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GLOSSARY. (i) 

The following is a brief glossary of the· 

Piagetean terms used in the present study, and 

which, on account of their unfamiliarity, may 

present some difficulty. 

1. Accommodation 

A transformation by environmental stimuli 0 

in the existing behaviour structures of the 

child. This modification increases the child's 

capacity to react adequately to still further 

environmental stimuli,and for this reason the scope 

of the child's behaviour is widened with each new 

accommodation. 

2. Assimilation8 

In order that accommodation can come about. 

it is necessary that environmental stimuli are 

themselves transformed~ via the appropriate sense 

organs and nerve fibres. This is the process of 

assimilation. 

3. Centration. 

This implies a tendency in the child to 

fixate her attention on one aspect of·the 

stimulus configuration, this aspect being the 

purely perceptual quality of the situation. As 

a result of this perceptual overdependence, which 

is characteristic of the pre-operational child, 

the object so fixated is distorted and for this 

reason is not regarded as an entity with overall 

properties of·its• owno 

4. Classification. 

The ability to group objects in one and the 

same class: on the basis of a property common to 

all. 

5. Egocentrism 

This term marks a strong tendency in the 

child towards centration. This aspect is not 

regarded as an entity \-lith qualities of its own, 

but as something intrinsic to the child himself. 

The point of view which he adopts towards the 

situation, he therefore regards as the exclusive 

one. Hence the distortion of the perceptual 

field which results. /6. 



(ii) 
6$ Equilibrium 

A state in the child during which assimila

tion and accommodation are in perfect balance$ 

This means that environmental stimuli are 

adequately transformed via the appropriate sense 

organs and that assimilated stimuli can readily 

be accommodated by the already existing behaviour 

structures. 

7. Euclidean Relations 

The euclidean relationship of various objects 

located in space, refers to that relationship 

existing between one aspect and the next. Where

as topo.logic~l relationships express the relation

ships between properties intrinsic to one and the 

same object, euclidean relationships imply an 

adequate co-ordination between various independent 

aspects in the same spatial field. 

8. Grouping 

This word is a collective term to describe 

a number of co-ordinated operations, which 

contribute to the child 1 s conceptualization in 

a particular field of cognition. 

9. Operation 

A physical action which has become interna

lized as an image and is co-ordinated with other 

internalized actions. Whereas the child 1 s 

physical action is limited to the confines of 

the situation, once this action is represented 

mentally, the situation can readily be manipu

lated, and hence the child 1 s thought processes 

become mobile and flexible. 

10. Reversibility 

An ability to deduce from the final 

conclusion, the nature of the original premise. 

and vice versa. Hence mobility of thought. 

11. Seriation 

The ability to differentiate one object" 

or class of objects, from another objectr) or 

class of objects, on the basis of that prope~ty,j 

whereby ·they may be discriminated, e.g. size, 

weight, colour etc. 
/12 ...... 



(iii) 

12. Topological Relationships 

Topological relations of an object located 

in space, refer to relationships of openness, 

closure, proximity and separation: those 

relationships which are built up between various 

parts constituting one and the same figure. 

Topological relations therefore relate purely to 

the internal character of a particular object in 

space. 
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1. INTRODUCTION 

(a) Statement of the Problem 

The developmental psychology of Jean Piaget 

has, within recent years, been primarily concerned 

with an application of his general theory of 

cognitive development to a wide area of cognitive 

functioning. Piaget has considered the most 

obvious facets of man's everyday thinking and 

reasoning and proposed to shov1 that a rich 

developmental history underlies even his most 

common concepts. In so doing, Piaget has 

broached a topic which is so nOVel and compelling, 

and one whi.ch lays open such a vast field of 

research,that one cannot fail to recognize ~is 

contribution to psychology in formulating these 

suggestions alone. 

Piaget's major theoretical contention is 

that cognition develops in clear-cut sequential 

stages alike for every child. Although Piaget 

has never defined his meaning of "stage", it may 

be deduced from his prolific writings that he 

implies by this term a specific developmental 

"level 11 in the child during which his cognitive 

functioning in all areas takes a characteristic 

form,and can be differentiated, according to 

clearly defined criteria, from his functioning 

at another developmental "level". Intelligence, 

then, is a unitary or global capacity which 

determines, within small limits, consistent cog

nitive functioning~ within all areas at any 

specific time. vVhile Piaget has formulated his 

theory at great length, and shown .. on the basis 

of his research, that specific levels or stages 

of which he talks emerge broadly at certain ages, 

he has as yet not introduced an adequate experi

mental procedure to determine whether a child 

functions consistently in any one area of 

cognition, and secondly, whether his level of 

cognitive ·functioning remains significantly stable 

in a number of different areas, at any one period 

of development. This would implicitly follow 

from his theory of a homogeneous intelligence and 
/might •• 
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might perhaps be considered as one of the most 

fundamental conditions to be substantiated in proof 

of Piaget's contentions. It is these two specific 

questions that we propose to answer in the present 

study. Three Piagetean content areas, those of 

Iilumber, space and time, have been considered·for 

this purpose. 

A representative sample of Piagetean tests 

has been selected from each of these areas, i'n 

an attempt to note whether each child in a sample 

of fifty-eight subjects, ranging from six to nine 

years, displays a consistent level of cognitive 

functioning within each of .the three content 

areas, and between one area and another. A 

positive finding in this direction would point 

to the relevance of a theory of critical periods 

of development at the human level and may have 

important implications not only for psychology, 

but for education as well. Particularly in the 

latter case, if our contentions find support, 

there may be suggestions for a vast re-organization 

of educational programmes. 

(b) Survey and Appraisal of Related Literature 

The history of psychology showq that the 

development of ideas did not follow a uniform 

trend. In the contrary, fresh interpretations 

were constantly rendered and it stands to 

reason that the emergence of such conceptions 

brought often a strong conflict with previously 

accepted opinions. This is actually a healthy 

and essential development and it is perhaps this 

feature of living progress which has given to 

this science the impetus to its growth and vigour. 

The antithetical issues have been many and varied, 

but frequently at the core of the arguments the 

nature-nurture question can be found. On the 

one hand men claimed that learning and experience 

were the most important determinants of behaviour. 

On t!he other, it was considered tha·t man's inherited 

potential was prepotent in moulding his development. 

Both these extreme viewpoints gave rise to powerful 

/exponents 
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exponents, a fact which clearly emerges from even 

a brief survey of psychological history. 

The opening of the 20th century saw the 

upsurge of a new school of thought, Behaviourism. 

This school was in many respects a reaction against 

introspectionism. The Behaviourists, with J.B. 

Watson as their chief exponent, stressed the 

importance of studying behaviour per se and at face 

value. Terms such as "consciousness", "mental 

states", "mind" and "imagery .. , they considered as 

vague or devoid of meaning. vfuile the Behaviour

ists later made provision in their theory for 

emotions or after-images, the 11 Tabula rasa 11 theory 

was widely accepted by the early followers of the 

school. This theory implied that the child's 

behaviour was determined by environmental stimuli 

which, so to speak, impinged on the organism and 

moulded his behaviour, while innate determinants 

were of significantly less importance. 

The Behaviourists were soon faced with power

ful opposition. With w. McDougall as their chief 

spokesman, the Purposive school claimed that all 

behaviour was directed towards a goal and that it 

was pre-determined by instincts or"psychophysical 

dispositions'which determined the emotional 

quality which an aspect or situation signified for 

the child, and hence the motor response., \'lhich the 

situation evoked. lvlan' s behaviour was thus pre-

dominantly determined by his genic constitution. 

Already in 1908 in his book "Introduction to Social 

Psychology .. McDougall stated these ideas with .much 

conviction, even going so far as to enumerate those· 

major instincts which determine man's primitive 

desires and purposes. Both these schools of 

thought gave rise to various offshoots in support 

of either one or the other extreme viewpoint,and 

engaged in feuds which in many respects were 

entirely fruitless. 

What stands out strikingly in these arguments 

is the complete disregard on the part of either 

opponent to take his position midway between these 

extreme paths. One gets the impression that the 

/field •• 
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I ,•. 

field of psychology was stringently <tivided in two, 
?~l"t . 

and while some rather timidly approa¢:,hed the central . 
. ·.;:~.t._-tJ:~ 

position, few in fact saw that the e~~~ntial site 
~i"¥
. ~ 

was here, that this \..ras the core of -;,~'true psychology, 

and that only here a challenge would be fruitful. 

To this rather stagnant state of affairs, the 

writing of SigmundFreud brought something of a 

revelation. Regardless of whether.J:lis interpre

tations are correct or not, Freud's •:;~heory made 

clear that behaviour was the result of an inter

action between environmental forces ~nd the 

child's inherited potential~ The a:ui~mpts which 

were made to ascertain whether behaviour was 

determined from within or without or even to what 

extent either of these constituents op:~rated, he 

regarded as entirely-:: ·fruitless. It was only by 

looking at man's behaviour from two vantage points, 

he realized, that a ·thoro_ugh and undistorted 

understanding of behaviour could be gained. This 

was perhaps Freud's most important contribution 

to psychology, for his theory had the effect of 

turning man's thinking away from the rigid 

extremist viewpoints, of inducing him to realize 
"' how completely fruitless and stu.tic a one-sided 

dissemination could be~ 
. ~ • 'i 

,1~ .. 

The developmental psyd~ology of Jean Piaget, 

\vhich is the topi'c of the p:qesent thesis, must now 

be. considered. vVhere, one may ask, does the work 

of Piaget fit into the framework discussed above? 

This is an important question, for in determining 

this position, Piaget's theory will' be placed in 

correct perspective. Piaget has never affiliated 

himself to any particular school, but the layout 

of his theory strongly suggests an interactionist 

point of view. Confining his interests strictly 

to the development of the child's cognition, 

Piaget believes that the course of the child's 
f:l'"' 

development is potently determined-~lSy the 

ind'ividual' s inherited potential, ,,but unless the 

environment is sufficiently stimulating, and an 

adequate interaction takes place between the 

/organism •• 
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organism and this environment, there is a lag in 

the child's development and he shows retardation 

in relation to the norm. This contention 

certainly marks Piaget as an interactionist, but 

there are two reservations which must be made 

before Piaget's position can be ultimately definedo 

While Piaget considers the nature of the 

environment as an important factor in the child's 

development, there seems little doubt from his work 

that he implies only the physical environment. 

The failure to consider the major part of the 

child's environment. as constituted by other 

individuals, is a serious omission, as shall be 
i 

discussed later,and has resulted in a theory which 

provides for the child's cognitive development 

entirely divorced from affective influences. 

In the second instance, one J:las the impres

sion that in the practical application o~ his 

theory, Piaget is inclined to place more emphas'is 

on the innate determinants of the child's 

behaviour. This stems from his most important 

contention that cognition develops in clear-cut 

sequential stages, which are alike for every 

child and determined by spor·adic maturation of 

the brain structures. This Piaget considers as 

a general rule of development and one that is 

widely applicable to children of every culture. 

The generality of this developmental pattern is 

attributable to certain biological detEktinants~. 

common to every human, and this constitutes the 

predeterministic element of Piaget's theory. 

Individual differences certainly exist between 

children, but only insofar as the specific stages 

do not appear at identical ages in the life of 

every child. In this connection, interaction 

between the organism and environment is pre

dominantly important. If the child's environ

ment and particularly his physical environment 

is poorly endowed, the developing child is not 

adequately stimulated and the stages will 

/follovl. o 
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follow each other at greater intervals. However, 

within broad limits, Piaget has succeeded in con

fining these stages to particular age levels. 

Having defined his position within the 

psychological field, it is necessary at this point 

to follow Piaget's own history more thoroughly in 

an attempt to place his theory of cognitive 

development in correct perspective,and relate its 

inception to areas of study which are not strictly 

psychological in nature. 

Piagct opened an impressive career with a 

study .of biology and zoology, and already in 1912, 

when he was only sixteen, he published a number of 

important papers on Mollu;:;cs. In 1918 the degree 

of Doctor of Science was conferred on him from 

the Neuchatel University.· for similar v1ork in this 

field, and until 1929 Piaget continued to make 

important contributions to zoology. In 1920, 

however, Piaget made his first break from his 

previous zoological studies; when he undertook 

an offer to standardize Burt's reasoning tests 

on a group of Parisian children. In the course 

of conducting his work, he becam6 particularly 

interested in the reasoning processes of children 

in the sample. This provided the first stepping 

stone to his study of developmental epistemology. 

It was during this period also that he was 

appointed head of the Research Work Department 

at the Institut J.J. Rousseau, and at the same 

time lectured at the Geneva and Neuchatel 

Universities. In 1929 Piaget turned his atten-

tion entirely from biology and settled down to a 

study of psychology and sociology. He lectured 

on these subjects both at Geneva and Luassane. 

At this time he also conducted careful investig~~. 

tions on his own infants, studying step by step 

the development of their cognitive activity, 

systematically recording their behaviour and 

laying down the foundations for his general 

theory of intellectual development. Piaget's 

entire interest was devoted to Psychology when 
/he was •• 
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he was appointed Professor of Psychology at the 

Sorbonne in Paris in 1936. During the follow

creative years, Piaget devoted himself predomi

nantly to a practical application of his theore

tical tenetsto specific areas of cognitive 

functioning. Thus he studied and published 

books on number, quantity, movement, velocity, 

time and space, while continuing still1!D make 

further theoretical deductions. In particular 

he devoted much time to the study of biological 

structures underlying intelligence. Today 

Piaget still holds the chair at both the Sorbonne 

and University of Geneva, and in addition is the 

head of the International Centre of Genetic 

Epistemology, created in Geneva in 19554 

There are several salient pbints in Piaget's 

theory of developmental epistemology at the human 

level, which relate directly to his earlier 

acquaintance with biology and zoology. The 

following aspects of Piaget's theory of cognitive 

developments are perhaps the most obvious links 

with his earlier affiliations :- Intellect 

develops in clear-cut stages, corresponding to 

sporadic maturation of underlying brain structures. 

The structures which underlie cognitive develop

ment are hierarchically organized and finally, ~he 

intelligent behaviour which they subserve is a~ways 
' 
adaptive in nature. 

There is li t'cle doubt that Piaget' s study of 

biology turned his attention to the structural 

aspects of the organism, particularly the organ

ization of its nervous system and its moto'r and 

sensory organs. It is generally agreed) that at 

the very primitive level of reflex organization, 

in which the action of sensory and motor organs is 

predominant, organization appears to take the 

form of a hierarchy. On the basis of the 

earliest and most primitive nervous structures, 

new structures develop and these in turn serve 

as a foundation upon which further structures 

evolve. It is this complete model which Piaget 
/has •• 
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has adopted to explain structural organization 

at the human level.. Thus, according to Piaget, 

the most primitive or earliest structures under

lying intelligence serve as the basis for later 

structures and hence more complex behaviour. 

From this it follows that cognitive development 

must follow the identical course in e~ery child, 

for until the earlier structures have evolved, 

there is no basis for more complex ones. 

The theory of clear-cut stages of develop

ment is also an outgrowth of his early training 

in biology and zoology. Piaget's study of the 

structural organization of nervous systems in 

creatures low on the phylogenetic scale, such as 

members of the molluscoid family, no doubt 

centred his attention on the sporadicity., with 

which such central structures mature. The 

development of ne,..., structures in these creatures 

he correlated with the emergence of new behaviour, 

an observation which readily supported his 

opinion that a like phenomenon exists at the 

human level. 

He therefore hypothesized that three stages 

were clearly discernible in the child's cognitive 

development, dependent on the sporadic maturation 

of underlying brain structures. 

We come now to the third link between Piaget's 

theory of cognitive development and his early 

zoological studies. This relates to Piaget's 

major premise that intelligence is adaptation or 

the child's ability to integrate successfully 

any one experience with his present store of 

knowledge. Already in 1929, Piaget was special

izing in the study of the powers of adaptation in 

the Limnea Stagnalis, and there is little doubt 

that he saw the possibility for similar character

istics in intelligent behaviour at the human level. 

Thus one finds such statements in his writing as 

the following ~ "A double interest in the prob

lems of variation and adaptation caused us to 

dream of building a biological epistemology 
/based 
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based exclusively on the notion of development 11 

(Paiget 1958). ·This statement is of particular 

interest for it shows the direct link between 

Piaget's earlier studies and his present inves

tigation of intellectual evolution in the child. 

It is clear ,then, that Piagees treatment of the 

structural organization of the human central 

nervous system is to some extent based on a 

generalization he has made from a study of the 

central organization and development of creatures 

low down in the phylogenetic scale. 

There are, however, a number of very obvious 

difficulties which must arise from this treatment 

of intellectual development at the human level. 

While it appears to be perfectly adequate to 

relate the behaviour of organisms low on the 

phylogenetic scale directly to the biological 

organization of their brain .structure&, one 

hesitates in drawing such a direct or immediate 

correspondence between this biological organiza

tion and the behaviour of the child. One may 

well ask whether clear-cut stages in cognitive 

development will be found at the human level 

where learning dominates so much of man 1 s 

behaviour, and where, as a result of the evolve

ment of the hypothalamus and cortex, behaviour 

is frequently coloured by emotions. Is it 

possible to draw a direct correspondence betwe·en 

the pattern of structural organization in the 

child, and the pattern of his behaviour, as 

readily as one can make this analogy in 

creatures whose behaviour is almost instinctive 

and independent of environmental and perhaps 

especially of interpersonal forces? To frame 

the question in this way is perhaps to over

look the important condition which Piaget stipu

lates is fundamental to adequate intellectual 

development at the human level. This is the 

importance of a stimulating environment for the 

developing child so that adequate interaction 

can take place between the organism and environ-
/ment 
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ment, a condition which, as shall be shown later, 

is fundamental to the development of new brain 

structures. Yet Piaget's theory holds, that 

irrespective of the diversified environmental 

conditions which individual children experience, 

the biological structures underlying intelligence 

will in themselves still be of sufficient conse

quence to determine the course of development in 

fixed and clear-cut stages. The problem which 

thus emerges is the following: vfuat other 

evidence is there. that cognition develops in 

stages, besides the purely biological studies 

which predict a development in critical stages 

exclusively on the basis of the structural 

organization of the nervous system? Is 'there 

evidence which relates less to purely structural 

or organic considerations, but rather to more 

clearly behavioural aspects? It appears that an 

outstanding link has, in fact, been provided 

between Piaget's studies in biology and zoology 

and his contentions about developmental episte

mology. This is the extensive bulk of work 

which has been conducted in recent years by 

ethnologists, the important implications of 

which must be discussed. 

Piaget himself has certainly never considered 

his work in relation to ethnological findings, 

but we regard his work of intellectual develop

ment at the human level as having a very important 

association. with studies in animal development. 

The specific issues with which the ethnologists 

have concerned themselves in recent years shall 

not be discussed here. Of greater relevance 

to Piaget's work, is a general principle which 

has gradually been formulated over the years of 

study in this field. Research has shown that 

as the phylogenetic scale is ascended, the role 

of the innate determinants of behaviour appears 

to diminish, while the interaction between the 

environment and the organism's inherited 

potentialbecomes predominantly more important 
/in •. 
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in determining the organism's behaviouro Thus 

the very close relationship between behaviour 

and structural organization, which is evident 

in the lowest species of the animal kingdom, 

becomes progressively more difficult to deter

mine. 

In addition it seems to follow from 

eth~ological studies that the lower the organism 

on the phylogenetic scale and the more clearly 

ies behaviour is determined by ies innate 

potentiality, the easier it is to define clear

cut stages of development, alike for everY: 

member of the species. On the other hand., the 

greater the interaction between the inherited 

potential of the organism and its experiences, 

the more concealed these stages of development. 

Looked at fr'Jm this point of view, it becomes 

clear that ethnology serves as an important 

link between Piaget's early biological conceptions 

and his present research on developmental episte

mology. The biological studies of Piaget showed 

him that the developing central nervous system of 

an organism matures sporadically, and from this 

it followed that the behaviour. which these 

structures underlay, would emerge with equal 

sporadicity. This certainly supported a theory 

of development in stages. The ethnologists, 

working at a different level, which could 

perhaps be defined as clearly more behavioural, 

concluded likewise that the behaviour of the 

developing organism does emerge in certain fixed 

stages, but that these.stages become progress

ively more difficult to define as .on~ climbs the 

evolutionary scale.. At the human level, there

fore, since the environment is so complex and 

must necessarily vary from one.· individual to. the 

next, it is conceivable that any clear-cut 

stages of development may be readily camouflaged. 

But Piaget•s work givesus an interesting 

challenge. Is it so, that the developing 

organisms, though each subjected to different 
/and 
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and variable environments, are at any one point 

of maturation so limited in the degree to which 

they might react to the environment or be reacted 

upon, that it is still possible to discern 

certain stages of development in all these 

children, provided one has the suitable tech

niques for doing so. Is it in fact so that the 

complexity and variability of man's behaviour 

has too readily been accepted, that it has been 

regarded too superficially, and that in fact 

stages of development do exist if his behaviour 

is analysed more carefully. 

Piaget, as many others too, has staked his 

claims that such st~g~s do. in fact exist, and 

that they are particularly characteristic of the 

child's cognitive development. It now remains 

for us to consider exactly what such stages 

entail for Paiget, the techniques and methodology 

which he has employed, the general trend of his 

findings, and the support for or against a theory 

of stages emerging from the work of other noted 

theorists in the field of epistemology. 

llo PIAGET'S THEORY OF INTELLIGENCE 

In·order to comprehend Piaget's theory of 

stages of development, as well as to understand 

the nature of the present hypothesis, it is 

necessary to define intelligence within the 

Piagetean framework. 

According to Piaget, intelligence is 

by its very nature, both logical and biological. 

The biological counterpart of intelligence is 

constituted by those structures in fue brain 

which mature in fixed stages, and through 

which intelligence may function.. The logical 

characteristics of intelligence,. on the other 

hand, are to be found in both its function and 

content. It is characteristic of the child 

who can conceptualize adequately, that he can 

employ •• · •• 
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employ certain logical premises in relevant 

situations, and it is this behaviour which 

Piaget defines as "intelligent". Piaget 

is not concerned with logic per se, but he 

sees in logical thinking the model for 

intelligent behaviour. "Perhaps one could say 

that Piaget uses logic in a way analogous to 

the American use of theories of motivation 

{either reinforcement theory or psychodynamics) 

as an external frame of reference for study of 

the learning processes" ( Inhelder & Piaget 

1958. p.lX) In addition, intelligent 

behaviour is always operational. It is the 
\ 

concept of "operation" which is perhaps the 

most fundamental to an adequate understanding 

of Piaget!s theory of intelligence. An operation 

has been defined by Piaget as an internalized 

action. Whereas a child who performs an action 

is limited to the confines of the situation, the 

child who internalizes the actio~ or represents 

it mentally,is able to manipulate the situation 

beyo~d the bounds of physical possibility. 

Once deductions can be made on the basis of 

interna~ized actions, thoughts become mobile 

and flexible, or characterized by what Piaget 

has called "reversibility". These internalized 

actions do not exist independently or in 

isolation but cohere to form well-structured 

systems and it is this co-ordinated system 

which constitutes an operation. 

Also fundamental to an understanding of 

Piaget's theory of cognitive development are the 

concep-ts of assimilation accommodation, for it 

is upon the functioning of these that 

intellectual development is immediately 

dependent. In simplest terms "assimilation" 

implies the brain's capacity to react to 

stimuli via appropriate sense organs, while 

accommodation refers to the sparking off of a 

new nerve fibres m the brain~ by assimilated 

stimuli ••• 
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stimuli. These assimilated stimuli change some

what the structures to which they are accommodated 

and it is this modification which increases the 

child's capacity to react adequately to still 

further environmental stimuli. Thus with every 

assimilation and accommodation, the child's 

intellectual capacity is widened. It follows 

also that if the child'senvironment is richly 

endowed, he will through repeated assimilations 

and accommodations acquire those brain structures 

which make further accommodations possible. 

Wnen the child's environment is poor, however, 

the existing brain structures will not be 

modified as readily and the child's development 

will be retarded. When the brain structures can 

readily accommodate what is being assimilated, 

Piaget refers to this state as the state of 

equilibrium or adaptation, and thi_s implies that 

the organism and environment interact in such 

a way that the environmental demands on the 

organism are not too great, while at the same 

time the response is adequate to the situation. 

Thus in defining intelligence Piaget (1950 p.9 ) 

has said the following :-

"Intelligence whose logical 

operations constitute a mobile 

and at the same time permanent 

equilibrium between universe 

and thought is an extension and 

perfection of all adaptive 

processes". 

At another point (Ibid. p.7 ) Piaget has · 

stated the following :-

"Intelligence is thus only a 

generic term to indicate 

superior forms of organization 

or equilibrium of cognitive 

structurings". 

It is interesting to note that a very close 

analogy exists between Piaget's concept of 

adaptation 000 
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adaptation through assimilation and accomod

ation and Hebb's theory of phase sequences 

and cell assemblies. Thus Hebb has said that 

the basic structures underlying intelligent 

behaviour are cell assemblies which, through 

a process closely affiliated to assimilation 

and accommodation, develop into larger schemas 

or phase sequences, the structures of more 

complex behaviour" 

While assimilation and accommodation are 

fundamental to the develypment of intelligence, 

this does not constitute the complete picture 

according to Piaget. Even if the child's 

environment is richly endowed, there is a limit 

at any one period in the child's life to which 

assimilation and accommodation can take placeD 

This limit is set by innate or inherited deter

minants which account for the degree of matur

ation in the brain structures at any develop

mental level in the child's life. If adequate 

maturation has not occurred, assimilation and 

accommodation are confined to operate only 

within certain limits. It is on the basis of 

these theoretical tenets that Piaget has con

structed a theory of development in fixed and 

clear-cut stages, the sequence of which is alike 

for every child" 

We must now turn to a discussion of these 

stages and place particular emphasis on the 

concrete operational stage which is of immediate 

relevance to the present project. 

Piaget defines three major stages of cognitive 

development/the sensori-motor stage, the stage 

of concrete operations and the stage of formal 

operations" These stages always appear in 

this sequence in the life of every child. 

During the first or sensori-motor period 

Piaget defines six substages, the exact nature 

of which it is not relevant to discuss here. 

'Vlithin 
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Within the first two years of life, however, there 

are three major trends which characterize the 

child~s cognitive development. The most 

primitive cognitive functioning takes the form 

of reflex actions. This is followed by a period 

of habit formation and finally there emerges 

intellectual behaviour of primitive nature. 

The primary structures underlying reflex action 

evolve through a process of assimilation and 

accommodation into schemata of a higher order 

and these schemata are fundamental to the 

formation of habits. These habits are 

constituted by internalized actions, hut since 

there is no co-ordination between structures 

underlying habit formation, there can he no 

reversibility or mobility of thought character

istic of intelligent behaviour. Towards the 

end of the sensori-motor period, however, 

intelligent behaviour does emerge, detQrmined 

by the first primitive CO-'Ordination of schemata. 

The rigid thought processes characteristic 

of the habit make way for greater flexibility. 

For the first time the child can make correct 

generalizations and differentiations. He will, 

for example, smile at the sight of his mother•s 

face and cry when a mask ~ held over his pram. 

His behaviour also becomes increasingly more 

adaptive and for the first time he comes to 

differentiate the means towards a particular 

end. During the sensori-m6tor period, however, 

'the child 1 s reasoning is based entirely on the 

perceptual stimulus provided by the object. 

His reasoning is directly related to what he can 

see and particularly determined by that aspect 

of t.he stimulus which captures his attention at 

any one instance. For this tendency, Piaget has 

coined the term 11 Centration 11
• Since judgement 

is made predominantly on this one aspect of the 

situation, the reasoning of the pre-operational 

child is frequently distorted. In addition, 

since 
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since the child considers the situation only 

from his point of view, and fails to see that 

it has an independent construction or qualities 

of its own, Piaget considers· the child's 

cognitive functioning at this stage as 

predominantly egocentricc 

As the child progresses towards the concrete 

operational stage, however, both the perceptual 

aspects of the stimulus and the child's ego

centric point of view become correlatively less 

important in determining his reasoningo The 

concrete operational stage itself might be de

fined as that point in the child 1 s cognitive 

development when both the perceptual stimuli 

and the egocentric considerations are sub

ordinated to a set of operations which allow 

for logical thoughtc Although there are wide 

individual differences, Piaget defines this 

stage as generally emerging at the seven year 

level.. At this stage, since the internalized 

actions fundamental to operational thought 

relate to different aspects of the situation 

and not only to its perceptual quality, it is 

obvious that the child who bases his reasoning 

on such opGrations, will be able to consider 

simultaneously all the discrepant aspects of 

the situation. It is this ability which 

distinguishes the operational from the pre

operational child. Furthermore, since the child 

at this stage can tackle a problem from a number 

of different viewpoints, his reasoning is 

flexible and mobile,and lacks the rigidity 

characteristic of the child who relies only on 

the perceptual quality of the stimulus. Thus 

at the concret.e operational stage, the child 

will less willingly accept the most obvious 

aspects of the stimulus configurationo Rather 

he "feels out" or probes the situation, considers 

one facet and simultaneously another, and only 

on this basis i:;:; an adequate deduction made. 

I However ooe 
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However, the child's reasoning is still re

stricted at this stage and the flexibility which 

characterizes his thought is confined to the 

concrete situation provided by the stimulus. 

The child can only reason in terms of present 

realities, not in terms of possibilities. 

Between the sensori-motor and the concrete 

operational stage, there exists a transition 

period which suggests that maturation of brain 

structures is rather more gradual than a study 

of the three major stages at first suggests. 

This transition period, occurring generally 

between the ages of four and seven, is one in 

which intuitive reasoning is predominant. 

Intuitive thought lies half-way between true 

operational thought and sensori-motor intelligence. 

As at the sensori-motor stage, the child's actions 

are internalized, but in addition there is now a 

primitive co-ordination between these internalized 

actions characteristic of operational thought. 

This is the precursor of a complete co-ordination 

at the concrete operational stage. 

The different groupings or structures which 

constitute the particular operations at the 

concrete operational level shall not be considered 

here,for these have been discussed with great 

thoroughness by Me V.Hunt (1961) and Flavell 

(1963) • There is,· hm-vever, a further aspect of 

the stage of concrete operations which it is 

necessary to consider, and one that is immediat

ely related to the present hypothesis. In his 

book "Psychology of Intelligence" (46.P.l45} 

Piaget makes the following statement :-

"Now it so happens that while classes, 

relations and numbers are being formed, 

we can see the construction in a 

remarkably parallel manner of the 

qualitative groupings that generate 

time and space"~ 

This statement suggests that at a particular 

time in the child's life, the structures of the 

brain •• o 
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brain mature in such a way that they allow for 

greater co-ordination between internalized actions 

and so for reasoning that is determined by oper

ations. In addition the structures which underlie. 

these three content areas of number, space and 

time appear to mature simultaneously, so that the 

child would reach the concrete operational stage 

in these three areas at approximately the same 

time~ 

Another statement made by Piaget (1956 -

po450) implies a very similar notion :-

11Concrete operations of a logico

arithmetical character deal solely 

with similarities (~lasses and 

symmetrical relations) and differences 

asymmetrical relations) or both to

gether(numbers) between discrete 

aspects in discontinuous wholes, in-
• 

dependent of their spatia-temporal 

locationo Exactly parallel with these 

operations, there exist operations of 

a spatia-temporal or sub-logical 

character, and it is precisely these 

which constitute the idea of space". 

The concurrence of time and space has also been 

expressed by Piaget (1954 p.32l)o 
11 Time like space is constructed little 

by little and involves the elaboration 

of a system of relations. These two 

constructs are correlative ... 

Piaget clearly suggests,then, that 

intelligence is very much a unitary or global 

capacity, and that once it has evolved, it 

serves equally all areas of functioning. In 

other words, the theory does not provide for 

uneveness in intellectual development in its 

various content areas. Furthermore, it is 

axiomatic that if homogeneous development 

occurs in discrepant content areas, then 

operational constructs must appear simultaneous

ly within one and the same area of cognitive 

functioning 
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functioning. ·In this respect Pia get • s thoory" ·is 

closely allied to that which Binet and Simon 

advocated. They also supported the monarchic· 

doctrine, that intelligence is a unitary force. 

contributing uniformly to every area of function

ing. Taking the opposite stand, however, Thurstone 

showed by his technique of factor analysis, that 

intelligence is comprised of various factors, and 

for this reason, it is perfectly feasible that an 

individual may show gross uneveness between 

various areas of intellectual functioning. 

In the present study, three areas of 

cognitive functioning have been selected in an 
attempt to determine whether something analogous 

to the concrete operational stage exists, and 

whether developmentwithin these three areas is 

homogeneous. This question is perhaps fundamental 

to Piaget's theory, for if gross uneveness in 

development is found, Piaget will be hard-pressed 

at defending his idea of intellectual homogeneity 

and a theory of clear-cut stages of development.; 

The final stage of intellectual devel0pment 

must now be considered. Adult intelligence is de

fined by Piaget as formal operational, and this 

constitutes the pinnacle of intellectual de~elop

ment. The stage of formal operations generally 

emerges at about eleven or twelve and follows 

upon the stage of concrete operations. The 

reasoning of the child at the third stage may be 
characterized as hypothetico-deductive in character. 

This implies that the child can reason with mere 

propositions instead of relying on concrete situ

ations, and re~soning of this kind requires 
different operations from those characteristic of 

concrete operational intelligence. While 
intelligence at the concrete operational stage is 

dependent on the co-ordination of internalized 
actions, the child at the formal operational stage 

must reason purely by reflecting on these actions, 

by manipulating them and so deducing the correct 

outcomea In other words, the'child has no 
imrnedia te ••• · 
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iwmediately present concrete situation on which he 

can base his reasoning, but rather must operate 

at the level of propositions and this he can_only 

do by reflecting on operations which have 

previously emerged. 

This discussion of stages has made clear a 

further implication of Piaget's theory of 

intelligence, that cognitive development occurs 

in a hierarchical fashion. If one traces the 

course of this development from the sensori~uotor 

to formal operational stages, one notes that at 

each stage the structures which underlie cognitive 

functioning are dependent on, or grow out of, 

preceding structures. It is for this reason that 

the formal operational stage could not precede 

the stage of concrete operations, for the ability 

to reason on the level of propositions is 

dependent on structures which are offshoots of 

concrete operational structures. For this reason 

the growth sequence of these stages is always in

variant. While the rate with which one stage 

follows upon another may be dependent on the 

quality of the child 1 s environment, the sequence 

with which these stages emerge is innately 

determined and hence alike for every child. 

(b) Motivation. 

It is necessary in this discussion of 

Piaget's theory of intelligence to incorporate 

also his treatment of motivation, for it is 

Piaget's view that the child's drives on the 

one hand,and his cognition on the other, cannot 

be considered independently of one another. 

According to Piaget, the evolvement of 

new cognitive structures provides the child 

with the drive or incentive to aspire to new 

levels of cognition. It is in fact the child's 

own cognitive functioning which spurs him on to 

engage in still further cognitive activity. It 

is clear from this motivational theory that the 

child does not require motivation from extrinsic 

sources to engage in cognitive functioning and 

secondly 
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secondly, that it is not p6ssible to separate the 

child's cognition on the one hand from his motiv

ation on the other. From this theory it would 

follow that participation in a task gives rise 

to incentive and that as the child becomes more 

proficient in the task, new and fresh possibilities 

of the material are suggested to him. This latter 

case certainly constitutes a possibility and the 

child is frequently more motivated by task in

volvement than by any prior idea of the task. 

Yet there are many difficulties inherent in 

this theory of motivation and it has provided one 

of the most vulnerable points of Piaget's work. 

The most potent criticism is perhaps this, that 

a motivational theory of this kind fails to take 

into account the prior individual differences 

between children undertaking any one cognitive 

task. McClelland in particular has been in

terested in relating such individual differences 

in motivation. to other kinds of behaviour, 

particularly cognition and learning. In his more 

recent work McClelland (1955) has shown the signi

ficant relationship which exists between the 

child's need achievement score and his performance 

and learning on a variety of cognitive tasks. 

Significant differences have been recorded on 

such tasks between children with high and low 

need achievement,and it has been substantiated 

that even the nature of the cognitive task 

itself can determine the extent to which high 

or lo\'1 need achievement in the child affects 

his cognitive functioning. 

In addition, the child's performance on a 

cognitive task may not only relate to the 

degree of need achievement but also to the 

extent that he is task - or ego - orientated. 

Whereas the task-orientated subject concentrates 

on the nature of the task and task material, 

the ego-orientated child appears to dissociate 

himself from the task and is concerned rather 

with the marks he obtains, the progress he is 

/making 
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making,and the adequacy of his performance in the 

eyes of the tester~ The extensive work of McClelland 

and the many follow-up studies conducted, strongly 

suggest that one can hardly consider cognition in 

vacuo to the extent that Piaget has. Piaget 

does not consider, for example, that the child's 

attitude to the task may well determine his 

cognitive functioning to some degree. One might 

certainly argue that the tests are heavily loaded 

with cognitive factors and that no amount of 

motivation will enable the child to solve the 

problems if he is not adequate intellectually. 

But here one considers extreme cases. In 

Piaget's tests where subtle differences exist 

between one substage and the next, is one not 

compelled to consider idiosyncratic attitudes? 

It is to this point that we intend returning 

later in discussing the results found ~n this 

study. 

However, perhaps a more serious omission is 

this, that Piaget has not taken into account the 

possibility that differences in test material or 

subtle changes in test instructions, may to some 

extent influence the child's performance on a 

cognitive task. In the case of the Piagetean 

tests, where such a variety of test material is 

used, is it not possible that one test may be more 

appealing ·.to the child than the next? Furthermore, 

can one not surmise that a child may show adequate 

conceptualization with one type of test material 

but respond preoperationally with another and less 

familiar test material, although the underlying 

concept in both cases is identical? These are 

perhaps the most salient questions that Piaget 

has as yet not considered. Further research 

in this direction may well point to the necessity 

for amendment of Piaget' s cognitive theory. · 

Having discussed Piaget's theory of intelli

gence at some length, it is necessary to turn to 

the second major aspect of his work. This re

lates to the methodology and experimental design 
/he has •• 
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he has employed in testing his hypotheses. Since 

this question is closely allied to Piaget•s final 

contentions and conclusions, and has an important 

bearing on the present hypotheses, it is necessary 

to consider this point in some detail. 

111-. METHODOLOGY 

In order to test his hypothesis of stages of 

development, Piaget devised a procedure for which 

he coined the term "clinical method 11
• Flavell 

(1963 P.3) has aptly stated that this procedure 

was later to become ••a kind of Piagetean trademark" 

and it is certainly a method which has been 

followed in many of the replication studies 

reported to date. As the name perhaps suggests, 

the "clinical method .. is in some respects 

analogous to those techniques used in psychiatric 

interviews and falls short on many counts of the 

rigidly standardized programmes frequently laid 

down in psychological test.manuals. 

~e method might most briefly be described 

as follows:- Each child is privately interviewed 

by the tester who adrninis.ters a particular cogni- . 

tive test or battery of tests. These tests, 

ingeniously devised by Piaget and his colleagues, 

notably Inhelder and Szeminska, are outstanding 

in their simplicity and generally involve situa

tions with which the child is familiar. The 

tests are both of the verbal and performance kind, 

and the solution of each is dependent upon a 

pa·rticular logical operation. These logical 

premises have been worked out at great length 

by Piaget, and tests have been devised in such 

a way, that we have immediate or direct access 

to the different thought processes of the child. 

The tester requires each child to answer 

a similar set of questions, but here the method 

deviates to some extent from the usual psycholo-

gical procedure. The questions are not standard-

ized, nor are they administered in identical 

sequence to each child. Instead4 the tester 
/attempts •• 
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attempts to weave an intricate webb of questions 

around the child's original response, not 

necessarily the same for each child, ·and depend

ing very much on the nature of the child's first 

reply, and thG answer which is requiredo The·· 

clinical psychologist would consider such a method 

as introducing extraneous factors, and it is 

precisely against such variables that most 

psychological tests exert control. 

