29 

26 

45 

49 

57 

39 

Ser>P-\1 
38:13 

Ser>P-W 
61:3 

Tran>P-W 
l.j.J: 7 

Tran>P-W 
63:4-

Ser >P-W 
33:15 

P-W>Ser 
26:18 

P-vl>Tran 
26:10 

Tran>P-W 
50:4 

.14 

• 31 .03 

• 34 • 20 

.20 0 

.27 .19 

.24 .05 

• 35 .15 

.29 0 
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the length dimension tasks are easier than the Part-Hhole 

task and all the relat:lonships are quite stable since the 

ratios of Ss changing categories are quite large. There is 

no clear-cut direction of the relationships with the weight 

dimension tasks: Part-Hhole abillty develops earlier or later 

than transitivity and seriation of weight depending on whetl1er 

one looks at behavioral or logical measures of these two 

tasks. This lack of direction might suggest that Part-\vhole 

performanee develops closer in time with 1-1eigh t dimension 

tasks than 1-1i th length dimension tasks which develop earlier. 

Part-iihole performance seems to be related to both 

seriation and transi ti vi ty tasks to the same degree. vli thin 

these tasks, however, there is more predictive assoclation 

with the logical measures than "Ti th the behavioral measures, · 

although no A is very large. Like the logical·measures 
cs 

the Part-Hhole responses require verbalization of the opera-

tion involved and this basis of similarity between the tasks 

might account for some of the predictability between them. 

SH1ULTANEOUS COMBINA'riVITY AS A COMPONENT ABILITY IN CLASSIJ:<"'I-

CATION AND TRANSITIVITY OPERATIONS. 

To test the hypothesis that one of the logical abilities 

underly).ng both the classification and transitj_vity operations 

is the ability to understand that one object can possess ti\I"O 

qualities, roles, attributes, relations, or whatever at the 

same time, the One Object-Two Qualities task was devised. Table 
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37 presents a summary of the relationships between this 

task and those measuring the seriatlon, transitlvity, and 

classification operations. The significance of the Chi-square 

scores indicates that this task is not independent of these 

other operations. Hmvever, the degree of associatl on between 
I 

it and the other tasks is not great ( lp ranges from • 21 to 

• 37) and the predictive association between them j_s low. 

This weak relationship is also reflected in the small number 

of Ss falling on the diagonals of the contingency tables 

relating their categories of performance on the One Object-

Two Qualities task with those on the other tasks. It would 

appear that most of the tasks are easier than the One Object-

TI·JO Qualities task, but the only places "'·J"here the direction 

of the relationship is stable are in the two behavioral tran-

sitivity measures and in the behavioral seriation of length 

measure (the ratios of Ss changing categories between tasks 

are very large here). 

By the measures 11e have used one could say that under-

standing of.simultaneous combinativity is certainly not 

independent of the operations of classification, seriation, 

and transitivity, but that the strength of the associations 

shm-m bet'\f.reen abilities on these measures would certainly not 

lead one to conclude that it is a crucial underlying logical 

ability of these operations. 

Most of the stimuli used in the One Object-Tvro Qualities 

task have logical structures similar to All-Some task stimull. 
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Table_Jl 

Test for simultaneous combina ti vi ty: relationship betw·een 
·one Object-Tvvo Qualities task and Class1fication-Transitivity 

operations. 

1 Obj-2 Quals 
x2 

II Ss on Direction 
Lf' 

A. 
VS p diagonal of relnship Si:-C'r ---------- -----------

Len-~Ser-Log 9·93 <. 05 30 Ser>l Ob-2Q .23 .10 
43:20 

Len-Ser-Beh 25.70 <.001 29 SeT>l Ob-2Q • 37 .12 
62:2 

.Len-Tran-Log 19.35 <.001 37 Tran>l Ob,·2Q .32 .20 
LJ-4: 12 

Len-Tran-Beh 9.52 <.01 20 Tran>l Ob-2Q 
68:5 

• 31 .09 

Wgt-Ser-Log 20.39 <.001 42 Ser>l Ob-2Q .33 ~18 
31:20 

Wgt-Ser-Beh 19.27 <.001 43 1 Ob-2Q>Ser .J2 .05 
34:16 

Wgt-Tran-Log 14.90 <.01 41 1 Ob-2Q>Tran .28 0 
38:14 

Wgt-Tran-Beh 8.42 N.S. 34 Tran> 1 Ob-2Q .21 o05 
50:9 

All-Some 11.75 <.02 30 A-S>l Ob-2Q 
41:22 

.25 .05 

Part-Whole 22.72 <.001 48 1 Ob-2Q>P-W • 35 .07 
28:17 
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The questions asked about the stimuli are phrased differently '·· 