Piaget has stated repeatedly that he does 

not require standardized tests and that he 

neither proposes nor claims to use a scientific 

methodo The nature of man's logical reasoni~g 

is so complex that a standardized method would 

not elucidate the essence.of logical thinking, 

which is not rigid or clearly defined, nor will 

it fall into a pattern orga.nized by a set of 

fixed questions. We forf~it the richness and 

intricacies of conceptual thought by confining 

it to a fixed and narrow course. Numerous 

examples of the Piagetean method are described 

in each of his content books, e1nd it is a st~dy 

of these which shows the difficulties inherent 

in an uncontrolled method of this kind. Piaget 

himself is not unaware of the dangers vested in 

this clinical method, and he stipulates that at 

least a year of constant practice is required 

before a tester becomes perfectly adept. Yet it 
is difficult to accept that training alone can 
remove the dangers which are inherent in Piaget's 

methodology. The form which the questioning 
takes is such, that_it is extremely difficult not 

to be suggestive however one guards against this 
possibility. There is very little doubt from a 

study of many of Piaget's examples that such a 

tendency can sometimes be discerned. The 

following is a good illustration of the sugges
tive manner in which problems are sometimes posed 

(1952 P.l75) 

/Gon (7;2) •.• 
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Gon (7,2) If we made a necklace with all the 

wooden beads and a necklace with all the 

brown beads, which would be longer? 

They'd be the same. 

Drav.r the necklace with the v.rooden· beads. 

(Gon drew a row of brown beads close 

together). .Are ali the wooden beads 

brown? Oh no! There are two white 

ones (adding them) • Now draw the 

necklace of brown beads. (He drew them 

close together in a line) • Which is 

longer? - They're both the same. -Why? 

They're the same. Are the necklaces the 

same? One of them has only brown 

beads, and the other has white ones as 

well. Then which one is longer? -

Tl1ey • re the same. 

beads are there? 

How many brown 

About forty. 

And how many white ones? Two. ,-

Then which is longer? Oh the wooden 

one! Why didn't you see that before? 

- I thought they were the same 11
• 

Fur·thermore, since there is no standardized 

procedure, considerable weight is placed upoz; the 

interpersonal relations between the child and the 

tester, the manner in which the tester poses the 

questions, and the form which such questions take. 

It is possible that even subtle differences in the 

nature of these questions can influence the child's 

response to some extent. Another difficulty arises 

from the point that Piaget seldom quotes the number 

of children he uses, and perhaps more important than 

this, he does not state the number of tests adminis

tered to each child, or the percentage of tests 

quoted from each child's protocol, in his content 

books. A further difficulty in Piaget's method

ology, and one that makes repl,ications of his 

studies particularly difficuit~relates to the 

scoring procedures which Piaget has adopted and 

hence the reliability of the tests. The scoring 

of a child's test protocol depends entirely on 

/the •• 
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the rating ability of the tester. It follows 

from this that different testers might come to 

significantly different conclusions in their 

rating of one and the same child. Piaget has 

apparently made no attempt to determine the 

degree of concordance between ratings of different 

testers. This is by no means to discredit rating 

as a psychometric procedure provided that adequate 
• , ' ~. I ' ', , 

cri terla:. · ar'·e stipulated on which the rating may 

be established. · It is this latter provision 

which has not been made by Piaget. In making 

the particular ratings one is frequently hesitant 

as to the exact categorization of a response and 

it is left very much to the initiative of the 

tester to deduce, from one or two examples given 

in a particular content book, the stage of the 

response in question.. This makes the rating 

procedure highly subjective, and for this reason,. 

open to error. From. this it follows that the 

comparison of results obtained by a group of 

children, as rated by different tester's may 

well lack validity. This is one further 

difficulty apropos a method which lacks standard

ization. 

There arc also important aspects of the 

experimental design. which require consideration. 

Two basic hypotheses may be generalized from 

Piaget's theory of cognitive development. The 

first of these is that cognition develops in 

clear-cut·sequential stages. The second is that 

intelligence is a homogeneous unitary force which, 

at any one period in the child's life, contributes 

uniformly to every area of his cognitive function

ing. i:n order to test thes·e hypotheses, Piaget 

has predominantly employed a cross-sectional design. 

Taking a group of children between the ages of two 

and perhaps fifteen or sixteen, he has administered 

to each child, individually, a test or series of 

tests, which have been devised to study the 

child's cognition~' at any one of the specific 

stages. On the basis of these results, he was 
/able 

" 
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able to define, within broad limits, particular 

age levels at which cognitive functioning took 

characteristic forms. This evidence Piaget 

accepts as confirmation of his hypothesis·~ that 

cognitive development occurs in clear-cut sequen

tial stages in the life of every child. The 

confirmation for his second hypothesis is a 

generalization from this latter finding. The 

fact that marked trends in functioning were noted 

at particular ages in all areas of cognition led 

Piaget to assume that broad constellations of 

behaviour arrive at the su.me time. in all areas. 

It is interesting to note that in the majority 

of replication studies reported, most of which 

are in strong confirmation of Piaget's theory, 

an identical cross-sectional approach has been 

employed. 

There are, however, a number of striking 

difficulties in making deductions on the basis 

of this method, as Piaget has done. In the 

first instance, it seems clear that only a longi

tudinal design will suffice to show that every 

child passes through an invariant sequence of 

stages. Unless one follows the individual's 

development over a number of years, there is no 

basis for accepting the hypothesis that his 

cognitive development follows a specific courset 

alike for every child. The cross-sectional 

design, while it $hovm the presence of certain 

trends, io not adequate to determine whether a 

child .. at any one level of development, has 

passed through the preceding stages in the 

sequence Piaget predicts. In the second· 

instance, it is of doubtful validity whether one 

can generalize that broad waves of development 

cut across different areas of cognition simultan

eously, on the basis of Piaget's method alone. 

In order to stat0 that development is alike in 

space, time and number conception, this would 

surely necessitate that one and the same child 

is tested in all these areas. at approximately 

/the 
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the same time. The fact that three seven year 

old children, one of whom is tested on number, 

the other on space1and the third on time tests, 

show an analogous level of cognitive functioning,_ 

does not necessarily permit the conclusion that 

one and the same child at this age, will function 

at the identical level in all three content areas. 

Finally, one might consider the possibility 

that Piaget's findings are in fact determined by 

the experimental method which he has used. It 

is clear that a purely cross-sectional study will 

reveal a pattern of results very similar to that 

whichuaget has found. There will obviously be 

a clear-cut progression in scores with age, the 

older children giving predominantly better 

responses that the younger. The problem, however, 

is this g-. What constitutes a significant diff

erence between one age group and the next in order 

to designate the latter group as having reached a 

new stage of development? On the basis of what 

criterion can one define suitable "cutting points"? 

There is still another-difficulty which is 

inherent in Piaget's experimental design, although 

this constitutes perhaps a subtler point. Piaget's 

books on number, space and time conception each 

present a series of tests which investigate 

different facets of the concept under discussion. 

Each test requires for its solution a different 

logical operation. These operations, however, 

emerge simultaneously in the life of every child, 

so that a significant correlation should exist 

between, the tests constituting a battery in any 

one content area when these tests are adminis-

tered to the individual subject. However, it 

appears from Piaget's content books that proto-

cols of different children have been published 

to illustrate the attainment of any specific 

stage on the different tests constituting a 

battery in a given content area. If it is to 

be shown by Piaget's theory that one and the 

same child functions at the same level on all 

/tests •• 
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tests within a particular conceptual field, it is 

surely of fundamental importance that the child is 

represented on all these tests. The failure to 

support such an important implication with the 

correct experimental data, must be seen as an 

important omission in Piaget's work. This 

criticism can be_taken still further. The 

individual tests devised to investigate a 

particular concept_ are often divided into sub

sections. These two or three subsections might 

constitute a single test belonging to the battery. 

A test which comes to mind is that of cardinal 

and ordinal one to one correspondence. Piaget 

quotes results on the different subsections con

stituting a test but the results are in fact 

taken from the protocols of different children. 

Thus Piaget quotes the results of subject A at 

stage three on subsection one of the test, the 

results of subject B at stage three on the second 

subsection,and finally the results of subject c as 

illustrative of stage three on the third subsection. 

There is no experimental proof therefore that 

subject A is at stage three on all subsections of 

the test. One might well ask why Piaget fails to 

quote the results of subject A on all three sub

divisions, if he attains the same level on these. 

This omission ~s one that renders Piaget's results 

unintelligible in terms of his original hypothesis, 

and certainly makes further deductions difficult. 

In the present study, a slightly amended procedure 

has been used with the aim of noting whether any 

clear deviation from results obtained by the 

Piagetean methodology is found. In this case 

possible reconstructions in experimental procedure 

shall be suggested. 

We have seen it well to labour this point 

of methodology, for in our opinion, this may well 

be the 11 root of evil 11
• 

IV NUMBER/ .•• 
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IV. NUMBER, SPACE AND TIME CONCEPTION 

The previous sections have dealt with 

, Piaget' s methodology, with his theory of · 

cognitive development in general, and with the 

major implications which this theory has given 

rise to$ At this point, it is necessary to con

fine attention to the three specific areas of 

Piaget's work which have been,the subject of the 

present project. Piaget~ three books on number 

{1952), time {1955), and space (1956) have been 

referred to as his "content" books and incorporate 

much of the work. characteristic of the later part 

of his career. In these books Piaget's principal 

concern is with giving practical application to 

his earlier theoretical tenets, and in so doing 

he proposes to show that the logical operations 

which he hypothesizes are inherent in the organiz

ation of normal adult thinking, are essential to 

an adequate concept of space, number and time. 

It is this aspect of Piaget's work which perhaps 

constitutes its most ingenious quality, for he 

has taken the most common aspects of our every-

day thinking and experience and proposed to show 

that each relates to a specific history of develop

ment. In these three content books Piaget has 

systematically attempted to trace the development 

of the concepts of number, space and time from 

their earliest inception through to the level of 

adult functioning. Piaget has shown that, within 

these three areas, the course of cognitive 

development is highly analog~ous and that three 

specific and parallel stages are to be discerned 

in each. Before proposing to test this hypo

thesis one must briefly consider the most salient 

research projects which have been undertaken 

within these three areas of cognition. Only one 

study, that of Dodwell (1962); follows the 

immediate lines of the present project, fno 

this relates only to the area of number con

ception. However, it is intended to discuss 

add.i tional I . .. 
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additional research which in one or other way 

has bearing on the present hypothesis. 

A.NUMBER CONCEPTION AND RELATED RESEARCH. 

It appears from a survey of the literature 

that Piaget • s work on number concepts has evoked 

more independent research than any other of the 

content areas. There is little doubt that this 

stems from the interest which this field holds 

for the educational psychologist in addition to 

its ethnological implications. Before consider

ing these studies, it is necessary to define what 

Piaget actually implies by the term "number con

cept". Piaget has never interested himself in 

the purely arithmetical implications of educ

ational programmes. Ruther it has been his 

concern to trace the development of certain 

logical operations which he considers fundamental 

to the concepts of number. 

Perhaps the key premise in Piaget 1 s number 

book, and one that defines most clearly the terrain 

of his research, is the following:- "Our results 

do in fact show that number is organized stage after 

stage in close connection with the gradual elabor

ation of systems of assyrnetrical relations 

{qualitative seriations), the sequence of numbers 

thus resulting from an operational synthesis of 

classification and seriation. In our view logical 

and arithmetical operations therefore constitute 

a single system that is psychologically natural". 

{Piaget 1952 P Vll) 

Classification refers to the child 1 s ability 

to discriminate like qualities common to a group of 

objects. Seriation relates to his ability to dis

criminate unlike characteristics in such objects 

on the basis of which they may be seriated. The 

operational child must therefore be able to con

sider any particular object as belonging to a 

given class on the basis of common properties, 

and in addition he must simultaneously 

differentiate that object from others, all of 

which I ... 
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which havo conunon elements, but which differ 

in respect to one underlying quality. 

· In addition, since number is dependent 

on two major operational constructs which emerge 

simultaneously, owing to adequate maturation of 

brain structures, the child will manifest a large 

variety of number concepts at approximately the 

same time in his development. "To sum up", says 

Piaget, "we can now see why the additive hierachy 

of classes, seriation of relationships and 

operational generalization appear approximately 

at the same time, about the age of six or seven, 

when the childs reasoning is beginning to go be

yond the initial prelogical level. The reason is 

that class, assymetrical relation and number are 

three complem.::mtary manifestations of the same 

operational construction applied either to 

equivalences, differences, or to both together". 

(Piaget 1952 P.l84). 

This.treatment of number is then clearly to 

be differentiated from a purely arithmetical con

sideration. The child's ability to add one and 

one or subtract one from ten, may well be 

attributable in the young child to a memory factor 

which is the result of constant drilling on the 

part of the teacher. Logical thinking, while 

dependent on adequate environmental matching, is 

correlative with the maturation of certain brain 

structures. Before this critical period, training 

on the Piagetean concept tests would only result 

in an inadequate and short-lived mastery of the 

task. The stability, which is characteristic of 

logical thinking, is directly attributable to the 

maturation of new brain structures. While Piaget 

would hardly rleny that the child who uses number 

with some understanding in the solution of an 

arithmetical problem has a good operational con

ception of number, it is necessary in studying 

Piaget•s own work, and in considering relevant 

studies, to keep in mind the specific definition 

of number which Piaget has formulated. 

RELEVANT I ... 
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RELEVANT STUDIES ON NUMBER CONCEPTION 

The studies on number which have been under

taken have considered various aspects of Piagets' 

theory, but the main interest has been focussed 

on determining \vhether development in this area 

does follow a strong sequential pattern of stages, 

which Piaget claims to have found. The studies, 

with few exceptions, have followed very much the 

design of Piaget•s original work and there is no 

doubt that the practical difficulties involved 

have staved off attempts at a longitudinal pro

cedure. While many of these studies have 

considered interesting implications of Piaget•s 

theory and confirmed his general findings, it 

must be kept in mind that the cross-sectional 

approach which has so frequently been adopted, 

sets certain limits to the deductions which can 

ultimately be made. 

Blair Hood (1962}, in a well conducted ex

periment, confirmed Piagets hypothesis that certain 

clear-cut stages of development in number conception 

could be found in a group of children between the 

ages of four years, nine months, and eight years, 

seven months. The level at which any one child 

was performing, however, was more closely re-

lated to his mental age as determined by the Terman 

Merrill 11 L 11 scale, than his.chronological age, 

and the exclusive reliance on chronological age 

tended to mask somewhat a clear-cut patterning 

of results. Within the same chronological age 

range, children of all stages could be found and 

this variability could be attributed to differences 

in mental age. While Piaget has concentrated 

purely on chronological ages, he stresses repeat

edly that any one stage does not emerge at an 

identical age in the life of every child. It 

is only the sequence of stages which is in-

variant. Piaget•s theory furthermore implies 

that a progression from one stage to the next 

is related to certain structural changes in the 

brain which would correspond well \llith the 

finding / ••• 
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finding that stages of development are related 

to mental age. Blair Hood's results show clearly 

thai on each of the Piagetean number tests used 

in this study, children who are at the third 

stage have a higher mental age than children 

of the same chronological ages but with lower 

mental ages. In addition, the proportion of 

stage 1 to stage 111 children changes radically 

with progression in age; the percentage of stage 

1 children decreasi'ng with a correlative increase 

in the percentage of stage 111 children. The 

greatest transition step, on the basis of chrono

logical age, appears to be between the ages of six 

and eight. These results are directly in line 

with those of Piaget and confirm his prediction 

that the concrete operational stage emerges 

generally at the seven year level. 

There is a further conclusion which may be 

reached from the analysis of Blair Hood's results 

and a point which the author himself has not 

developed. In calculating the average mental 

ages of two of his subgroups, the six to seven 

and the seven to eight year olds, he found that 

these only differed in mental age by a fairly 

small margin of three months. Yet on certain 

tests, for example, that investigating the child's 

ability on the "one to one correspondence test" 

only 29% are at the third stage in the six to 

seven year group and 100% at the same stage in 

the seven to eight year group. This highly 

significant difference exists , in spite of the 

small difference in the average mental age be

tween these two groups. There are two alternative 

explanations which may account for this difference. 

In the first place one cannot exclude the possib

ility ·that the small difference in the mental 

ages is of sufficient consequence to determine 

differences in performance, on several inde

pendent number tests. On the other hand, it is 

possible also to hypothesize that the child in 

the seven to eight year group has at least a 

years I. o o 
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year's extra schooling and that this additional 

experience can account for the differences 

assessed between the two groups. This second 

alternative would also fit into the framework of 

Piaget's theory. From these results one might 

deduce that adequate stimulation at an age when 

the brain is undergoing further maturation leads 

to the propagation of a new stage of development. 

On the other hand, stimulation before this 

potential period of maturation, seems to be of 

little avail to the development of new brain 

structures. 

Blair Hood's study group also included a 

number of educationally subnormal children (IQ 

below 75 and chronological ages between 10 years 

3 months and 15 years nine months), and a group of 

mentally defective supjects (chronological ages 

9 years 5 months to 41 years), who attended a 

training centre and received no normal educ

ational ·tuition. 

The criterion which Blair Hood adopted was 

the following: that both the subnormal and 

mentally defective children should show a greater 

degree of conceptualization than a normal group 

of compatible mental age, if the two former 

groups had profited significantly from the ex

periences \vhich accompanied their added years. 

Blair Hood, however, found that both groups had 

not progressed beyond the stage of development 

which in general was characteristic of the 

mental age at which they were fixated. While 

this finding strongly suggests that the level 

of cognitive development is heavily determined 

by the general level of maturation in the 

underlying brain structures of the subject, 

one should not, however, overlook the point 

tha·t these subjec·ts undoubtedly lived shelter-

ed lives owing to their handicap,and that they 

were subsequently not exposed to the variety 

or degree of stimulation common to the normal 

child. These reservations, while they are 

certainly I . .. 
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certainly important, do not detract entirely from 

Blair Hood 1 s conclusion that not mere age but 

"mental stature" is predominantly important in 

determining the subject•s level of cognitive 

development. Until the brain has matured 

sufficiently and operations have emerged, re

versibility of thought is not available to the 

subject and the Piagetean tests cannot be tackled 

with any degree of success. 

Blair Hood•s results are thus in strong 

confirmation of Piaget•s contentions, that certain 

broad trends of development characterize the grow

ing child. Since the study has been conducted on 

large numbers, and apparen·tly \vi th much precision 

and control, it must be considered as one important 

backing for Piaget•s contention of stages of 

development. 

Elkind {1961) has also reported a study on 

the development of number concepts, the conclusions 

of which are in staunch support of Piaget. Conduct

ing his experiment on similar lines to that of 

Piaget, he.administered Piaget's test of "additive 

composition of classes" to three groups of 

children ranging in chronological age from five to 

eight years. This test requires that the child 

simultaneously considers an object as an entity 

and as part of a larger whole. Elkind found that 

there was a marked shift from stage i to stage 

111 during the five to eight year old period. 

On the other hand,the percentage of stage 1 

responses dropped significantly from SO% at the 

five year level to 8% at the eight year level. 

The form \vhich these results take follows close-

ly the trend of development which Piaget pro-

poses, and suggests that this constitutes a 

critical period during which the brain structures,, 

basic to operational thought mature. Elkind•s 

study confirms still another aspect of Piaget's 

theory of concept formation. Reversibility, or 

mobility of thought is, according to Piaget, 

the ability to coordinate various aspects of 

the/ 
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the problem situation, and on this basis to de

duce the correct solution. Elkind has shovm in 

his study that prclogica.l children \ITere capable 

of formulating single opcrationsp but failed in 

co-ordinating or grouping these single operations 

into a logical whole. 

In evaluating these findings, however, the 

point should not be overlooked that the same 

difficulties 'irlhich vmre found to be inherent in 

Piaget's methodology are equally applicable to 

the above studies. The results certainly show 

a progression in scores with age, but one can 

neither deduce on the basis of this experimental 

procedure whether the growth sequence with age 

is invariant for every child, nor is it possible 

to state with any certainty what constitutes a 

specific stage of development. The degree of 

transition between one age level and the next 

may be calculated but there is no criterion as 

to what constitutes a stage, in terms of the 

divergence betv1cen one age level and the next. 

Even though the development is· not smoothly mono

tonic, can the pattern of results be analyzed 

into clear-cut. stages, or do the results simply 

fall in·to a pattern that may be represented by 

a line of progression which gradually expands 

with additional maturation? 

Wohlwill (1960) , considering the practical 

difficu,l ties involved in a longitudinal study, 

proposed that a scalogram analysis be applied 

to the results obtained from his cross-sectional 

approach. This analysis, he claimed, would give 

the same information about the developmental 

sequences as would a longitudinal study. A 

series of number tests, which were.specifically 

devised by Wohlwill for children at various 

developmental levels, was administered to each 

child. An analysis was then conducted on the 

pattern of successes and failures in order to 

determine Vlhether these results constituted an 

ordinal scale. corresponding to the ordering 

of I ... 
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of the tests themselves. Guttman's technique 

of scalogram analysis showed thu.t the results 

were scalable and that furthermore three clearly 

defined stages of development in number con

ception could be differentiated. These stages 

WohhAJ"ill has defined in ·terms closely analogous 

to Piaget•s description, suggesting a progression 

from perceptual to conceptual thought and a grow

ing propensity to reason in terms of abstract 

rather than concrete thought processes. Wohlwill 

considers, therefore, that the emergence of three 

broad trends of development, on the basis of 

results obtained on his tests, must be taken as 

an important confirmation of Piaget's theorectical 

contentions. There is little doubt that if Piagets 

theory is correct; the results of a child on a 

series of tests which vary in conceptual difficulty 

should fall clearly along an ordinal scale, and the 

application of such an analysis might be considered 

as an important statistical tool. 

The study which is the most relevant to the 

present thesis, and one that must be regarded as 

of considerable importance in the light of the 

Piagetean theory, is that conducted by Dodwell in 

Canada (Dodwell 1960 and 1962). Certainly within 

the area of number conception and probably within 

the entire framework of Piaget's work on cognition, 

this is one of the few replication studies which 

has been conducted in an attempt to study the 

stability or consistency of the child's responses 

on a series of tests appertaining to the same 

content area. There is a particular need for 

studies of this nature for several reasons. In 

the previous number studies which were quoted, 

we proposed as a criticism the inability to de

duce adequately, on the basis of the experi

mental design, what constitutes a stage and a 

significant progression from one step to the 

next. If it can be shovm ·that each child · 

responds consistently on tasks which are pro

posed as tests of a particular level of 

maturation, this should provide a fairly 

adequate I ... 
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adequate criterion that the child is functioning 

at a clearly definable stage in Piaget 1 s sense. 

Piaget•s theory implies that intelligence is a 

unitary or homogeneous capacity, so that the child 

at the concrete operational stage should function 

uniformly on all tests of cognitive development 

at this stage. Dodwell 1 s results are particularly 

interesting. He found that when five Piagetean 

number tests were administered to each child in 

a group of 250 children, composed of five to eight 

year olds, it appeared that a child could be in a 

stage one for one type of material and situation, 

and in stages two and three for the others. In 

other words, no general trend in the pattern of 

test results for any one child could be found. 

When Dodwell, however, calculated the number of 

questions answered correctly in any one group, he. 

found a direct relationship between the number of 

operational responses recorded and the age of the 

group. This finding is exactly comparable with 

the findings quoted in the previous studies. 

Dodwell 1 s experiment, however, sounds a strong 

note of warning against ruaking sweeping generaliz

ations fto..n the above studies. If Blair Hood and 

Elkind could come to the same general conclusions 

as Dodwell, predicting a sequential development on 

the basis of the average number of correct answers 

given in any one age group, and yet completely 

mask the fact that any one child at a given stage 

shows inconsistency in development, one can 

obviously only draw very limited conclusions from 

studies which employ a cross-sectional design of 

this nature. 

It is to some degree difficult to explain 

Dodwell 1 s results in terms of Piaget•s theory, 

for his study places considerable duress on the 

idea of a homogeneous or unitary level of 

maturation at any one period in the child 1 s life, 

a capacity which would allow for consistent 

functioning on all tests. Dodwell (1960) reports 

further interesting findings. For certain tests 

no I ... 
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no marked change was found between the five and 

eight year levels, whereas for others (conservation 

and unprovoked correspondence), a notable progres

sion was observable over this period• A third 

variation was found in the case of cardination-

ordination and seriation tests, where no clear 

trend could be defined at allo 

"Therefore, although a child could be assigned 

with a fair degree of assurance to one of the three 

categories for each test subgroup, there is no 

consistency of stages 'vithin individuals, nor are 
' 

the age trends similar for the dirfEirent subgroups" 

(Dodwell 1960 Po.Goe) o 

.A unique number study was undertaken by Price 

Williams (1961) in which he administered Piaget•s 

test of "Conservation of continuous and discontin-

uous numbers," to a group of illiterate Bush West 

African children in Central Nigeria. As far as 

could be assessed, these children ranged from five 

to eight years of age, and were divided into five 

groups, each comprising nine children. The results 

obtained from these groups appear to be clearly in 

line with those of Piaget, showing a general trend 

from perceptual to conceptual thought, with pro

gression in ageo Analysis of results show that a 

particular transition step can be discerned between 

the seven and eight year old groups, which would 

correspond well with Piaget•s finding that the con

crete operational stage emerges approximately at 

this age. It was noted in particular that the 

third stage children qualified their answers in 

terms of the operations which the experimenter had 

carried out in conducting the experiment. This 

would serve as a clear illustration of Piaget•s 

contention that an operation is an internalized 

action. The results of Price William 1 s study, lend 

themselves I ... 
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themselves to several interpretations, but it is 

clear that the tendency to develop from a rigid 

and concretistic way of thinking, to a reasoning 

characterized by reversibility and plasticity of 

thought, seems to be the product of increasing age 

in both literate and illiterate children,and large

ly attributable to a neurophysiological maturation. 

It seems to be this maturation which opens new 

horizons for the developing child, irrespective of 

·the cultural milieu. This study, \•Jhile interesting. 

must, however, be considered as limited in its im

plicationso The number of subjects in each group 

is small, and the investigator could only make a 

rough assessment of ·their age. Furthermore only 

two of the. Piagetean number tests vJere administered 

to each child, and ·an assumption purely on this 

basis is inadequatee Finally, we have little in

sight into the environmental stimulation which 

such children receive, the maternal codes or games 

which they playo The lack of schooling may well be 

compensated for by other forms of stimulation which 

constitute notions foreign to uso These are ques

tions on which only further investigation can shed 

any light. 

The above studies have all attempted to 

determine whether there are clear-cut sequential 

stages of development in the conception of number, 

and whether these may be related to the Piagetean 

model of conceptual development. In general the 

tone of these studies is one of confirmation but 

as was already pointed out, the experimental designs 

employed were with few exceptions, not adequate to 

confirm the original hypothesis. This makes inter

pretation particularly difficult and allows for 

ambiguities. 

Another trend of research which has been 

undertaken I 
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undertaken recently in the area of number conceP

tion, relates to the effects of training on the 

child's performance on·the Piagetean nwnber tests. 

These studies followed on a spate of criticisms 

that Piaget had failed to consider adequately the 

environmental effects on the development of number 

conception and particularly the effects of instruc

tion or trainingo A theory of fixed stages, these 

critics believed, was tainted too much with an 

element of predeterminism. In general, the studies 

undertaken made an atJcempt to determine whether the 

succession of stages could be ~ccelerated by the 

effects of training, and whether1 in fact, the 

sequence of stages remained invariant even when 

training was institutedo 

An early study of this type was conducted by 

Churchill (1955) in which she administered a series 

of Piaget's number tests to sixteen five year olds. 

On the basis of the scores obtained she divided 

Children into tWO groups, One Of VJhich WaS not seen 

till the end of the month, while the experimental 

group received training in number situations for 

an hour twice weekly. On the retest series the 

experimental children v1ere found to perform at a 

significantly higher level and to show a marked 

improvement over the control groupo Churchill 

interprets these findings as evidence that education 

and training in 'the specific area of number concepts 

itself,can accelerate the emergence of stages, and 

that invariance in the sequence of stages is not 

necessarily the code for every childo With the 

institution of proper training in number concepts, 

the child might pass from stage I to stage III: 

with no intervening period of development,. The 

study however is inconclusive on several points. 

Since Churchill reports on retest findings which 

Nere I ,.o .. 
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were obtained directly after the training was in

stituted in the experimental group, their marked 

improvement may well be attributed to a memory 
/ 

factor, and not representative of an underlying 

conceptual development. No follow-up study was 

introduced to test the stability of re·test scores 

in the experimental group. A consistency of per

formance would show that the intensive training 

programme did in fact accelerate the development of 

certain brain structures. In the second instance, 

these results may well be accounted :Eor by Piaget 1 s 

cognitive theory. Inherent in his principles of 

assimilation and accommodation there is the assum

tion that the more stimulation the child receives, 

the greater becomes the potentiality for responding 

adequately to such stimulation. Certainly this 

principle is only operative if the brain structures 

have matured adequately but once maturation has, 

occurred, the level of performance is very much 

determined by the environmental stimulation which 

the child encountersc 

A strong attack has been made recently by 

~ohst_~ {1963) on severc:tl tenets of Piaget 1 s 

theory, and particularly his failure to give ade

quate consideration to the effects of training on 

the conceptual development of the childo 11 It does 

seem," he says, "as if Piaget considers the environ

ment in which the child grows up as a relatively 

constant factor, a factor sine qua non, but not a 

very variable oneo 11 (Kohstamm 1963 P.Jih) Directing 

his attention specifically to the area of number · 

conception, Kohstamm conducted a study to investi

gate whether the child's performance on the test of 

additive composition of classes, would reveal spo

radic improvement when a training programme was 

instituted. A group of 60 five year olds were 

divided I . o. 
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divided into three groups, matched as far as possi

ble in age, sex and intelligence. To each group, 

a test of additive composition of classes was 

administered, but the test material itself differed 

for the three groups. ·Whereas the first group re

ceived only verbally presented classes, the second 

group was presented v;ith pictures which illustrated . 
the inclusion relationse The third group were given 

a set of Lege Blocks·' and were required to state 

the relations which existed between one class of 

blocks and anothere Training which was introduced 

during each session took the form of instructions 

and careful explanations as to the relations which 

existed between the tvJo classes involved.. A retest 

period was instituted directly after the training 

series for each of the three groups, but in addition 

a follow up study was conducted on the third group 

three weeks later, in order to test \Jhether the 

nev1ly acquired responses through training had been 

retained .. 

The results of Kohs·tamm 1 s study are particu

larly interesting. He found that the children in 

all three groups benefitted from the training 

procedures, but the percentage improvement varied 

'1.-Vith the type of training material. ~ .. s might be 

expected, the smallest percentage of improvement 

was found in the case of Group I children where 

presentation of the problem took the least concrete 

form. Particularly the Group III children appeared 

to have benefitted from the training programme an~ 

in addition, the follow-up study three weeks later 

showed a remarkable analogy to the retest scoresa 

This clear stability in improvement brought about 

by training,confirms the assumption that the changes 

brought about \·Jere conceptual in nature and related 

to a structural counterpart in the brain~ The 

results / 0 0 0. 
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results seem distinctly to show, then,, that the child 

who is trained on number concept tests will earlier 

show concept formation in this area thru~ the child 

who receives no training. 

While Piaget•s theory would make provision 

for improvement in conceptualization through in~ 

creased training, if, as was shown inthis and the 

previous study, a child can progress immediately 

from Stage I to Stage III as a res·ult of a short 

but intensive training, there is somethi~g 'to be 

said in favour of the criticism that Piaget_has not 

given adequate attention to environmental forces. 

However, there are several points that come t;o light 

in Kohsta1mns research which should not be ovex.-looked 

in considering the relevance·Of his conclusion~,.. In 

group one,the 11 success" children were found to b~ 

older than the ·res.t by a.n average of four months, 

but not more intelligent, according to the Piritner 

Cunningham Inte.].cligence Scale o In the second .group, 

the eight "success" children were on the average. 

not older than the remainder of the group, but their 

intelligence test scores revealed superior perfor~ 

mance in comparison to.the partial-success and non

success children~ Furthermore, even though six of 

the twenty children in Group one, and eight of the 

twenty children in Group two showed third stage 

responses after training, there were also a signi

ficant number. who shm·Jed only partial improvement, 

or no improvement at all. Although the author fails 

to consider this point, is it not possible to ex

plain these intricacies in terms of Piaget•s theory? 

In considering the six success children in Group I, 

one might hypothesise, that since these children were 

older than the remainder, the maturer brain struc

tures were more susceptible to environmental in-

fluences and hence training effectso In the case· 

of I 



-47-

of the second group, since the "success" children 

were also the most intelligent. though not signifi

cally older than the remainder, one might assume 

that these children "~:Jere characterized by a maturer 

mental stature, and so had a greater propensity to

vmrds responding to environmental stimula'ciono The 

extent of overlap which Kohstamm found in both 

groups one and tvlo must also signal a warning aga~nst 

accepting the predominant effects of training on 

conceptualization too readily. The question emerges 

as to what constitutes ·the basis of discrepancy be

tween those children v;ho receive training on tests 

and show improved conceptualization in this area, 

and those children v1ho receive the same training 

but show no trend in this directiono Since the 

environmental stimulation must be conoidered as a 

factor common to both groups, can one not attribute 

the differences noted ·to discrepancies in those in

built structures of the brain, which interact with 

this stimulation? The fact that some children do 

not benefit from training, may be indicative that 

brain structures, which underlie 2 concept of number, 

are not ready to assimilate and acco~nodate environ

mental stimulation in Piaget 's sense of the terms~ 

These, however, are only assumptions, and one inter

pretation of Kohstamm•s report. 

In conclusion, it is perhaps clear from Koh

stamm1s study that Piaget 1s tests do not necessarily 

tap the full extent of the child's conceptual devel

opment at any particular stage8 Certainly, in the 

case of the above study, a straightfo~\vard replica

tion study would have shown that many children were 

in stage one, whereas only a short ·training programme 

was sufficient to evoke third stage responses from a 

small group. An identical training resulted in no 

improvement in the remainder of tho subjects, who 

still/ ••• 
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still remained at the stage one level. It_ is clear 

that between these two groups of subjects,.there is 

a subtle difference, not elucidated by the Piagetean 

tests in their present form. This is perhaps as far 

as Kohstamm 1 s criticisms are valido At this stage; 

ho·wever, one cannot condo!!ke entirely his other cri

ticisms, that Piaget has not made place in his 

theory for the effects of excessive environmental 

stimulation. 

There are finally a few miscellaneous studies \ 

which may be considered .. Dodwell (1960), in a study 

conducted on 250 children found no significant sex 

differences when five number tests t..vere administered 

to the groupo In addition he related Socio-economic 

status to the childas score on several number tests 

but no significant difference was found between the 

three groups. These vJere consti tutGd by children 

whose fathers were professional workers, clerical 

and skilled tradesmen,and semi-skilled and unskilled 

tradesmen. There was;however, a trend towards higher 

number scores in children of the higher Socio-econo

mic groups.. Piaget*s theory favours such a finding, 

as the quality of the home environment determines 

the degree of environmental matchingo It is parti

cularly these latter implications of Piaget 1 s work, 

which require experimental investigationo Such 

research will provide further insight into the 

question of matching, and take into account such 

factors as the child 1 s relations with his parents 

and peers, and the extent to which these factors 

impinge on the cognitive development of the child. 

It may well be that the child 1 s personality as 
~ 

related to his earliest liaison with'others, can 

affect his conceptual development. These questions 

have as yet not been considered, but ·they may well 

provide interesting areas of researcho 

In I • 0 0 0 
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In concluding this section on the research 

ccnducted in this area of number conception, it 

might perhaps not be unfitting to say, that any 

fixed conclusions at this stage would be premature, 

studies appear both to confirm and reject Piaget's 

basic premises but discrepancies in the conclusions 

may frequently be related to the research design 

which has been adopted, or to the ·fact that 

different facets of Piaget's theory have been con-

s ide red. It does, hovJever, appear that the general 

trend of development Hhich Piaget predicts does 

receive support from replication studies. Whether 

clear-cut stages can be defined in this pattern, 

or whether the sequence of stages is invariant, is 

only a matter of conjecture at this point. Before 

any general conclusions can be dravm it is necessary 

also that replica·tion studies undertaken in the area 

of space and time conception, be considered. 

B. SPACE CONCEPTION AND RELATED RESEAl1CH. 

Piaget's book on the child's conception of 

space (1956) presents more clearly thnn any of his 

other content books the basic premises of his theory, 

making particular reference to the stage of concrete 

operations. It might Hell be taken as the chief 

source book for a clear understanding of the 

concrete operational stage, and while the theoretical 

contentions are directly applicable to spatial con

ception, the course of cognitive development which 

Piaget describes may vJell be taken as representative 

of operational development in general. For this 

reason, it is intended to give more emphasis to the 

theoretical details of the book than v1e sha.ll do 

either in the case of number or time conception. 

According I . o o 
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According to Piaget, the adultns ~onception 

of space is dependent on the evolvement of adequate 

operations. These operations are, in short, internal

ized actions, which, as a result of maturation of 

brain structures, are capable of co-ordination and 

hence the mobility of thought which results. Their 

origin is therefore identical to that of operations 

underlying time and nunilier conception.. vfuile space, 

number and time concep·ts are comparable on this basis, 

they differ markedly with regards to the nature of 

their underlying operations. Piaget 1 s theory requires 

that a child who has developed a concept of number 

must at any one instance be able to relate an object 

to a particular class, and simultaneously consider 

that object as an entity with properties of its own. 

The operations underlying space, hov;ever, "deal with 

part - whole inclusions for a single object" (Piaget 

1956). In other words, the object is not related to 

a class of objects with which it shares certain 

common elements, but is rather considered as part 

of the spatial field. existing in particular re

lationship to other constituent parts of the field. 

While these operations are clearly different in 

character, their development is, according to Piaget, 

exactly parallel, and for this reason they e~rge 

at approximately the same time in the life of every 

child. 

Piaget 1 s work on the concept of space is cha

racterized by an at·tempt to show that spatial con

cepts develop gradually in sequential stages, common 

to all childreno Spatial conception is, therefore, 

not an immediate product present from birth which, 

hmdever,one fails to tap until adequate tests are 

put to the child o This latter vie"'' is held by the 
~ 

Gestah.l·tists who, it is interesting ·to note, cond•.1cted 

experiments exclusively on adultso From their research, 

in I ...... 
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in which Euclidean concepts were detected in their 

subjects, they concluded that this mature or ad

vanced conception had existed since birth and 

underwent no particular change during the course 

of the child 1 s development~ Piaget, on the other 

hand, is resolute in his belief that the earliest 

concept of space is not euclidean at all, but that 

each child passes from the earliest stage of spatial 

perception, during v1hich he judges the spatial cha

racteristics of the object entirely on the basis of 

what he can see 1 to a stage of spatial conception 

which is characterized by operational thought. 

Consider a number of objects which must be placed 

in perspective$ Spatial conception can only come 

about provided there is co-ordination bet\'Jeen the 

internalized images related to these objects in the 

spatial field,on the basis of which the child may 

discriminate one viewpoint from other irrelevancies. 

This perfect co-ordination occurs only at the stage 

of concrete operations when the brain structures are 

sufficiently mature and there is perfect equilibrium 

between internalized actions already existent and 

those which are being internalizedo In the case of 

a single object (topological space), the shape is 

also gradually abstracted as a result of a great 

deal of activity on the part of the childo Only 

on this basis are various aspects of the figure, 

its contour, shape and size synthesized into a 

meaningful wholeo This is the result of a sporadic 

process of development extending over several yearso 

The picture of spatial development which Piaget 

has constructed shows clearly that he is an exponent 

of a development in clear-cut stagea. It is certain

ly a theory which takes diametrically the opposite 

viewpoint to that adopted by the Gestahltists. 

However, it seems that several reservations·should 

be I 
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be made before drawing a sharp line between Piaget•s 

treatment of spatial conception on the one hand and 

that of the Gestahltists on the other. The following 

statement of Piaget 1 s may be considered (1956 Po 

459). "Thus sub logical operations vJhose structure 

is based on proximity rather than similarity, as is 

that of logical operations, lead to Jche formation 

of continuous unitary schemata. In other words, 

they lead to complete and continuous spaces, whereas 

logico-arithmetical operations lead to discrete 

wholes ••• " From this statement"- it is possible to 

deduce that both Piaget and the Gestahltists have a 

very similar idea of the final structure underlying 

the adult conception of space. Whereas the Gestahl

tists believe that Gestahlten or wholenesses iso

morphic to the object constitute the brain structures 

underlying its spatial conception, Piaget 1 s theory 

suggests that as the child progresses to an adult 

level, the logical operations which underlie his 

concept of space also tend more and more towards 

the formation of unit::try schemata or wholenesses 

in the Gestahltist 1 s sense~ Certainly Piaget would 

not concede that these unitary schemata are present 

from birth, but his theory of adult space conception 

is in some important respects compatible with that 

of the Gestahltistso 

In concluding this discussion, it is perhaps 

of relevance to note that Piaget stresses the 

fundamental importance of sensory motor activity for 

adequate development of spatial conception, far 

more than he emphasizes the importance of this , 
activity in either his time or number bookso It is 

this activity which he considers as the fountain 

head. underlying operations fundamental to spatial 

conceptualizationo It might well be that discre

pancies. which were noted in the present study, 

between number, space and time tests, relate 

pertinently I ... 
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pertinently to this point. 

RELEVANT STUDIES ON SPACE CONCEPTION. 

While Piaget has devoted much time to a pract

ical application of his theory in this area of 

cognition, many of his premises require confirma

tion from sources other than his own immediate 

studies. 

It is a remarkable fact that Piaget 1 s work in 

this field has only recently evoked any interest, 

and the only fruitful studies have been confined to 

British research workers. The studies which are of 

relevance to the present thesis all follow the lines 

of a replication of Piaget's original testing pro

gramme. The tendency in research has been to deter

mine whether in fact a concept of space develops in 

the clear-cut stages which Piaget defines~ and whether 

elementary topological notions precede a euclidean 

concept of space. As far as could be determined only 

three studies of consequence, that by Lovell et al 

(1959) E. Peel (1959) and Cowley and Murray (1962}, 

have been published in English during the last few 

years. These will be considered in some detail. ' 

Lovell et al (1959) conducted a large scale 

study on 150 children, 75 of each sex, ranging in 

age from three years to five years eight months. 

To each child he administered six Piagetean space 

tests, as reported in Piaget 1 s book on spatial con

ception, making only a few amendment.s where neces

sary. The major hypothesis which Lovell proposed 

to test was whether topological properties and re

lations were earlier detected by children than 

euclidean properties and relations. This would 

follow directly from Piaget 1 s theoretical conten

tions. On four of the six tests Piaget•s hypothesis 

was confirmed. Topological shapes. v1ere more readily 

constructed I ... 
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constructed and identified than euclidean relations. 

A rank order for difficulty of items was calculated 

in the case of each test and the relative difficulty 

of items found to remain almost the same from group 

to groupo Within each age group,topological pro

blems.·· appeared to be easier than euclidean problems. 

On two of the tests, however, that of 11 elementary 

spatial relations 11 and "perspective of a straight 

line", Lovell distinguished several discrepancies 

between their findings and those of Piaget.. In the 

case of "elementary spatial relations:• the drawing of 

euclidean properties was found to be significantly 

more difficult ,than the drawing of topological pro

perties. However, the construction of figures was 

found to be easier for children than the drawing of 

these, and this trend vJas found applicable to figures 

of both euclidean and topological character. Piaget 

has made no provision in his theory for this find

ing~ The authors themselves offer no explanation 

for this trend, and from the form of the test results 

it is difficult to make further deductions~ It should 

be taken in account however, that the children, even 

those in the third group, were very young and that 

the authors might be tapping purely the motor diffi

culties which are common to very young children .. 

Lack of experience with a pencil, and poor muscle 

control may well account for this findingo 

In the test of "perspective of a straight 

line," Lovell found a consistent improvement in 

performance with age, on all sections of the test, 

and this finding is in line with Piaget 1 s theorya 

Two points of discrepancy were,however,noted. In 

the case of some children, a good straight line could 

be constructed in one or two subsections of the test, 

but on the remaining two, performance was poor and 

not in line with the p~edicted outcomeo Thus, for 

example I .... 
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example, a child might construct a line in perspect

ive between two end poles mounted midway on adjacent 

sides of a rectangular table, but fail to construct 

such a line when the two outside matchsticks were 

placed at the end of a chord of a round table. 

This finding is difficult to reconcile with Piaget•s 

theory, for if a child has attained operational 

reasoning, this should be employed on all subsections 

of the test, provided that Piaget's concept of a 

homogeneous intelligence is valido. The presenta

tion of LovellRs results and his experimental design 

make it difficult to demarcate clear-cut stages of 

development in Piaget 1 s sense, but his general find

ing that topological concepts are found consistently 

earlier than euclidean concepts at all age groups, 

must be considered as an important step towards the 

confirmation of Piaget 1 s theory. 

The article of Peel {1959) is unfortunately 

only a short extract of a large unpublished study 

undertaken recently to investigat~ the development 

of spatial conception on the basis of the Piagetean 

tests. In this article, the work of two co-workers 

is of particular relevance to the present hypothesis. 

The first of these research studies is that conducted 

by Page, who administered a test of "elementary spa

tial relations", to 60 children aged three to eight 

years. The results obtained are clearly in support 

of Piaget 1 s contention that children 1 s drawings do 

progress with age, and that specific spatial concepts 

are correlated with certain clearly defined age levels. 

In addition, when Guttmans technique of scalogram 

analysis was applied to the results, the coefficient 

of.reproducibility: was found to;be significant. 

This implies that the results constitute an ordinal 

scale which corresponds exactly with the age scale. 

Roughly four zones of demarcation were noted in the 

scale, and these correspond significantly with the 

phases Piaget suggests. The concrete operational 

stage I ... 
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stage Page puts at 6.7 - 7o7 years of age, which 

corresponds well with ';!hat Piaget foundo 

Another study by Ferns, which is also reported 

briefly in Peel 1 s article,is again in support of 

Piaget's contentions. The results of this study 

conducted on fifty five children of the same age as 

Page 1 s sample, t,~~Jere clearly in support of the hypo

thesis. that topological shapes are recognised with 

less difficulty than euclidean shapeso Ferns put 

for~wOrd an interesting explanation of the general 

trend which she found in her studieso 

"We may put it in another way", she says "that 

geometrical abstractions implied in the straight line, 

in the angle, and in dimensions are not appreciated 

by young children, until the more primitive percep

tual forms. possibly closely connected v!ith the 

more undifferentiated rnovements anc1 vision the young 

child is capable of exercising, have been experienced" 

(Peel 1959 P. 90)o This suggests that as the child 

progresses in age, he responds less and less to the 

situation in its globality, but differentiates 

specific aspects to which he respond&This last 

concept is a particularly interesting one and one 

that might well account for the tendency to recog

nise relationships of proximity, order, enclosure 

and continuity, before the metric relationships,/ 

fundamental to a conception of euclidean space. 

An interesting study is reported by Cowley 

and Murray (1962) in which a battery of spatial 

tests, devised by Piaget, was administered to a 

group of white South African and Zulu childrena 

The Zulu children were ra~domly dravm from Sub A 

to standard five, and the Whites were a random 

sample taken from standard one to standard five 

classeso The children were examined on those tests 

devised to investigate the child 1 s conception of 

topological, projective and euclidean space. Each 

test/ .... 
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test was composed of a number of subtests and the 

procedure followed was as close to that of Piaget 

as possible. The results obtained by thG group of 

Whites were found to bG significantly related to 

those obtained by Piaget•s subjectso In addition, 

each child could be readily assigned to one of the 

stages defined by Piaget and Inhelder. On the other 

hand,an analysis of results obtained by the Zulu 

children: revealed that these stages appeared to 

evolve later in this group than in the case of the 

White childreno There are two points to be con

sidered in an evaluation of this conclusion. The 

results are reported in terms of the children scor

ing above and below the mean score of the group. 

While from these scores it is possible to detect 

a significant increase with age in the number of 

children scoring above the mean, and a correlative 

decrease in the number of children scoring below 

.the mean; it is not evident from the statistical. 

procedure employed to what degree the children's 

results relate to clear-cut sequential stages of 

development~ In the second place, although child-

ren of the same age were compared, several of the 

Zulu children were in sub A and SUb B whereas the. 

\~ite south African children were initially drawn 

from standard one. Therefore, it is clear that 

children of the same age were compared but not 

necessarily drawn from the same school standarda 

The results may well be attributable to the possi

bility that environmental matching is not as ade

quate in the case of Zulu children as it is with the 

~lliite group. Since Piaget stresses repeatedly that 

inadequacy of environmental stimulation results in a 

retardation in development, and hence a slowing down 

in the succession of stages, one would expect to find 

results in the direction of those of Cowley and Murray. 

The I . •"• 
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The operant question, however, is vJhether results 
t 

fall into the consecutive stages which Piaget de-

fines o The results of Cowley and Il!.urray in their 

present form do not lend themselves to deductions 

along these l.ines. However, the fact that the V.thi te 

children are in advance of the Zulu group may be 

considered as contributing adequately to Piaget's 

thesis of the importance of adequate environmental 

matching for conceptualizationo 

In concluding this brief section,it should be 

noted that study in this field is still very limited 

and that no adequate conclusion can be drawn in either 

direction. While these studies lend brief support 

to Piaget 1s contentions that topological relations 

are earlier detected by the child than euclidean 

properties,not one of the research projects has been 

reported in sufficient detail to deduce whether there 

are clearly defined stages of cognitive development 

in spatial conceptiono While these studies 

strongly support Piaget•s contention that spatial 

conception undergoes a process of gradual develop

ment, and that spatial cognition at the adult level 

is not a ready-made product, it must still be 

determined whether the pre-history \'lhich Piaget 

defines,follows precisely the course that he has 

stipulated. 

C., TII'ffi CONCEPTION M-ID RELATED STUDIES.o 

The position which Piaget has adopted in the 

study of time conception is one that is so novel 

and in such contrast ·to the tenor of work already 

conducted in this field that particular considera

tion must be given to his point of viev.r. 

Prior to the publication of Piaget*s 11 La 

Genese du Temps chez L 1 Enfant (1946) and even 

subsequent to this date, time studies were essentially 

devoted I o o • 
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devoted to the development of the child's understand

ing of time estimation and the develdpment of time 

knowledge. Large scale studies (Ames C 1946.], 

Oakden [1922], Bradley [1947],) were conducted in 

an attempt to pin-point the precise ages at wpich 

the most fundamental facets of time knowledge 

emerged, and to establish a generalized pattern of 

time development characteristic of every child. 

While Piaget adopted a developmental approach, his 

interest lay fundamentally in the growth·and emer

gence of time conceptsQ The development of time he 

related directly to maturation of underlying brain 

structures, and owing to this inception he considered 

that the concept of time in any child emerges in 

fixed and clear-cut sequential stageso The study 

of time knowledge, which can well be attributed to 

experience and training, is therefore clearly to be 

differentiated from the Piagetean approach. 

According to Piaget, the·child 1 s earliest 

notion of time relates directly to those activities 

which he carries out in relation to his environmento 

In the earliest years, these activities serve as 

concrete anchorages to which the child*s primitive 

ideas of time are linkedo It is only with increas

ing age that these notions come to exist independ

ently and as detached from supporting activityo 

The child's earliest concept of time, then, would 

relate to his feeding Schedule, and the activity 

which he carries out at successive intervals in 

relation to this scheduleo Related to these 

events, notions of anticipation will occur, so that 

the child will often start to cry shortly preceding 

the usual feeding time or display characteristic 

oral movementso This muscular and motor activity 

is later suppl·emented by eye movements, all of which 

contribute to the sensori-motor activity inherent in 

what / ••• 
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what Piaget calls the first or sensori-motor stageo 

Already during the sensori--motor period the child •s 

actions are internalized but as yet no co-ordina- . 

tion exists between Jchem. On account of this lack 

of co-ordination during the sensori-motor period, 

and to a lesser extent in the periods intermeqiate 

between the sensori-motor and concrete operational 

stages, the child 1 s idea of time is almost exclusive

ly dependent upon the perceptual nature of the sti

mulus situation. To take only one example,one might 

consider the judgement made by the pre-operational 

child in the experiment devised by Piaget to test 

the child 1 s ability to discriminate spatial from 

temporal intervals (Exp. 2 in our study). If the 

tester races a toy dog and rabbit in such a way 

that their running times are identical but the dog 

is brought to a halt beyond the rabbit,the pre

operational child will confidently assert that the 

dog has run for a longer time than the rabbit, and 

this reasoning is determined by the inunediately 

structured perceptual field. The pre-operational 

child centres his entire attention on one aspect 

of the situation namely the final position of the 

dog and rabbit, and is unable to co-ordinate the 

various conditions preceding or contributing to 

the end result. It is characteristic of all the 

Piagetean time tests that they tap the child's 

capacity to differentiate the perceptual cues,which 

are spatial in orientation,from the temporal quali

ties of the situation. These latter qualities 

can be deduced only from a simultaneous considera

tion of various aspects of the test situation. 

According to Piaget, however, it is.only with 

advance in age and maturation that perceptual cues 

take a secondary place, and with increase in logical 

reasoning there goes a tendency to consider the 

situation as a whole, and no longer to centre 

attention I .. ... 
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attention exclusively on one aspect of the stimulus 

configurationo Moreover, whereas only rigid thought 

processes can emerge from perceptual cues, the 

child's reasoning becomes increasingly more mobile 

as the importance of these cues dimishes and co

ordination between internalized actions becomes 

increasingly predominant. 

Thus Piaget•s treatment of the development 

of time conceptualization in the child is, in fact, 

one further application of his general theory of 

concept formation~ This development takes a course 

closely parallel to that followed by number and 

space concepts, and from Piaget's theory. it is 

implicit that three broad stages of cognitive 

development which ~merge during ontogenesis,evolve 

at approximately the same time in the life of the 

child in all three areas of cogni~iono It follows 

then, that a closely parallel pattern of develop

ment should be noted in space, time, and number 

conceptualization for one and the same childG 

The question arises at this point vvhether, 

particularly in the development of time concept

ualization, cognitive determinants can be evaluated 

as of prime importance to the exclusion of affective 

variables. It is, perhaps, the concept of time 

which has a closer relationship than either con

cepts of space or n~ur~cr to the personality of 

the child. To some extent, there is evidence for 

this point in the case of mentally disturbed 

patients. Distortions with regard to time are 

more frequently found in mental disorders or 

personality defects,than are distortions of space 

or number.. The time sense. has been found to 

alter in various mental disturbances, depersonali

zation, obsessional neurosis, depression and 

schizophrenia. If the development of time concepts 

as I eeG 
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as traced by Piaget is considered,one becomes less 

hesitant in understanding this phenomenon. 

According to Piaget time concepts , like concepts 

of number and space, emerge from the in·ternaliza

tion of actions.. There is little dotilit that, in 

the case of time, these activities relate directly 

to experiences with individuals (mother or nurse) 

who constitute major poles in the development of 

his personality.. It might therefore be expected 

that an adequate liaison between mother and infant, 

during the earliest rnonths,l is of fundamental im

portance to an adequate concept of timeo Distur

bances in this early relationship might 1tJell lead 

to distortions in many areas of the child's func-

tioning and certainly permeate the child.1 s temporal 

fielde As Piaget points out repeatedly, an ade

quately stimulating environment is fundamental to 

conceptualization in any area, but there seems to 

be a subtle difference in the character of this 

environment in the case of time concepts on the 

one hand, and space and number concepts on the 

other.. As regards the latter concepts, an 

"adequate environment:'may b~ considered as synono

mous with an adequate "objective environment" .. 

The development of a concept of space and number 

demands an environment sufficiently enriched with 

objects such as toys, in relation to which he may 

conduct the activity \·Jhich becomes inte.rnalized 

and later co-ordinated with other internalized 

actions.. There is clearly a difference between 

this impersonal environment ?nd the environment 

provided by the intimate personal relationship 
-·- ~ 

between mother·and child which appeC!;rS to be 

fundamental to an adequate development of time 

conception .. It is important_to note that Piaget 

has failed to take cognizance of this distinction. 

He I ..... 
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He has ignored subtle personality differences in 

determining the growth and development of time 

concepts, variables 'i:!hich., in the present study 

appear to have exercized considerable weight. It 

is possible that certain 'discrepancies between 

number, space,and time tests may be related to this 

point. This shall be considered later in the 

discussion of results.. For the present, one can ask 

whether affective variables cannot camouflage, 

partially, the underlying pattern of clear-cut 

stages in cognitive development. 

In considering these questions it is difficult 

to ward off hasty conclusions,but at no time should 

Piaget's original claims and intentions be overlooked. 

Since Piaget's interest lies predominantly in devel

opmental epistemology, his research has been directed 

exclusively to the development of man 1 s cognitive 

functioning. 

It is difficult to criticize the procedure fre-

quently adopted of dealing thoroughly with only one 

facet of a large behavioural field& Several areas 

lend themselves to a treatment of this nature, but 

particularly in the study of time conceptualization, 

the cognitive,and non-cognitive or affective aspects 

seem to be so interlaced,that one may question the 

validity of considering these contributing factors 

in isolation. 

RELEV~~T STUDIES ON TIME CONCEPTION. 

Piaget's experimental approach,and the repli

cation studies vJhich have been undertaken in the 

area of time conception,must be distinguished from 

two alternative and concurrent trends in the field 

of research. Since Piaget has centred his attention 

primarily on the cognitive determinants of time, the 

tests which he has devised and the interpretations 

made I . o. 
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made,relate predominantly to this considerationo On 

the other hand,research is still undertaken following 

the lines of Ames (1946) and Bradley (1947), where 

experiments have been directed to the study of time 

knowledge in childreno A second trend, and one that 

particularly in recent times has· been gaining in 

impetus,relates to the effects which personality 

variables may exert on the individual~ concept of 

time. 

A fact which emerges from the survey of work 

conducted in this area. is that the Piagetean approach 

to time development has not evoked particular interest. 

The practical difficulties involved have no doubt re-

tarded research to some extent. Children must be 

tested individually, and the tests· which have been 

devised are so long that a considerable time is re

quired to administer even a small batteryo In the 

second place, it seems that the effects of personality 

variables on time development have evoked more interest 

and independent research than considerations of cog

nitive determinantso Nevertheless several studies have 

been reported which are of immediate relevance to 

Piaget~s theoryo 

Lovell and Slater (1960), following closely the 

procedure of Piaget, selected six time tests and 

administered these to a group of children aged five to 

nine years. These included tests which investigated 

the child 1 s concept of age, his grm·Jth of awareness 

of subjective time, his ability to judge synchronous 

time intervals as equal, and tests itJhich investigated 

the degree to which the child is able to differentiate 

spatial from temporal intervalso Results show" that 

an increasing n~~er of children at each progressive 

age group are able to.solve time testso This is in 

agreement with Piage·t•s hypothesise r·t is unfortunate 

that the presentation of results as in many studies 

of I .0, 
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of cognition makes further interpretations and pre

dictions impossibleo It is axiomatic that the .ability 

to solve any task, whatever its nature, will increase 

with age. The important question is what constitutes 

a significant increase from one age group to the 

nexto Furthermore in this ptudy, as in the case of 

nearly every other replication study, no statistical 

tool is employed, and assumptions are made from a' 

brief perusal of recorded test scores6 The authors, 

hovJever, make several points of interest.. From 

their study emerges the fact that some time tests 

are solved with greater facility than others by the 

group generallyft Thus, on the tests devised to study 

the child 1 s concept of age and the test of synchronous 

time intervals, there vJas a clear progress in the 

number of successful subjects with age. On the other 

hand, on the task devised to test the child 1 s ability 

to differentiate spatial and temporal intervals, this 

clear-cut progress is less easily detected and it 

appears that even at the nine year level, a fair 

percentage of children still fail to give an adequate 

responseo From these results it seems clear that a 

certain degree of variance between scores obtained 

on a battery of time tests will be found in the 

case of individual childreno This finding which 

corresponds significantly with what was found in the 

present study, is difficult to reconcile with the 

Piagetean hypothesis. For if maturation of brain 

structures provides~a general capacity which 

underlies conceptualization as a whole, hov.J would 

Piaget account for the fact that one and the same 

child can solve certain logical premises and fail 

on otherso As already indicated,the design and 

statistical procedure employed by Lovell and Slater 

prevent one from stating whether each child passes 

through a fixed sequence of stages, such as Piaget 

proposes I 
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proposes, or to stipulate the degree of inconsistency 

which exists between a battery of time tests when 

administered to one and the same child. 

several points have emerged from early studies 

of Ames (1946) 1 and Bradley (1947). which are of some 

relevance to Piaget 1 s findings. ~~es concluded from 

her study that critical ages could be defined, at 

which common time concepts emerged, and that these 

concepts came into use in a relatively uniform se

quence from child to chfld,and at a.bout the same 

relative stage in the life of every child. Ames 

attributed thjs phenomenon to maturation of brain 

structures which enables the child to master certain 

facets of time knowledge and exercise this relevantly. 

The tests, however, do not attempt to tap conceptual 

thought in the Piage·tean sense, but take the form of 

questions which determine the extent of the child's 

time knowledgeo In appraising the significance of 

this finding for Piaget's work, it must not be over

looked that the critical period of development which 

Ames sets at the six to seven year level corresponds 

also with the child 1 s first year at school, during 

which particular attention is directed to the child's 

age, and a ·good deal of instruction is given on the 

most common notions of time. This ma.y well be the 

principal explanation, underlying the trend which 

Bradley (1947), Ames (1946). and Oakden and Sturt 

(1922) have foundo 

The studies on time conception that are of 

immediate relevance to Piaget•s theory of cognition 

are so few, and the implications v1hich follow from 

these so limited, tha.t to draw conclusions on this 

basis would only be presumptuouso It appears par

ticularly within recent years that Piaget 1 s theory 

of time conception is being faced with a powerful 

challengeo More and more attempts are being made to 

substantiate /.oo 
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substantiate that time conception is affectively bound, 

and if this is so, time cognition may not follow the 

fixed course Piage·t has outlined for every child. 

But it is clear that this is not an "either-or" pro

blem. It seems hardly feasible, that time is exclu

sively the product of affective variables on the one 

hand,or cognitive variables on the other. There is 

surely an interaction of both. The importance of 

research along the Piagetean lines can therefore 

not be stressed enougho If the cognitive aspect of 

time is to be studied, one can only hope for better 

Piagetean replication studies, better experimental 

control and better statistical. analysis in the 

the near futu:re. 

De MISCELLANEOUS STUDIES. 

While we have primarily been concerned with 

research that has relevance to Piaget 1 s work on the 

development of number; time and space concepts, there 

is one further line of study which has significant 

implications for the present hypotheseso This relates 

to the important work that has recently been conducted 

to investigate the nature of concept formation itselfe 

Of specific interest are those projects which propose 

to determine whether concepts develop in the clear-cut 

sequential stages which Piaget hypothesizes, and whether 

these stages correspond to those which Piaget has found 

in his research .. 

One of the most recent contributions to our 

understanding of concept formation has been made by 

Bruner and his collaborators. (1964)D On account of the 

modern techniques which these workers have used in 

their studies, and because their work enhanGes so much 

of what is fundamental to Piaget's research, it is 

necessary to consider the areas of overlap which have 

emerged and in addition to note interesting points of 

discrepancy. 
Bruners 1 s I . ... 
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Bruner's theory of concept formation is similar 

to Piaget's cognitive theory on a number of very 

fundamental points. Bruner's research has also been 

consequential upon his accepting a theory of clear

cut stages of development which emerge in a fixed 

and predetermined sequence in the life of.every childo 

These stages correspond exactly to Piaget1 s four stages 

of sensori-motor, intuitive, concrete operational and 

formal operational development. In addition both 

authors state that ·at these four critical stages 

models of the world are created by actions, imagery, 
\ 

symbols and propositions respectivelyo Thus Bruner's 

description of the origin and nature of concepts, 

the internalization of actions, the gradual trend 

tovJards greater co-ordination between such internal

ized actions, and their tendency towards total revers

ibility .. , characterized by an intellect based on pro-

. positions, i.$'. in every respect analogous to that of 

Piaget. On the basis of this research Bruner also 

supports the contention that concepts develop spora

dically and are immediately dependent upon an adequate 

maturation of underlying brain structures. ·This idea 

he embodies in the following statement (Bruner 1964 

p 13 "The growth of intellect is not smoothly 

monotonic. Rather it moves forward in spurts and 

innovations". 

One important point of discrepancy. must, how

ever, be noted between the two respective theorieso 

While both theorists come to identical conclusions, 

Bruner tends to stress the learned aspects which 

determine concept formation, whereas Piaget tends to 

emphasize the innate factors fundamental to conceptual

izationo This is certainly not to say that' either 

' author gives theoretically less significance to en-

vironmental or constitutional factors, but in·his 

interpretations, Piaget tends to stress the child's 

inherited potential whereas Brune.r gives prominence 

to I .,0 
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to environmental determinants. The fact that Bruner, 

on the basis of techniques very different from those 

of Piaget, has traced a course of cognitive develop

ment that is in many ways analogous to that which 

Piaget puts forward,must be considered as constitut-

ing an important step towards the validation of Piaget 1 s 

work. 

In a recent book by Harvey, Hunt and Schroder 

(1961), dealing with the nature, origin and develop

ment of concepts, a number ot important p9ints have 

emerged in support of Piaget 1 s contentions. These 

workers, on the basis of their research, conclude that 

concepts develop "saccadically" or.. in spurts .and 

jumps,and that clear-cut stages can be differentiated 

in the course of the child's development$ They also 

assert that concepts develop as a result of the 

interaction between the individual and the environment. 

The maturational determinants which constitute the 

genic counterpart are responsible for the initial 

placing of end points within which the child at any 

one stage is capable of functioning; while the train

ing conditions stipulate the precise position of the 

child within these brackets. These workers, like 

Piaget and Bruner 1 also distinguish four stages of 

development,and while they do not attempt to link 

these stages to particular ages, they stipulate that 

conceptual development must proceed from thinking that 

is concrete or rigid,to reasoning of a more abstract 

kind, and that until the former is mastered formal 

or abstract concepts based on propositions cannot 

emerge. There are further miscellaneous points of 

analogy:- concepts only emerge as a result of adequate 

co-ordination between internalized actions, and in 

addition, conceptual development is accompanied by 

progressive decentrations on the part of the child, 

until such time that the object and situation are 

considered I. o o 
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considered as something independent and unrelated to 

the self. 

Harvey and his collaborators have in addition 

focused specific attention on the effects which 

motivational variables exert on cognitive development, 

and in this respect their work takes a line of 

departure from that of Piaget., The affective vari

ables which they consider~are those which relate 

particularly to the relationship between the subject 

and the experimenter, ·the rapport ·v1hich exists be

tween them, the results of increased motivation as 

a result of rewarding adequate behaviour 1 the effects 

of relating these tests to different criteria, encour

agement of alternative solutions to problems and 

effects of enhancing the child 1 s mvn self-esteem. 

These authors found that, particularly after the 

second stage, these situational variables played an 

important role in determining the child's responseo 

"It should be emphasized again'~ they state,"that 

stages of development interact with specific training 

conditions, so that functioning at one stage differs 

from functioning at another stage" regardless of 

training, and functioning at a given stage differs 

according to the nature of the training method .. 

(Harvey, Hunt and Schroder 1961 P. 156). These 

results are difficult to integrate with Piaget's 

view that motivation is inextricably bound with 

cognition 1. so that the one cannot be considered in

dependently of the other~ 

A further support for Piaget 1 s notion that con

cepts develop in stages comes from the work of Erwin 

(1960)., She found thaJc children who received training 

on tasks in which the underlying operations related to 

conceptual functioning beyond their stage of cognitive 

development, failed to solve a test parallelo Thus 

training had no obvious effectso Erwin accepted 

this/.,. o 
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this evidence as sufficient to shovl that the level of 

any child remained constant until further maturation 

took place, and that such stages followed one upon 

the other in a fixed and predetermined sequence~ 

One of the most important aspects of a concept 

according to a definition which Piaget formulated, is 

the growing ability in the child to consider various 

different points of view simultaneously,on the basis 

of which deductions can be made. This ability deter

mines that the child is not confined to the present 

stimulus situation alone, but can co-ordinate various 

perspectives gained from the current as well as pre

vious experiencese The work conducted by Lee Yudin 

(1959) using formal operational children" supports 

this latter contention.. He found that t\velve year 

olds were far less efficient than sixteen year olds 

in remembering .previous guesses and so being able 

to check them with their current replies. In the case 

of older children,confirmation and infirmation was pos

sible by virtue of the fact that previous replies 

could be related to more immediate oneso Thus the 

older children were able to co-ordinate a larger 

number of viewpoints than the younger subjects,a 

fact which both Piaget and Lee Yudin attribute to the 

level of greater maturity in the brain structures of 

the older childo 

It appears ,then,from the above studies, that 

particularly in recent times there has been weighty 

evidence in support of Piaget's theory of cognitive 

development. The evidence relates particularly to the 

intrinsic nature of concepts themselves and to the 

child's characteristic functioning at each develop

mental stage. 

It is on this optimistic point that we turn to 

the present study. 
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SECTION IIo 

Voa., Aim~-

The aim of the present study is to 

test twO"·major hypotheses deriving from 

Jean Piaget•s theory of cognitive developmento 

These may be stated as folloNs::-

Io The child at the concrete opera

tional stage functions at a consistent or 

homogeneous level within any one area of 

cognition, either of number, space or timeo 

IIo A general level of_cognitive func

tioning may be established at '.'lhich each child 

responds on all three areas of number, space,and 

timeo The level at which the child responds 

within one content area is, therefore, identical 

to the level of functioning which characterizes 

his cognition within other areas .. 
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b. Subjectsg 

The study was conducted on 60 primary school 

children, two of whom vJere eliminat.ed during the course 

of testing owing to illness. The subjects were all 

girls in order to eliminate the sex variable,and the 

age range of the group extended from 5 yrso 11 months 

to 9 yrse 11 months. Since Piaget considers that the 

concrete operational stage emerges generally at the 

seven to eight year period, it was hoved by selecting 

children slightly belm·; and above this age level, 

that the sample selected would constitute concrete 

operational children. The children \vere drawn from 

school standards Sub A to Standard ·tivO; twenty two 

from Sub A, fifteen from Sub B and standard one res

pectively, and a small group of eight from standard 

~wo. Owing to the length of the tests, the study was 

confined to a small number of children and consequently 

an attempt was made to select as homogeneous a group 

as possible. Since Piaget's tests are predominantly 

tests of cognition, it v1as decided that the basis for 

homogeneity_ should be the level of mental maturity 

in each childo Teachers in the three Sub A classes, 

the two Sub B, two standard one and two standard two 

classes were therefore asked to select for the sample 

the most intelligent children in their classe Although 

the mental ages and IQ 1 s were not available,the teachers 

asserted confidently that the children they had sub

mitted were the most intellectually-adept. It is of 

course realized that selection on this basis may not 

be perfectly reliabfeo The teachers stated, however, 

that in the case of the older children, where school 

tests had already been introduced, the average mark 

obtained by each of the subjects they submitted was 

frequently.well over the 80% mark and in some cases average 

scores of over 90% were obtainedo 

Homogeneity/ ••• 
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Homogeneity was to some extent established on 

the basis of another criterion also., Families of the 

children attending this school have a high socio

economic statuso The principal stated that these child

ren all came from exceptionally good and stimulating 

homes, and that in many cases, their fathers were pro

fessional men., From this it follmvs that the quality 

of the environment vJhich Piaget stresses is so funda

mental for adequate conceptualization, is more or 

less stable and consistent for each child., It is 

again realized, and must be taken into account,that 

this second criterion for homogeneity is not absolutely 

reliable, but within small limits, the children in this 

study can be considered as a very select and homoge

neous groupe 
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Co Experimental Procedureo 

Each child in the sample of fifty eight subjects 

was tested individually and in order to maintain stand

ardized conditions, the tests were administered by one 

tester throughouto Three independent sessions were 

required for each childg On the first of these the 

number tests were administered, on the second, the 

space tests and on the third, the time tests.. The three 

sessions as administered to any one child were always 

completed within the period of one week to ensure, as 

far as possible, that the tests of nlli~er, space and 

time were tapping a stable level of maturation in the 

brain structures of the child.. However no two batteris 

were ever administered to the child on the same dayo 

It was found,generallytthat the number and space tests 

were completed within a period of approximately 35 

minutes each,whereas the time battery usually took 

within the region of 40 to 45 minutes to completeo 

Although each testing session was fairly long, it was 

found that the child 1 s interest was maintained. owing 

to the variety of tests in each battery. The testing 

on all .three sessions vJas conducted in a school room set 

aside for this purpose, and the child sat at a table 

facing the testero 

In the first testing session, before the pre

sentation of the number tests,the tester established 

rapport with the child by presenting her with a pencil 

and paper and encouraging her to draV.J a man as best she 

could. This drawing.was admired and praised .. On com

mencing each session, the following standard instructions 

were giveng-

"Today we are going to play some nice gameso I 

want you to play as best you can"q 

Thereafter, the five tests constituting the spe

cific battery were administered, one at a time and in 

standard sequenceo 
The/ oo• 
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The method employed can best be defined as 

semi-structuredo The Piagetean tests were followed 

as closely as possible and the material used in each 

test is that which Piaget describeso But in addition 

a set of standard ques'cions was drawn up for each of 

the fifteen tests administered to ensure that each 

test was introduced and administered in a standard 

or uniform manner to every childe This was an 

attempt to reduce the difficulties; which we noted, 

are vested in an unstandardized test procedure such 

as Piaget has adopted.. It must be realized that the 

tests, by the.ir very nature are highly provocative, and 

questions were dealt with in as unbiased a way as pos

sibleo In the case of a shy child, prompting was 

also instituted if it was considered helpfulo The 

auxiliary questions themselves were neither leading 

nor suggestive and frequently took the form of repe

tition of the original questiono 

The responses given by each child on a specific 

battery were recorded on a standard marking sheet, and 

on the basis'of a scoring schedule devised for each 

test, a quantitative evaluation of each response was 

made a 
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do Test Materialo 

The tests used were those constructed and de

vised by Piaget and reported in his books on the 

conceptual development of number (1952), time (1955) 

and space (1956)o Five tests were selected from 

each content area, constituting three batteries of 

five tests eacho Thus fifteen Piagetean tests were 

administered to each child individually. ~fuile 

adopting the Piagetean tests in their original form, 

a set of standard questions was proposed to introduce 

each in order to circumvent,to some degree,the diffi

culties inherent in Piagetes original "clinical 

method"8 Since the tests are reported fully in 

Piaget•s content books, it is proposed only to give a 

general outline of each test and in addition consider 

briefly the operations fundamental to the solution of 

eacho 

(i) Number tests~ 

The following Piagetean number tests were 

administered to the group:-

(a) provoked correspondence and equivalance 

of corresponding setso 

(b) the test of seriation, qualitative similarity 

and ordinal correspondence~ 

(c) ordination and cardinationo 

(d) the test of additive composition of classeso 

(e) the test of additive composition of numbers and 

arithmetical relations of part to whole. 

In the first of these tests, "provoked corres

pondence and equivalence of corresponding sets", the 

child must establish correspondence between two sets of 

objects which are quantitatively equal but differ with 

respect I .. o o 
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respect to their spatial characteristics. Thus one 

set of articles is closely grouped together while the 

corresponding set is widely spaced, giving the 

superficial impression that the latter constitutes a 

larger nuffibere The test determines whether the 

child can discard irrelevant perceptual cues, and 

rely instead on logical reasoning, which enables her 

to make a quantitative evaluation of both sets of 

objects between which the correspondence is to be 

foundo 

In the test of seriation, qualitative 

similarityiand ordinal correspondence; the child is 

presented with ten cardboard dolls which are identical 

in every other respect, but vary prcgressively in 

sizeo These the child is required to seriatee In the 

second section of the test.the child is shown some 

small cardboard sticks which also vary progressively 

in length, and asked to give each doll its specific 

sticko Once this correspondence has been made, the 

sticks are grouped closely together so that each is 

no longer opposite the specific doll to which it 

corresponds. With the perceptual field thus distorted, 

the child must again make the adequate correspondence 

v.Jhen the tester points to any specific doll or stick 

in either serieso Finally, the child's ability to 

make an ordinal correspondence is determined by 

rearranging the order of the sticks and requiring the 

child to make the pertinent correspondence between any 

particular doll in the series and its stick. The ability 

to seriate, which, according to Piaget, constitutes 

one of the two operations fundamental to number concep

tion, requires that the child responds, not to the 

global stimulus configuration, but distinguishes the 

criterion on the basis of which objects differo 

Qualitative similarity requires two specific operationso. 

The child must seriate both the dolls and sticks and 

then I ... 
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then employ the second operation fundamental to number 

conception, namely classification; whereby the two 

objects may be related on the basis of a property 

common to both.. As Piaget has aptly stated "The 

solution of the final problem presupposes that each 

element is considered both as an element of a class 

and of a relationship, not alternatively and separate

ly, as in the preceding system, but simultaneously 

forming one and the same operational whole, and this 

it will be remembered is our definit:_ion of number" 

(Piaget 1952 Pol20)o Ordinal correspondence, whereby 

the child relates the stick and doll· when one series 

is disarranged, requires the child simultaneously to 

co-ordinate a number of: discrepant aspects of the 

stimulus configuration.. The object having a specific 

position in one series, must be related to an object 

vJhich has the identical posi·tion in ·the other series o 

This task is again dependent on tv.Jo logical operations, 

firs·t of seriation and then of classification. 

Ordination and cardination is tested by means 

of a series of ten sticks which vary progressively in 

size o The child is required to seriate these'· much 

in the manner that the dolls were seriatedo In 

addition, however, the subject is presented with a 

further nine sticks, different in colour-from the original 

set. He is told that these have been "forgotten" and 

is required to inser·t them in the given series, in such 

a "vvay, that every stick in the final series differs 

progressively, and in an identical ratio from the pre

ceding one. The child's attention is dravm to the 

analogy between the completed pattern of sticks and a 

staircase, and he is required to state t.he number of 

stairs a doll has cli~)ed, if it comes to a ~alt on 

any specific stair, the number of stairs behind it and 

the number of stairs s·till to be climbedo The latter 

test investigates the relat.ions betvJeen ordination and 

cardination. Two operations are fundamental to the 

insertion/ ••• 
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insertion problemo The child must establish the re

lationship of one object to other sticks in the in

sertion series, and secondly he must relate this 

specific object simultaneously to tv!O sticks in the 

initial series, so that it is smaller than the one 

which succeeds it in the series, and larger than the 

one which precedes it. 

The test of additive composition of classes, 

requires that the child can reason that the whole is 

greater than the part, .even though perceptual cues 

distort this judgemento The child is presented with 

ten glass beads, two of which are yellow and the 

remainder redo It is carefully explained to the 

child that all beads are glass,and furthermore 

the child is made to feel all the beads in turn and 

agree upon the nature of. their fabric. He is then 

asked whether there are more yellm·l or glass beads o 

In order to frame the question in more intuitive 

terms, the child is also asked whether a necklace made 

'ltd th yellow beads is longer than that made of glass 

beadso A parallel problem is set with more familiar 

material, composed of a series of cut-out dolls, 

eight of which are girls, and the remaining two boys. 

The logical operation,_ which underlies the solution 

of the task, involves additive components and graphi

cally can be expressed as follows;- B1 + B2 =A 

vJhere A is equal to the total and B
1 

and B
2 

corres-

'pond to the constituent parts of Ao The child must 

be able to reason that B1 = A - B2 and that subsequent

ly B L Ao Difficulty in tackling this problem appears 

to result from the inability to think simultaneously 

of the whole and the parto "The child apparently 

forgets the whole when he thinks of the part, and 

forgets the part when he thinks of the whole"o 

(Piaget 1952 P. 17l)e The failure to consider the 

part and whole simultaneously induces the child to 

consider/ •• o 
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consider the part as an entity in its own right, and 

not as constituting a fraction of the whole. His 

judgemen·t is thus predominantly determined by the 

perceptual characteristics of the stimulus confi

gurationo 

In the task of additive composition of numbers 

and arithmetical relations of part to \vhole, the 

operations inherent in adequate conceptualization are 

in many respects analogous to those in the immediately 

preceding test.. Three parallel me·thods are usedo In 

the first section, the child is required to state whether 

one set of beans presented in two piles of four and 

four, is equivalent to another, presented in two heaps 

of seven and one .. In the second section,_the tester 

places one pile of beans before the.child, and another 

before a toy doll beside the child. The subject is 

required to equalize the number of beans in both piles 

by subtracting from one pile and adding to the othero 

In the final section, the child is required to divide 

into two a pile of beans put before him.. This task 

again investigates \·Jhether conservation of the whole 

is maintained irrespective of the diverse grouping of 

its constituent parts.. The task requires that the 

child can conserve the whole or maintain its in

variance, independent of the perceptual structuring 

of the elements contributing to the \vhole .. 