though: in the former task S is asked 11 \fJhi ch are there more 

of, a's or b 1 s'? 11 whereas in the latter task he is asked 

11Are all the A1 s B 1 s? 11 • The results in Table 37 indicate 

that they are psychologically related to some degree ( x2 = 
11.75, p<.02; ~'= .25), and although the ratio of Ss chang­

ing category indicates that the All-Some task is easier than 

the One Object-Two Qualities taslr, this ratio is not large 

an~ they could be developing around the same time. But 

performance on the One Object·-THo Qua1i ties task is not 

'independent of performance on the other tasks whereas All-

Some performance is. Also, One Object-Two Qualities ability 

improves with grade; All-Some does not. Therefore, the 

One Object-Two Qualities task is tapping .§.Olll§. ability 'Nhich 

improves with age and is related to other concrete operations~ 

but the All-Some task is not. 

SUCCESSIVE COlVIBINNriVITY AS A COI11PONENT ABILITY IN CLASSIFI-

CATION AND TRANSITIVITY OPERATIONS. 

To test the hypothesis that another of the possible 

logical abilities underlying the classification and transitiv­

ity operations is the ability to link together two successively 

presented pieces of information or behaviors in order to 

derive a third a:nd crucj_al piece of information, the Kendlers 1 

Inference task was presented to the Ss as well as another 

task devised for this study having the same logical st1~cture 



as the Kendlers 1 task. Table 38 presents the relationship 

bet1·men the Inference I task ( Kendlers 1 ) and all the other 

tasks in this study. The results presented in the first row 

indicates that the two Inference tasks are tapping two quite 

independent abilities (x
2 

is N.s., ~'is low, and ~u-CT is 

practically nil), and the ratio of Ss changing categories 

·between the two tasks indicates that they are of practically 

equal difficulty. Thus, even though the two inference taslcs 

possess very similar logical structures, they are psycholo-

gically unrelated. That is, a child's ability to cor:r.oectly 

solve one of the tasks has absolutely nothing to do with 

how he pe1·forms on the other. 

The second row of Table 38 reveals that the same thing 

is true 111i th regard to the relationship between successive 

and simultaneous combinativity abilities 5 as measured by the 

Inference I and One Object-Two Qualities tasks respectively. 

They are also of nearly equal difficulty, but are quite 

independent· of each other. 

The rest of Table 38 likewise indlcates that performance 

on Inference I bears little or no relationship with performance 

on any of the other tasks in the study. The results presented 

in Table 39 indicate exactly the same thing about performance 

on the Inference II task. Thus one might well conclude that 

ability vJj_th successive combinativity, as measured by the 

Inference tasks presented in this study, plays no part in the 

development of the operations of seriation, trans-itivity, or 
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Test for successive. combinativity. 1. Relationship between 
Inference I task and Classification-Transitivity operations. 

Inference I 2 # §.s on Directlon A 

'·': 

VS X p diagonal of relnship ~, Su-crr 
·------

Inference II 5. 30 N~S. 19 Inf I>Inf II .17 .0.3 
.35: 29 

1 Obj-2 Qual 8.77 N.S. 27 Inf I>l Ob-2Qu .22 .04 
.37:29 

---·-----------------·-----------

Len-Ser-Log 6.59 N.s. 41 Ser>Inf I .19 .08 
.31:21 

Len-Ser-Beh 4.07 N.S. .34 Tran>Inf I .15 .01 
46:1.3 

Len-Tran-Log 5.6£) N.s. .35 Tran>Inf I .17 .0.3 
.38:20 

Len-Tran-Beh 2.3.6.3 <•001 41 Tran>Inf I .so .04 
48:4· 

Wgt-Ser-Log ,3.65 N.S. .38 Ser>Inf I .14 .07 
29:26 

Vlgt-Ser-Beh. 2.69 N.S. .38 Inf I>Ser .12 .02 
.37:18 

vl gt-Tran-Log 1,3.18 <.02 44 Inf l>Tran .27 .10 
.36:1.3 

Wgt-Tran-Beh 2.95 N.s. 27 Tran>Inf I .1.3 0 
45:21 

All-Some 5 • .30 N.s. .37 Inf I>A-S 
26:20 

.17 .04 

Part-~~hole 4.25 N.s. .32 Inf I>P-W .15 .02 
46:25 
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Test for successive combinativity. 2. Relationship between 
Inference II task and Classification-'rransitivity operations. 