It is clear that a basic trend is common to 

all these Piagetean tes·ts o Each has been devised in 

such a way that certain well defined logical premises 

are tested, the solution of which is dependent on the 

child's ability to co-ordinate or relate several dis

crepant aspects of the situation and so deduce the 

adequate responseo The perceptual cues are in each 

case played off agains·t the conceptual criteriao Only 

the child at the concre·te operational s·tage can select 

thG pertinent cues to which to respond .. 

ii .. I .... 
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(ii) Space Testso 

Five tests ,,;ere selected from Piaget 1 s book 

on the developmen·t of spatial conception (1958) o 

These are as followso 

(A) the test of perceptual and representa

tional spaceo 

(B) the treatment of elementary spatial 

relationships in drawinge. 

(C) linear and circular ordero 

(D) the test o£ projective lines and 

perspective., 

(E) the test of affinitive ·transformations 

of the rhombus and the conservation 

of parallelss 

The first space test administered to each childJ 

is that of "perceptual and representational space" .. 

In the present study, thirteen euclidean and topologi

cal shapes were selected from the sample (1958 P .. 19). 

which Piaget uses in his studies, and these were re

presented by carbon cut-outs.. Shape? were handed 

to the child one by one under the table in order to 

prevent him from actually seeing the figures. On the 

basis of feeling the given objects; tho subject must 

m~ce the correct identification on a sheet placed before 

him on which the corresponding figures are drawn.. This 

task clearly elucidates Piaget•s contentions that opera

tions are internalized actions which are co-ordinated 

in such a way that reversible or mobile though processes 

result. The solution of this problem necessitates trans

fer of a tactile kinesthetic cue into an image of the 

object so that the child can correc·tly identify the 

figure on the chart before him. Unless the object is 

adequately explored, the internalized actions cannot be 

co-ordinated and hence the image of the object is 

incomplete/" o o 
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incomplete or distortedg 

In the second spatial test selected, that of 
.. 
elementary spatial relationships, "the child is pre-

sented v'lith eleven cards, on each of which a figure 

has been drawno These are identical to·those Piaget 

has used, and which are represented in his book of 

spatial conception ( 1958 Po 54) .. 'rhese figures are 

such that they embody both euclidean and topological 

relationso The child is instructed to draw these 

figures one by one, each on a clean sheet of standard 

size.. According to Piaget, an adequate representa

tion of the figure is dependent upon the child 1 s 

ability to create an undistorted and complete image of 

the figure.. This image is the final resultant of a 

number of perceptual activities which are internalized 

and co-ordinated in such a way that a complete image is 

evolvedo This Piaget has expressed as follows:-

"We may therefore take it, that the problem is not 

one which depends upon motor ability; but rather on the 

method of composition itself, in other words, on the 

type of regularity mechanism which \vill result in the 

construction of a shape on the basis of elements 

isolated from the original pattern ... (Piaget 1958 p.66). 

The third tes·t of 11 linear and circular order .. 

is divided into a number of subsections as follows~

The first task requires the child to thread seven beads 

onto a needle so that ·the pattern corresponds exactly 

with that on a needle which the tester places before 

the childo In the second subsection; the task is similar 

in nature but in this instance, the child must construct 

an order which is the reverse of that on the needle 

before him.. In the third task the child is presented 

with seven beads threaded on a plastic and flexible cordo 

The cord is tied in the manner of a circular necklace. 

The child is instructed to make her own necklace, but to 

thread the beads on the needle used in the previous sub

section, the order to be identical to that on the circular 

/necklace. e .. 
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necklaceo Finally, the child is presented with a plas

tic cord on which seven beads are threaded but which is 

twisted in a figure of eighto · The child is required to 

construc·t an identical order again using the needle o 

The representation of linear and circular order is 

immediately dependent on an image., constructed on the 

basis of internalized and co-ordinated perceptual 

activityo In the first subsection the proximity sub

sisting between separate elements can be perceived 

intuitively, and is not dependent on operational 

thought to the extent that this is fundamental to 

subsections two,three and fouro In the case of are-

·production of circular orde~ the figure of eight, or a 

representation of reversed linear order, the child can 

no longer rely on an identical perceptual configura

tion between the copy and the model a·t hand.. Piaget 

e:.<.:plains that when order is correctly established each 

element in that ordered sequence must be separated from 

the adjacent members momentarilyo Hereafter reassembly 

again occurs.. Purely the perceptual stimulus in itself 

is inflexible and rigid,and on this basis alone separa

tion and a process of reassembly could not occur.. It 

is only when the child is capable of forming a mental image, 

which can be transposed and mobilized, that the child is 

capable of representation .. 

The fourth spatial task, selected from the 

battery of Piagetean space tests, is that which requires 

the construction of a projective straight line. This task 

is again constituted of four subsections. In the first 

instance, the child is presented vJi th ten matchsticks 

placed in plasticine stands in order that they stand up

right as postso The child is required to place these 
11 posts 11 in a straight line parallel to the straight side 

of a rectangular tableo In the second subsection the 

·task required of ·the child is a slight variation of the 

former oneo In this case the child must construct 

posts /ooo 
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posts between two end polesu placed midway on adjacent 

sides of the tableo The constructed line would then 

form a -triangle with the two sides of the tableo 

In the third subsection the child is presented 

with a cardboard roundo One post is placed at one 

point on the circumference and another at another pointo 

The child is required to construct a straight line be

tween these posts, so that they form a chord of the 

tableo Finally, ten posts are set up by the tester on 

the cardboard in an irregular line . ." The child is 

required to shift the posts in such a way that the 

line which they represent, is straight~ In the case 

of subsections two,three and four,the child is required 

after each construction to find the point at which he 

can best state whether ·the line is in fact straight or 

not. This is an additional test of perspective. If 

the correct point is detected the child is allowed to 

make specific reconstructions and so correct his perfor

manceo 

The operations v-.;hich are fundamental to ade

quate perspective are analogous to those which underly 

the aforementioned tests. In order that the child can 

construct a line in perspective, he must be able to dis

criminate one viewpoint from a large number of irrele

vant viewpoints. It is necessary that he co-ordinates 

one viewpoint represented mentally v.;i th others ft In the 

case of the pre-operational child, the line that is con

structed will be heavily determined by the perceptual 

cues, and the child relies implicitly on cues provided 

by the background stimulus. 

The final spatial test, specifically designed to 

illustrate euclidean spatial relations, constitutes what 

Piaget has called the 11 lazy tongs experiment". The 

material for this test is provided by any object, gadget 

or tool, which produces transformations of the rhombuso 

The requirement for this gadget is a series of crossed 

rods with ends joined in pairs, forming a series of 

rhombuses/ ... o · 



-86-

rhombuses.With the apparatus closed no rhombuses are 

discernible, but as it opens out it forms a series of 

rhombuses, narrow at first and becoming wider as the 

handles are drawn wider apart. In the present study 

this object was provided by an ordinary pot-stand, 

which expands when pulled out and folds when pressure 

is exerted on the handles. The tester expanded the 

object to its limit and then asked the child to note 

carefully what happened when pressure was exerted on 

the two outside handles~ Three illustrations were 

given to every subject, with the tester pressing the 

handles closer together each timeo ·The child is asked 

to note what happens to the "holes 11 and on giving the 

reply that these get bigger, is required to show how a 
11 hole" would look with added exertion on the handles. 

This he does by drawing t~e snape on a standard piece 

of paper. Three further figures must be constructed 

by him, in each case showing the transformation that 

the rhombuses undergo with increased pressure on the 

handles. The solution of this task is perhaps the 

clearest illustration of Piaget 1 s contention that 

operational reasoning is fundamental to an adequate 

conceptualization of space. In order that the child 

can represent the rhombus through its various trans

formations, illustrating the parallelism of the sides 

and conservation of their length with specific.change 

in the size of the angles which they subtend, he must 

be able to represent these various aspects mentally, 

and in addition co-ordinate or interrelate these 

diverse qualities of the figureo The child who relies 

purely on the static qualities of the perceptual stim

ulus, and is unable to co-ordinate internalized images 

of its divergent aspects, must fail to r.epresent this 

object through various stages of its transformationo 

(iii) Time Testso 

The Piagetean time tests have been devised pre

dominantly with one viei.'\l in mind. This has been the 

presentation I o•t 
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presentation of both spatial and temporal cues, in 

an attempt to determine the child's ability to 

dissociate one set of cues from the othero While the 

spatial cues relate to the perceptual characteristics 

of the situation, the temporal cues can be deduced 

only from a simultaneous consideration of several per

tinent aspects of the problema This la·tter ability 

is fundamental to adequate logical reasoning, and 

on this account, Piaget claims that his tests serve as 

an adequate tool to differentiate the operational from 

the pre-operational childo 

The five Piagetean time tests are a selection 

made from each of the three major sections in Piaget's 

book on the development of time concepts (1955), that 

of "Elementary Operations", "Physical time", and "Sub

jective time"o The tests used were the following: 

(A) the test of "Duration of Intervals". 

(B) the test of "Synchronous Time Intervals" 

(C & D) two tests devised to investigate 

the child's concept of age. 

(E) a test which taps the child 1 s ability to 

estimate the duration of his own actionse 

In the first test the child is required to 

watch the tester siphoning water from a tall thin 

measuring-cylinder into a short wide beakero The 

measuring-cylinder and beaker are of equal volume .. 

Each container is marked with ten lines in such a 

way that the volume between any two marks on the 

measuring-cylinder corresponds to that between any 

two points on the flask.. The child is required to 

state whether the time taken to fill any specific 

volume in the flask, corresponds with that taken to 

fill an identical or an asynchronous volume on the 

measuring-cylinderQ In section two of the test, 

the child is required to order a series of cards 

(D1 ), on which the flask and measuring-cylinder are 

depicted/ o .... 
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depictedo The series shows the varying levels of 

liquid as the water sinks in the one container and 

rises in the other. In series n
2

, which the child 

must also order, the corresponding flask and cylinder 

are separated by cutting each n
1 

card in two. The 

cards are shuffled and the child is required to place 

the corresponding ·cards in pairs again. Both sections 

of the test have been specifically devised to tap the 

child's: ability to discriminate spatial perceptual 

cues from temporal cues which are dependent on opera

tional reasoninge It is necessary that the correct 

response is deduced from simultaneous consideration of 

various aspects of the situation. The child must 

take into account that the water starts flowing 

simultaneously in both flasks, and that the flow halts 

simultaneously •.. He must consider ·the length of each 

container in relation to its width and in turn relate 

these idiosyncrasies to differences in the speed with 

which water sinks in the one and rises in the other .. 

This is only possible in the operational childo 

In section two where only static levels can 

obviously be presented, the characteristic reasoning 

of the operational child is again that deduced from 

a simultaneous consideration of a number of aspectso 

It appears that two operations are basic to this 

task. In the first instance the chilu must relate 

a given volume in the one flask to an identical 

volume in the second, irrespective of irrational 

perceptual cues. In the second place it is necessary 

that these volumes are correlated with synchronous 

time intervalse Both these operations are dependent 

on the child's ability to interrelate yarious aspects 

of the stimulus situation and discard i~relevant spatial 

cues. 

The second time test is similar to the first in 

that it attempts to determine whether the child can 

discriminate/ o •• 
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discriminate perceptual from conceptual cues. This 

test·which for the present purpose we may designate 

as the "dog and rabbit experiment", is a measure of 

the child's ability to conceptualise physical time. 

Physical time relates predominantly to some event 

in \vhich the· child is not personally involvedo In 

the "dog and rabbit experiment", the toy dog is 

placed a few centimetres beyond the rabbit on a 

table, and the child 1 s attention is drawn to the 

fact that the two objects are to "have a race". 

The tester propels the objects, and brings them to a 

halt simultaneously. However the dog is accelerated 

at greater speed than the rabbit, and hence it*s 

final placement beyond that of the second object. 

The child is questioned as to the simultaneity of 

the starting and stopping times of the two objects, 

and in addition several questions are framed to 

determine whether the child understands that the 

running times of both objects are identical, irre

spective of the false cues provided by the perceptual 

quality of the stimulus·., The child at the concrete 

operational stage must arrive at the adequate response 

through simultaneous co-ordination of a variety of 

aspects inherent in the situation, the simultaneity 

in the starting and stopping of the objects, and the 

greater speed of the one relative to the othero The 

pre-operational child relies on the perceptual aspects 

of the situation and hence the final placement of the 

two objects o "Further in space:• is synonymous for 

"longer in time". Piaget states that the-following 

thought processes are characteristic of the pre

operational child~- "1ifuen one goes faster, one 

goes further (spatially) and time is directly pro

portional to the distance coverede In the second 

place when one goes faster, one takes more time 

because one goes a longer way". (Piaget 1955 Po 144) .. 

Three I .. · · 
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Three tests have been selected from the 

section which relates to subjective time, two which 

investigate the child 1 s concept of age, and a test 

which determines the child's ability to estimate the 

duration of his ovm actions. 

The first of the "age" tests consists of a 

series of questions, the general trend of which is 

to determine whether age can be related to birth 

order, and further whether the child understands the 

principle of conservation of birth order and hence of 

age relations, even if these considerations are re

lated to future timeo The concept of age is also 

dependent upon a number of fundamental operations 

which emerge independently as the child matures. 

In the case of the pre-operational child, it is the 

perceptual cue which determines his reasoning. Thus 

for the young child, increasing age is directly re

lated to size'increaseo In the case of the operational 

child, howeve~ the concept of age requires co-ordina

tion between two aspects, the occurrence of any par

ticular event, and the time interval between that 

event and the present time~ 

The operations basic to subtest four are 

in many respects analogous to those fundamental to 

test three. The test is also devised to determine 

the child's concept of age, but whereas the third 

test investigated this concept as related to the 

self and other individuals, subtest four is devised 

to tap the child's ability to make deductions about 

the age of independent and visually depicted objects 

in his environmento The test is constructed of 

four subsectionso In the first of these the child 

is shown a card on v,rhich two trees are drawn. The 

one, an elm tree, is short and broad, the other which 

is designated as an Oo.k tree, is tall and slendero 

The child is asked to state whether he considers the 

two/ •o• 
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two trees as identical in age, or '117hether he consi(lers 

the one younger and the other older. In the second 

subsection the child is presented \·vith a series of 

ten cards depicting apple trees and another series of 

ten cards representing pear trees. In each series 

the trees vary progressively in size, but are drawn 

in such a way that the younger series (pear trees) 

are larger than the corresponding apple trees from 

the third year following. The child is then required 

to state which series is older or younger, the oldest 

and the youngest trees of all, the relations between 

any apple and pear tree at a specific synchronous age 

level, and the relation between two trees in the in

dependent series at asynchronous age levels~ In the 

final subsection of ·this test, the child is required 

to state whether two trees identical in size are 

equal in age or not. The one tree, however, has 

three fruits whereas the other has eighto 

It is clear that in all subsections of this 

test perceptual cues are highly compelling and present 

the most obvious characteristics of the stimulus con

figuration. It is only the operational child who 

demands other criteria~. such as date of planting 1 or 

"the number of rings in the trunk of the tree", before 

making the specific judgement. It is interesting to 

note that while the nature of these criteria are 

indicative of learning.Piaget•s theory assumes that 

a pertinent level of maturation must be reached before 

this knowledge is retained and adaptively employed when 

the situation demandso 

The final time test is that which determines 

the child's ability to estimate the duration of his 

own actions. The child is required to draw a set of 

lines, one quickly, ·the other slowly, over identical 

time periods. On completion of this task, the child 

is required to state whether the durations taken to 

accomplish the tasks are identical or whether one set 

of I ...... 
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of lines has taken longer to draw than the othero In 

the case of the pre--operational child ~perceptual cues 

presented by the difference in the length of the 

drawn lines are fundamental in determining the child's 

judgemento Length of the lines would be directly 

proportionate to duration of the drawing timeo The 

operational child on the other hand is characterized 

by the ability to relate speed of dra'\ving to length 

of drawn lineo He thus deduces that duration of 

drawing time is in fact independent of the length 

of the lineo This simultaneous co-ordination of 

several aspects of the situation is 'che rudiment of 

conceptual thoughto 
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Eo Experimental Procedure. 

Owing.to the length of the section dealing 

with the Piagetean tests used in this project, it is 

proposed to outline again at this point, the experi

mental procedure employed before discussing the 

results obtained in the study. 

Each child in the sample of fifty eight sub

jects vJas tested individually and in order to maintain 

standardized conditions, the tests vlere adininistered 

by one tester throughout. Three independent sessions 

were required for each child. On the firs-t of these 

the number tests were administered; on the second, 

the space tests and on the third the.time tests.: The 

three sessions as admini~terea to any one child were 

always completed vlithin the period of one week to 

ensure as far as possible that the tests of number, 

space and time were tapping a stable level of matura

tion in the brain structures of the child. However, 

no two batteries were every administered to the child 

on the same day. It was found generally that the 

number and space tests were completed within a period 

of approximately 35 minutes __..each, whereas the time 

battery usually took vJi'chin the region of 40 to 45 

minutes to complete. Although each testing session 

was fairly long, it was found that the child 1 s interest 

was maintained owing to the variety of tests in each 

battery. The testing on all three sessions was con

ducted in a school room set aside for this purpose and 

the child sat at a table facing the tester. 

In the first testing session; before the pre

sentation of the number tests, the ·tester established 

rapport with the child by presenting her with a pencil 

and paper and encouraging her to draw a man as best 
~ 

she could. This dratving was admired and praised. On 

commencing/ ••• 
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commencing·each session the following standard in

structions were given:-

"Today vJe are going to play. some nice games. 

I •dant you to play as best you can" .. 

Thereafter the five tests constituting the 

specific battery were administered,one at a time, and 

in standard sequence. 

The method employed can best be defined as 

semi-structured. The Piagetean tests 'dere followed 

as closely as possible and the material used in each 

test is that which Piaget describes. But in addition 

a set of standard questions was dravm up for each of 

the fifteen tests administered to ensure that each 

test was introduced and administered in a standard 

or uniform manner to every childo This "I:Jas an attempt 

to reduce the difficulties which, "v·Je noted, are vested 

in an unstandardized ·test procedure such as Piaget 

has adopted o It must be realized ·that t.he tests, by 

their very nature, are highly provocative and questions 

were dealt with in as unbiased a way as possibleo In 

the case of the shy child, prompting \vas also instituted 

if it was considered helpful. Tho auxiliary questions 

themselves were neither leading nor suggestive and 

frequently took the :Eorm of repetition of the original 

question. 

'rhe responses given by each child on a specific 

ba·ttery were recorded on a standard marking sheet, and 

on the basis of a scoring schedule devised for each 

testta quantitative evaluation of each response was made. 
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VI. RESULTS AND DISCUSSION OF RESULTS. 

a. Introduction. 

Fifteen subtests were adminis·tered to each 

child, five each of space, number and time.. In 

contrast to Piaget 1 s method, the tests were not marked 

in terms of stages, but scored according to a quanti

tative scale devised for this purpose. Since this 

scale allows fine discriminations 1 it is considered 

more reliable than assigning each score direc·tly to 

a particular stage. The difficulties of this latter 

method have already been discussed,_ but it might be 

recalled that the prime criticism against this proce

dure is the fact that one is frequently uncertain as 

to the precise stage "~:lhich defines- the response on the 

basis of the scoring criteria which Piaget presents. 

The child's quantitative score on each of the 

fifteen subtests was calculatedo These may be seen 

in Table I a, b, c. The hypothesis under considera

tion requires that the intra-test variability among 

five subtests comprising a battery be calculated for 

each child, in addition to the inter-test variability 

among the three content areaso From this computation 

it can be deduced to what extent the child 1 s level 

of thinking remains constant in any one area of 

cognition, as well as the degree of stability among 

the three content areas of number, space and time. 

With this view in mind,the raw scores for all 

fifty eight subjects obtained on space, time,and 

number tests were converted to standard "T 11 scores. 

The calculation of standard scores was necessitated 

by the fact that a particular quantitative score on 

one Piagetean subtest does not necessarily have the 

same connotation as the identical score on another 

subtesto Since the standard score is expressed in 

units of the standard deviation it follm>Js that 

scores reduced in this way may readily be compared .. 

Tables I ...... 
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Tables 2, 3 and 4 sho•:l the standard scores obtained by 

the 58 subjects on the number, space,and time tests 

respectively. 

Statistical analysis provided a number of un

foreseen difficulties. Whereas Piaget suggests im

plicitly that at any particular stage of development 

the child will, within limits of experimental error, 

respond stably on all tests devised to tap development 

at this level, our results show that it is difficult 

to generalize over the subtest scores obtained by any 
( 

one subject·. This applies equally to results recorded 

on the number, spacc,and time testso Since the results 

obtained by a particular child in any one content area 

do not permit us to allocate the subject to a specific 

cc.tegory of cognitive functioning, it becomes difficult 

if not impossible, to·make a direct comparison between 

the child 1 s performance on the number, space and time 

testso Another approach had therefore to be taken. 

From Piaget•s theory it follows that a high intra-test 

coefficient of reliability will be found between the 

subtests comprising the battery of any major concept 

test. Since any one battery of subtests has been 

devised to tap a particular level of conceptual develop

ment in the child, the score obtained by the subject on 

any one of these subtests should be an extremely reliable 

pointer to his score on another subtest. The Kendall 

Coefficient of Concordance w, calculated by formula 9•15 

as given by Siegel (1956 P~233}, has been particularly 

useful in the present s·tudy, for it serves as a measure 

of the relationship between several rankings obtained by 

a subject on N variables. Whereas the Spearman Rank 

Correlation allows for a correlation between only two 

variables at a time, Kendalls 1 Coefficient of Concordance 

V.T.j serves as a helpful shortcut to determine ·the associ

ation between any number of variables. If a significant 

association exists be·tween the five subtest scores for 

each child, we might e:?~pect this association to be 

reflected/ ... o 
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reflected in the congruence between the ranks assigned 

to the subject's scores on those tects. Consequently 

subject A would be ranked as obtaining the h.i.ghest 

score in the group on each of the five subtests 

constituting any one battery~ Subject B would be 

ranked as obtaining the second highest score on each 

o£ the subtestsf and subject N would be ran};:ed as 

obtaining the Nth highest scores on euch of the 

given testso This ideal model is obviously never 

obtained within the framework of experimen·tal pro

cedure, but it is possible to determinE:! whether the 

association between the sets of ranks is statistically 

significant~ In order to determine the degree of 

significance, Kendall's Coefficient of Concordance 

is computed.. Provided that this coefficient is 

significan~we can predict that the five subtests 

tap a fairly homogeneous lovcl of functioning in each 

child in that group, <:md that a significant degree .of 

intra-test reliability exists between the tests, when 

administered to the specific group in question. 

The formula for Kendall's Coefficient of 

Concordance W is taken directly from Siegel (1956) 

and is as follows~-

where s = sum of the squares of the observed 

deviations from the mean, R. (or sum 
J 

of ranks) 

K -· number of variables (tests) 

N = number of individuals ranked 
1 2 3 

12 K (N - N) = maximum possible sum of 

the squared deviations i.e. the sum 

S which would occur \1i th perfect 

agreement among the K rankingso 

For the purpose of the present study, this 

statistical tool is also of petr"C.icular value, for i,t 
. } 

provides for tied rankings. Kendall has computed 

an I .... 
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an additional formula to counteract the depressing 

effects of tied ranks on the value of N. The correction 

factor is provided by the formula .. 

'VJhere t 

T = £ (t 
3 

- t) 
12 

= number of observations in a group 

tied for a given rank. 

£ = directs one to sum all groups of 

ties \vithin any one of the K rankings 

(Siegel P .. 234). 

Taking into account the correction factor, the coeffi

cient of concordance becomes 

w = 
1 v2 (N3 

12 -" 

s 
N) - K i., T 

T 

\·fuere f:... T directs one to sum the values of T for all 

T K rankings (Siegel P.234}. 

In addition, Kendall has provided a formula to 

test the significance of any observed value of W by 

determining the probability associated "VJith the occur

rence, under Ho (Null hypothesis) of any value as large 

as an observed value of w. 

This formula is as follows~-

2 
X = K (N 1) w (Formula 9.18) 

vJith degrees of freedom = N - lo 

Reference to Table C (Siegel Po249) 1 shows the 

probability of accepting or rejecting the null hypothesis 

associated with so large 2 
a value of x 1 as com~uted by 

formula 9 .. 18. This formula enables us directly to r~

ject or accept the null '!lypothesis, that the sets of 

rankings obtained on the N variablen nre independent. 

If the null hypothesis is accepted, this implies that 

the different subtests are tapping independent measures. 

If/ .... 
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If the null hypothesis is rejected; the reverse is true, 

that a significant association exists between the 

tests, and the concordance found cannot be attributed 

to chance factors alone. 

A slightly different procedure has been intro

duced for testing the null hypothesis when N L 7. For 

small groups of subjects, from three to seven, the null 

hypothesis may be tested directly by reference to table 

R (Siegel Po286)e This shows the critical values of S 

for W1 s significant at the o05 and .01 levels of con

fidencec 

Before presenting and discussing ·the results, 

however, certain aspects of the statistical method 

used and its implications must be noted. 

The rankingswhich were made in computing the 

coefficient of concordance between subtests for any 

group, were based on the child 1 s standard scores.. This 

was found to yield slightly more accurate results than 

rankings based on raw scoresc 

Secondly it must be taken into account that this 

method only allows us to make predictions about the re

liability of a b~ttery of subtests as applied to a 

group of children. In conducting the statistical . 

analysis He have composed groups in different ways. In 

the first instance children have been grouped according 

to school standards.. Groups one to four .. correspond 

to school standards Sub A to Standard two. In the 

second instance children have been divided into groups 

on the basis of age. The age range from six to nine 

years was divided into six monthly intervals, the 

children falling within any one age interval, constitu

ting a specific group. Six groups have been delineated 

using this criterion. For purposes of the present study 

·the former groups will be referred to as the s groups 

and the latter. as the A groups. While both A and s 
groups are naturally made up of the same children,it 

shall be attempted to note whether significant differences 

in I o •• 
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in W values are obtained between the A groups (divided 

on the basis of age),and the S groups (divided on the 

basis of school standard)o There is little doubt 

that the subgroups constituting the A and S groups 

respectively overlap to some degree, that most of the 

six year olds will be in Sub A, the seven y~ar olds iri 

Sub B and so on.. Hm,lever; we felt it necessary in 

view of Piaget 1 s theory of critical stages, to make 

finer age discriminations which could relate to speci~ 

fically different levels of maturationo It can be seen 

from Table 6; that within each S group there is wide. 

variance in the age range • In the first t3 group, for 

example, there are subjects who are barely six years 

old at the one extreme and over seven at the othero 

These children constitute the same S group but different 

A groups.. There is, therfore, a fairly significant 

discrepancy in the constitution of the A groups on the one 

hand and the S groups on the other. 

A third point \vhich must be considered before 

the actual presentation of results is that we omitted 

to compute concordance values for nmnber subtest one 

(conservation of continuous quantities), and time sub-

test three (age concept test one)o From the raw score 

tables (Tables 1 a, b, Co) there is little doubt that 

the sample as a whole appears to be functioning at a 

level well in advance of the level of these testso 

A computation of standard scores for the sample on these 

tvlo subtests would have been strongly subject to the 

"ceiling effect'~ and so did not warrant an analysis 

of this kind;. 

For each of the ten groups; values of W were 

computed for space, time,and number tests respectively .. 

This procedure gives insight into the relationship be

tv,Jeen the subtests in any one content area for a par

ticular group, and i~ addition,by comparing the values 

of W obtained by a specific group in the different 

content area{ it is hoped that further predictions can 

be made as to the relationship bet\veen one content area 

and I eoo 



-101-

and anothero 

It is proposed at this point to give a general 

ou·tlay of the tables which follow, in order to make 

these more comprehensible:-

Table I shows the raw scores obtained by the 

58 subjects on the number, space and time tests respect

ively~-

Table 8 presents the "W" values for the S 

groups a 

Table 9 represents the values o£ Chi square 

(x2 ) and the corresponding levels of significance on 

the number, space and time tests, for s groups one to 

four, and Table 10, presents these values, as computed 

for the six A groups. 

Finally Table 11 presents the percentage of 

children in each of the four s groups at "Stage" 

three, two and one, on each of the five number sub

tests, and Tables 12 and 13 present a similar computa

tion on the space and time tests for each of the s 
groups a 

In the appendices a detailed scoring schedule 

is presented, on the basis of which scores were assigned 

to each child on the individual tests comprising the 

number I o a o 
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number, spacc,and time batteries. Reference to this 

schedule makes results in the immediately following 

section more comprehensible. 

A further set of tables will also be presented 

in the appendices,in addition to a series of graphs 

representative of individual protocols on the number, 

space;and time tests. The general outlay of these 

tables and graphs will be given later. 
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TABLE I. 

TABLE SHOWING RAW SCORES OBTAINED BY 58 SUBJECTS ON 

NUMBER,SPACE AND TIME TESTS. 

Maximum Score 
o Test. 

1. 

2. A.B. 

3. D.A. 

-'!-. P.C. 

5. D .H. 

6. C.D. 

7. J.S. 

8. G.M. 

9.,. K. vd M. 

10. J.v.A. 

11. E.s. 
12. G.G. 

13. L.M. 

14. M.L. 

.Su.a R jJfDUf 

15. M.B. 

16. C.H. 

17. E.D. 

18. G.M. 

19. P.A. 

20. J.M. 

21. H.B. 

22 9 G.Q. 

23. R.M. 

24. I .F. 

25. M.G. 

26. A.J. 

27. A.G. 

2a. H.s. 
29. A.c. 
30. E.F. 

31. P.D. 

(a) - I (b) I 
Number Te-sts ·1 Spa~e ,,~ests. 
1 2 3 4 s 1 2 ! ~ 1 4 5 

(c) 
Time Tests. 

10 12 8 7 13 33! 8!12 5 
: : 

7 

7 

7 

7 

7 

6 

7 

6 

7 

6 

10 

8 

7 

7 

6 

6 

6 10 

9 

8 

G 

9 

8 10 

6 

7 

4 

7 

8 

9 

9 10 

7 10 9 

6 

7 

7 

7 

4 

7 

7 

6 

7 

7 

2 

7 

7 

7 

8 12 

7 10 

4 

7 

5 

6 

5 

8 

9 

7 

6 

9 

6 

9 

8 

6 

8 

7 

6 

7 

8 

9 

9 

5 

8 10 

7 10 6 

6 

6 

7 

5 

7 

7 

6 

6 

5 

5 

4 

3 

8 

2 
1 

1 
' 

0 

1 

3 

3 

4 

1 

3 

4 

1 

3 

1 

8 

7 

2 

2 

1 

2 

4 

2 

1 

2 

2 

4 

8 

1 

2 

1 

7 12 

7 10 

4 11 

7 11 

28l 
! 
i 

291 
i 

3o I 
i 

29! 
! 

7 11 28 l 
' 

6 9 29! 
! 

7 10 29 i 
' 

6 11 301 
' i 

6 9 29l 
! 

4 11 26 i 
6 10 261 

i 
' 7 10 30 t 

4 11 271 
i 

7 8 25l 
' 

4 10 

4 10 

6 11 

5 10 

6 12 

4 12 

2 13 

i 

191 
i 

23! 
' 

20! 
I 
i 

23! 
! 
i 

20 i • 
231 

I 

231 

3 13 28\ 
i 

9 281 4 

3 13 27 i 
i 

3 12 25 i 
i 

7 12 21 1 

7 12 27 1 

4 7 211 
4 11 21 l 
4 

5 

9 221 
8 24j 

6 ill • 
1 I 1 

i 
5 j 8 

i 

8! 4 
~ 

8 ll2 

s !11 

o I 1 
' 

8 i 7 
! 

G ! 9 
~ 
i 

8 ! 4 
i 

7 ! 4 

sl 5 

al 6 

7 I 3 
! 
i 
! 

7! 8 
! 

7 i 3 

al 5 
i 
: 

Si 8 
! 

8 l 3 
: 
i 

3 i 2 
! 
i 

8 ! 2 
I 

8 !12 
n ! 4 uj 
s 111 
8 i 4 

8 1 4 

5 l 5 
' i 

8 ! 5 

6 ! 9 
l 

6 I a 
3 1 4 

5 13 !13 ilO l23 

5 11 !13 l1ol17 

3 10 I 8 !1o l18 
: i ! 

2 13 ll5 !lOllS 
I I i 

1 11 !1o l1ol23 
! ~ ! 

4 5 i 4 l 9 i21 
i l ! 

2 9 1 8! 9 !16 

2 1!1o I 9 b3 
i ! ~ 

4 13 112 110 j22 

5 9 ! · o l1o !14 
i' i ~ 

4 12 5 l10l20 
i i 

4 12 13 !1ol1o 
! ! i 

4 11 i 9 i10!14 
I ' ! 

1 9 !1ol1ol15 
I , i I . ; : ! i 

3 10 I 6 ilo!l3 
I : : 

4 11! 8 l1o!1o 
l i i 

1 3 I 8 l1ol2o 
I ! ~ 

2 51 2 j1o l1s 
i ! ! 

3 12 ! 8 i 6 !11 I l i 

3 5! 8 !1o!11 
i i i 

3 a !15 !10!14 
i i ! 

4 5 ! o! 6 l1a 
~ i ! 
! : i 

3 8 i 4 !10 !19 
; i ~ 

4 7 i 0 !10 [ 4 
i 1 1 

1 6 i a !1o ~14 
! I i 

3 7 l11 !1o j12 

3 10 I al 6l1o 

1 al o l1o !13 

2 5 I 1 I 9 i1o 

4 3 l1 I 1!12 
1 ! l 

2 9 t a ilo t2o 
! ! l 

6 

9 

9 

9 

9 

9 

9 

9 

9 

3 

9 

9 

9 

9 

6 

3 

9 

3 

3 

3 

6 

6 

6 

6 

6 

9 

6 

6 

6 

3 

9 



-------I 

3:2. c.B. 

33. s.B. 

34 •. N.A. 

35. K.s •. 

36. M.W. 

.Sva :B grovf 

37. R.S. 

38. M.T. 

39. K.R. 

40. B.G. 

41. S.G. 

42. F.T. 

43. W.H. 

44. s.P. 

45. A.S. 

46. B.J. 

47. L .... s. 

48. M.G. 

49. G.S. 

so. P.G. 

.st-J.. xr grout 
51. E.B. 

52. A.G. 

53. H.P. 

54. S.B. 

55. F. McD. 

56. L.L. 

57. T.J. 

sa. A. F. 

T 0 TAL 

Mean Score 
to first 
Decimal 

Place 

• ; , l. I 

717~41114 I : I : 

6! 4112 11 12 

717! 7!114 

?!_,s14!4~4 
6!5191314 

! i ,! ! : : . 
i ' i i 

7!6lal317 

71 9 l1o i a I 7 
! ! ~ i 

7 ilO i 8 ! 6 l 7 
! ~ ! i 

617•913!7 
~ ~ ~ ~ 

7 ! 6 jll ! 2 i 4 
l 1 i i 

7 i 6 i 8 i 1 l 7 
i ~ i ~ 

7 ! 7 ill l 2 1 7 
! ~ i f 

7 l 4 \ 6 l 4 i 4 

7 I sl s I 4 I 7 

71sls!217 
; ! i E 

61 sj1o! 2 l 4 
i ~ ~ ~ 

7 l 6 \ 8 l 3 i 7 
! 1 ! ! 

7 i 7 i 9 i 4 i 6 

6! 9llo l1 l 7 

I I I I 
7 !10!12 I a! 7 

7 110 110 ! 8 l 7 

7 !1o !11 l s I 7 

61619'7'7 

6 !10!12 !4! 7 
7 !1o !12 j a ! 7 

7 i 7 i12 l4 I 7 

7 i 9! 8 i:':,':.·-8 ! 7 
! 1 i 

.L.. I l1 ~ , i, 
9 ~23 ! a 1 9 l s 13 113 110 116 1 9 

9 13o l ~ 1 4 1 2 4 l 1 ! a !13 ! 3 

6126 J ~ 1914 9 ! 6!10 lu ! 3 

12 \2s i 6 ! 1 ! 3 4 h3llo !12 I 9 

12 b2 I 6 l1 I 2 10 I 6 l1o l2o I 6 

I I I I ! 1 ! 1 

9 b9 ! 81 7 i s 9114110 12419 
9 i2al 7 l1o I s 15 115 ao il7 1 9 

10 l29 I a l11 I 4 14 !11 l1o l24 I 9 

10 !26 I a I 3 I s 3 I al1o l11 i 9 

1213218 i 414 9 ! 4 i1o !21 I 9 

9 l30 i 6 l 7 i 3 13 I 3 !1o !19 I 6 

12 13o j a I s i 4 10 ! 9 !1o !2o i 6 
~ ~ ~ i : : : i 

9 '21 ' 6 ' 0 ' 4 9 \ 9 llO llS l 6 

10 !!2 9 .!1 8 :,,: 5 ·:1 2 l ; i i 11 ll2 llO ll8 ~ 3 

11 i21 I 6 1 9 I 3 3 I 1!1o I 6 I 6 
;_: -~ -~ :.~ : : : : 

11 122 i 6 1 4 i £!. 6 l 2 llO ll7 l 6 
1 i l l : ; : : 

10 123 l 7 l 1 j 1 12 ho l1o \19 l 6 

11 b6 I 6 I a I 3 13 I 6 !1o l23 I 9 

11 l3o I s i1 14 12 !14 I 6 !17 I 6 

13lJ J215 13la!J21 19 
13 6 9 I 7 I 9 14 14 i 9 !1o !11 I 6 

13 l3o ! a I 9 14 13 l1s l1o l22 l 9 

10 b 9 I 6 I 3 I 3 13 l1 !1o !1s I 9 

11 b 9 I 8 b I 3 1 ~o j10 In j 9 

12 69 I a i2 l s 14 1 6 110 12s 1 9 

10 61 I 6 ~o 13 9 l1 l1o l2o I 9 

11 l3o I 7 I 9 14 12 io l1o 63 l 9 

I l.: l.l l.l :_.:._ .... :: ! ... -····'~ =_=_ ... ···': l __ .... :=,' I l ! ! 

1415 486 i 195 ! 322 613 i 15341414 

:: __ i: I I ·1_.:! '_.=!,i I I 

361 j,., 541 45? 

6.313.3 9.3 '·' 

:957! 411 

i ! 
: - :-

I 
!:::?.1 '8.4 !·3.4 r·· lO.·r···i'·' 

: j 

ll6,4l 7,08 

i ' 
• 
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TABLE 2 • 

TABLE SHOWING STANDARD SCORES OBTAINED BY 58 SUBJECTS 

ON NUMBER '11-ESTS. 

Subjects 2 3 4 5 

1. 1.52 - .66 1.91 .87 

2. .47 -1.14 - .53 .87 

3. - .05 -1.1~ -1.00 -1.0 

4 .. - .57 .76 -1.00 .87 

5. 1.00 - .19 -1.L.:-1 .87 

6. .47 .28 -1.00 .25 

7. .47 .76 - .. 16 .87 

8 .. - .57 - .66 - .16 .25 

9. - .05 - .19 .25 .25 

10. -1.63 .28 -1.00 -1.0 

11 .. 1.00 .76 - .16 .25 

12. 1.52 .28 .25 .87 

13. .47 1.71 -1.00 -1.0 

14. - .05 .76 - .16 .87 

15 .. -1.63 .28 -1.00 -1.0 

16 .. - .05 - .19 1.91 -1.0 

17. -1.10 -1.10 1.5 .25 

18 .. - .57 - .19 - .58 - .37 

19. -1 .. 10 - .66 - .58 .25 

20 .. .47 -1 .. 11:: -1.00 -1.0 

21. 1.00 - .66 - .58 -2.25 

22. - .05 - .19 .. 25 -1.62 

23. - .57 + .28 - .58 -1.0 

24. 1.00 .28 -1.0 -1.62 

25. - .57 -1.61 - .58 -1.62 

26. .47 .76 - • 58 .87 

27. 1.52 -1.1<'2· .25 .87 

28. -1.10 -1.10 1.91 -1.0 

29. -1.10 -1.1~- -1.00 -1 .. 0 

30. -1.63 - .66 - .58 -1.0 

31. -2.15 -1.61 -1.00 - .37 

32. - .05 -2.09 -1.00 -1.0 
33 .. -1.63 1.71 -1~oo -2.25 
34. - ..05 - .66 -1~oo -1.0 
35. -1.10 -2.09 2"' -1.0 . -
36. -1.10 .28 - .. 16 -1.0 



37. - .. 57 - .19 - .16 .87 

38. 1.00 .76 1.91 .87 

39. 1.52 - .19 1.08 .. 87 

40. - .05 .28 - .,16 .87 

41. - .57 1.23 - .,58 -1 .. 0 

42. - .57 - .19 -l.o .87 

43. - .05 1.23 - .ss .87 

44. -1.63 -1.14 .25 -1.0 

45. .4 7 - .19 .25 .87 

46. .47 -1·.61 - '!'50 .87 

<17. .47 .76 - .so -1.0 

48. - .57 _, .19 - ,16 .87 

49. - .05 .28 ,25 .25 

50. 1.00 .76 -1.00 .87 

51. 1.52 1.71 1,91 .. 87 

52. 1.52 .76 1,91 .87 

53. 1.52 1.23 1,91 .87 

54. - .57 .28 1.,5 .87 

55. 1.52 1.71 .,25 .87 

56. 1.52 1.71 1,91 .87 

57. - .05 1.71 ,25 .87 

58. 1.00 - .19 1.91 .87 
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TABLE 3. 

TABLE SHOWING STANDARD SCORES OBTAINED BY 58 SUBJECTS 

ON SPACE -TESTS. 

Subjects 1 2 3 4 l" :> 

1. .93 .1::7 - .91 1.34 1.41 

2. - .. 4 .7G - .083 -1.51 1.41 

3. .26 1.,05 -1.75 .48 - .25 

4. .26 .,76 .75 - .,65 -1.08 

5. .26 .47 .75 1.,62 -1.91 

6. -1.06 .76 .75 +1.34 .58 

7. - .4 .76 .75 -1.51 -1.08 

8 .. .26 1,.05 .75 .20 -1.08 

9. -1.06 .76 .75 .,77 .58 

10. .26 - .12 .75 - .65 1.41 

11. - .4 - .12 - .083 - .. 65 .58 

12. - .4 1.05 .75 - .37 .58 

13. .26 .17 .75 - .08 .58 

14. -1.73 - .L!·1 - .083 - .94 -1.91 

15. - .4 -2.17 - .083 .,48 - .25 

16. - .4 -1.00 - .083 - • 94.· .58 

17. .26 -1.83 .75 - .37 -1.91 

18. - .4 -1.00 .75 - .48 -1.08 

19. .93 -1 ~ 8{J .75 - .94 - .25 

20. .93 -1.00 -3.41 -1.22 - .25 

21. 1 .. 6 -1.,00 .75 -1.22 - .25 

22. 1.6 .47 .75 1.62 .58 

23. -1.06 .47 .75 - .65 - .25 

24. 1.6 .17 -1.75 1 ,~ t1. 
• .J • .58 

25. • 93 - .41 .. 75 - .,65 -1.91 

26. .93 .17 .75 - 6 ~-• :J - .25 

27. .93 .17 -1.75 - .37 - .25 

28 .. -2.4 -1.58 .75 - .37 -1.91 

29. .26 -1.53 - .91 .77 -1.08 

30. -1.06 -1.29 - .91 .AG .58 

31. -1._73 -- l_- .70 .. 75 - .65 -1.08 
--



32. -1.06 -1.00 .75 .77 1.41 

33. -1.06 1.05 -2.58 - .65 -1.08 

34. -3.06 - .12 .75 ..77 .58 

35. .93 - .~1 - .91 -1"'51 - .25 

36. .93 -1.29 - .91 -1.51 -1.08 

37. -1~06 .7G .75 .20 1.41 

38. -1.06 "'~7 - .083 1"'05 1.41 

39. - .4 .76 .75 1.3~ .58 

40. - .4 - .12 .75 - .9~ 1.41 

41. .93 1.,64 .75 - .65 .58 

42. -1.06 1.os - .91 .20 - .25 

43. .93 1.,05 .75 - .37 .58 

44. -1.06 -1.50 - .91 -1.8' .58 

45. - .. 4 .76 .75 - .,37 -1.00 

46. .26 -1.58 - .91 .77 - .25 

47. .26 -1!!29 - .91 - .65 .58 

48. - .4 -1.00 - .083 -1.51 -1.91 

49. .26 - .12 - .91 .,4·8 - .25 

so. .26 1.05 .75 1.34 .58 

51. lo6 .76 .75 1.62 1.41 

52. 1.6 .76 - .083 .77 .58 

53. 1 .. 6 1.05 .75 .77 .58 

54. - .4 .76 - .. 91 - .94 - .. 25 

55. .26 .76 .75 1.,34 - .25 

56. .9 .,76 .75 1.62 1 .. 41 

57. - .4 1.35 - .91 1"'05 - .25 

58. .26 1.05 - .083 .77 .58 
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TABLE 4 .. 

TABLE SHOWING STANDARD SCORES O;BTAINED BY 58 SUBJECTS 

ON TIME ,-.ESTS 

Subjects 1 2 4 5 

1. 1.12 1.15 1.,37 - .49 

2. .51 1.15 ~12 .87 

3. .21 .022 ,.33 .87 

4. 1.12 1.61 ,.33 .87 

5. .. 51 .47 1.37 .87 

6. -1.3 - .88 .95 .87 

7 .. - .09 .022 - .,08 .87 

8. - .69 .. 47 1.37 .87 

9. 1.12 .93 1.,16 .87 

10 .. - .. 09 -1.79 - .so -1.85 

11. .81 - .65 .75 .87 

12. .81 1.15 -1~33 .87 

13. .51 .25 ' .so .87 -
14. - .09 .47 - .29 .87 

15. .21 - .,43 - .70 - .49 

16. .51 .022 -1.33 -1.85 

17. -1 .. 9 .022 .75 .87 

18. -1 .. 3 -1.34 - ~2·9 -1.85 

19. .81 .022 -1.,12 -1.85 

20. -1.3 .022 -1.12 -1.85 

21. - ..39 1.61 - .so - .49 

22. -1.3 -1.79 .33 - .49 

23. - .39 - .88 "5-1 - .49 

24. - ..69 -1.79 -2.66 - .49 

25. -1.00 .022 - .,50 - .49 

26. - ..69 • 70 - .91 .87 

27. .21 .022 -1.,33 - .49 

28. - .39 -1.79 - .,70 - .49 

29. -1 .. 3 - .. 20 -1.33 - .49 

30. -1.9 -1.56 - .91 -1.85 
31 .. - .09 + .022 .75 .87 

- - -

32. 1.12 +1.15 - .os .87 
33. -1.60 -1.56 - .70 -1 .. 85 

34. - .09 - .43 -1.12 -1.85 

35. -1 .. 60 1.15 - .91 .. 87 

36. .21 ~ .43 .75 - .49 



37. - .09 1.38 1.58 .87 

38. 1.72 1.61 .,12 .87 

39. 1.42 .70 1.58 .87 

40. -1.9 .022 -1.,12 .87 

41. - .09 - .88 .95 .87 

42. 1.12 -1.11 .,54 .49 
' 

43. .21 .25 .75 - .49 

44. - .09 .25 - .29 - .49 

45. .51 .93 1.33 -1.85 

46. -1.9 - .20 -2.16 - .49 

47. -1.00 -1.34 .12 - .49 

48. .. 81 .47 .54 - .49 

49. 1.12 - .43 1.37 .87 

so .. .. 81 1.38 .12 - .. 49 

51. 1.12 .47 .95 .87 

52 .. 1w42 .. 25 -1.12 - .49 

53. 1.12 1.61 1.16 .87 

54; 1.12 -1.56 - .29 .87 

55. - .69 .47 .12 .87 

56. 1.42 - .43 1.,79 .87 

57. - ..09 -1.56 .75 .87 

58. .81 .47 1.37 .. 87 
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TABLE 5 .. 

TABLE SHOWING Nm.ffiER OF CHILDREN IN 

EACH OF THE SIX A (AGE) GROUPS. 

Group Age Range Subjects Total 
--------+-----------+-----------------------------------;-~-----

G·yrs .. -
6.6 mnths .. 

E.D;., H.B;"; ·R.Ma, A.T.,_A.C.; 
S.B.; P.D. 1 C .. B .. , E.F. 

6~7 mnths~ M.B~, s;M.; N .. A., P .. A.·; ·Jail., 
- 7 yrs. I .F., .£11.G .. , H.S .. 1 I<.s., A.G. 

7·yrs. -
7.6 mnthsa 

7.7 mnths .. 
- 8 yrs .. 

s·yrs .. -
8e6 mnths .. 

- 9 yrs .. 

C .. H~, B.J~; G.Q., M .. W., M.G.; 
R.s., B.,G .. 

L.S .. , AoS<.; ·J.S., P.Ge; -K.R.; 
S.G. I F.T .. I W.H. I' M.T. 

M.W<., S.Pi, D.A .. , P .. C.; D.H.; 
M.L., K~vd .. M .. 1 G.s .. ; c·~·D .. 

J.v.l'-,.; 
E .. S., L .. H. 

* TOTAL 

The Eight children (9 to 10 year olds) 
constitute the fourth S group; hence 
the total of 50 subjects comprising 
the A groups, instead of 58. 

9 

10 

7 

9 

9 

6 

50 
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TABLE 6 • 

TABLE SHOWING NUMBER OF CHILDREN IN EACH OF 

THE FOUR S GROUPS (GROUPS DIVIDED ON BASIS OF 

SCHOOL STANDARD) Al'JD NEAN AGE OF EACH GROUP. 

Group Age Range Average Age Total Number 

1. 5 yrs. 11 mnths. - 6 yrs. 6 mnths. 22 
7 yrs. 4 months. 

2. 7 yrs. 1 mnth. - 7 yrs. 7 mnths. 14 
7 yrs. 11 months. 

3. 7 yrs. 11 mnthso - 8 yrs. 4 mnths. 14 
8 yrs. 7 months. 

4. 9 yrs. 2 mnths. - 9 yrs. 7 mnths~ 8 
9 yrs. 11 months. 
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TABLE 7 o 

TABLE SHOWING VALUES OF "W" (COEFFICIENT . OF 

CONCORDANCE) , OBTAINED BY A (AGE) GROUPD (A
1
--=-.£

2
l 

ON NUMBER, SPACE AND TIME TESTSa 

Group Age Range Number Space Time 

A' 
1 6 yrs. - 6 yrs. 6 mnths. ..34 013 .601 

A2 6 yrs. 7 mnths. - 7 yrs. .. 18 .22 .18 

B1 7 yrs. - 7 yrs. 6 mnths. .093 .42 .42 

B2 7 yrs. 7 mnths. - 8 yrs .. .27 .305 .. 38 

I 

c1 8 yrse - 8 yrs. 6 rnnths. .32 .33 .400 

c2 8 yrs. 7 mnths. - 9 yrs. .. 43 ..25 .33 

-
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TABLE 8. 

TABLE SHOWING VALVES OF 11 W11 (COEFFICIENT OF 

CONCORDANCE) OBTAINED BY S GROUPS 1 - 4 

(GROUPS DIVIDED ON BASIS OF SCHOOL STANDARD} 

ON NUMBER, SPACE AND TIME TESTS. 

Group School Standard No. Space Time 

1. Sub .. A. .26 .22 .. 38 

2 .. Sub. B. .29 ~35 ..44 

. 
3 .. Std., I. .37 ..30 .39 

4 .. Std .. II. ..35 I ..~6 .. 303 
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TABLE 9. 

TABLE SHOWING VALUES OF CHI SQUARE 
2 .. (x ) AND 

CRITICAL VALUES (Ho) ASSOCIATED WITH CHI SQUARE 

FOR S GROUPS 1 - 4 (GROUPS DIVIDED ON BASIS OF 

SCHOOL STANDARD) ON NUMBER; SPACE AND TIME TESTS. 

GROUP I. 

Number Space Time 

2 
X 21.84 23.1 31.92 

Ho.. • 50 .so .10 * 

GROUP 2. 

Number Space Time 

2 
X 15.08 22.75 22 .. 88 

· Ho. .,30 .os ** .. 05 ** 

GP..OUP 3 .. 

Number Space Time 

2 
19 .. 24 X 19.5 20 .. 28 

Ho. .10 * .10 * ..10 * 

GROUP 4 .. 

· · Number Space Time 

2 
X 9.80 16 .. 1 8.48 

Ho. .20 .02 ** .30 

** Indicates a highly significant Ho~ value. 

* Indicates a slightly significant Ho. value. 



.. 
; ... ·'· 
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TABLE 10. 

TABLE SHOWING VALUES OF CHI SQUARE {:>?) AND 

CRITICAL VALUES (Ho) ASSOCIATED WIT~. CHI SQUAR~ FOR 

2 
X 

Ho 

2 
X 

Ho 

2 
X 

Ho 

2 
X 

Ho 

2 
X 

Ho 

2 
X 

Ho 

GROUPS A
1
--=-.£

2 
(AGE GROUPS) 

ON NUMBER SPACE AND TIME TESTS. 

GROUP A
1 

Number Space Time 

10.88 S.2 19.2 
.,30 .80 .02 ** 

GROUP A
2 

Number Space Time -
6.48 9.90 6.48 

.70 .. so .70 

GROUP Bl 

Number Space Time 

- 8.64 -
Not significant ot· • ::> ** Not significant 

(Table R) (Table R) 

GROUP B
2 

Number Space Time -
8.64 12.2 12.16 

.. so .20 .20 

GROUP cl 

Number Space Time -
10.,24 13~2 12.8 

.30 .. 10 * .. 20 

GROUP c
2 

Number Space Time -
- - -

Not significant Not significant Not significant 
(Table R) (Table R} (Table R} 

** Indicates highly significant Ho value. 
*·Indicates slightly significant Ho value. 

-·-
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TABLE 11. 

THE PERCENTAGE OF CHILDREN IN EACH S GROUP 

{GROUPS DIVIDED ON BASIS OF SCHOOL STANDARD) 

AT 11 SUBSTAGE" III, II AND I ON NUJYJBER 

TESTS TWO - FIVE. 

NUMBER SUBTEST 2; 

Substage 3 2 1 

Group I Sub .. A 22.7% 31.8% 45 .. 4% 

Group 2 Sub. B 42.8% 50.0% 7.1% 

Group 3 StdG I 57.1% 35.7% 7.1% 

Group 4 Std .. II 75 .. 0% 25 .. 0% -

NUMBER SUBTEST 3., 

Substage 3 2 1 

Group I Sub. A 9.1% 50% 40.8% 

Group 2 Sub. B 35.,7% 50% 14 .. 3% 

Group "' Std. I 35.7% 50% 14.3% ..) 

Group 4 Std. II 75.0% 25% -

NUMBER SUBTEST 4. 

Substage 3 2 1 

Group I Sub .. A 13.,6% 18 .. 1% 68o3% 

Group 2 Sub. B 14·.3% 42.9% 42 .. 9% 

Group 3 Std .. I 7.0% 43.0% 50o0% 

Group 4 Std. II 75.0% 25 .. 0% -

NUMBER SUBTEST 5. 

Substage 3 2 1 

Group I Sube A 18.,1% 59,.1% 22 .. 7% 

Group 2 Sub. B 78.5% 21.4% -
Group 3 Std. I 78 .. 5% 21.4% -
Group 4 Std. II 100% - -
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TABLE 12. 

THE PERCENTAGE OF CHILDREN IN EACH OF THE S 

GROUPS (GROUPS DIVIDED ON BASIS OF SCHOOL STANDARD) 

AT 11 SUBSTAGE 11 III, II .AND I ON SPACE TESTS 1-5. 

I •. 

SUBTEST 1. 11 Substage 11 3 11 Substage 11 2 11 SUbstage 11 1 

Group 1 Sub. A 54 .. 5% 31 .. 8% 13.6% 

Group 2 Sub .. B 42.,8% 57.2% -
Group 3 Std. I 50.0% 42.8% 7.1% 

Group 4 Std. II 75.0% 25.0% -

SUBTEST 2o 11 Substage" 3 11 Substage 11 2 "Substagen 1 

Group 1 Sub. A 13.6%• 63.6% 22 .. 7% 
'· 

Group 2 Sub. B 57.1% 28.5% 14~3% 

Group 3 Std. I 71.4% 28.5% -
Group 4 Std. II 100% - -

SUB TEST 3. 11 Substage 11 3 11 SUb.stage" 2 11Substage" 1 

Group 1 Sub~ A 63.6% 31.8% 4~5% 

Group 2 Sub~ B 64 .. 3% 35.7% -
Group 3 Std. I 85 .. 7% 14.3% -
Group 4 Std. II 75.0% 25 .. 0% -

SUBTEST 4. "Substage" 3 "Substage 11 2 11 Substage" 1 

Group 1 sub .. A 9.1% 27.2% 63.6% 

Group 2 Sub. B 21.4% 28.5% 50.0% 

Group 3 Std. I 21.4% 28.5% 50.0% 

Group 4 Std. II 50.0% 37.5% 12~5% 

-

SUBTEST 5 .. "Substage" 3 11 Substage" 2 "Substage" 1 
I 

Group 1 Sub. A 27 .. 2% 36.4% 36.4% 

Group 2 Sub .. B 64-3% 21.4% 14.3% 

Group 3 Std. I 57.1% 7.1% 35.7% 

Group 4 Std. II 62.5% 37 .. 5% -



-115-

TABLE 13. 

THE PERCENTAGE OF CHILDREN IN EACH OF THE S GROUPS 

(GROUPS DIVIDED ON BASIS OF SCHOOL STANDARD) 

AT "SUBSTAGE" III, II AND I ON TIME 

TESTS, 1, 2, 4, 5. 

l 
SUBTEST 1. 11 Substage" 3 11 Substage" 2 "Substage11 1 -
Group I Sub. A 9.1% 40.9% 50.0% 

Group 2 Subo B 42 .. 8% 35o7% 21 .. 4% 

Group 3 Stdo I 35.7% 50o0% 14.3% 

Group 4 Std. II 75% 12.5% 12.5% 

SUBTEST 2 .. "Substage" 3 11 SUbst~ge" 2 "Substage 11 1 

Group I Sub. A 13.,6% 36.3%. 50% 

Group 2 , Sub .. B 28.5% 35.7% 35 .. 7% 

Group 3 Std. I 35.7% 42.8% 21.4% 

Group 4 Std .. II 12 .. 5% 50o0% 37 .. 5% 

SUBTEST 4. 11 Substage" 3 ,.Substage" 2 11 SUbstage 11 1 

Group I Sub. A - 31.8% 68.1% 

Group 2 Sub. B 28 .. 5% 57.1% 14 .. 3% 

Group 3 Std .. I 35 .. 7% 42 .. 8% 21.4% 

Group 4 Std. II 50.0% 37 .. 5% 12.5% 

SUB TEST 5., "Substage .. 3 "Substage,. 2 11 SUbstage 11 1 

Group I Sub. A 22.7% 45.4% 31.8% 

Group 2 Sub. B 42 .. 8% 50 .. 0% 7.4% 

Group 3 Std. I 85 .. 1% 7o4% 7.4% 

Group 4 Std. II 87.5% 12.5% - % 
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VIIa. DISCUSSION OF RESULTSa 

In terms of the statistical method we have used, 

Piaget 1 s theory would predict that a high level of con

cordance should be found between tests constituting any 

one battery,. when administered to a group of children o 

This would allow one to predict that each child in that 

group responds fairly consistently on these tests. 

While Child A might perform at a differen·t level from 

child B in the same group, the level at which each 

child functions, . should be significantly consistent to 

assume that the tests administered are, in fact~test 

parallelse One expects ,then, that the W values obtained 

by each group (standard and age groups) are associated 

with probability values which enable one to reject the 

null hypothesis at a high level of confidencee The 

null hypothesis states that there is no significant 

agreeme~t between rankings obtained by the same child 

on a number of different subtests constituting a battery. 

If lack of agreement between test scores is consistently 

found among children constituting any one group, then 

the null hypothesis is accepted for that group, and 

one may assume that the tests in question, all tap 

different levels of cognitive functioning. If however 

the null hypothesis is rejected,the alternative hypo

thesis must be accepted which states that the agreement 

between N sets of rankings for each child in the group 

is consistently higher than it would be by chance, and 

that the concordance must be attributable to a factor 

corrunon .to all scores '\·Jhich these rankings represent. 

Piaget's hypothesis would relate this agreement between 

sub·tests comprising any one battery to the fact that 

they all tap facets of a homogeneous intellect which 

determines.,within limits, a stable level of cognitive 

functioningo 

Thirty W values have been computed, eighteen 

for the six A groups and twelve for the four S groups. 

For purposes of the present analysis of results we propose 

to I o ~ .. 
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to reject the null hypothesis when the probability 

associated with a particular value of W reaches the .01, 

.05, and .1 levels of confidence. The latter value will _., 

be considered as only slightly, but nevertheless:? still 

significant. 

Referring to Tables 10 and 9; it can be noted<, 

that out of a possible 30 significant chi square values 

associated with w, only five are significant and five. 

slightly significant,., This means that only 33~/o of the -· 
W values correspond to a significant chi square value. 

At this pointtthen, it seems that lack of agreement 

between· scores on five sub·tests comprising a munber, 

space,or time battery; seems clearly to be a feature 

of results recorded for the differently constituted groups 

in this study., 

Owing to the very large discrepancy in W values 

computed for the S (standard) groups on the one hand, 

and the A (age) groups on the other,and the implications 

\vhich may follow from this,_ it is necessQ.ry that the 

results of each group be considered individually and in 

detail. 

The s groups \-Jill first be considered. Outlining 

roughly their results, one notes from Tables 8 and 9, 

that seven of the t-v;elve W values computed for the four 

S groups are significant. Furthermore it is found that 

at least one of the three W values computed for each 

group is significant and in addition that Group III 

(standard one group) obtained slightly significant values 

of W on all thr~e tests, number, space and time, and 

group II (Sub B group) highly significant values of W, 

on space and time tests. 

Such a general survey does suggest that when the 

Piagetean tests, particularly those of time and space, 

arc administered to children in the sample, divided into 

respective groups on the basis of school standards, there 

is a tendency for the children comprising these groups to 

respond with a considerable degree of consistency on the 

five subtests constituting a particular battery. 

vJhile I 
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~fuile this statistical procedure naturally limits us 

in talking in terms of individual children, it appears 

to be the most adequa·t.e tool for our present purpose. 

since this method enables one to det:ermine interreli

ability between tests comprising a single battery when 

administered to a group, and since theAe tests are tests 

of concrete operational intelligence,a significant con-

. cordance or lack of concordance bet;·;een these tests 

when administered to a small and homogeneous group,can 

shed important light on ·the present hypothesis. 

From the VI vZ!.lues calculated for the s groups, 

a number of important implications follow. In the 

first place, it can be noted that only one S group ob

tained a significant. value on the number tests, and 

even this value falls i:.Jithin the lov1er significance 

range. This suggests ·that the children comprising 

·the independent s groups do not appear to function 

consistently or uniformly on the five tests comprising 

the number battery. The fact that zignificant W values 

were obtained by each of the four s groups, on either 

space or time tests; and in addition that groups two and 

three obtained significant coefficients of concordance 

on both space and time tests,suggests that these batteries 

more readily tap a homogeneous or stable cognition in 

their ~ndependent areas than the m.<..:.-nber tests_... Since 

Piaget 1 s theory of crit:ical stages states ·that adequate 

maturation and environmental matching provide for a 

homogeneous functioning in all areas of cognition, it 

is difficult to conciliate these findings with Piaget•s 

contentions that these tests are measures of a con-

stant level of maturation which cuts across all areas 

of cognitive functioning un~formly. 

On the other hand, there is some interesting 

support for Piaget 1 s theory in the fact that Groups 2, 

3 and 4 obtained significant W values on the space tests. 

and that similarly significant results 'IIJere computed for 

Groups 1, 2 and 3 on ·time tests.. The interreliability 

between the subtests comprising ·the space battery for the 

aforementioned/ ..... 
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aforementioned groups; and a similar consis·tency between 

the time tests,suggests that they are significantly 

.homogeneous measures of the cognitive functioning which 

they have been devised to tap. This naturally applies 

only within the frame1.·1ork of the groups vm are testing. 

The latter results have important implications 

for the first hypotheoiso It appears, that when the 

sample is divided into groups on the basis of school 

standard, a selection of Piagetean time and space tests 

are in fact- measuring a significantly homogeneous level 

of functioning in most of the groups. However, since 

Piaget stresses the emergence of the concrete operational 

stage at about the same time in all content areas, it is 

incongruous with his theory of homogeneous intelligence, 

that such discrepancy should be found between the number 

tests on the one hand,and the space and time tests on 

the other, when administered to one and the same group. 

It is interesting to note that Group 3 (Standard 

I children) obtained three significant Til values, one on 

each of the three content areas, number, space and timeo 

Similarly Group 2 (Sub B children) obtained highly signi-

ficant W values ·on both the space and time batterieso 

Both these groups seem to deviate) then, from 

Group I (Sub A group). for which only one significant i/l 

value was computede and this falling within the lm~Jer 

significance range. This corresponds well with Piaget 1 s 

findings, that stable cognitive functioning which char

acterizes the concrete operational stage emerges generally 

between the ages of seven and eigh-'co vfuile these results 

lend encouraging supp~t to Piaget 1 s hypothesis, there 

are several important points of deviation which relate 

particularly to our second hypothesis. 

It follows ·that if maturation takes place in clearly 

defined stages, and this development portends progress in 

all areas of cognitive functioning, one and the same group 

should function consistently in all arease Tables 8 and 9, 

hmvever, show that . v.Ji-t:h the exception of the third s group 

at/ .... 
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at least one of the three W values computed for each of 

the remaining groups is highly inconsistent with the 

other. Thus in group one it is no-~ed that the coeffi

cient of concordance (\'7) computed on ·the time tests: is 

associated with a significant probability value which 

allows one to reject the null hypothesis,whereas the 

probability values associated with the coefficients of 

concordance on the i'lurn}Jer and space tests for the same 

group enable us to accept the null hypothesis at a high 

level of confidence. This implies that there is very 

little interreliability between the battery of space 

tests when administered to the group,and this applies 

equally to the number testso Yet there is a marked 

agreement betv;een tests constituting Jche time battery 

for the group in.questiono Similarly in Group 2, where 

highly significan·i: values of W were computed for the space 

and time tests, a correspondingly lm·1 ~·l was obtained on 

the number testsg Comparable results are recorded for 

Group 4!, Q vJhile T/l is highly significant for the space 

tests, the coefficients of concordance on both ·the number 

and time tests .. correspond to probability values that 

fall well beloVJ the significance levels.; 

It is diffict1l·t to reconcile these findings with 

the Piagetean theory. Since there is a very marked 

difference between the concordance values computed for 

the number, space,and time tests in the case of one and 

the same group, it is clear that there is a significant 

lack of agreement between the level of cognitive func

tioning of this group in the three different areas of 

cognitiono A significant W value as computed for any 

specific battery of tests, implies ·that high intra-test 

reliability exists betvJeen subtcsts comprising this 

battery when administered to a particular groupo 

It follows, then, that the level of cognitive functioning 

of each child in that group is significantly stable and 

constant on each of the independent subtests. On the 

other hand, if a highly insignificant value of W is 

obtained by a specific group in one content area, this 

shows /o 0 .. 
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shows that the rankings of the individual children on 

the subtests comprising the battery, is more or less 

randoms Thus, when a highly significant value of W is 

found on one battery of tests for a particular group 

and an insignificant coefficient of concordance is 

obtained on another ba·ttery by the same group, one 

may deduce with some certainty,. that the two independent 

ba·tteries are tapping discrete levels of cognitive 

functioning s It follovJs , then, that for all S groups, 

"lrJi·th the exception of Croup 3, a significant degree of 

in·ter-test variability exists betvJeen the three 

content batteries and hence there is some inconsistency 

of functioning in the areas of number, space,and time 

conception. 

On the other hand, although the probability 

values associated with ·the coefficients of concordance 

are identical on the number, space,and time tests respec

tively in the case of s group three; and although signi

ficant probability values are associated with W1 s recorded 

for S group two on both space and time tes·ts, one must 

recognize certain limi'cations in making immediate de

ductions about the relationship between number, space 

and time cognition .for these groups, using Kendall's 

method o Whereas marJ:ecl discrepancy bet\veen three W 

values .. computed for any one group" indicates discrepant 

functioning on the nmnber, space,and time tests, the 

reverse deduction cannot be made even if significant con

cordance values are obtained on two or three of the 

·test batteries, or even when this value is identical for 

each content area (Group 3)u While this statistical 

method serves to verify intra-test reliability between 

a number of tests constituting a battery,an identical 

concordance value on nmuher, space,and time tests, as 

computed for the same group of children, does not 

necessarily indicate inter-test realiability between 

these batteries. It may well be that ·the rankings of 

a subject which contribute to the computation of a 

significant TtJ value on the number tests in Group 3, 

. are I .... 
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are differently constituted from those underlying a 

significant W value. on the space and time tests.. Thus 

·on the number tests; subject A may rank.fifth on all 

the subtests, whereas on ·the time t~sts .: he ranks 

consistently second on all subtests.. Both these results 

would contribute to a high value of H, .. and yet there is 

a 'marked discrepancy between the child's space and time 

results. He is, in fact, functioning at a very much 

higher level_in the one content area than in the other .. 

This is an important limitation of the statistical 

tool we have used, and one that must be recognized be

fore making hasty deductions. 

In concluding this discussion of the S group~ 

it can be said that the W values indica~ce a certain 

degree of internal consistency betvleen subtests con

stituting the space and time tests for most groups .. 

However, this stability seems to be markedly lacking 

in the number Jcests for the majority of the S groups. 

In considering the relationship bet'i·men the three con

tent areas of number, time and space, for these groups, 

there are strong indications of inter-test variability 

among the three content batteries selected. Since this 

inconsistency· of functioning canno'c be accommodated 

by Piaget•s theory, one can tentatively say that we 

have in ·these results some discredit for our second 

major hypothesis .. 

.. . 0 0 

We turn nm·J to a survey of the Ttl values obtained 

by the 6 age groups.. Eighteen 'tJ values were computed 

for the A groups, three coefficient values for each 

specific subgroup. Perusal of Table 10 shows that of 

the 18 W values computed, only three (16%) correspond to 

significant chi square valueso This implies that when 

the space, number and ·time tests are administered to 

the independent subgroups there seems, in general, to 

be lit·tle internal consistency or interreliability between 

the subtests constituting any one ba·ttery for the groups 

in I 
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in questiono 

Considering the results in greater detail, 

several interesting points emerge. In the first 

instance, there is little doubt that even a brief 

consideration of Tables 10 and 9 indicates that there 

is a significant difference between the groups con

stituted according to age on the one hand, and school 

standard ... on the other.. The comparison of the W 

values obtained by groups A and S provides perhaps the 

most interesting finding which has emerged from this 

· projecto From the results obtained; it seems clear.·. 

that when the Piagetean tE;sts were administered to the 

sample groups delineated purely on the basis of school 

standard, the likelihood of a significant coefficient 

of concordance between these testsuAs greater than in 

the case of the same children grouped according to ageo 

There are several explanations which ·may account -for the 

p·resent finding. Since it is possible to deduce from 

the results that the G groups are more homogeneous than 

the A groups with regards to cognitive development, as 

measured by the Piagetean tests selected, one can perhaps 

attribute these findings to c0rtaiiJ. experiential factorsf 

common to the independent S groupso Thus, for example, 

the third S group may be particularly homogeneous, not 

only as a result of a fairly comparable home environment 

and level of mental ma·turity, but also as a consequence 

of the years of schooling,_ the degree of interpersonal 

relationship, and the added cognitive stimulation which 

accompanies the school programme. It is this latter 

factor which is not necessarily constant in the A groups ·· 

for as was pointed out: earlier• it is possible that one 

and the same A group may be constituted of children who 

are not necessarily in the same school standardo While 

the majority in each group naturally are 1 the lack of 

homogeneity which has been noted may be introduced by 

the two or three children in each A group, not belonging 

to the sam0 school standard as the 0 1chers. While these 

results do not infirm Piaget 1 s contentions, they suggest 

that I ... 
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that Piaget's cognitive theory has perhaps not given 

as much emphasis to the effects of experiential 

determinants as is necessary for an adequate survey of 

cognitive development~ 

If one considers in more detail t:J::e individual 

w values obtained by the 6 A groups and the chi square 

values associated '\·.Jith them (Table 10), one notes that 

only Group A (6 yrs. - 6 yrs, 6 months) received signi-
1 . 

ficant coefficients.of Concordance on the time battery 

and Group B
1 

(7 yrs. - 7 yrse 6 months) and c
1 

(8 yrs. 

7 months - 9 yrs.) obtained significant Ttl values on the 

space tes·ts. No significant W values 'V.Jere obtained on 

the number tests for any of the subgroups. This finding 

agrees strongly with what was found in the case of the 

four S groups. The fact that no significant W values 

were obtained by the G A groups on the number tests, 

confirms &n earlier finding on the S groups that these 

tests, in particular,appear to be characterized by a 

significant lack of interreliability and inconsistency. 

They appear to tap different levels of cognitive func

tioning, a tendency ·1:.Jhich is marked far more in the case 

of the number tests than in the time and space tests 

for the group in generale However; the fact that only 

two of the S groups ob·tained significant Vl values on the 

space batb-Jry ,. and only one group received a significant 

coefficient of concordance on the time battery, suggests 

that even on these tests there was li·ttle consistency 

in the cognitive functioning of the s groups considered 

in toto .. 

The results ob~cained by the 6 A groups also 

present a serious objection to our second hypothesis 

which states that the child's cognitive development 

is parallel within the three content areas of number 

space and timeo Referring to Table 10, we note that 

although three subgroups received significant W values 

in at least one content area,grossly insignificant co

efficients of conc·:)rdance are reco:r.:ded in the remaining 

two areas for the same groups, suggesting clearly an 

inconsistency I . ... 
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inconsistency of functioning in the three content areas. 

by the groups in question. 

vnlile we have discussed differences which have 

emerged in protocols of children in the various age 

and class groups
1
the perusal of the raw scores presented 

in Table I a, b, c brings to light a poin·t which the 

computation of Kendall 1 s Coefficien·t of Concordance 

alone does not make clear. - This relates to the fact 

that the s group fou:c; (9 year olds) are in general 

superior to the preceding groups on the number tests. 

Five children in the group are clearly functioning at 

the third stage level; while ·the remaining three child

ren show deviations from ·this level on only one or two 
· · ·, lf (·· _,',' ·, ,; I 

of the number tests., This marked trend of improvement 

found in this group over the young.er children in this 

study is not as clearly discerned in the tests of s~atial 

conceptualization,although it might be noted that this 

group shows clearly an.advancement over the others on 

the perspective 1 s test. In the case of the time tests, 

hm..,ever, there seems to be no marked superiority in this 

group over the younger groups. ·· The luck of consistency 

between the various content areas for S group four 

(standard two children) and their superior·performance 

on the number subtests allows for a nunilier of interesting 

deductionso The apparent consistency in the number test 

scores of the subjects in this group; and the fact 

that the majori·ty are 2ble to solve all tasks with 

efficiency, might Nell lead one to conclude that in 

this group concrete operational reasoning has been 

attained o There are, however, several reservations vlhich 

must be made. In the first instance, it is clear that 

if we administer the Piagetean tes·ts to progressive age 

groups,we will eventually find a group in which every 

child has the capacity to solve all tests adequately. 

It is obvious that the children in ·this group would be 

caP.able of operational reasoning and true conceptual 

thought. But such a finding would provide no adequate 

support for Piaget~s contentions. In the first place, 

there I o •• 
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there is no substantial proof that in this specific 

group conceptual development had followed precisely the 

course which Piaget predictedo This is our first con

sideration but there is another which emerges from ·• 
the pattern of results obtained by S group four. can 

one, in fact, talk in terms of a nevl 11 stage 11 of develop

ment in these children? There is certainly evidence of 

concrete operational development in the case of their 

number scores, but since there is still gross intra

test variability between the time tests for this group, 

€an they be readily assigned to the concrete operational 

stuge? This finding is considered as one.of the most 

serious pointers against accepting PiagGt 1s theory with

out amendmento If at the nine year level, children in 

this study are at the concrete operationa~ stage in 

number conceptualization but generally show a motley 

pattern of operational and pre-operational reasoning in 

their time protocols,there is some evidence against 

Piaget's idea that broad bands of cognitive development 

cut across different content areas at about the same 

time in the life of every child. The fact that operational 

reasoning in the present group emerges sooner in one area 

than in another is particularly difficult to explain in 

tGrms of Piaget 1 s theory of cognitive stages and a homo

geneous intelligenceo 

The final implications which follow from the 

computation of W scores must now be considered. From 

Tables 10 and 9 it is found that the five Piagetean space 

tests selected for this study have greater intra-test 

reliability than either number or time tests, as computed 

by Kendall's Coefficient of Concordance. Referring to 

Table 10, we note that two of the three significant W's 

computed for the A groups were those on space tests, and 

complementary to thisi it was found that three of the 

four s groups also obtained significant W1 s on the space 

testso In the graphs of the individual test protocols 

which will be discussed later, this tendency is partic~larly 

markedo The graphs representing scores on the five spatial 

tests I ooo 
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tests for individual children are predominantly flatter 

·than those for time or number, suggesting that the spatial 

tests may be considered as test parallels~ 

This tendency towards concordance between the 

five spatial tests selected suggests interesting possi

bilities. In the first place it is mdomatic that if 

there is high internal consistency between the space 

subtests, one can say vlith some certainty that these 

tests are fairly consistent measures of the same level 

of functioning. It is interesting particularly0 that 

)chis should be found within the sphere of spatial cogni

tion. This is a point which may vJell be linked to a 

suggestion made in an earlier section, that Piaget stresses 

the importance of sensory-motor activiJcy far more in 

the case of spatial cognition than either in the case 

of number or time. The tests which he has devised 

support particularly his contention that adequate spatial 

conceptualization can only emerge 'I.Vhen actions are inter

nalized and these are co-ordinated to form operations. 

In the case of nul!lber and time tests, this immediate 

dependence on sensory-motor activity for adequate 

conceptualization is far less easily detected. It 

follows that if spa·tial conceptualization is so predomi

nantly dependent on adequate sensory-motor activity and 

co-ordination of internalized actions#it is likely that 

conceptualization in this area will readily take place 

if the objective or physical environment is sufficiently 

enriched, and t.he child is given the opportunity to ex

plore and test out the situation. In other words, 

spatial conceptualization is predominan·tly dependent on 

the external or objective environment; and adequate 

development in this area can perhaps be more readily 

divorced from affective determinants than can cognitive 

development in other areas. Piaget•s theory stipulates 

·that adequate maturation of brain structures must take 

place before the child can adaptively employ the objective 

environment, but provided these two conditions are present 

conceptualization occurs. Since the present group is a 

particularly/ ••• 
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particulurly homogeneous sample coming from stimulating 

and rich environmen·ts; it may well follow that the 

requirements of an adequate objective or physical en

vironment have been p:;:.·ovided for each child. Further

more, since the age range of the sample covers broadly 

what Piaget has defined as the concrete operational 

stage, one expec·ts tha.·t a significant number of 

subjects will show more or less conr::istent functioning 

on the spatial subtests devised to tap operational 

reasoning. Our resuH:s then confirm the deductions 

vJhich can be made from Piage·t 1 s theoryo 

There is one significant question which follows 

however. What accoun·ts for the significant difference 

which has been noted between the space tests on t~e one 

hand and the number tests on the other? How can one 

explain the finding tha-t: space tests appear to tap a 

significantly consistent capacity in 50% of the sub

groups,whereas the number tests are apparently measuring 

a heterogeneous functioning in the grea·t majority of 

groups. There are tvlo explanations for this finding:~ 

Either the'Piagetean number tests arc not adequate ·to 

tap a homogeneous capa.city,or such a homogeneous capacity 

does not exist and v-Je cannot talk of 11 stages 11 of intel

lectual development as Piaget does. Since as we have 

shown, Piaget stipulates that tho fonner condition is 

provided by his ·~esJt;:.s, the latter possibility seems 

particularly likely• The consequence is that one talks 

of a homogeneous development in spatial conceptualization 

'Nhich supports the contention of fixed stages, and uneven 

development in number conceptualization' which goes 

counter to the idea of clear-cut sequential stages• 

This inconsistency might be explained by a point men

tioned earlier.. It is difficult to see ho"~:J number con

ceptualization is as predominantly l~ced to sensory-motor 

activity as is spatial conceptualization,and the link 

seems even more remote in the case of time concepts.; This 

might account for some of the discrepancy we have noted. 