Inference II 2 
VS X 

·----··--------_c__-

1 Obj-2 Qual 3.96 N.S. 34 

Len-Ser-Log 5.62 N.s. 41 

Len-Ser-Beh 5~99 N~B. 27 

Len-Tran-Log 6.60 N.s. 39 

Len-Tran-Beh 2.70 N.s. 29 

Wgt-Ser-Log 10el2 <.05 

Wgt-Ser-Beh 4.59 N.So 42 

Wgt-Tran-Log 6.00 N.s. 42 

Wgt-Tran-Beh 1.86 N.s. 30 

All-Some 8.85 N.S. 38 

Part-Whole 15.53 <•01 47 

1 Ob-2Q>Inf II 
32:27 

Ser>Inf II 
35:17 

Ser>Inf II 
56:10 

Tran>Inf II 
41:13 

Tran>Inf II 
59:5 

Ser>Inf II 
28:19 

Inf II>Ser 
32:19 

Inf II>Tran 
35:16 

Tran >Inf II 
51:12 

A-S >Inf II 
33:22 

Inf II>P-H 
26:20 

.14 .02 

.17 .o6 

.18 0 

.19 0 

.23 .10 

.16 .02 

.18 .01 

.10 0 

• 22 • 0 3 

.29 .18 
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classification, and is also independent of the ability to ,, 

cope with simultaneous combinativity as operationally 

defined here. 

ORDER OF DIFFICULTY OF THE TASKS. 

It is evident from the foregoing analyses that all the 

tasks are not of the same level of difficulty for the children. 

In order to get an j_dea of l'lha t the order of difficulty among 

the tasks might be the follovring was .done. First of all, the 

three categories of performance for each measure 1-Tere assigned 

the arbitrary scores of 1, 0 and -1 for the categories labelled 

Gocd, Fair or Some, and Poor or None respectively. (For the 

behavioral measure of thetransitivity of length task which 

was divided into only tvro categories initially the .§_s in the 

11 Poor 11 category were divided into two categories for present 

purposes, the 13 Ss with no correct responses assigned scores 

of zero, and the two Ss with no correct responses assigned 

scores of minus one),.. These scores were multiplied by the 
~~:s:?: • 

·''I<' 

number of 8? in each category and divided by 93, the total 

number of Ss, to give a mean score lying somewhere betw·een 

-1 and +1 for each measure. The means for the tasks arranged 

in order of difficulty from the easiest to most difficult 

are presented in the margins of Table 40. The behavioral 

aspects of the two length dimension tasks are the easiest 

and their logical components are also easy compared with 

most of the other tasks (they rank 4· and 5) • The two most 



Table 40 

Order of difficulty of the tasks 

l.L-T 2. L-S 3. W-T 1. L-T 2. L-S 4. W-S 5. A-S 6. 7. 9. 6. P-W 4. W-S 3. W-T 
Task Inf I 10b-2Q Inf II 

Beh. Beh. Beh. Log. Log. Log. Beh. Log. 
ivlean +.82 +.53 +.35 +. 19 +.08 +.06 -.02 -.06 -.23 -.25 -.32 -. 41 -:-.53 

1. L-T Beh +.32 

2. L-S Beh +.53 .29 

3. W-T Beh +.35 .47** • 18 

1. L-T Log +.19 .63** .34 . 16 

2. L-S Log +.08 .74** .45** .27 .11 

4. W-S Log +.06 .76** .47** .29 . 13 .02 

5. A-S -.02 .84** .55** .37 . 21 . 10 .08 

8. Inf I -.06 .88** .59** .41* .. 25 . 14 . 12 .04 

7. 10b-2Q -.23 1.05** .76** .58** .42* . 31 .29 .21 • 17 

9. Inf II -.25 1.07** .78** .60** .44** .33 . 31 .23 . 19 .02 

6. P-W -.32 1. 14** .85** .67** .51** .40* .38* .30 .26 .09 .07 

4. W-S Beh -.41 1.23** .94** .76** .60** .49** .47** .39* .35 . 18 • 16 .08 

3. W-T Log -.53 1.35** 1.06** .88** .72** .. 61 ** .59** .51** .47** .30 .28 . 21 . 12 

f-' 
0"-

** '-0 
p < • 01 

* p < • 05 
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difficult tasks are the behavioral measure of the ser-iation 

of weight task and the logical measure of the transitivity 

of weight task. 