It is perhaps the case that extraneous variables enter 

into I 
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into time and number conceptualization with greater 

propensity than they ~ffect spatial conceptualizationo 

Whereas the latter seems very much t.o be determined 

by sensory-motor activity, time cognition, in parti

cular,may be less closely affiliated to this activity 

and it is possible that personality variables in 

addition to purely cognitive factors determine the 

inconsistent performance that has frequently been 

noted in the protocols of one and the same childa 

Why there is such gross inconsistency for the 

individual child on nu~Jer tests it is difficult to 

de·termine . following purely the theoretical contentions 

of Piaget, but it seems to us that. the operations under

lying number conceptualization as outlined by Piaget, 

are less immediately determined by actual physical 

actions fundamental to space conceptualization. It is 

possible that spatial conceptualization as related 

directly to sensory-mot.or activity (physical actions), 

and the internalization and co-ordination of these, is 

more ?losely determined by maturation of underlying 

brain structures in tho child than are operations under

lying nurob~r and time conceptualization. In ·the case 

o£ num"Der and t.ime conception the inunediate link between 

biological organization on the one hand (determined by 

maturation and the organizational concomitants of 

assimilation and accommodation), and behaviour on the 

other,may be camouflaged by the effects of chance 

experiences (training) or cert~in personality deter

minants, so that a coherent pattern of behavioural 

development is not found to correspond with the concise 

and clear-cut pattern characteristiG of the biological 

organization which Piag-et has traced .. . 
In concluding a discussion based on the statisti

cal analysis that has been conducted,it is necessary to 

consider in some detail the general trend which emerges 

from a series of graphs that have been presented (see 

appendices}~ 

seventeen graphs have been dra\111 1 each representing 

the I a •• 
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the scores on nu~ber; space,and time tests of randomly 

selected children in the samplee Four children were 

drawn for this purpose from each age group and five 

were selected from the six to seven year group. 

The main purpose of these graphs is to reveal 

any striking or gross discrepancies in ·the protocol of 

one and the same child. The graphs arc drawn on the 

basis of raw score data (Tables 12.; b and c), and for 

this reason an identical percentage on different sub

tests does not necessarily have an identical connota

tion. On the other hand, as we pointed out earlier in 

discussing the methodology, it is impossible to define 

precisely the stage corresponding to any qualitative 

score on the criteria \·Jhich Piaget gives, for even on 

subsections of the same subtest,discrepancies in the 

level of cognitive functioning were noted in the case 

of some subjects. Hm·JCver, a point vlhich emerges from 

these graphs and which for the present purpose is 

adequate,is the presence of any striking or predominant 

discrepancies in one and the same content area for any 

particular subject. It is obvious that the child is 

functioning at different levels on t"~t!O ·tests if she 

obtains a quantitative score close ·to the 100% mark 

on the one test and a score which approaches the O% 

level on the cthero Furthermore these graphs serve to 

show the rough relationship between the subject's func

tioning in one con·tcn·t area and another, and in particular .. 

als·o help to determine \tJhether ·the children generally 

tend to function more consistently in one content area 

than in others. This method is in our opinion... the 

closest one can come to representing and discussing 

scores of the individual child in the sample .. 

A very general survey of the graphs presented 

leads to the conclusion that there is frequently a gross 

inconsistency in the test scores obtained by the indivi

dual subject in one and the same ·content area. This is 

represented by sudden severe dips in the graphs, or 

sporadic rises, a characteristic which can be noted in a 

number I .... 
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number of·the graphs presented (eg. J.v.A., P.A., T.J.) 

Turning to the more specific aspects of these graphs, 

a number of interesting findings can be deduced. It 

appears from a brief survey that graphs representative 

of the child's cognitive functioning on the five space 

tests selected are significantly flatter than those 

depicting number and time scores. In approximately ten 

of the seventeen graphs this can be clearly noted. The 

lines representing the five scores do not fall into the 
' same plane,but the variation is slight enough to deduce 

a fair degree of consistency in cognitive functioning 

on the tests in question. It is interesting that this 

finding is in close agreement with v.Jhat we were able 

to deduce from a computation of "W Scorcs 11 on the space 

tests for the differently constituted subgroups, and 

with the conclusions "\·Jhich were drawn at that point. 

It still has to be conceded from the remaining graphs 

that consistent perfornance on the spati~l tests is 

by no means a generalized occurrence (egG H .. B., D.H.) 

One can only deduce that there is a stronger tendency 

in this direction on the space tests than on the 

number and time tests; in the case of the present 

sample. Furthermore, the graphs representing the 

nruuber and time scores of the seventeen subjects 

selected,reveal a marked degree of inconsistency in 

the cognitive functioning which they represent and 

this seems to be particularly applicable to the number 

protocols. This latter tendency would again follow on 

relevantly from what i·vC could conclude from the W 

scores computed for the different groups on the number 

tests. It might be recalled at this point that only 

one of the ten H values computed for the number tests 

was significant, and even this value fell 'i-Jithin the 

lower significance range .. 

Turning novJ to the question 
I 

of whether there 

are any clearly definable. age trends to be noted from 

the graphs drawn, it appears only from the number 

protocols that any marked improvement is noted,and that 

in I ... 
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in the nine year old group .. ( L .. L. and E • B. ) However, . . 
the remaining two graphs representative of children in 

this group still shm.; a fair degree of inconsistency 

in functioning in this area. On the time tests also, 

gross inconsistency in performance can be noted from 

graphs presented for this group suggesting no very 

marked improvement over the prior age groups. It 

appears,then~that even in this advanced age group 

intra-test agreement bct\tJeen number, space and time, 

is still not a feature of the results recorded. 

A further aim that was considered in presenting 

the graphs is to show roughtly the nature .. of the re

lationship between the individual subject's functioning 

in one content· area and another~ In considering this 

question it can initially be said that there appear 

to be large variations in the type of graph pattern 

which we get. In the case of some subjects consistency 

of functioning in all content areas saems more pronounced 

than in the case of others. For example,we note a fair 

degree of consistency in the numbe~; space and time 

tests from the graphs of E .. B.' K.R. I and M.W. I but even. 

these graphs reveal inconsistent dips at one or two 

points. In the case of other subjects eg~ E.F. consis

tency of functioni!lg seems to be predoninant in one 

content area, but markedly absent in ,the others.. In 

these children the consistent functioning seems inevit

ably to be within the sphere of spatial_conception. In 

the case of still other subjects (eg. H.B. J.v.A.) incon-

sistencies are found in all three content areas.. These 

results, then, point to the fact that consistent func

tioning in all three content areas does not seem to be 

the trend in the present sample. This finding further 

invalidates Piaget•s contentions that at the concrete 

operational stage.·.· the child should function consistently 

in all three content areas,and within one and the same 

sphere of cognition. 

In concluding this discussion on the graphs pre

sented, we may consider a subtle point ~Jhich Piaget 1 s 

experimental/ ••• 
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experimental design may not have brought to light, 

and which certainly cannot be deduced from the pattern 

of examples which are quoted in the Piagetean content 

• books. 

Piaget has implicitly stated that at the con

crete operational stage certain logical operations evolve 

simultaneously. This we have already shovm by quoting 

Piaget in our discussion of the concrete operational 

stageo The tests he has devised arc said to tap the 

child's ability to employ these specific operations 

adaptively,and for this reason the tests in question 

can be considered as test parallels. It follows that 

·the child who has reached the concrete operational 

stage should respond consistently on all these tests, 

if as Piaget claims,each taps different facets of the 

operational reasoning which emerges at this level of 

development. Nevertheless from the graphs selected 

and from the raw score Jcables (Tables 1 a, b, c), it 

appears that some tests are found more difficult than 

others by the groups in gcneralo This applies parti

cularly to number test four and the s~cond time test,and 

to a lesser extent to space test four. This is certain

ly not applicable to the pr~tocols of every child and 

it is frequently the case that a child employs concep

tual reasoning precisely on these tests and fails on 

tests which are commonly found easy by the group. 

Thus, for instance,in ·the time protocol of H.B. a Sub 

A child,we note a 100% on the second time test but pre

logi<:;::al functioning on ·three of the remaining time tests. 

It is of course possible that this child has reached the 

concrete operational stage in time conception but that 

m'ling to affective variables she shm..,rs regression on 

certain tests. Similarly subject P.G. functions at a 

level well over 90% on the second time test, but comes 

dm·m noticeably on the remaining four time tests. Still 

o·ther subjects. for example K.v.M., perform at a consis-.-
·tent level on all time tests showing no specific drop at 

points of apparent difficultyo Similarly on number test 

four I ... 
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four some subjects,notably CoH. _ a Sub A child,present 

a complete operational solution on this task, but 

function at a lower level on the remaining tests in 

the battery. However, the fact that these tests 

appear to present more difficulty than others requires 

some consideration. It may well be that the opera-

tions underlying these tests are more complex than 

others, and that they are dependent on more complex 

structural organization and additional maturation. 

It is of course also possible that some tests are 

basically more appealing than others owing to the 

nature of the test material or the task itself. These 

situational variables in particular may have enormous 

influence on the quality of the child!s cognition 

and are factors which Piaget has never consideredo 

That some tests are fundamentally easier than others 

may, however, not have been elucidated by Piaget•s 

experimental procedure in which the different subtests 

constituting a battery were apparently administered 

to different children, and only on this basis, deduc

tions made. In the present study vJhere the five sub

tests constituting any one battery v1ere administered 

to each child, it follows that the tendency for one 

test to be consistently more difficult than others will 

more readily emerge from the test fi11dings.. It is only 

on the basis of this test procedure that such a tendency 

can possibly come to light,and this finding points to 

still further dangers inherent in the experimental pro

cedure which Piaget has adopted.. However it was not the 

purpose of this study ·to discredit this aspect of Piaget 1 s 

work, and on the bari.s of the exceptions, some of which 

have already been noted1we have no grounds for doing so 

at this point. That operations evolve simultaneously 

is one of Piaget•s basic contentions that has been 

accepted and on the basis of which this project was 

conducted. The fact; however, that certain tests 

appear to be basically more difficult than others, points 

to the necessity for adequate standardization of the 

Piagetean I . . . 
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Piagetean tests before we can prove or disprove Piaget 1s 

major hypotheses w,ith any accuracy. 

In concluding this discussion, it may be said 

that inconsistency in functioning within one content 

area and between one major content area and another, 

appears to be the most marked feature in the majority 

of graphs presented. A notable consistency of func

tioning appears to be characteristic only of those 

graphs representing spatial conception in ten of the 

seventeen subjects, suggesting that in this field of 

cognition the child's cognitive functioning is signi

ficantly more consistent than in o~hers. Further

more, no marked age trends were noted, although the 

nine year olds appear to function more consistently 

on number and space tests than was found in the graphs 

of the immediately preceding age groups. 

At this point we conclude the statistical 

analysis and turn our attention to a purely qualitative 

assessment of the results obtained. 

b •. Qualitative Analysis of_ Results. 

The decision to conduct a purely qualitative 

analysis has been taken for a number of specific 

reasonso The statistical analysis that has been 

undertaken,while revealing in many respects.tends to 

obscure the extent of the individual differences which 

a study of the independent protocols leads one to 

assume. Then too, a number of unusual protocols \'/ere 

obtained for which we find no provision in Piaget 1 s 

theory, and these should be considered. 

A qualitative analysis of the results can be 

broached from many points of view. This discussion 

will be purpose~y limited as only those aspects will 

be considered that are of immediate relevance to our 

hypothesis. 

The Piagetean hypothesis, if correct, makes this 

provision, that the results obtained by the individual 

subject on tests in any one content area will be closely 

analogous/ .... 



-136-

analogous to one another, and in addition, that the 

results in one content area will simulate results in 

others. A brief study of the graphs that have been 

presented shows that even in a minority of subjects 

this trend is scarcely found. The variety of forms 

which the individual test patterns take are too 

numerous to mentiono Rather, we shall consider at 

random the protocols of several subjects at different 

age levels, and note the ex-tent to which they diverge 

from the patterns which Piaget would predict. 

It might be said in defence of Piaget that the 

subjects in this study are at an intermediary level, 

and that this accounts for the motley patterns which 

were recorded. But there arc several reasons for dis

counting this viewo In the first instance, the child

ren in this group constitute those who are considered 

by teachers and on the basis of school work,to be the 

most intellectually advanced in each class. Although 

their IoQ. 1 s were not available, it must be assumed 

that these fall into the high average or superior 

levelo On this account, we may well expect that most 

of the seven year olds,and certainly the eight and 

nine year olds,have reached the concrete operational 

stage of development. In the second instance; even 

if the children are at an intermediary stage of 

development,Piaget 1 s theory would hardly make pro

vision in one and the same child for operational 

solutions on two or three of his tasks and failure on 

the remaindero Since Piaget 1 s theory predicts that a 

homogeneous intelligence underlies all areas of cog

nitive functioning, we expect the pre-operational 

child to respond uniformly at the intuitive or 

intermediary stage. The fact that gross inconsis

tency of functioning is sometimes noted in the test 

protocols of many subjects requires explanation. The 

problem we are faced with is the pin-pointing of those 

determinants underlying the incongruity which has 

frequently been recorded. 
There / ••• 
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There are several alternatives which may be 

adopted in attempting a solution. It is possible to 

surmise that Piaget has failed to give sufficient 

weight to the effects of training, or personality 

factors of the child contribute more to his cognitive 

functioning than Piaget has allowed for in his theory. 

Alternatively it is possible that the very roots of 

Piaget 1 s theory, his idea of a homogenous intelligence 

and development in fixed and clear-cut stages, requires 

some amendment and revision. Although these questions 

require extensive research programmes;'. before one or 

other viei..V can be accepted. 'VJe propose briefly to note 

points which emerged in the present study and i.vhich, 

we feel, might throw light on some of these alterna

tives .. 

Before this line is taken, it is necessary to 

give examples from~veral protocols which illustrate 

most clearly the inconsistency of scores obtained by an 

individual child on one and the same battery of tests~ 

These examples will be drawn from each of the age groups 

studied. 

A particularly interesting protocol is that of 

M.w. an eight year old subject. From the results ob

tained on the number subtests, four responses are 

clearly indicative of operational reasoning (Table la 

Subject 1). On the third subtest, however, the child 

seems clearly to respond at a pre-operational level. 

While the subject can seriate the sticks constituting 

the "staircase 11
, she fails completely in inserting the 

extra sticks. This second set was randomly inserted 

and while the child perceived that the completed 

"staircase 11 was incorrect, attempts at reconstruction 

by trial and error still failed. At no time did she 

attempt to measure one stick against others in the 

series as is characteristic of the operational child. 

Furthermore the subject was unable to state the correct 

number of stairs "which the doll has already climbed 11
• 

In giving an answer she failed to take into account 

the I ••• 
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the stair on which the doll had come to rest, This 

response is again clearly pre-operational in -.nat:ure. 

If a unitary intelligence underlies number conceptual

izationJit is difficult to explain in terms-of Piaget•s 

theory this inconsistency bet'l..vcen the child's cognitive 

functioning on the third number test and her function

ing on the remainder of the number tests. 

Test protocols were also obtained which 

revealed that on one and the same subtest, the child's 

responses were sometimes characterized by discrepant 

cognitive functioning.. The space protocol of subject 

A.Go for example (Table lb, Subject 27), shows that 

on the fourth subtest (perspectives test) the child 

could readily construct a straight line between tv-10 

posts placed midway along adjacent sides of a rectangu

lar table, but implicitly followed the curve when con

structing the line on the cardboard round provided. 

The solution of the former task is clearly indicative 

of conceptualization and operational thought processes~ 

The fact that the child centrates on the perceptual 

cues of the stimulus configuration in tbe solution of 

the latter task,suggests little more than a first stage 

response. This incongruous functioning by the child 

on one and the same subtest is a tendency which has 

occurred repeatedly in this study,and one that provides 

a serious objection to the idea of fixed stages of 

development and a unitary intelligence .. · 

The test protocol of subject M.T .. (Table lq. 

Sub .. 38) also suggests the difficulty of making 

generalizations over the subtest scores appertaining 

to any one content area.,· The time protocol of this 

subject shows clearly third stage responses on each 

of the time tests with one exception.. It was noted 

particularly with what fluency and accuracy the child 

set about each tasko However in the case of subtest 

four (elm and oak tree experiment) there was a marked 

drop in the score obtained by t:1c child.. The subject 

appears clearly to have resorted to the perceptual cues 

provided / .... 
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provided by the situation in making her judgement, 

something which is predominantly found in the reasoning 

of the pre-operational child. In answer to the question 

whether the apple or pear tree is older (second sub

section of test) she stated the following:- "The pear 

tree is older because the apple tree has only half the 

branches .. " The child in relying on the pe:t;"ceptual cue 

provided by the stimulus,_ fails to consider the most 

important aspect of the situation, the birt_h order of 

the trees in question. This overdependence on the 

perceptual cues of the stimulus configuration is the 

most salient feature of the pre-operational response. 

A very similar response was given by this subject on 

the third subsection of the test.. The child \vas pre

sented with a card on which were depicted an apple and 

peach tree. Two apples hang on the apple tree and six 

peaches are shown on the peach treeo In answer to 

the question "Which tree is older, the apple or the· 

peach" she stated as follows. 11 The peach tree is older 

because it has six peaches but the apple tree only has 

two apples". This response is again a clear indication 

of the childes overdependence on perceptual cues in 

reaching her conclusion. The child's reasoning on this 

test was quite inconsistent with the operational and 

logical thought processes,, which characterized her 

cognitive functioning on the remainder of the time 

testso If, according to Piaget, the maturation of 

certain brain structures provides a unitary capacity 

underlying all conceptual.thought, what accounts for this 

apparent regression on one test? The occurrence of such 

a protocol is not an isolated case, and while it pro

vides. perhaps the most lucid and revealing example, 

there are o·thers very similar in formo Thus, for 

example, subject AoB., an eight year old ('I'able lb. 

Subject 2),while performing at a high level on four 

of the space tests,receives approximately 8% on the 

perspective;s testo Again the result is inexplicable 

in terms of Piaget's theory. 

A/ • •• 
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A further unusual protocol is that of subject 

H.B. (Table lc, subject 21). This child obtained full 

marks on the second time test, which has generally 

been found to be one of the more difficult tes·ts in 

the series~ yet her performance on time tes·t four is 

clearly indicative of pre-operational reasoning, and a 

strong dependence on the perceptual qualities of the 

situation. In section one of time test four, for 

example, the child stated that the elm tree was older 

"because it is taller"o In section two of the test, 

she failed to establish the correct correspondence 

between the apple and pear trees at the two and at the 

three year level respectively. In each case corres

pondence was determined by the size of the trees in 

question and not by their birth order.. In section 

three of the test the child also failed to discriminate 

the ages of the apple and peach trees when the card 

was placed before her. The following response was 

recorded. 11 I can't tell which tree is older or younger. 

They both look the same size." In this case the 

subject did not centrate on the perceptual cues pro

vided by the different number of fruit depicted on 

each tree but relied ori an equally unreliable perceptual 

cue, the size of the two trees. This example shows 

clearly the extent to which the child's reasoning is 

distorted if she is over-dependent on the perceptual 

cues provided by the stimulus configuration. On the 

other hand,it is clear from the child's reasoning on 

time test two (dog and rabbit test) that deductions 

were made only after careful consideration of various 

aspects of the situation, the basis of true conceptual 

thought. Thus in considering the duration of the 

running times of the dog and rabbit, the subject co

ordinated such aspects of the situation as ·the 

simultaneity in the starting and.stopping times of the 

two objects,and accounted for the final placement of 

the dog beyond the rabbit by referring to the greater 

speed with \•Jhich it was propelled.. The follmving 

response I ... 
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response was recorded. "The dog and rabbit ran for the 

same time". How do you know? "Because I saw you 

pushing them at the same time and you made them stop at 

the same time, so they must have run for the same time" •. 

From this example it is clear.that there is a marked 

distinction between the child's reasoning on this test 

and the pre-operational responses that were recorded 

on time test four. Again one might inquire into the 

cause of this discrepancy. 

Perhaps the results of_subject L.L. a nine 

year old child (Table lc. Subj. 56) are most highly in

compatible \vith the Piagetean theory. This subject 

as rated by the teacher is considered the most intelli

gent of the standard two pupils; receiving an aggregate 

each term of approximately 95%.· In all three content 

areas, third stage responses were obtained. The only 

radical exception was found in the case of the second 

time test. The subject, scoring only 6 out of a 

possible 15 points, based her judgements e::i:clusively 

on the spatial characteristics of the stimulus con

figuration. In support of her contention that the 

dog had run for a longer time she stated "Because it 

has run a longer way and has Gtopped beyond the place 

where the rabbit stopped. So when the rabbit stopped, 

the dog went on running." This response is little 

more than that characteristic of the first stage 

child, showing complete dependence on the perceptual. 

characteristics of the situation. 

Even in the case of several other nine year old 

children, enormous discrepancies were found to exist 

between one or two of the subtests and the remaining 

tests in the battery. Subject A.G~ (Table lc. Subj. 52) 

white apparently functioning at the third stage level 

on most tests, gave exceedingly poor responses.on time 

tests two and four. The protocol of subject s.B. 

(Table lc. Subj. 54) also presents an irregular pattern 

of results. Thus, on time test two this child was found 

to obtain only one point out o£ fifteen, and to resort 

completely / ••• 
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completely to the perceptual nature of the stimulus 

configuration. Owing to the unusual response at 

this advanced age level, re-questioning was instituted, 

and again the child was found to state with considerable 

conviction 'i··Jhat had been recorded earlier e A similar 

deficiency in conceptualization ~,..ras noted in this 

child on the perspective test. In constructing a line 

with matchsticks, she was inclined to rely on the per

ceptual cues provided by the straight sides of the 

rectangular table and the curved edge of the cardboard 

round. This is a characteristic of the pre-operational 

childe Similar discrepancies in test scores are also 

noted for nine year old subjects Fomc.D. and T.J.,both 

of 'i;;hom appear to have resorted to perceptual cues on 

several testso 

There is little doubt that the concrete opera

tional stage, as defined by Piaget, should be attained 

by subjects in the nine year group, particularly if we 

consider that these children \·7ere selected by teachers 

as those who were the most mentally mature and intelli

gent in the classG 

It would be wrong to conclude as one might 

readily be inclined to do from the above discussion; 

that inconsistency in test scores is a general rule 

for every child in the sampleo There are children 

eg. E.F., S.M., and M.B. (Tables la, b, Ce}, who show 

uniform weakness on all tests, irrespective of the 

content area. This finding raises an interesting ques

tiono ~rfuat accounts for the congruity between tests 

scores attained by some subjects, and the marked lack 

of consistency between test scores obtained by others? 

In other words, how can we account for the fact ·that 

cognitive functioning is significantly homogeneous in 

some children, and heterogeneous in others? Do we tap 

here the differential effects of experience, or are 

differences to be attributed to personality variants? 

Finally, is it possible that Piaget 1 s theory of stages 

is perfectly tenable, but that he has set limits which 

are/ ••• 
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are too narrow? Is it the case that maturation of 

brain structures at any one level of development 

facilitates a wide scope of cognitive functioning, 

but that the test pattern noted for any one child is 

not the immediate consequence of adequate environmental 

matching alone? 

In considering these questions, we propose to 

discuss in particular the effects of two variables 

which may influence cognitive development to some ex

tent and perhaps mask the course of cognitive growth 

in the clear-cut stages which Piaget has outlinedo 

We refer specifically to the effects on cognitive 

development,,, of personality variables on the one hand, 

and the effects of training and 'idiosyncratic mcper

i.ences of the child on the other. 

The effects of chance variables on cognition 

as elucidated by this study -vJill first be considered .. 

One of the clearest indications of the predominant 

effects of chance experiences on cognitive development, 

can be seen from the nature of responses given to time 

subtest four.. In the ca.se of ·the first subsection of 

the test, in which the child is required to distinguish 

the ages of an elm and oak tree; the o:perational child

ren -v1ere frequently found to give the following answer, 

"I can.•t tell, because I don 1 t know the number of 

rings in the sterno" When questioned as to the source 

of this kno•:.rledge, the children related their answers 

to what they had learnt in "Brownies .. or had heard from 

a mother or older sistero From Piaget's theory it is 

clear that the operational child has the ability to 

synthesize or co-ordinate simultaneously a number of 
-

aspects appertaining to the situation.. The relevant 

apP.lication of past knowledge to present circumstances 

would then be characteristic of operational thought, and 

readily accommodated by Piaget•s theory.. Hmvever, in 

the case of children where chance experiences of this 

nature are absent, and this knmvledge cannot. be readily 

assimilated with other apsec·ts of the situation the 

child/ .... 
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child may more readily turn to the perceptual qualities 

of the stimulus situation.- In this case, the signifi

can·t difference between the t\vo children under dis

cussion would perhaps be more readily attributable to 

differences in their experience or training, than to 

predominantly different levels of maturation in. ·the 

cognitive structures underlying their intellect. 

The effects of training conditions on cognitive 

functioning was also noted particularly in the second 

section of time test four. It was found that a large 

nu~ber of children in this sample performed signifi

cantly better on the second section of time test 

four than on the firsto On going into this more 

carefully, it was realized that the child 1 s attention 

was drawn to the birth order of the trees in introducing 

the second subsection of the test, a condition which is 

absent in the case of subsection one. It is interesting 

to note tha·t when the children 1 s attention ,,Jas dra"l.vn to 

this aspect of the situation, this criterion '\•las there

after employed by the majority of subjects in qualifying 

their responses on this subtesto This is a clear 

example of the extent to which experiential determinants 

provided by the test conditions themselves can influence 

the child 1s functioning. 

One of the most serious omissions in Piaget 1 s 
; 

work is .this failure to take into account the extent 

to which experiential factors can influence the child's 

cognitive functioningo It is possible that even small 

changes in test instruction, the length of these in

structions or the nature of the test material itself 

may influence the child 1 s cognition to a great extent. 

The inconsistencies noted in the test protocol of 

one and the same child may readily relate to these 

factprs~ yet no provision is made for them in Piaget•s 

theory& vfuereas Piaget stresses the necessary inter

action between organism and environment for adequate 

cognitive development, and allovJs in his theory for 

the effects of environmental determinants on cqgnition 

by/ ••• 
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by the principles of assimilation and accommodation, 

the influence of chance situational factors such as 

we have noted above, does not appear to be sufficiently 

controlled by his procedure. 'rhe fact that the very 

nature of the test instructions can exert such a 

strong influence on the cognitive quality of the 

response"" .. does not seem to have been fully recognized 

by Piaget. On the basis of these findings "~de may 

also suggest tentatively that further research be 

directed towards better standardization of the Piagetean 

tests, in order to ensure that they are uniform measures 

of concept formation per se~ 

The effects of these chance factors on cogni

tion was not,however,as pronounced in this study as 

the influence of personality variables on cognitive 

development. It is interesting to note from the 

protocols obtained that the effects of affective 

variables on cognitive growth and developemnt appear 

to be more potent, or certainly more revealing in the 

case of time than in either space or number conceptual

izationo This relates pertinently to a suggestion made 

earlier, that time concepts, by virtue of their origin( 

are theoretically more susceptible to the influence of 

affective variables than are concepts of space or 

number, and that disturbances in the earliest inter

personal relationship bet'iveen mother and child may 

well have a bearing on the child 1 s conceptualization 

in the area of time~ r~c is necessary that \ve briefly 

looJ<: into these points, for if affective determinants 

influence development in one area of cognition to a 

greater extent than in others; it is reasonable to 

assume that the broad band of cognitive development 

which Piaget claims cuts across every area of concept

ualization, is to some degree masked or camouflaged by 

these determinants. 

From the protocols obtained.a n~~er of unusual 

test patterns were recorded vlhich in certain cases we 

were able to relate directly to obvious personality 

determinants / •• 0 
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determinants, or to aspects of the child's history 

which emerged during the testing programme. 

From a study of the time protocols, it seems 

particularly in the case of subtest two that responses 

given to qualify a particular response are most 

elucidative of the extent to which subtle personality 

determinants can have bearing on the child 1 s cognitive 

functioning.. In this test, v7hich determines the 

child's ability to differentia·te spatial from temporal 

intervals, two objects, a toy dog and rabbit, are made 

to run for identical durntions, but since the one 

object is propelled at greater speed than the other, 

it is spatially more distant~ .. in its final placement. 

One of the standard questions~, put to each child on 

this test is the followingo 11 If the dog stops at 

lunch-time, does the rabbit also stop at lunch-time, 

before lunch, or after lunch? 11
• 

The following responses among others were recorded2-

Subject (E.So):- The bunny also stops at 

lunch-time, because it 

wanted to do the same as its 

friend. 

Subject (SoG.):- The rabbit also stops at 

lunch-time, because everyone 

must stop at lunch to eate 

Also in questioning the children as to the simultaneity 

of the starting and stopping times of the b:lo figures, 

the following response was rocordedg-

subject (P .A.) The dog runs for a longer 

time, because it must win. 

It seems apparent from these replies that 

cognitive reasoning has to some extent been.subordi

nated to a number of affective determinantsa There is 

surely a significant difference between those children 

and the child who qualifies her reasoning by refer~nce 

to spatial or perceptual cuesp In the latter casG; the 

child/ •• o 
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child might state that the dog came to a halt later 

than the rabbit. "because it has travelled a longer 

way" (Subject S.B~) or ·that "'che rabbit stopped, but 

the dog still had further to run". (Subject C.H.). 

The pertinent difference lies herein, that these child

ren dissociate themselves from the stimulus situation 

which is considered objectively, but since their reason

ing is still pre-logical in character, the purely percep. 

tual characteristics of the situation are predominant 

in determining their thought processeso In the case 

of the former children, however, there is no c:I.ear 

dissociation between the subject and the event. These 

children integrate themselves with the situation to 

the extent that it is no longer considered objectively, 

but as a personally relative event. Furthermore, we 

are limited in stating 'vith certainly whether~ in fact, 

the reasoning of these children is pre-logical in 

nature o 'I'he emotional qualities exert to sorn:e extent 

a masking effect on the cognitive capacity of the 

childo The response that the dog anq rabbit stop at 

identical times "because the dog wanted to do the 

same as its friend", conceals entirely whether the 

child is, in fact, also capable of co-ordinatii1g 

various cognitive aspects of the situation, and so 

making the adequate deduction; or whether this capacity 

has as yet not developedo 

An interesting point, which also relates to the 

effects of affective influences on cognition; was noted 

in the time protocol of Subject G.Qo (Table lc; Subjo 

22) .. The twin brother of this subject had died two 

years earlier, an occurrence which had obviously been 

very traumatic to her, for repeatedly during the test

ing the child made reference to her brother; or the 

fact that he had died. On time test three, which 

investigates the child's concept of age, she asserted 

that her mother, father, younger sister and herself 

did not get older each· yearo In support of her con

tention she gave the following reason, "Because none 

of I • • • 
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of us are every going to get old". It is clear in 

this case~, that the child is not necessarily cognitive

ly inadequate for the task, but that this response is 

related to an affect-laden event in the child 1 s 

history. 1iJhile this is only an isolated example, it 

seems of significance to record it, for it reveals 

strikingly the extent to which affective variables 

may influence cognitiono 

It is particularly in·teresting that this 

subject's protocols are indicative of a wide discrepancy 

between her capacity to conceptualize in the sphere of 

spatial cognition on the one hand, and her functioning 

on the time tests, on the other., Whereas the graphs .. 

representing the child 1 s funct~oning on all three 

content areas (see Appendices) 1 show clearly operational 

reasoning on all five space subtests, there is a very 

marked deviation from this level on her time tests. 

On the latter tests the child seems to be functioning 

at a ~ignificantly lower level. This finding strongly 

supports a suggestion made earlier that space cogni

tion may be less susceptible to the effects of affective 

determinants than time, and hence more directly related 

to adequate cognitive experience and maturation of 

underlying brain structureso If both these conditions 

are provided, conceptualization in this sphere may 

readily occur. The marked discrepancy between the 

child's consistent operational functioning on the space 

tests,and her apparently pre-logical reasoning on four 

of the time tests,may perhaps be related to the greater 

propensity \<lith which functioning on the time tests is 

susceptible to affective influences .. 

Another pointer to the possible effects of 

personality variables on cognitive development is to 

be found in the approach 1vhich different chil~ren 

adopted to the testingo several subjects (eg .. I.F., 

E.B., and A.Fo) repeatedly enquired during the course 

of testing whether this was a "competition" or ''exam.'" 

On the test protocol of subject A. F .. , the following has 

been I .... 
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been recordedo "I know you are bluffing me; and_ 

this is really a competition to see who is best 11
., 

Other subjects asked for their marks, or enquired 

repeatedly of the tester whether the responsi? vias 

adequate. In the case of ano·ther subject (E.Bo} 

repeated protestations were made as to the inadequacy 

of her functioning on these testse It is certainly 

true that these tendencies were noted in only a 

small percentage of our sampl~ group and that by 

far the majority accepted ·the ·test situation as a 

"game".. However, even in >chese latter children 

subtle differences were noted. Some children approached 

the material carefully and deliberately, while others 

appeared to be clearly more impulsive, attacking the 

test material immediately and completing the task 

within a short periodo The effects of these idiosyn_ 

cratic personality variables \•Jould be strongly supported 

by the findings of McClelland and Atkinson*the general 

trend of whose work was discussed earliero HcClelland 

and Atkinson both found that children can be clearly 

delineated into two groups. Children with moderate 

need achievement scores are defensive and regard their 

inability to complete a task as a failure; as they 

become more ego-orientated. The achievement :motivation 

of these children, then, appears to be oriented around 

avoiding failureo The child with the high need achieve

ment score on the other hand, tends to regard the pro

blem situation as a challenge and his motivation is 

oriented around the goal of attaining succe:::;s.. "It 

cannot be stated of course", says McClelland 11 v.rhich 

type of motivation is more efficient since either an 

excessive concern with avoiding failure or vJit:h success 

may b3 maladaptive depending on the requirements of the 

situation11
• (McClelland 1955 P .. L,to ) From the work of 

these authors,then, it seems perfectly possible that 

children may perform differently on the same cognitive 

task,and that this discrepancy relates not only to 

possible differences in the children's cognitive capacity,_ 

but/ ••o 
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but also to such subtle motivational variables as 

McClelland et al, have consideredo 

One of the most interesting findings in this 

study relates to those resul·ts obtained on the fifth 

time test, devised to study conceptual development 

of subjective time., According to Piaget, the pre

operational child will estimate the times taken ·to 

draw the lines on the basis of perceptual cues alone~ 

Thus, at the pre-conceptual level, the child '>Jill 

state that ·the longer line took. a longer time to 

construct than the shorter line. These children fail 

to consider simultaneously a condition which vias im

posed,namely that the one set of lines was drawn . 
quickly and the other set slooly. A point '(.-Jhich has 

emerged from the protocols of many subjects in this 

group, and one which Piaget appears completely to 

have overlooked, is that the estimation of subjective 

time can also be related to the intensity of the work 

undertaken; and not only to the spatial cues provided 

by the different lengths of the lineso There appears 

to be a specific group of children who resor·t to one 

set of cues, and another clearly demarcated group 

who rely on the othero In addition, it appears from 

our results that those children who base their judge

ments on the intensity of the '~':Jork undertaken are 

further subdivided into two clear-cut and distinctive 

groups o Children belonging to ·the first subgroup 

state that the "slower" set of lines takes longer to 

dra'l'.·l than the 11 quick 11 set .. In ·the second subgroup 

children state just the reverseo The "quicker" lines, 

they claim, take longer to construct than the 11 slm'-1" 

set. In this second group, it appears to be the in

tensity of the work, the great.cr muscular involvement 

and fatigue, which determines the judgement that the 

"quick" lines take longer time. In the first sub

group however 1 the dictum tha~c time seems to 11 fly 11 

when ohe works quicJ<ly and 11 drags" when one works 

slowly 1 seems chiefly to unde~lie the child 1 s 

estimation of subjective time. 
In I • .. 0 



In our opinion,these striking individual 

differences which have emerged from children in this 

group must relate to different personality factors; for 

it is difficult, if not impossible, to find a cognitive 

basis for this discrepancyo Furthermore,· this finding 

is considered as a particularly interesting one; and 

a question .that might v1ell provide rewarding research. 

From our point of view this finding constitutes still 

further evidence for the possible influence of person

ality variables on the Piagetean tests; and for the 

extent ·to which they may account. for discrepancies in 

one and the same protocol. ~'Jhereas it is clear in 

the case of those children who relate their ·time 

judgements to the length of the lines, that perceptual 

thought is still predominant over conceptual reasoning, 

one hesitates strongly before making any assumptions 

as to the level of cognitive development·. in the latter 

two subgroups o It seems vJcll· \vithin the .bounds of 

po.ssibility that time estimations are affectively; as 

well as cognitively determinedo 

In concluding this brief survey on some of the 

possible sources of discrepancy in the test protocols 

on many subjects in the present sample, it may perhaps 

be proposed that the variables noted above mask the 

presence of a homogeneous intelligence characterized 

by clear-cut stages of development, and that these 

determinants may partly account for the discrepancy 

or inconsistency of functioning on tests devised to 

tap this homogeneous cc1pacity.. ·we may also sugg0st 

that further research give particular attention to the 

effects of these variables on cognitive development 

as measured by Piaget 1 s testso This research may 

prove to be particularly propitious to the sphere of 

time conception, and may well show that the pattern 

of cognitive development which Piaget proposes as a 

generalized rule. applicable to every child; requires 

considerable amendmento 

Having discussed the possible sources of 

deviation/o.~ 
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deviation between test scores obtained by the individual 

child, it seems particularly necessary tha·i:. a qualitative 

analysis of this nature incorporate a discussion of the 

general tone of cognitive reasoning which emerged from 

the test protocols of children in this studyo Since 

Piaget 1 s content books are rich in e;mmples; and since 

he has been specifically concerned with the intricacies 

of the child's cognitive functioning,it is possible 

perhaps to draw some comparisons between our sample and 

the Piagetean groupo vfuercas we have attempted to 

relate discrepancies in teat scores to extraneous factors, 

chance experiences and personality determinants, ""'e now 

propose to consider the soundness of Piaget 1 s theory of 

cognition per seo 

It can be said in strong confirmation of Piaget•s 

experimental findings that the intrinsic nature of re

sponses made by the children on all the Piagetean tests 

administered in this study confQrm very closely to 

those which Piaget has recorded. It is particularly 

interesting to note tha·t a fairly consisten·t thread of 

reasoning is found in the case of the pre-operational 

children on the one hand, and operational subjects on 

the other., 

Common to most pre-operational responses is the 

close adherence to the perceptual characteristics of the 

stimulus situation. It is this which provides a consistent 

pattern underlying the bulk of ·the pre-logical responses 

and even accounts for an identical mode of reasoning in 

the case of many childreno Correlative with this find

ing it was noted both in this study, and in Piaget 1 s 

work, that a comnon trend was also clearly to be detected 

in the operational responses which the bulk of children 

gave on one and the same testo In all these tests it 

was noted that perceptual cues ":lere consider0d as only 

·secondary; and that conceptualization was directly 

related to the child's ability ·to co-ordinate a nUt""r.ber 

of pertinent aspects relating to the situation on the 

basis of which adequate deductions were madeo 

The I o .. o 
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The consistent trend underlying the pre-operational 

responses to the extent that an identical response might 

be given by a large number of children on the same test, 

and likewise, the consistent pattern which has been 

noted in operational reasoning,we consider as one of the 

most important pointers in support of the tenability of 

Piaget 1 s work on cognition. For if there is such con

sistency in the nature of the pre-operational responses 

on the one hand, and operational responses on the other, 

there may be considerable support for the idea that 

they constitute two clear levels of cognitive function

ing, which correspond with different levels of matura

tion in the brain structures. Furthermore, it seems 

from results obtained in this study, and certainly from 

workers in ·the field of concept formation, such as 

Bruner (1964) and Harvey et al (1961), that this broad 

band of perceptual thought precedes conceptual reason-

ing. Observing Piaget 1 s theory from this anglo; it 

appears that there is much to be said in support of his 

theory of cognitive development. 