In order to test the significance of the differences 

bet·ween these means Tukey' s method of employing the student­

iz~d range to find the necessary critical differences between 

means was used (see Hiner, 1962, p87). The critical dif­

ferences arrived at for these means were .38 for p = .05 

and .41+ for p = .01. The body of Table 40 presents the 

differences and indicates the level of significance they 

attain. 

Behavioral performance on both of the transitivity 

tasks and the seriati. on of length task is significantly 

better than logical performance on each task. The opposite 

is true for the seriation of w·eight task. 

Hithin each operation of transitivity and seriation 

performance in the length dimension is significantly better 

than that in the "Weight dimension vTi th all measures except 

logical performance on the seriation tasks which are very 

similar. In general, w·i thin each dimension performance on 

the transitivity task is superior to performance on the 

seriation task, although most of these differences do not 

attain significance. The one glaring exception to this trend 

is of course logical performance in the vreight dimension where 

significantly more logic is displayed in the seriation than 

in the transitivity task. 
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As for the two measures of class inclusion, the All­

Some task is easier than the Part-Hhole task but not signi­

ficantly so. The tests of combinativity, both successive and 

simultaneous, are of similar degrees of difficulty. 



CHAPTER FOUR 

Disccussion and Conclusions 

The problem of whether to use behavloral or verbal 

measures when testtng for the presence of a concrete opera­

tion in children has been examined in this study. The question 

of what to do with each type of response naturally ariseso 

One could decide that behavioral responses alone are suffi­

cient to indicate operational understanding arid leave it at 

that. HovmYer, it is quite probable in many experimental 

situations that correct behavioral responses can be achieved 

by gues8ing, by perceptual discrimination, and many tactlcs 

other than truly operational reasoning. Thus the error of 

diagnosing many fs,lse posi ti ves--i. e., children who appear 

to be operational but really are not--could arise in this 

situatlon. On the other hand, one could depend solely on 

verbal log:l.cal reasoning as the criterion of operational 

understanding. But then loud cries are heard on behalf of 

those children i-rho "lack verbal sophistication" or do not 

understand exactly what is expected of them in the testing 

situation. These children may really be operational, it is 

argued, but are unable to demonstrate this fact. A third 

approach is to consider the behavioral and verbal responses 

1?2 
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as integral and to discount those behavioral responses which 

are not given logical explanations and vice verse. This 

approach is admirably cautious but does neglect much data. 

For instance, what about those children who are behaviorally 

competent but logically unsound? Or, how does one account 

for children who are verbally logical but behaviorally con-

fused (as in the seriation of weight task in the present 

study)? To i'That level of development are these children 

ass;ignecl? Or should they be considered unreliable and ignored'? 

Solutions to this problem do not come easily and it 

' was one purpose of the present research to examine the issue 

more closely. We chose to look at each measure separately 

and to examine hov.r eaeh relates to measures on other tasks 

and to each other within tasks before making any judgements 

as to w-hich is the l)est measure or combination of measures. 

'rhls approach has uncovered some heretofore unexamined as-

pects of concrete operational thinking. It also has revealed 

several reasons for suspecting behavioral responses alone as 

reveallng operational understanding. 

Operational transitivity implies the ability to use 

the two relationships A>B and B~ to derive the third A>C. 

Operational serlation implies the understanding that each 

object in a series possesses more of the relevant quality than 

all those preceding it and less than all those following it 

in the serles. Verbal logical justifications of behavioral 

responses in tasks designed to test this understanding can 
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only reveal truly operational understanding. But correct 

.behavioral responses can be derived from bases other than 

operational reasoning, e.g., perceptual discrimination, semi­

logical reasoning, probability assessment of the experimental 

situation, or luck. All these things confound the assessment 

of operational understanding at the behavioral level. This 

is not to deny the possible existence of a non-verbal, 

intuitive level of operational ability. But the behavioral 

mea~ures used here and in other studies are not necessarily 

measuring it: they are ambiguous measures. 