In spite of this general support the problem 

which emerges is thisg- How is this finding to be 

reconciled vli th the present results that at any one 

period in the child 1 s life, both perceptual and con

ceptual reasoning prevail, even \vi thin the bounds of the 

same content area? There are many different explanations 

possible, and in the course of this discussion; we pro

pose to put forward several suggestions. 

Piaget has set out with the hypothesis that 

epistemological development occurs in fixed predetermined 

stageso From the protocols he obtained.it appeared that 

perceptualization predominantly characterized the_child 1 s 

reasoning_. in subjects below the seven year level. The 

seven to eight year old period~ constituted a t.urning 

point, during which there was a general swing from 

perceptual to conceptual thoughts To both perceptual 

and conceptual reasoning he was able to attribute inde

pendent and clearly definable qualitieso The difficulty, 

however / .... 
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however appears to lie herein; that on the basis of 

this finding, Piaget has made a number of broad 

generaliza·tions and interpretations. Since Piagct 

found that a band of perceptual reasoning .. generally 

preceded conceptualization, he hypothesized that 

intelligence was essentially a unitary capacity; under

lying in a lilce manner every area of the child 1 s in

tellectual functioning. Once the brain had evolved 

beyond a specific_level; this development determined 

consistent cognitive functioning within one content 

area, and between one area and another. Thus; restated 

in terms of our hypothesis, there should be high intra

test reliability for any one child on the number; space 

and time batteries respectively; and a similarly signi

ficant inter-test reliability; since these all tap a 

unitary intellectual capacity. In the present study 

and in a similar one conducted by Dodwell (1960, .1962} 

on number tests, just the reverse has been found. If 

Piaget is correct, and there is much support for this 

point, that perceptual thought always precedes conceptual

ization in the course of the child 1 s cognitive develoP

ment, can the generalization be readily accepted that 

intelligence is a unitary capacity, which first under

lies all perceptual reasoning in the child, and later, 

after additional maturation has taken place, determines 

the child 1 s ability to conceptualize in every area of 
\ 

reasoning? Is it not possible,, that this intellectual 

capacity is not a unitary onc 1 that the child is 

capable of functioning in one area earlier than in 

another, and that in some areas his cognition is more 

adequate thun in others? While perceptual thought always 

precedes conceptual reasoning, it might well be, that in 

some areas of cognitive functioning, conceptualization 

follows on perceptualization with greater rapidity than 

in other aroaso This would relate directly to c;1n uneven 

maturation in the brain structures of the child. vfuile 

all brain s·tructures appear to mature in a fixed and 

predetermined way allowing first for perceptual reysoning 

and I .... 
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and only later for conceptual thought, the question 

·arises as to whether there is simultaneous development 

in all brain structures giving rise to a unitary intel

ligence. 

There is little doubt from the above point, 

and from a suggestion made earlier, that Piaget 1 s 

theory may well be the victim of poor methodology 

and experimental procedure. Piaget•s contentions 

follow on directly from his results, but it may 

well be queried whether his experimental procedure 

is, in fact, adequate to test the hyEothesis set. 

Since this seems to be the mos·t vulnerable point of 

Piaget 1s work, we may only suggest that his procedure 

be subjected to a vigorous reconstruction, and on the 

basis of this amendmen-t;. that his hypothesis be retestedo 

This is not to say that Piagetts work has been in vain, 

for in its present form, it serves as an important 

pointer that this hypothesis may well warrant valuable 

researcho The amendmentv.we suggest~should Jcake the 

form of better standardization of the Piagetean tests 

to ensure their compatibility; a longitudinal study 

observing cognitive development in the same children 

over a span of several years, and replication studies 

on similar lines to that of the present one in order 

to determine the consistency of the child's functioning 

on different content areas at any one stage of develop

mento Only a procedure along these lines can possibly 

be adequate to test the soundness of the Piagetean 

hypotheseso 

Co Addendum. 

As yet no reference has been made to Tables 11 

12 and 13. This discussion has been reserved till the 

end for it serves to complement earlier analysis rather 

than directly validate or invalidate the major hypotheses 

we proposed to testo Since the results lend themselves 

to a simple statistical procedure,and in so doing, throw 

light on an important aspect of the Piagetean theory, 

a I ····· 
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a brief consideration may be included at this point. 

One of the most important Piagetean hypotheses~ 

and one which we attempted to test, is that intelligence 

is a unitary capacity, and that at the concrete 

operational stage~ development is alike in all areas 

of intellectual functioning. In addition, and this is 

a point that is now considered~development appears to 

occur in broad bands or \'laves. alike for every child. 

The concrete operational stage. might be set a-'c ·the 

seven to eight year old period; although Piaget allows 

for wide individual variance.. It is therefore to be 

expected that in a group of six to nine year old 

children there will be a progressive trend a\'Jay from 

perceptual thought toward true conceptualizationG This 

trend has been noted with hardly an exception by a 

large number of theorists, and on this basi$~ consider

able support has accrued to Piaget 1 s theory.. In dis

cussing these studies, we pointed out two reservations 

which must be made before we accept the saliency of 

these conclusionso In the first instance, it is only 

to be expected that as the child grows older:, he .. becomes 

more efficient in solving a problem, whatever it 1 s nature, 

and that he will eventually reach the age when he is 

capable of a complete and adequate solution on all 

Piagetean concept tests. In some children solution is 

reached earlier, dependent on any number of factors. The 

difficulty,however, is this .. Provided that one finds a 

progression in scores with age; what support is there 

in these results that cognition develops in clear-cut 

sequential stages? What in fact constitutes a stage and 

what criterion can be accepted for adopting one or other 

"cutting point" in a series of scores? In the second 

instance it was pointed out that even if a clear-cut 

progression in scores is noted with increasing age when 

a battery of Piaget 1 s tests is administered to a group of 

children, this give:6 us no insight into the relationship 

between independent test scores for an individual child. 

It I ... 
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It is this latter point which constitutes a highly 

important consideration in Piaget 1 s theory, and one 

which .has been entirely concealed either by the experi

mental design or the statistical procedure employed in 

the great majority of replication studieso The com

putation of Tables 11, 12, and 13, and the results which 

have emerged from ·these we find of particular signifi

cance. ~ihile these results, in fact, clearly support 

the findings of many replication studies 'J that the 

ability to solve the Piagetean problems is a function 

of age, we know from Table 10,, that there is frequently 

little intra-test realiability within one Piagetean 

content area, or between tests devised to study concep

tual development in a number of different content areas~ 

Similarly; the graphs drawn to represent independent 

test scores for individual children show that there is 

often little consistency between scores obtg.ined on a 

battery of Piagetean tests. The fact, then,that a clear 

progression of test scores was found, even v1ith gross 

underlying inconsistency in the pattern of scores 

obtained by an individual subject, cautions one 

against accepting as readily as one might,the relevance 

for Piaget•s theory of many replication studies .. which 

have employed a horizontal test design and a onc~sided 

analysise 

Owing to the difficulties of assigning 11 stage 11 

scores to the responses given by the children on the 

independent Piagetean tests, on the basis of Piaget 1 s 

criteria, we adopted a purely quantitative form of 

scoringo However, simply and exclusively for the 

purpose of determining ·whether there is a clear pro

gression of scores with age, it has been convenient 

to assign scores roughly to one of the three Piagetean 

substages. Thus, for example; on number subtest two,j 

in which a possible total of ten marks can be obtained, 

children obtaining eight, nine or ten marks have been 

assigned to substage III, children obtaining six or seven 

points have been assigned to substage II, while children 

scoring I a o. 
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scoring below six have been rated as falling into sub

stage I. No authenticity is claimed for these rough 

demarcations, but for our present purpose the method 

is satisfactory, for it enables us to compare the four 
' 

S groups on any one subtesto Thus, for example; the 

percentage of Group I children at "stages" one; tvJO 

and three respectively, on number subtest two; can be 

compared with the percentage of group two children at 

these respective "stages" on the same subtest, and 

similarly such comparisons can be conducted '~ith S 

groups three and four. However it is not permitted by 

this method to compare the percentage of children in 

any one group, and at any one substage on number test 

twojwith the percentage of children in the same group, 

and at the same stage on nurober subtests three; four or 

fiveo The Jchird stage for example on one subtest, may 

not correspond exactly with the third stage on another, 

using the above demarcations. For this reason in 

particular it was not possible to use "stage" scores in 

computing the degree of concordance between different 

subtest scores for the individual child. 

Having assigned the scores of each child on 

a particular test to one of the three "stages"; we pro

ceeded to determine the percentage of children in S 

group one, at 11 stages" one, two and three respectively, 

on number subtest two. An identical analysis was con~ 

ducted for S groups two, three and four on this sub-

test, and a similar computation was carried out for_all 

the S groups on number subtests three , four and five·~ 

on all five space tests and on time subtests one; two, 

four and five. These results are recorded in Tables 11, 

12 and 13~ An analysis of this kind was omitted in the 

case of number subtest one and time subtest three; since 

it is clear from Table 1 a,b,c (raw score table) that the 

sample as a whole seems to be functioning at a level well 

in advance of the level of these tests, and hence no clear 

progression in performance on these tests with agee, is 

likely to be no·ted. 
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From Table 11~ we note that on number test two, 

three and five, the progression is in line ·~;,.lith what is 

expected. On number test two the percentage of children 

at the third "stage" increases steadily from group one 

to group four, so that whereas there are only 22% at the 

third stage in group one on this test, there are 75% in 

group foure Correlatively, the percentage of children 

at "stage" one decreases from group one to group four, 

so that 45% of the children in group one are at 

"stage" one, but none at all are found to function at 

this level in group four. Precisely the same trend. 

is found in the case of number tests three and five. 

In these results~then«there is staunch confirma

tion of vlhat has been found in most of the Piagetean 

replication studies. The older groups in this study 

appear clearly to function at a superior level generally 

than the younger groups. On no account, however; is 

claim made that these results support Piaget~hypothesis 

of clear-cut stages of development, claims which have 

all too readily been staked in many replication studies4 

All that can be said is that there appears to be a pro

gression in the level of functioning in the direction 

which Piaget claimse In addition, results on number 

subtests two, three and five show that the most marked 

differences exist between groups one and two (6 and 7 year 

olds), but that this discrepancy is not as marked be

tween groups two, three and four. This would again 

confirm Piaget's view to some extent, that the signifi

cant shift from the pre-operational to the concrete 

operational stage occurs usually at the seven year level. 

The progression from first 11 stage 11 to third 

"stage 11 responses between groups one and four is not as 

clearly discernible in the space tests (Table 12) as 

was found to be the case in the number tests. The shift 

towards operational thinking itlit.h increased age is clearly 

marked in space tests two and four and to a lesser extent 

in space test one.. On the other hand it migt be considered 

as significant that there is a clear decrease between 

groups / •• o 
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groups one and four in the percentage of first "stage" 

responses. This trend,however, is hardly discernible 

in the case of space test 3 where one notes ·that there 

are no children at all at "stage 11 one in s groups 2, 3 

and 4 and only a small and insignificant percentage 

at this ''stage ···in S group I. Nevertheless from these 

results (Table 12 ), one can less easily detect a pre-

dominant shift from one group to the next on any of 

the tests. The progression appears to be more in 

the direction of a steady but slow increase t4an a 

sporadic shift between one group and the next. 

From the results computed for the timG tests 

(Table 13L there can again bG noted a general trend of 

cognitive development in the direction which Piaget 

defines. With the exception of time test 2,there is 

an increase in the percentage of "stage" three responses ,J 

as we move from group one to four, and a correlative 

decrease in "stage" one responses. On test t\vO; 

however, one notes a fairly significant decrease in 

the "stage" three responses bet\·leen groups three and 

four 1 a result which is con·trary to what would be pre

dicted by Piageto Furthermore; on all these time tests 

we note, in particular, a significant decrease in the 

number of "stage" one responses between s groups one 

and tvJO, and this is particularly predominant in the 

case oi time tests four and five.. In correspondence 

with this it is noted in each time test that there 

seems to be a fairly significant shift towards third 

"stage" responses between groups one and t\vO; but a 

far lesser one between groups two, three and four .. 

This is analogous to what was noted in the case of 

the number tests, that a predominant trend towards 

concept~alization appears to. take place bet"ltJeen the. 

six and seven year old groupse These results then 

certainly confirm Piaget•s contention. that there 

appears to be a general progression towards true 

conceptual thought at the seven or eight year level, 

a hypothesis which has been successfully tested by many 

workers I ..... 
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workers in the field of cognition. 

While the latter re~ults strongly support Piaget•s 

contentions' that there is a trend of development in 

the direction which he stipulates, we know from an 

earlier analysis (Tables 10 and 9 and graphs} that 

there is often a gross inconsistency between test 

scores for our individual subjects, even within one 

and the same content area. In other words; an analysis 

conducted specifically to determine the percentage of 

"stage11 one; two and three children at each age level 

would certainly have concealed a basic underlying 

tendency of inconsistency in their individual test 

patterns. It is this latter finding which provides 

such a serious objection to the concept of 11 stage" 

as outlined by Piaget. 

This finding confirms a suspicion which arises 

repeatedly from a study of Piaget 1 s work. It appears 

that Piaget has considered epistemological development 

from the normative point of view alone and on this 

account may well be guilty of a very gross over

generalization. Piaget has appeared to build a general 

theory, and attempted to apply a basic and general 

rule to the cognitive development of every child. In 

so doing~ he has arrived at an implicitly neat and well~ 

structured theory, but simultaneously, it is rigid, 

and lacks the flexibility to accommodate the variability 

and inconsistency characteristic of human behaviouro 

It is interesting to note that this very 

characteristic of Piaget 1 s ,. .. mrk can readily be associ

ated vlith his early training in biology and hence his 

basic orientation towards developmental epistemology. 

Piaget 1sbasic interest throughout seems to be pivoted 

more on the structural organization underlying cognitive 

behaviour; than this behaviour itself. Although this 

is a subtle point, and one that Piaget himself has not 

acknowledged, the basic form of Piaget•s cognitive 

theory, his principles of assimilation and accommodation, 

and the adaptive character which he considers fund~mental 

to I .~. 
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to intelligence, all point to the strong biological 

orientation which he has adopted to the study of 

cognitione It is clear that a theoretical analysis 

of the structural organization underlying intelligence 

is strongly suggestive of a development in clear-cut 

sequential stages. alike for every child. The spora

dic maturation of brain structures, and the modifica

tion of these by external stimuli only subsequent to 

such maturation~is strongly indicative of the course 

of development which Piaget propounds as a general 

rule applicable to every child. It seems,thon, that 

the fundamental core of difficulty in Piaget 1·s theory 

relates tp his over-dependence on the purely structu

ral organization of behaviour; and his failure to 

study: adequately, behaviour per se o In dra'l.ving a 

direct analogy between structural organisation on 

the one hand, and behavioural organisation on the other, 

he has attributed to cognition the perfect and clear

cut patterning, which theoretically.: we may attribute 

to its structural developmenta It is this very point 

which may account for Piaget·•·s failure to give suffi

cient attention to such influences on cognitive 

development as personality organization, the child·1s 

present emotional state, training effects, situqtional 

and test variables or miscellaneous experiences. 

Hm.vever, to discredit Piaget 1 s theory without 

the support of further replication studies and research 

is to adopt an inimicable stand which is perhaps unjusti

fied., Rather we may sugges·t that further research be 

devoted to 2l study of the childt:s cognitive behaviour 

itself and that for this purpose in particular; adequate 

test designs and statistical procedures be institutedo 

Only carefully conducted studieo on cognition at this 

level can possibly show to what extent the direct 

analogy which Piaget has drawn·· between structural. 
' patterning and cognitive behaviour, is a valid one. 
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VIII., IMPLICATIONS FOR FURTHER RESEARCHo 

In an attempt to determine whether the child's 

cognitive functioning is significantly homogeneous 

within one area ,;:either of nurnber, space or timei and 

whether such stability of functioning is maintained 

over a number of content areasi several interesting 

points have emerged which suggest rewarding research 

if followed upo 

1 o From the present study i it was possible to 

conclude that the five Piagetean space tests selected 

appear to tap a more consistent level of functioning 

in children comprising the differently constituted 

subgroups than do the number tes·ts, and a similar 

tendency, though not as marked; was found in comparing 

the space and time testso At that point it \vas suggested 

that this may be attributable to the closer link between 

sensory-motor activity and spatial conceptualization 

than between time or number conception and sensory-

motor activity. It follows from this finding that 

fruitful research might stem from an investigation of 

the relationship between results obtained on a repre

sentative sample of Piagetean time, number and space 

tests, when administered ·to a group of maternally 

deprived childreno If a significant difference is 

found between the space tests on the one hand,and the 

time and number ·tests on the other, when administered 

to this group, there may be much support to substaptiate 

the idea that spatial conceptualization is significantly 

less related to personality determinants,. ·than is the 

child 1 s conception of number and tirneo 

2. A second research project which was suggested 

earlier, and which may be considered in broader detail 

at this point, relates to an investigation of the child's 

subjective timeo It was noted from results obtained on 

the fifth time test by children in the present sample,that 

two clearly delineated groups emergedo This test.tapped 

the I ... o 
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the child 1 s ability to judge the duration of her own 

actions when drawing tvJo sets of lines, one quickly 

the other slowly, over two identical time periods. 

In the case of the one group,. time estimation \"..as 

related to the perceptual cues provided by the situa

tion (lengt.h of lines), in the other, estimatiOlJ was 

apparently related to the int<;msity of the ~.-Jork. 

However a point which was noted to be of particular 

significanqe is that the latter group was again clearly 

subdivided. Whereas children in the one subgroup 

stated that the "quicker .. lines took longer to draw, 

children in the second group stated just the reverse, 

that the "quicker" lines took less time to construct 

than the alternative set~ This marked distinction 

between chi.:J_dren could not be related to any cognitive 

determinant. It is possible; though, that this dis

crepancy relates to the effects of personality variables. 

A series of personality scales may therefore be admini

stered to a group of subjects ~n order to inve~tigate 

whether individual differences; as noted above; relate 

to idiosyncratic personality determinants. 

3. A further possible research project· suggested 

by our results, relates to a finding which was recorded 

from the small group of nine year old subjects in this 

study.. It was clear that the concrete opera-tional stage, 

as defined by Piaget,had been attained in both number 

and space conceptualization by the great majority in the 

··group. However, on the time tests gross discrepancies in 

functioning were still noted from the protocols of these 

children. This suggests that in general, conceptualiza

tion in some areas may develop earlier than in otherso 

An interesting research project might be undertaken to 

confirm this trend and to determine whether development 

follows a closely parallel course in all areas of cogni

tion as Piaget has outlined. 

4o From the present study there also emerged a clear 

necessity for better standardization of the Piagetean tests. 

Test I ... 0 

' 



Test protocols show that some tests may be ba~?ically 

easier than others.:, for the sample as a whole~ Valuable 

research may therefore be undertaken to determine 

whether the operations underlying each test; ~nd hence 

the tests themselves, arc of equal complexity. It is 

obviously of prime importance in determining whether the 

child has attained a particular 11 stage" of development 

in the Piagetean sense, that the tests administered are 

parallel measures of cognitive functioning. Only 

further research can throw light on this qucs.tion. 

5. The results of the present study suggest that 

the effects of affective variable on cognition may 

well mask a clear-cut pattern of stages in development. 

Theoretically, time cognition is the most susceptible 

to these effects. An interesting research project 

might be undertaken to determine whether one and the 

same child functions consistently on the Piagetean tests 

of subjective time on the one hand, and those of objec

tive time on the othero At the concrete operational 

stage, Piagot claims that certain operations develop 

simultaneously in the child, and to tap such operations 

tests of subjective and physical time have been devised .. 

ThG difference ;:;etween subjective and physical time 

according to Piaget, lies herein,that the former relates 

to some event or action with which the child is directly 

or indirectly involved, whereas the latter refers to a 

particular event. which has no direct or personal bear

ing on the subject. Both the development of subjective 

and physical time pass through three clearly defined 

stages, and development in both areas is more or less 

parallelo However it may be surmised from the trend 

of results in this study, that the child~s conception 

of subjective time is more affected by personality 

variables than her concept of physical timeo Piaget 

has devised several tests to tap the child 1 s cognition 

in both areas. These tests are all s~lvable at the con

c·rete operational stageo It follows; ·then, that a sub

stantial battery of tests can be put together for the 

purpose I . a. 
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purpose of such a study. Provided that a significant 

difference is found, we may have further evidence that 

personality determinants, particularly within the 

sphere of time conception, affe9t cognition to a greater 

extent than Piaget has made provision for in his theoryo 

6o A final suggestion for further study; and one 

we admit, that is easier to propose than to actually 

conduct, is a longitudinal research procedure .. in order 

to determine whether development: in clear-cut stages, 

and in the sequence which Piaget suggests,is found to be 

the norm. This is perhaps the only valid method to 

determine whether the three stages which Piaget has 

hypothesized, emerge in the order which he stipulates, 

and furthermore whether this development can be taken 

as a generalized case for all human beings o. However 

even if we propose to consider only the sensory-motor, 

intuitive; and the concrete operational stages; the 

individual must be studied over a time span ranging 

from at least a year to seven or eight, and the practical. 

difficulties involved in such a.study are sufficient to 

ward off any potential researchv But if such a study 

is undertaken by a team. rather than the individual 

research worker, it may be the only veridical method 

to determine whether cognition follows the pattern Piaget 

has stipulated .. 

Several implications follow from a study of this 

kindo We may be able to establish from this testing 

programme whether in fact, there are different "cognitive 

types". By this we imply that.some children may be more 

cognitively stable than others; and that this tendency 

is marked throughout the course of cognitive developmento 

At each potential stage, inconsistency would be more 

characteristic of the cognitive functioning of these 

children than of their contemporaries.. It may vlell be 

the case that cognitive instability in children is as 

marked a feature as emotional instability.. If something 

analogous to cognitive instability, can be determined in 

children I Q ... 
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children, there may be considerable.need for recon

structing Piaget's theory of fixed stages, alike for 

every child. 

In the second place, a research programme of 

this nature may be of particular significance in 

validating Piaget 's work on sensory-motor in·telligence 

on the one hand 1 and his theoretical contentions apper

taining to concrete operational intelligence on the 

other. In our opinion the six substages which Pia.get 

claims are characteristic of sensory-motor intelligence 

may emerge more clearly and be more generally applicable 

than thostcharacterisi:.ic · of the concrete operational 

stageo For at the first or sensory-motor s·tage, 

personality variables" or chance experiences, may 

less easily mask a clear pat·tern of cognitive function

ing •. Hence the extent of individual differences and 

variation may be significantly reduced. In other 

words there may be a more immediate link betv1een 

structural organization and cognitive organization at 

the sensory-motor stage than at the stage of concrete 

operations~ 

We have considered briefly the most pertinent 

research projects, suggested by our studyo Hhile these 

relate to muny· different. facets of Piaget • s theOl."Y; 

it is possible that many, as yet clandestine features 

of Piaget 1:s theory 1 may come to light,c if these are 

adequately followed up .. 



-168-

IXo CONCLUSIONSo 

On the grounds of the foregoing discussion; 

several conclusions can be dravm and related 'co our 

two major hypotheses~-

(1) Following from results obtained in this study 

we can conclude that consistency of cognitive func

tioning within the area of nmru)er and time conceEtion 

does not appear to be the case in the great majority 

of children in the sample. This inconsistency seems 

especially marked in the number protocols, a trend 

which is substantiated by the non-significant Coeffi

cient of Concordance values computed for these tests. 

On the other hand, the Coefficients of Concordance 

and the graphs presented suggest a stronger disposition 

in our group towards consistency of cognitive func

tioning on the five Piagetean space tests selected, 

although this is by no means a generalized case. This 

latter tendency may perhaps relate to the closer link 

between sensory-motor activity and spatial conceptual

ization than is necessarily the case with number and 

time cognition. From the results obtained it appears 

that particularly in the sphere of time conception, 

personality determinants may account for inconsistencies 

in test patterns recorded. 

(2) The 11 W11 values computed for the A and s groups 

(Age and Standard groups) also present a serious 

objection to our second major hypothesis.. ·with the 

exception of S group three, there appears to be a 

significant degree of inter-test variability between 

number, space and time batteries,_ when administereQ. 

to the differently constituted groups in our studya 

It may then be concluded that with few exceptions, no 

general level of functioning can be computed for an 

individual child in any one content area, nor does there 

appear to be a typical or universal level at which she 

functions I . o .. 
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functions in the three content areas of number; time and 

space. From the computation of 11 W11 values; it also 

appears to be the case that when children are subdivided 

on the basis of school standard; the independent sub

groups so constituted tend to respond more homogeneously 

particularly on time and space tests than children sub

divided exclusively on the basis of age., The school 

experience common to each child in the former groups 

may partly contribute to this finding., 

(3) On the basis of the present study we may also 

conclude that pre-logical responses on the one hand 

and operational responses on the other have clearly 

definable qualities of their mm, and constitute t'i:JO 

specific planes of·thoughtc This is in strong confirma

tion of Piageto However, from the graphs presented 

the raw score data, and 11 W11 values computed; we cannot 

accept that the child 1 s reasoning in all areas is 

determined by perceptualization at one level of develop

ment and by conceptualization at the nexto It may only 

be concluded that conceptualization may follow on per

ceptualization in som~ area of cognitive functioning 

with greater rapidity than in others., In o·ther words 

we failed to detect the operation of a homogeneous 

intelligence which Piaget postulates .. 

(4) A further interesting conclusion to be dra~~~ from 

this study is that there is a general trend_of develop

ment in the direction which Piaget predicts~ From the 

computation of "stage" I, II; and III responses for each 

of our four s groups on the 15 Piagetean tests administered 

there appears to be a clear progression in the percentage 

of 11 stage" III responses obtained with age, and a correla

tive decrease in the percentage of 11 stage 11 I responses., 

However, in relating this finding to our earlier conclu

sions that intra- and inter-t.est variability seems pre

dominantly to characterize the test protocols of individual 

children in our sample, we can only conclude(. that an 

analysis of this kind as used by Piaget himself, and as 

found I ., .. 
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found in the majority of replication studies; sounds 

a strong note of warning against accepting the conten

tion of clear-cut stages of development and a homoge

neous intelligence exclusively on the basis of such 

a statistical procedure. 

(5) Pi.nally, we may conclude.-.. that Piaget 1 s 

contentions of a homogeneous intelligence, and the 

related idea of fixed stages of development, mq.y. in 

part, be determined by the poor methodology Piaget 

has employed, the inclination on his.part to consider 

human development from the 11 normative 11 point of 

view, and finally his tendency to draw too direct 

or i~nediate an analogy between the theoretical 

model appertaining to the structural' organization of 

the brain on the one hand, and the behavioural orga

nization of the child on the othero 
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SUMIV".LARY : 

This study:, conducted on fifty eight school 

girls, aged six to nino years, was undertaken to validate 

two major hypotheses deriving from Jean Piagot's theory 

of cognitive development. The first stated as follows:

Thc child at the concrete operational stage functions 

at a consistent or homogeneous level within any on~ 

area of cognition, either of number, space or time. 

The second major hypothesis was framed as follows::-

A general level of cognitive functioning may be 

established at which each child responds on all three 

areas of number, space and time.. The level at which 

the child responds within one content area; is there

fore identical to the level of functioning whiqh 

characterizes his cognition within other areaso 

Five tests each, were selected £rom Piaget 1s 

books on the development of num.ber {1952), space 

(1956L and time concepts (1955); and these, constituting 

three independent batteries, were administered to each 

child on three testing sessions .. 

Three statistical procedures were employed in 

the analysis of resultso By means of Kendall's Coef

ficient of Concordance "W", we attempted to note the 

intra- and inter-test reliability between tests ad

ministered to the differently constituted groupso 

Children were delineated on the basis of school 

standard and age.. Secondly graphs were dravm to re

present the scores of seventeen randomly sel~cted 

subjects" chosen from each of the age groups. Finally 

the percentage of 11 stage 11 I; II and III children at 

each age level, and on each of the fifteen subtests, 

was calcula·ted o In considering the results, .a 

purely qualitative analysis, was also undertakeno 

From the results, vve ~ ... Jere able to conclude 0 that 

consistency of cognitive functioning within one content 

areu. or between one area and another, was not predominantly 

found I ..... 
.. 
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found in our sampleo Children may be at ·onc.Piugetean 

stage of development, for one test situation·; and at 

a different sta9e for another situation, at one and the 

same timeo It was therefore not possible to comp~te 

a general level at which any one child functioned. 

However, there was a significant tendency for children 

to respond more consistently.on the space tests; than 

on the nu~ber and time tests. Finally, on the basis 

of the "stage" scores computed, we were able to 

conclude that there is a general progression of cogni

tive development with age in the direction Vlhich 

Piaget advocateso 
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Appendices:: 

A scoring schedule for the Piagetean number; space 

and time tests as devised for the present study is 

first presented .. 

(i) 

The following tables are also contained in the 

appendices::-

Tables 1~·-34-:: 

Tables 35-51:: 

These constitute the standard 

score and KxN tables required for 

the computation of "W' values, 

for s groups one to four on number, 

space and time tests. 

These constitute the standard 

score and KxN tables required for 

the computation of "W" valuen for 

A groups (A
1 

- c
2

) on number, 

space and time testso 

In addition the appendices contain 17 graphs drawn to 

represent the performance on number, space, a~d time 

test~5 o:Z C0VP:'."l'~:e::m retn.C.omly selected subjects. Four 

graphs are representative of children in the sub B, 

Standard I and Standard II classes respectivelyo From 

the Sub A group, five children are represented. 

The graphs follow in this sequence~-

Sub A Group 

Sub B Group 

Standard I Group 

Standard II Group 

- K.R,., RoS o 1 G.S 4 j . P.G. 



Scoring Schedule 

1. Number tests 

Test one g- Conservation of continuous quantities .. 

I 

(a) Correct correspondence between 
and bottles .. 

glasses 

~core" 

Correspondence between glasses 
bottles (bottles grouped) 
Correspondence between glasses 
bottles (glasses grouped) 

(b) Correct correspence between red 
flowers and vases. 

and 

and 

correspondence between red flowers 
and vases (flowers bunched). 
Correspondence between red flowers 
and vases (vases bunched). 

(c) correspondence between number of red 

1 

1 

1 

1 

1 

1 

and blue flowers.. 1 

Test two g- The test of seriation, qualitative 
similarity and ordinal correspondence .. 

Section I 

correct seriation of dollsv 3 
Seriation of dolls with trial and error. 2 
Seriation of dolls with one reversal. 
Seriation of dolls with one reversal 
and trial and error. 
Seriation of dolls with ·two reversals. 

Section II 

Correct insertion of stickso 
Insertion of sticks with trial and 
error. 
Insertion of 
Insertion of 
and trial and 
Insertion of 

Section III 

Dolls Grouped~-

sticks 
sticks 
error .. 

sticks 

with one reversal .. 
with one reversal 

with t\.·10 reversals. 

(a) correct choice of corresponding doll 

2 

1 
1 

3 

2 
2 

1 
1 

when tester points to sticko 1 

Maximum 
Score on 

Test 

7 



Maximum 
Score Score on 

Test 

(b) Correct choice of corresponding 
stick when tester points to dollo 

Dolls Reversedg-

(a) Correct choice of corresponding doll 

1 

when tester points to stick. 1 

(b) Correct choice of corresponding stick 
when tester points to doll. 1 

Test three ~- Ordination and cardination 

Section I 

Correct seriation of sticks. 3 
Correct seriation of sticks with 
trial and errore 2 
Seriation of sticks with one 
reversalo 2 
Seriation of sticks with one 
reversal and trial and error. 1 
Seriation of sticks with tl.vo reversals. 1 

Section II 

Correct insertion of sticks in 
11 staircase" 
Insertion of sticks with ~erial and 
error .. 
Insertion of sticks with one reversalo 
Insertion of sticks with one reversal 
and trail and error. 
Insertion of sticks with two reversals. 

Section III 

(a) Correct number of stairs behind dollo 
(b) Correct-number of stairs doll has 

climbed. 
(c) Correct number of stairs doll must 

still climb to reach top of staircase 

In the case of the child who confuses number 
of stairs already climbed with those still 
to be climbed/ one point each is scored on 
questibns b and Co 

2 
2 

1 
1 

2 

2 

2 

10 

12 



Maximum 
core Score on 

Tosto 

Test four :- The test of additive composition 
of classes .. 

Section I. 

(a) correct answer to question~-
Are there more glass beads or more 
yellow beads in box.. 1 
correct Reasoning. 1 

(b) correct answer to questiong-
Will necklace with glass or yellow 
beads be longer. 1 
Correct Reasoning. 1 

(c) Correct answer to subsidiary questionsg
When yellow beads taken out of box 
will there be any beads left in box.. 1 
If glass beads taken out of box, 
will there be any beads left in box. 1 

Section II .. 

Correct answer to questiong-

Are there more girls or more children 
on cardp 1 
correct reasoning. 1 

Test five ~- The test of additive composition 
of numbers and arithmetical relations of 
part to whole .. 

(a) Correct correspondence between beans 
obtained "today" and 11 tomorrow11

.. 2 
Correct Reasoning.. 1 

(b) Correct equalization of beans placed 
in two piles (six in one, four in the 
other)., 1 
Correct Reasoning. 1 

(c) Correct division of beans when presented 
in a single pile of fourteen. 1 
Correct Reasoning. 1 

8 

7 



Ivlaximum 
Score Score on 

Test 

IIo SPACE TESTS. 

Test one :- The test of perceptual and 
representational spacea 

Thirteen euclidean and topological 
shapes presented, one point for each 
correct identification. 

Test two :- The treatment of elementary 
Spatial relationso 

Eleven topological and euclidean 
figures presented to each child~ The 
marking schedule for this test is as 
follows::-

Two marks for each correct drawing. 
One mark if not more than one error, 
or tvJO Grrors symmetrically executed 
ego Rectangle drawn as a squares In 
the case of shapes involving curves, 
two marks if fairly true to shape, 
one mark if it can be clearly recog
nized as say circle or ellipseo 

:tn case of figure where t~;tJo drawings 
have to be executed one in relation 
to the other, four marks are assigned, 
ioeo tvJO for each figure. In addition 
to these four marks, an additional 
mark is allotted if the tv;o figures 
are in the correct relationship to 
each other, ego three points of 
triangle touching circumference of 
circleoi 

Test three ~- Linear and circular ordero 

(a) Correct representation of linear 

13 

ordero · 2 
Representation of linear order with 
trial and error. 1 
Representation of linear order with 
one reversal. 1 

(b) Correct representation of reversed 
linear ordero 
Representation of reversed linear order 

2 

with trial and erroro 1 
RepresGntation of reversed linear 
order with one reversal. 1 

.. 

13 

33 



Maximum 
Score Score on 

Test 

(c) Correct representation of circular 
order .. 
Representation of circular order with 
trial and erroro 
Representation of circular order with 
one reversal. 

(d) Correct representation of .c• 
.~..~gure of 

eight. 
Representation of figure of eight 
with trial and error. 
Representation of figure of eight 
with one reversal. 

Test four ~- The test of projective lines 
and perspective. 

Section I. 

Sticks correctly placed in perspective 

2 

1 

1 

2 

1 

1 

along straight edge of rectangular table. 2 
One stick out of lineo 1 

Section II .. 

Sticks correctly placed in perspective 
when two end poles placed midway along 
adjacent sides of rectangular·table. 
One or two sticks out of line. 

Section III. 

2 
1 

Correct placement of sticks in perspective 2 
when two end poles placed at different 
points on circumference of cardboard round. 
One or two posts out of line. 1 
Ability to "take aim" on ovm accord 
(or choose point from which lines seen 
in true perspective). 2 
Ability to "take aim" when prompted by 
tester. 1 

Section IV., 

Correction of zig zag line of poles to 
form a projective straight line. 2 
One pole out of line. 1 
Ability to "take aim" of own accord (or 
choose point from which lines seen in 
true perspective)o 2 
Ability to 11 take aim" when prompted by 
testero 1 

8 

12 



Test five ~- The test of affinitive 
transormations of the rhombus and 
conserv~tion of parallels. 

Section I. 

Ability to conceptualize transformation 
of the rhombus and so stipulate changes 
that occur in both length and 'Vlidth of 
figure. 
Ability to conceptualize transformation 
of the rhombus but stipulate changes 
only in one dimension i.e. length or 
width .. 

Section II. 

Perfect representation of four rhombuses 
(i.e. correct progression in size plus 
rhombus correctly drawn with opposite 
sides p~rallel and four sides equal in 

Score 

2 

1 

length). 3 
Representation of four rhombuses showing 
correct progression in size but rhombus in 
correct in one aspect i.e. either failure 
to conserve length of sides, or opposite 
sides not perfectly parallel~ 2 
Correct representation of rhombuses (ioe~ 

sides parallel and of equal length) but 
showing one reversal in size progression 
of the series o 2 

Correct progression in size of figures 
represented, but rhombus presented as 
square or rectangle. 1 
Correct representation of rhombus ioeo 
sides paral,lel and of equal length but 
showing increase in width instead of 
increase in length of figureo 1 
Correct presentation of rhombus (ioe~ 
sides parallel and of equal length) but 
complete failure to show progression in 
size. 1 
Inability to show correct progression in 
size plus complete failure to represent 
rhombus correctly. 0 

Maximum 
Score on 

Test 

5 



Maximum 
Score Score on 

Test 

III. TIME TESTS. 

Test one :- The test of duration of 
intervals. 

Section I. 

(a} Ability to state that synchronous 
time intervals (I

1 
- I

2
) and 

(II
1 

--II
2

) are equal {plus correct 
reason. 1 

(b) Ability to state that synchronous time 
intervals (I1 - I 5 ) and (IIi - II

5
) are 

equal (plus correct reason). 1 

(c) Ability to state that synchronous time 
intervals (I1 - I

3
) and (II

1 
- II

3
) 

are equal (plus correct reasoning). 1 

(d) Statement that asynchronous time 
intervals (I

1 
- I

3
) and {II

1 
- II

2
) 

are unequalo 1 
Correct reason. 1 

(e) Statement that time interval (I
1 

- I
2

) 
equals interval (I

2 
- r

3
)o 1 

Correct reason. 1 

(f) Ability to state correctly whether 
water takes more or less or s.ame 
time to go down in measuring cylinder 
or rise·in beaker (plus correct 
reason)o 1 

Section II. 

Correct seriation of n
1 

cards. 
Seriation of n

1 
cards with one 

reversal. 
Seriation of o

1 
cards Hith two 

reversals. 
Correct seriation of n

2 
cards. 

Seriation of o
2 

cards with one 
reversal. 
Seriation of D2 cards with two 
reversals. 
Seriation of D2 cards with three 
reversals. 

3 

2 

1 
4 

3 

2 

1 

15 



Maximum 
core Score on 

Test . 

Test two :- The test of synchronous time 
intervals. 

Section I .. 

Dog placed 2 .. ahead of rabbit:-

(a) Statement of simultaneity of starting 
times~ 
Correct reason. 

(b) statement of simultaneity o.f stopping 

1 
1 

times. 1 
Correct reason. 1 

(c) Ability to state whether both dog and 
rabbit stopped at lunch.. 1 
Correct reasonft 1 

(d) Ability to stipulate whether running 
times of two objects identical. 1 
Correct reasono 1 

(e) Correct answer to question: If dog 
ran for two minutes how long did 
rabbit run for?. 1 

Section II. 

Starting positions of dog and rabbit 
identical:-

(a) Statement of simultaneity of starting 
times. 1 
Correct reason~ 1 

(b) Statement of simultaneity of stopping 
times. 1 
Correct reasono 1 

(c) Ability to stipulate whether running 
times of two objects identical. 1 
Correct reasono 1 

Test three :- A test to investigate the 
child's concept of age (Test I)G 

10 questions asked. One point for each 
correct ansvJer. 