First of all, behavioral responses are not ahmys given 

logical, or even semi-logical, explanations and it seems they 

can be based on non-verbal intuitive reasoning which is 

impossible for an examiner and even for the child himself 

to decipher. Further, if one assumes that performance on 

the transltivity and serlation tasks should be related at 

least to some degree if only because understanding of each 

is increasing over the age range tested, the behavioral measures 

are disappointing. Children with perfect behavior but no logic 

in one task do not necessarily show the same pattern of per­

formance in another. Therefore, even perfect behavioral per­

formance in one task may not necessarily reflect a general and 

stab1e understanding of an operation. Behavioral ability is 

not predictable across dimensions: transitivity performances 

in the length and vJeight dimensions are completely independent 

and unpredictable; seriation ability is related but also un-
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predictable from one dimension to the other. On the other 

hand, logical performances across dimensions are highly 

associated ( ~'= .45 for transitivity, .56 for seriation) and 

predicting a child's category of performance in one dimension 

is aided by knowing his category in the other to some extent 

for transitivity ( \H = .19) and to a large extent for seria­

.tion (A =.58). Behavioral ability is also not predictable 
. L1tl 

across tasks within dimensions: within both the length and 

weight dimensions predictability regarding behavioral per-

formances betvmen transi ti vi ty and seriation tasks is nil. 

BUt logical ability is predictable (ATS = .38 for length, .27 

for weight) and the degree of association across tEJ.sks is 

high ( Lp 1 == • 4-1 for length, • 42 for 1'Teight) • Thus the logical 

measure shows more stability and reliability both across tasks 

and across dimensions than the behavioral measure does which 

would tend to suggest that it is tapping a more general and 

well-rooted ability than that revealed through behavioral per-

formances. ·Furthermore, there is more predictive association 

between classification understanding (as measured by the Part­

Whole task) and the logical measures of transitivity and seria-

tion than the behavioral measures. According to the order of 

difficulty of the tasks behavioral performances on the transitiv-

ity of length and weight and seriation of length tasks are signif-

icantly better than logical performances on each of these tasks. 

'rhe opposite is the case for seriation of weight. Thus a child 

may or may not appear to understand the operation depending 
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upon whether it is measured verbally or behaviorally. One 

cannot say that one type of measure wi 11 alv;ays be a consi s­

tently earlier (or later) indicator of the presence of the 

operation than the other measure since the direction of the 

relationships between the measures is not the same in all 

tasks. If the behavioral measures were as highly related 

.across operation and d.imensions as the loglcal measures then 

the importance of the confounding factors mentioned above 

could easily be discounted. But this is not the case. All 

this evidence demonstrates that either behavloral measures 

are not "pure" measures of operational understanding or that 

there is a non-verbal operational.ability which does not 

generalize across tasks in the same way that verbal logical 

ability does. Ur..til the confoundlng factors can be controlled 

for, the behavioral measures should be supplemented vri th ver­

bal measures in these tasks. 

Among the logical measures for transitivity of length 

and wejght ?tnd seriation of weight, one is not significiantly 

easier than another am all show considerable degrees of 

association amongst each other. These facts suggest that these 

abilities develop around the same time. But all are signif­

icantly easier than logical performance in the transitivity of 

weight task which is the latest developer of all measures in 

thls study. Why is this so? The reason probably lies prima­

rily in the experimental situation. In the transitivity of 

weight taskthe three objects are l'feighed hw at a time by 
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E and are then placed randomly oh the table in front of s. 

Their arrangement_ represents no order among the stimuli 

and is dtfferent for each of the three sets of objects. Thus 

when S is asked to justify his behaYioral transitivity res­

ponse he must reason from his memory of the original weighings 

of the objects or from vJhichever way he concluded A>C in the 

first place. There j_s nothing in the situation to help him 

remember, or indeed perceive for the first time, the relation­

ships among the objects. This is not· true in the other three 

transitivity and seriation tasks. In the latter the objects 

are lined up in order in front of S and when asked to justify 

his behavioral responses he can reason from the relationships 

revealed in these orders and does not have to go back to his 

(probably faulty) memory of how he discovered this order in 

the first place. That this is in fact the case is evident 

from the seriation of weight task where, because S does not 

knmr if his series is correct or not, many logical reasons 

are given for the incorrect placement of objects in the 

series. In.the Transitivity of length task the objects are 

spread apart but B is always physically midvmy between A and C 

when S is asked how he knows A> C, i.e., A and C do form the 

extremes of the three object continuwn. Thus the physical 

facts of the situations no doubt aid logical thinking in these 

latter three cases but hinder it in the former. 

This finding is just one of several in this study which 

ind:Lcate that chlld.ren perform differently in what we can label 
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as structured and unstructured situations. For instance, in 

the seriation of length task insertion abillty was (nonsigni­

ficantly) better than seriation ability, especially among the 

Kindergartners. (This contrasts "i'Ti th some findings of Piaget 

(1952) who observed that five·year olds could make a correct 

series of many sticks after considerable trial and error but 

were 1mable to insert a second set of sticks within the 

completed series). In the seriation of weight task the per­

centage of correct insertions given Adequate i'reightings is 

significantly higher than the percentage of correct seriations 

given Adequate weighings in every grade. These results suggest 

that there is a difference in a child's ability to behave ap­

propriately in a situation where he must organize the objects 

in his environment himself, such as lining up objects correctly 

along a dimension, compared to 1-Then they are already organized 

for him·and he has merely to relate to them in some Hell defined 

manner, such as inserting a few objects appropriately into al­

ready const;ructed line-ups. This difference is relfected in 

logical ability too, as implied above, since many children 

can reason logically about objects which are lined up in front 

of them but are at a loss when the objects are randomly 

scattered as in the transitivity of weight task. Also in the 

seriation of weight task the fact that there are several 

children who cannot organize the objects adequately initially 

to seriate or insert them eorrectly but who can nevertheless 

reason logically once the objects are ordered is further 
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evidence of this dichotomy in performance between structured 

and unstructured si. tuati ons. 

Transitivity and seriation, as measured here, are not 

the same operation. At the behavioral level they are barely 

related at all, and transitivity seems a little easier 

to grasp than seriation but not significantly so. At the 

verbal level of logical understanding they are related but 

the order of their development is not clear cut. Thus al­

though they may both have a logical basis in Piaget's Group­

ing V, psychologically they lack sufficient association to 

be considered synonymous operations. Understanding of each 

operation is achieved earli.er in the length dimension than 

in the vmight dimension and only logical ability is related 

across the tHo dimensions. An understanding of class­

inclusion appears to develop closer in time 'Ni th transl ti v­

ity and seriation of weight than of length, but is not closely 

associated with the development of either. The ability to 

combine two successively presented pieces of information to 

derive a thi.rd does not appear to be a component ability of 

the transitivity, seriation, or classification operations. 

Ho1>rever, the ability to regard one object as simultaneously 

possessing two qualities or relationships does appear to-be 

at least related in its development to these operations. 

Hhether or not it is a crucial component of 'them cannot be 

answered definitely on the basis of the present results. 

Finding psychological relationships among operations 
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which according to Piaget are logically and structurally re­

lated is not easy. One reason may be because in the age range 

usually tested, five to eight years, what operational under­

standing a chj_ld does have is very unstable and influenced 

greatly by the experimental situation. Different experimental 

procedures lead to different results as to what is related to 

what, and which operations develop before otherso The task 

of differentiating between competence and automaton models 

of cognition is a crucial one. ·v.re cannot lm.ovJ a child's true 

competenne level until we solve the problems posed by the 

automaton aspect of his intelligence. In order to do so, 

however, must "Vm resort to the type of experimental set-up 

suggested by Smedslund ( 196!.}) where everything l s identical 

in the tasks except the inference patterns being compaTed? 

Even equating the tasl{s physically and procedurally does not 

guarantee that the operations are being examined to extents 

equal i.n depth, generality and difficulty. Furthermore, the 

present research has shown that within each task different 

measures yi.eld different results as to when an operation 

develops and to what others it is related. But all the diffj_­

culties in confirming Piaget's theory may not be the fault 

of methodology. Even when all these experimental problems 

are overcome, 1-le may find in the end that human intelligence 

does not develop according to structures devised by logicians, 

whose minds are presumably already fully developed and there­

fore capable of structuring reality in a myriad of manners. 
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