15 

10 



Test four·:- A test to investigate 
the child 1 s concept of age (Test 2}. 

Section I. 

(a) statement that ages of elm and oak 
tree cannot be determined. 
Correct reason to substantiate 
statement. 

Alternatively~-

Maximum 
Score Score on 

Test 

1 

1 

(b) Statement that trees identical in age. 1 
Reason to substantiate this answer 
by reference to date of plantingo 1 

(c) Correct statement that short tree 
sometimes older than tall one. 1 
Correct reasoningo 1 

Section II. 

(a} Seriation of apple trees. 
Seriation of apple trees with one 
reversal. 

(b) Seriation of pear trees 
Seriation of pear trees with one 
reversal .. 

(c) Correct answer to question: 11 Which 
tree is older, apple or pear ... 
Correct reason .. 

(d) Correct corresponden9e between apple 
and pear trees (plus correct reason 
in each case) at g- -

(i) two year level .. 
(ii} three year level. 

(e) Ability to discr~minate ages of apple 
and pear trees (plus correct reason 
in each case), when: 

2 

1 

2 

1 

1 
1 

2 
2 

(i} pear tree (2 yrs) and apple {3 yrs~) 2 
(ii} pear tree (6 yrs) and apple (7 yrs.) 2 

(f) Ability to answer following;-

Which is oldest tree of all~ 
Correct reason. 
Which is youngest tree of all. 
Correct reason. 

Section IIIo 

(a) Ability to state that apple and peach 

1 
1 
1 
1 

trees, same age.. 1 
Correct reasoning (reference to birth 
order) 1 



Correc·t reasoning (reference to 
birth order plus explanation for 
larger·nurnber of fruit on peach 
tree e~g~ more apples have been 
picked)~ 

Al terna'cively: 

(b) Statement that ages cannot be deter-

1 

mined 1 
Demand for further criteria in order 
to determine ageo 1 
Demand for further criteria plus 
explanation for larger number of 
fruit on peach tree in relation to 
apple. 1 

Test five :- A test which taps child's 
ability·to judge duration of his ow~ 
actionso 

(a) Ability to state that both lines took 
equal time to draw plus explanation 
that one series drawn quicker and 
hence its greater length in relation 
to the other. 9 

(b) Statement that one of the two series 
(either "quick" or "slow" lines) took 
longer to draw8 In explaining the 
relationship in length, of one line 
to the other, reference must be made 
to speed with which lines were drawno 6 

(c) Statement that one line took longer 
to dra'iv than the other. As reason 
for this the child refers to the 
perceptual cues of the stimulus 
configuration (i.e. greater length 
of one line in relation to other). 3 

Maximum 
Score on 

Test 

25 

9 



TABLE 14 

STANDARD SCORES OBTAINED ON NUMBER TESTS TWO TO FIVE : S GROUP I (SUBJECTS 15-36) 

SUBJECTS 

I 
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

NUMBER TESTS 

2 -1.63 - .05 -1.10 - .57 -1.10 .47 1.00 - .05 - .57 1.00 - .57 .47 1.52 -1.10 -1.10 -1.63 -2.15 - .05 -1.63 - .05 -1.10 -1.10 

3 .28 - .19 -1.14 - .19 - .66 -1.14 - .66 - .19 .28 .28 -1.61 .76 -1.14 -1.14 -1.14 - .66 -1.61 -2.09 1.71 - .66 -2.09 .28 
I 

4 -1.00 1.91 1.5 - .58 - .58 -1.00 - .58 .25 - .58 -1.0 - .58 - .58 .25 1.91 -1.00 - .58 -1.00 -1.00 -1.00 -1.00 .25 - .. 16 
-

5 -1.00 -1.0 .25 - .37 .25 -1.00 -2.25 -1.62 -1.0 -1.62 -1.62 .87 .87 - 1.0 -1.00 - .10 - .37 -1.00 -2.25 -1.0 -1.0 -1.0 
---------- ~- ------ -- --- 1-.-.------ -



TABLE 15. 

KxN TABLE :- RANKINGS FOR S GROUP I ON NUMBER TESTS. 

SUBJECTS 

N 
' ! i I 

~UMBER TESTS 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

2 20 7.5 15.5 11 15.5 4.5 2.5 7.5 11 2.5 11 4.5 1 15.5 15.5 20 22 7.5 20 7.5 15.5 15.5 
-

3 4.5 8 16 8 11.5 16 11.5 8 4.5 4.5 19.5 2 16 16 16 11.5 19.5 21.5 1 11.5 21.5 4..5' 

4 18.5 1.5 3 11 11 18.5 11 5 11 18.5 11 11 5 1.5 18.5 11 18.5 18.5 18.5 18.5 5 7 

5 12 12 3.5 5.5 3.5 12 21.5 19 12 19 19 1.5 1.5 12 12 12 5.5 12 21.5 12 12 12 

55.0 29.0 38 35.5 41.5 51.0 46.5 39.5 38.5 44.5 60.5 19.0 23.5 45.0 62 .o 54.5 65.5 59.5 61 49.5 54 I 39 

S = Sum of Squares of observed deviations from the mean of Rj = 3378 
K = Number of Sets of rankings = 5 With the correction of Ties W = 

s 
N = Number of individuals ranked = 22 _1. K2 (N4-N) - K[ T 
M = Mean = 36 . 12 
Correct~on factor 948 .. w = .26 

= 
2 

= 21.8 w = 1 X 

U K2 (N 3 -·N) Significant at .50 level of Confidence. 

---- ------------------ --- ------------- ·-· ----~- ---- --------~ ------



SPACE TESTS 

Space Test 
1 

Space Test 
2 

Space Test 
3 

Space Test 
4 

Space Test 
5 

I 
15 

- .14 

-2 .17 

-.083 

.48 

- .25 

' 

16 17 

- .4 .26 

-1.00 r-1.88 

-.083 .75 

- .94 - .37 

.58 1.91 

TABLE 16 
~ .. 

STANDARD SCORES OBTAINED ON SPACE TESTS ONE TO FIVE :- S GROUP I (SUBJECTS 15-36) 

SU~JECTS 

I 
., 

18 19 20 21 22 23 24 25 26 27 28 29 30 31 

._ .4 '.93 .93 1.6 1.6 -1.06 1.6 .93 .93 .93 - .24 .26 -1.06 -1.73 

-1.00 -1.88 -1.00 -1.00 .4 7 .47 .17 - .41 .17 .17 -1·.58 -1.58 -1.29 - .70 

.75 .75 -3.41 .75 .75 .75 -1.75 .75 .75 -1.75 .75 - .91 .91 • 75 

.48 - .94 -1.22 -1.22 1.62 - .65 1.34 - .65 - .65 - .37 - .37 .77 .48 - .65 

-1.08 - .25 - .25 .25 - .58 .25 - .58 -1.91 - .25 - .25 -1.91 -1.08 .58 -1.08 

I 

I 36 32 33 34 35 

1.06 -1.06 -3.06 .93 .93 

-1.00 1.05 - .12 - .41 -1.29 

- • 75 -2.58 - • 75 - .91 - .91 
-

.77 - .65 .77 -1.51 -1.51 

1.41 -1.08 .58 - .25 -1.08 



Space Test 
1 

Space Test 
2 

Space Test 
3 

Space Test 
4 

Space Test 
5 

·' 

M = 57.5 
s = 4634 

15 

15 

22 

13.5 

7 

10.5 

68.0 

16 17 

15 11.5 

13 20.5 

13.5 6.5 

17.5 10 

3 21 

63.0 69.5 

Correction factor= 282.5' 
w = .22 

18 19 

15 7 

13 20.5 

6.5 6.5 

7 17.5 

17 10.5 

63 •. 0 62 .o 

TABLE 17. 

KxN TABLE :- RANKINGS OBTAINED BY S GROUP I ON SPACE TESTS 
SUBJECTS 

I 

20 21 22 23 24 25 26 27 28 29 

7 2 2 18.5 2 7 7 7 13 11.5 

13 13 .2.5 2.5 5 8.5 5 5 18.5 18.5 

22 6.5 6.5 6.5 19.5 6.5 6.5 19.5 6.5 16.5 

19.5 19.5 1· 14 2 14 14 10 10 4 

10.5 10.5 4 10.5 4 21 10.5 10.5 21 17 

72.0 51.5 16 52 32.5 57.0 43.0 52.0 69 67.5 

- ----- ----~-~ -----------

I 

30 31 32 33 34 35 36 

18.5 21 18.5 18.5 22 7 7 

16.5 10 13 1 7 8.5 16.5 

16.5 6.5 6 .. 5 21 6 .. 5 16.5 16.5 
-

7 14 4 14 4 21.5 21.5 

4 17 1 17 4 10.5 17 

62.5 68.5 43 71.5 43.5 64.0 78.5 

-- -------

2 
X = 23.1 
Significant at .SO level of Confidence 



15 16 17 

TIME TESTS 

1 .21 .• 51 J...9 

2 - .43 .022 .022 

4 - .70 -1.33 • 75 

. 5 - .49 -1.85 .87 

TABLE 18. 

STANDARD SCORES OBTAlNED ON TIME TESTS 1, 2, 4 AND 5 :- S GROUP I (SUBJECTS 15-36) 

SUBJECTS 

18 19 20 21 22 23 24 25 26 27 28 29 30 31 

-1.3 .81 -1.3 - .39 -1.3 -.39 - .69 -1.00 - .69 .21 - .39 -1.3 -1.9 - .09 

-1.34 .022 .022 1.61 -1.79 - .88 -1.79 .022 .70 .022 -1.79 - .20 -1.56 .022 

- .29 -1.12 -1.12 - .so .33 .54 -2.66 - .50 - .91 -1.33 - • 70 -1.33 - .91 .75 

-1.85 -.1 .... 85 -1.85 - .49 - .49 - .49 - .49 - .49 .87 - .49 - .49 - .49 -1.85 .87 
... -~ 

32 33 34 35 36 

1.12 -1.60 - .09 -1.60 .21 

1.15 -1.56 - .43 1.15 - .43 

- .08 - .70 -1.12 - .91 • 75 

.87 -1.85 -1.85 .87 - .49 



TABLE 19 

KxN TABLE :- RANKINGS OBTAINED BY S GROUP I ON TIME TESTS 

SUBJECTS 

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

TIME TESTS 

1 5 3 21.5 16.5 2 16.5 10 6.5 10 12.5 14 12 .5 5 10 16 .5' 21.5 7.5 1 19.5 7.5 19.5 5 

2 14 8 8 J7 8 8 1 21 16 21 8 4 8 21 12 18.5 8 2.5 18.5 14 2.5 14 

4 11 20 2 7 17 17 8.5 5 4 22 . 8,.5 14 20 11 20 14 2 6 11 17 14 . 2 

5 10.5 19 3 19 19 19 10.5 10.5 10.5 10.5 10.5 3 10.5 10.5 10.5 19 3 3 19 19 3 10.5 

40.5 50 34.5 59.5 46 60.5 30.0 53.0 40.5 66.0 41.0 33.5 43.5 52.5 59.0 73 .o 20.5 12.5 68.0 57.5 39 31.5 

H = 46 
2 = 31.92 X 

s = 5072 Significant at .10 level of Confidence. 
Correction factor = 700.0 
w = .38 - - - -



37 

NUl1BER TESTS 

Test 2 - .57 

Test 3 - .19 

Test 4 - .16 

Test 5 .87 

TABLE 20. 

STANDARD SCORES OBTAINED ON NuMBER TESTS 1WO TO FIVE :- S GROU];> II (SUBJECTS 37-50) 

SUBJECTS 

38 39 40 41 42 43 44 45 46 47 

~ 

1.00 1.52 - .-o5 - .57 - .57 - .05 -1.63 ~47 •47 .47 

. 

.76 - .19 .28 1.23 - .19 1.23 -1.14 ..; .19 -1.61 .76 

1.91 1.08 - .16" - .58 - 1.0 ... .58 .25 .25 - .58 - .58 

.87 .87 .87 -1.0 .87 .87 -1.0 .87 .87 -1.0 

---------------- '- ~-------- ~---- ------- --

48 49 50 

- .57 - .05 1.00 

- .19 .28 .76 
-

.16 - .25 -1.00 

.87 .25 .87 



NUMBER TESTS 

Test 2 

Test 3 

Test 4 

Test 5 

s = 913 
H = 30 

37 

11.5 

10.0 

7.0 

5.5 

34.0 

38 

2.5 

4 

1. 

5.5 

13.0 

Correction factor = 466.0 
w = .29 

39 

1 

10 

2 

5.5 

18.5 

TABLE 21. 

KxN TABLE:- RANKINGS OBTAINED BY S GROUP II ON NUMBER TESTS. 

SUBJECTS 

40 41 42 43 44 45 46 37 48 49 50 

8 11.5 11.5 8 14 5 5 5 11.5 8 2.5 

6.5 1.5 10 1.5 13 10 14 4 10.0 6.5 4 

7 10.5 13.5 10.5 4 4 10.5 10.5 7 .o 4 13.5 

5.5 13 5.5 5.5 13 5.5 5.5 13 5.5 11 5.5 

27 .o 36.5 40.5 25.5 44 24.5 35 32.5 34.0 29.5 25.5 
' 

·-· - -------------.......:-

2 
X = 15.08 
Significant at .50 level Confidence. 



37 38 39 

SPACE TESTS 

1 -1.06 -1.06 - .4 

2 .76 .47 .76 

3 • 75 -.083 • 75 

4 .20 1.05 1.34 

5 1.41 1.41 .58 

TABLE 22. 

STANDARD SCORES OBTAINED ON SPACE TESTS 1 TO 5:- S GROUP II 

(SUBJECTS 37-50) 

SUBJECTS 

40 41 42 43 44 45 46 

- .4 .93 -1.06 .93 -1.06 - .4 .26 

- .12 1.64 1.05 1.05 -1.58 .76 -1.58 

• 75 • 75 - .91 • 75 - .91 • 75 - .91 

- .94 - .65 .20 - .37 -1.8 - .37 .77 

1.41 .58 - .25 .58 .58 -1.08 - .25 

47 48 49 50 

- .26 - .4 .26 .26 

-1.29 -1.00 - .12 1.05 
-

- .91 -.083 - .91 .75 

- .65 -1.51 .48 1.34 

.58 -1.91 - .25 .58 



SPACE TESTS 

1 

2 

3 

4 

5 

~ 

Mean = 37.5 
s = 1844 

37 

12.5 

6 

4 

6.5 

2 

31.0 

I 
I 
I 
I 38 I 

12.5 

8 

8.5 

3 

2 

34.0 

Correction factor= 412.5 
w = .36 

' ' 

39 

8.5 

6 

4 

1.5 

6.5 

26.5 

TABLE 23. 

KxN TABLE:- RANKINGS OBTAINED BY S GROUP II ON SPACE TESTS. 

SUBJECTS 
i ' ! 

I 
40 I 41 42 43 44 45 46 47 48 49 50 

-

8.5 1.5 12.5 1.5 12.5 8.5 4.5 4.5 8.5 4.5 4.5 
--· 

9.5 1 3 3 13.5 6 13.5 12 11 9.5 3 

4 4 12 4 12 4 12 12 8.5 12 4 

12 10.5 6.5 8.5 14 8.5 4 10.5 13 5 1.5 
-· 

2 6.5 11 6.5 6.5 13 11 6.5 14 11 6.5 

36.0 23.5 45 23.5 58.5 40.0 45.0 45.5 55.0 42 .o 19.5 
------- ------~ - -

2 
X = 22.75 

Significant at .05 level of Confidence. 



TABLE 24 

STANDARD SCORES OBTAINED ON TIME TESTS 1; _2, 4 AND 5 S GROUP II -

(SUBJECTS 37 - 50) 

SUBJECTS 
I : I 

TIME TESTS 37 38 39 40 41• 42 43 44 45 46 47 48 49 50 

Test 1 - .,09 1. 72 1.42 -1.9 - .o9 1,.12 .21 - .09 .51 -1.9 -1.00 .81 1.12 .51 

Test 2 1.38 1.61 • 70 .022 - .88 -1.11 .25 .25 .93 - .20 -1.34 .47 - .43 1.38 

Test 4 1.58 .12 1.58 -1.12 .95 .54 .75 - .29 1.33 -2.16 .12 .54 1.37 .12 
-

Test 5 .87 .87 .87 .87 .,87 - .49 .- .49 - .49 -1.85 - .49 - .49 - .49 .87 - .49 



TABLE 25. 

KxN TABLE:- RANKINGS OBTAINED BY .S GROUP II ON TIME TESTS 

SUBJECTS 

TIME TEST 37 38 39 40 41 42 43 44 45 46 47 48 49 50 

1 10 1 2 13.5 10 3.5 8 10 7 13.5 12 5.5 3.5 5.5 
-

2 2.5 . 1 5 9 12 13 7.5 7.5 4 10 14 6 11 2 • .5 
-

4 1.5 . 10 1.5 13 5 7.5 6 12 4 14 10 7.5 3 10 

5 3.5 3.5 3.5 3.5 3.5 10 10 10 14 10 10 10 3.5 10 

17.5 15 .. 5 12 39.0 30.5 34.0 31.5 39.5 29 47.5 46 29.0 21.0 28.0 

M = 30 
s = 1519.5 . 2 
Correction factor - 212 X = 22.88 
w = .44 Significant at .05 level of Confidence. 



NUMBER 
SUB TESTS 

Subtest 2 

Subtest 3 

Subtest 4 

Subtest 5 

1 2 

1.52 .47 

- .66 -1.14 

1.91 - .58 

.87 .87 

TABLE 26 

STANDARD SCORES OBTAINED ON NUMBER TESTS 1WO TO FIVE : GROUP III SUBJECTS 1-14 

SUBJECTS 

3 4 5 6 7 8 9 10 11 

-

- .05 - .57 1.00 .47 .47 - .57 - .05 -1.63 1.00 

-1.14 .76 - .19 .28 • 76 - .66 - .19 .28 .76 

-1.00 -1.00 -1.41 -1.00 - .16 - .16 .25 -1.00 - .16 

-1.0 .87 .87 .25 .87 .25 .25 -1.0 .25 

12 13 14 

1.52 .4 7 - .05 

.28 1.71 • 76 

, 

.25 -1.00 - .16. 

. 

• 87 -LO .87 



NUMBER 
SUBTESTS 

Subtest 2 

Subtest 3 

Subtest 4 

Subtest 5 

RJ 

1 2 

1.5 6.5 

11.5 13.5 

1 8 

4 4 

18.00 32.0 

s = 1231.0 
K = 4 
w = 14 

3 

10 

13.5 

11.0 

13 

47.5 

Correction factor = 270 

i 

TABLE 27 

KxN TABLE :- RANKINGS FOR S GROUP III ON NUMBER TESTS 

SUBJECTS 

4 5 6 7 8 9 10 11 12 13 14 

-

12 .5 3.5 6.5 6.5 12.5 10 14 3.5 1.5 6.5 10 

3.5 9.5 7 3.5 1i.5 9.5 7 3.5 7 1 3.5 

11.0 14 11.0 5.5 5.5 2.5 11.0 5.5 2.5 11.0 5.5 

4 4 9.5 4 9.5 9.5 13.0 9.5 4 13 4 

31.0 31.0 34.0 19.5 39 .o 31.5 45.0 22.0 15.0 31.5 23.0 

w = 37 

x
2 = 19.24 

Significant at .10 level of confidence. 



1 2 

SPATIAL TESTS 

Space Test 1 .93 - .4 

Space Test 2 .47 .76 

- .91 -.083 

Space Test 4 1.34 -1.51 

Space Test 5 1.41 1.41 

-~ 

TABLE 28 

STANDARD SCORES OBTAINED ON SPACE TESTS ONE TO FIVE :- GROUP III (SUBJECTS 1-14) 

SUBJECTS 
I 

3 4 5 6 7 8 9 10 11 

.26 .26 .26 -1.06 - .4 .26 -1.06 .26 - .4 

1.05 .76 .47 .76 .76 1.05 • 76 - .12 - .12 

-1.75 .75 .75 • 75 • 75 • 75 .75 .75 -.083 

.48 - .65 1.62 1.34 -1.51 .20 .77 - .65 - .65 

- .25 -1.08 -1.91 .58 -1.08 -1.08 .58 1.41 .58 

~ -~---
- -----~~ - - ------ ~ ~- --- ~-

/ 

j 

12 13 14 

- .4 .26 -1.73 

1.05 .17 - .41 

• 75 • 75 -.083 

- .37 - _.08 - .94 

.58 .58 -1.91 

- ----



SPATIAL TESTS 

Space Test 1 

Space Test 2 

Space Test 4 

Space Test 5 

1 2 3 

1 9.5 4.5 

9.5 6 2 

2.5 13.5 5 

13 11 14 

2 2 9 

28.0 42 .o 20.5 

M = 30 
s = 1524.5 
Correction factor= 577.5 
w = .30 

TABLE 29 

KxN TABLE RANKINGS FOR S GROUP 3 ON SPACE TESTS 

SUBJECTS I ' 

4 5 6 . 7 8 9 10 11 12 13 14 

4.5 4.5 12.5 9.5 4.5 12.5 4.5 9.5 9.5 4.5 14 

6 9.5 6 6 2 6 12.5 12 .5 2 11 14 

10 1 2.5 13.5 6 4 10 10 8 7 12 

5 5 5 5 5 5 5 11 5 5 11 
-

11 13.5 6 11 11 6 2. 6 6 6 13.5 
' 

36.5 33.5 32 .o 45.0 28.5 33.5 34.0 49.0 30.5 33.5 64.5 

Total 420 

2 
X = 19.5 
Significant .20 level of Confidence. 



1 

TIME TESTS 

Time Test 1 1.12 

, 

Time Test 2 1.15 

Time Test 4 1.37 

Time Test 5 - .49 

2 

TABLE 30. 

STANDARD SCORES OBTAINED ON TIME TESTS 2, 3, 4 and 5 :- S GROUP III (SUBJECTS 1-14) 

SUBJECTS. 

' 
3 4 5 6 7 8 9 10 11 

-

.51 .21 1.12 .51 -1.3 - .09 - .69 1.12 - .09 .81 

1.15 .022 1.61 .47 - .88 .022 •• 47 .93 -1.79 - .65 .. 

.12 .33 .33 1.37 .95 - .08 1.37 1.16 - .so .75 

.87 .87 .87 .87 .87 .87 .87 .87 -1.85 .87 

12 13 14 

.81 - .51 - .09 

1.15 .25 .4 7 

-1.33 - .50 - .29 

.87 .87 .87 
\ 



TIME TESTS 

Test 1 

Test 2 

Test 4 

Test 5 

Total of 
Ranks 

1 2 3 

2 7 9 

3 3 10.5 

2 9 7.5 

13 6.5 6.5 

20 25.5 33.5 

M = 30 
s = 1175.0 
Correction score = 622 
w = .39 

TABLE 31. 

KxN TABLE;,.. RANKINGS FOR S GROUP III ON TIME TESTS. 

SUBJECTS 
' 

4 5 6 7 8 9 10 11 12 13 14 

2 7 14 11 13 2 11 4.5 4.5 7 11 

1 7 13 10.5 7 5 14 12 3 9 7 

7.5 2 5 10 2 4 12.5 6 14 12 .5 11 

6.5 6.5 6.5 6.5 6.5 6.5 14 6.5 6.5 6.5 6.5 
-

17.0 22.5 38.5 38.0 28.5 17.5 51.5 29.0 28.0 35.0 35.5 

2 
X = 20.28 

Significant at .10 level of Confidence. 



NUMBER 
TESTS 

2 

3 

4 

5 

TABLE 32. 

STANDARD SCORES OBTAINED ON NUMBER TESTS: S GROUP IV 
(SUBJECTS 51-58) 

SUBJECTS - -

' I ; 

51 52 53 54 55 56 57 

1.52 1.52 1.52 - .57 1.52 1.52 - .os 

1.71 • 76 1.23 .28 1.-71 1.71 1.71 

1.91 1.91 1.91 1.5 .25 1.91 .25 

.87 .87 .87 .87 .87 .87 .87 

---- -~ --- ----~-- --

58 

1.00 

- .19 

1.91 

.87 

I 
I 

I 

" 
Kx.N TABLE: SCORES OBTAINED BY S GROUP IV ON NUMBER TESTS. 

. 
51 52 53 

3 3 3 

2.5 6 5 

3 3 3 

4.5 4.5 4.5 

13.0 16.5 15.5 

-- ------------

M = 18 
s = 139.5 
Correction factor = 270 
w = .35 

SUBJECTS - -

54 

8 

7 

6 

4.5 

25.5 

I 

55 56 57 58 

. 

3 3 7 6 

2.5 2.5 2.5 8 

7.5 3 7.5 3 

4.5 4.5 4.5 4.5 

17.5 13.0 21.5 21.5 

2 
X = 9.80 
Significant at .20 level 

of Confidence. 

·-



51 

SPACE 'IESTS 

1 1.6 

2 • 76 

3 • 75 
-

4 1.62 

5 1.41 

TABLE 33. 

STANDARD SCORES OBTAINED ON SPACE 'IESTS: S GROUP IV 
(SUBJECTS 51-58) 

SUBJECTS 
i I 

52 53 54 55 56 57 1 58 

I 
1.6 1.6 - .4 .26 .9 - .4 ,26 

.76 1.05 ,76 .76 .76 1.35 LOS 

-.083 .75 -· ,91 • 75 . 75 - • 91 -.083 

.77 .77 - .94 1.34 1.62 1.05 .77 

.58 .58 - .25 - .25 1.41 - .25 .58 

I 

KxN TABLE: RANKINGS OBTAINED BY S GROUP IV ON SPACE 'IESTS 

SUBJECTS 

51 52 53 54 55 56 57 I 58 

2 2 2 7.5 5.5 4 7.5 s.s 

6 6 2.5 6 6 6 1 2.5 

2.5 5.5 2.5 7.5 2.5 2.5 7.5 5.5 

1.5 6 6 8 3 1.5 4 6 

L5 4 4 7 7 1.5 7 4 

13.5 23.5 17 .o 38.0 24.0 15.5 2 7 .o 23.5 

M = 22.75 
s = 424.54 
Correction factor = 132.5 
w = .46 

2 
X = 16.1 
Significant at .02 level 

of Confidence. 



TIME TESTS 

1 

2 

4 

5 

TABLE 34. 

STANDARD SCORES OBTAINED ON TIME TESTS:- S GROUP IV 
(SUBJECTS 51-58) 

SUBJECTS 
... 

I 52 
I i ! 

51 53 54 55 56 57 .... 

1.12 1.42 1.12 1.12 - .69 1.42 - .09 

.47 .25 1.61 -1.56 .47 - .43 -1.56 

.95 -1.12 1.16 - .29 .12 1. 79 .75 

.87 - .49 .87 .87 .87 .87 .87 

- ·-- --- -

58 

.81 

.47 

1.37 

.87 

i 

KxN TABLE:- R.ANKINGS OBTAINED ON TIME TESTS BY S GROUP IV 

51 52 53 

.4 .1.5 4 

3 5 1 

4 8 3 

4 8 4 

15 22.5 12 

M = 18 
s = 164.0 
Correction factor = 132 
w =.303 

SUBJECTS 
I 

54 

4 

7.5 

7 

4 

22.5 

I 
55 56 57 58 

8 1.5 7 6 

3 6 7.5 3 

6 1 5 2 
-

4 4 4 4 

21 12.5 23.5 15 
--- L..._ ________ ------

2 
X = 8.48 
Significant at = .30 level 

of Confidence. 



TABLE 35. 

STANDARD SCORES OBTAINED ON NUMBER TESTS BY 

GROUP A
1 

(6 yrs. - 6 yrs. 6 mnths.) 

TESTS SUBJECTS 
I c.+F·. E.D. H.B. R.M. A,T. A.c. S.B. P.D. 

2 -1.10 1.00 -.57 .47 -1.10 -1.63 -2.15 - .05 -1.63 

3 -1.14 - .66 .28 • 76 -1.14 1.71 -1.61 -2.09 - .66 

4 1.5 - .58 - .58 . - .58 -1.00 -1.00 -1.00 -1.00 - .58 

5 .25 -2.25 -1.0 .87 -1.00 -2.25 - .37 -1.00 -1.0 

STANDARD SCORES OBTAINED ON Nm1BER TESTS BY 

GROUP A
2 

( 6 yrs. 7 mnths. - 7 yrs.) 

TESTS SUBJECTS 

N.A.I 
I I 

M.B. S.M. p .A. J.M. I .F. M.G. H.S. K.S. A.G. 

2 -1.63 - .57 - .05 -1.10 .4 7 1.00 - .57 -1.10 -1.10 1.52 

3 .28 - .19 - .66 - .66 -1.14 .28 -1.61 -1.14 -2.09 ~ 1.14 

4 -1.00 - .58 -1.00 - .58 -1.00 -1.0 - .58 1.91 .25 .25 

I 
-1.00 - .37 -1.00 .25 -1.00 -1.62 -1.0 -1.0 1-1.0 .87 

i 

5 



TABLE 36. 

STANDARD SCORES OBTAINED ON SPACE TESTS BY 

GROUP A
1 

(6 yrs. - 6 yrs. 6 mnths.) 

TESTS SUBJECTS 
' I I 

E.D. I H,B. R.H. A.T. A.c. s.B. P.D. c.B. E,F. 
-

i 

1 .26 I 1.6 -1.06 .93 .26 -1.06 -1.73 -1.06 -1.06 

2 -1.88 -1.00 .47 .17 -1.58 1.05 - .70 -1.00 -1.26 
-

3 • 75 • 75 • 75 • 75 - .91 -2.58 .75 .75- .91 

4 - .37 -1.22 - .65 - .65 .77 - .65 - .65 .77 .48 

5 -1.91 - .25 - .25 - .25 -1.08 -1.08 -1.08 1.41 .58 

STANDARD SCORES OBTAINED ON SPACE TESTS BY 

GROUP A~ (6 yrs. 7 mnths. - 8 yrs.) 
k 

TESTS SUBJECTS 
I ' ' 

; 
I 

M,B, S,M, N.A. P.A. J.M. I,F • M.G. H,S. K.s. A,G. 

1 - .4 - .4 -3.06 .93 .93 1.6 .93 -2.4 .93 .93 

2 -2.17 -1.00 - .12 -1.88 -1.00 .17 - .41 -1.58 - .41 .17 

3 -.083 • 75 • 75 • 75 -3.41 -1.75 .75 .75- .91 -1.75 
-

4 .48 .48 .• 77 - .94 -1.22 1.34 - .65 - .37 -1.51 - .37 

5 - .25 -1.08 .58 - .25 - .25 .58 -1.91 -1.91 - ,25 - .25 



TESTS 

1 

2 

4 

5 

TABLE 37. 

STANDARD SCORES OBTAINED ON TH1E TESTS FOR 

GROUP A
1 

(6 yrs. - 6 yrs. 6 mnths.) 

SUBJECTS 

l I i ' 

E.D. H.B. R.M. A.T. A.c. s.B. P.D. 

-1.9 - .39 - .39 - .69 -1.3 -1.60 - .09 

.022 1.61 - .88 .70 - .20 -1.56 .022 

• 75 -.so .54 - .91 -1.33 - .70 .75 

.87 - .49 - .49 .87 - .49 -1.85 .87 

STANDARD SCORES OBTAINED ON TIME TESTS BY 

GROUP A (6 yrs. 7 mnths. - 7 yrs.) 
2 

TESTS SUBJECTS 
I 

M.B. S.M. N.A. p .A. J.M. I.F. M.G. H.s. 

1 .21 -1.3 - .09 .81 -1.3 - .69 -1.00 - .39 

-
2 - .43 -1.34 - .43 .022 .022 -1.79 .022 -1.79 

c.B. E .F • 

1.12 -1.9 

1.15 -1.56 

- .os - .91 

.87 -1.85 

K.s. A.G. 

-1.60 .21 

1.15 .022 

4 - .70 - .29 -1.12 -1.12 -1.12 -2.66 - .so - .70- .91 -1.33 

5 - .49 -1.85 -1.85 -1.85 -1.85 - .49 - .49 - .49" .87 - .49 



TABLE 38. 

STANDARD SCORES OBTAINED ON NUMBER TESTS BY 

GROUP B
1 

(7 yrs. - 7 yrs. 6 mnths.) 

TESTS SUBJECTS 
I -

c.H. B.J • G.Q. M.W • M.G., R.s. B.G. 

2 - .05 • 47 - .05 -1.10 - .57 - .57 - .os 

3 - .19 -1.61 - .19 .28 - .19 - .19 .28 

4 1.91 - .58 .25 - .16 - .16 - .16 - .16 

5 -1.0 .87 -1.62 -1.0 .87 .87 .87 

STANDARD SCORES OBTAINED ON NUMBER TESTS BY 

GROUP B
2 

(7 yrs. 7 mnths. - 8 yrs.) 

TESTS SUBJECTS 

I j 

L.s. I A.s·. J.s • P.G. K.R. s.G. F.T. w.H. M.T. 

2 • 47 .47 .47 1.00 1.52 - .57 - .57 - .os 1.00 

3 .76 - .19 .76 • 76 - .19 1.23 - .19 1.23 .76 

4 - .58 .25 - .16 -1.00 1.08 - .58 -1.0 - .58 1.91 

5 -1.0 .87 .87 .87 .87 -1.0 .87 .87 .. 87 



TABLE 39. 

STANDARD SCORES OBTAINED ON SPACE TESTS BY 

GROUP B1 (7 yrs. - 7 yrs. 6 mnths.) 

TESTS SUBJECTS . . 
C.H. B.J • G.Q. M.W. M.G. R.s. B.G • 

1 - .4 .26 1.6 • 93 - .4 -1.06 - .4 

2 -1.00 -1.58 .l+ 7 -1.29 -1.00 .76 - .12 

3 -.083 - .91 • 75 - • 91 -.083 • 75 .75 

4 - .94 .77 1.62 -1.51 -1.51 .20 - .94 

5 .58 - .25 .58 -1.08 -1.91 1.41 1.41 

STANDARD SCORES OBTAINED ON SPACE TESTS BY 

GROUP B
2 

(7 yrs. 7 mnths. - 8 yrs.) 

TESTS SUBJECTS 

L.s. A.s. J.S. P.G. K.R. s.G. F.T. w.H. M.T • 

1 .26 - .,4 - .4 .26 - • 4 .93 -1.06 .93 -1.06 

2 -1.29 .76 .76 1.05 .76 1.64 1.05 1.05 .47 
.. 

3 - .91 • 75 .75 .75 • 75 .75 - .91 • 75 -.083 

- .65 - .37 -1.51 1.34 1.34 - .65 .20 - .37 1.00 

5 .58 -1.08 -1.08 I .58 .58 .58 - .25 .58 1.41 



TABLE 40. 

STANDARD SCORES OBTAINED ON TIME TESTS BY 

GROUP B
1 

(7 yrs. - 7 yrs. 6 mnths.) 

TESTS SUBJECTS. 
i 

c.H. B.J. G.Q • M.W. M.G. R.s. B.G. 
-' 

1 .51 -1.9 -1.3 ,21 .81 - .09 -1.9 

2 .022 - .20 -1.79 - .43 .47 1.38 .022 

4 -1.33 -2.16 .33 .75 .54 1.58 -1.12 

5 -1.85 - .49 - .49 - .49 - .49 .87 .87 

STANDARD SCORES OBTAINED ON TIME TESTS BY 

GROUP B
2 

(7 yrs. 6 mnths. - 8 yrs.) 

TESTS SUBJECTS 

L.s. A.s. J.s. P.G. K.R. s.G. F.T. w.H. M.T. 

1 -1.00 .51 - .19 .81 1.42 - .09 1.12 .21 1.72 

2 -1.34 .93 .022 1.38 .70 - .88 -1.11 .25 1.61 

4 .12 1.33 - .08 .12 1.58 .95 .54 .75 .12 

5 - .49 -1.85 .87 - .49 .87 .87 - .49 - .49 .87 



TABLE 41. 

STANDARD SCORES OBTAINED ON NUMBER TESTS BY 

GROUP c
1 

(8 yrs. - 8 yrs. 6 mnths.) 

TESTS SUBJECTS 
' 

P.c.l 

' 

M.w. s.P. D.A. D.H. l1.L. K.vd.M. G.s. c.D • 

2 1.52 -1.63 - .as - .57 1.00 - .as - .as - .as • 47 

-

3 - .66 -1.14 -1.14 .76 - .19 .76 - .19 .28 .28 

' 
4 1.91 .25 -1 .. 00 -1.00 -1.41 - .16 .25 .25 1.oo 

5 .87 -1.0 -1.00 .87 .87 .87 .25 .25 .25 

STANDARD SCORES OBTAil~D ON Nill1BER TESTS BY 

GROUP c2 (8 yrs. 7 mnths. - 9 yrs.) 

TESTS SUBJECTS 

' I I 

A.B. G.G. G.McF. J.v.A. E.S. L.M. 

2 .47 1.52 - .57 -1.63 1.00 .47 

3 -1.14 .28 - .66 .28 .76 1.71 

4 - .58 .25 - .16 -1.00 - .16 -1.00 

5 .87 .87 .25 -1.00 .25 -1.00 



TABLE 42. 

STANDARD SCORES OBTAINED ON SPACE TESTS BY 

GROUP c
1 

(8 yrs. - 8 yrs. 6 mnths.) 

TESTS SUBJECTS 

' I ' I 

M.W • s.P. D.A. p .c. ID.H. M.L. K.vd.M. G.S. c.D. 

1 .93 -1.06 .26 .26 .26 -1.73 -1.06 .26 -1.06 

2 .47 -1.58 1.05 • 76 .47 - .41 • 76 - .12 • 76 

3 - .91 - .91 -1.75 • 75 .75 -.083 • 75 - .91 .75 

4 1.34 -1.8 .48 - .65 1.62 - .94 .77 .48 1.34 

5 1.41 .58 - .25 -1.08 -1.91 -1.91 .58 - .25 .58 

STANDARD SCORES OBTAINED ON SPACE TESTS BY 

GROUP c
2 

(8 yrs. 7 mnths. - 9 yrs.) 

TESTS SUBJECTS . 
I ' i I 

A.B. G.G. I G.McF • J.v.A. E.s. L.M. 

1 - .4 - • 4 .26 .26 - .4 .26 

2 • 76 1.05 1.05 - .12 - .12 .17 
. 

3 -.073 • 75 • 75 • 75 -.083 ;75 

4 -1.51 - .37 .20 - .65 - .65 - .08 

5 1.41 .58 -1.08 1.41 .58 .58 



TABLE 43. 

STANDARD SCORES OBTAINED ON TIME TESTS BY 

GROUP c
1 

(8 yrs. - 8 yrs. 6 mnths.) 

TESTS SUBJECTS 
: I I 1 

M.W • s.P. D.A. P.c. D.H. I M.L. K.v.M. G.S. c.D. 

1 1.12 - .09 .21 1.12 .51 - .09 1.12 1.12 -1.3 

2 1.15 .25 .022 1.61 .47 .4 7 .93 - .43 - .88 

4 1.37 - .29 .33 .33 1.37 - ,.29 1.16 1.37 .95 

5 - .49 - .49 .87 .87 .87 .87 .87 .87 .87 . 

STANDARD SCORES OBTAINED ON TIME TESTS BY 

GROUP c
2 

(8 yrs. 7 mnths. - 9 yrs.) 

TESTS SUBJECTS 
I ' I I I 

A.B. G.G. G.McF • J.v.A. E.S. L.M. 

1 .51 • 81 - .69 - .09 .81 .51 

. 

2 1.15 1.15 • 47 -1.79 - .65 .25 

4 .12 -1.33 1.37 - .so • 75 - .so 

5 .87 .87 .87 -1,85 .87 .87 



NO. 
TESTS 

1 

2 

3 

4 

Sum of 
Ranks 

TESTS 

1 

2 

3 

4 

Sum of 
Ranks 

TABLE 44. 

KxN TABLE :~ RANKINGS FOR GROUP ~l (6.0 - 6.6 yrs.) ON 

NUMBER TESTS. 

SUBJECTS 

E.D. H.B. R.M. A.T. A.c. s.B. P.D. c.B. 

5.5 1 4 2 5.5 7.5 9 3 

6.5 4.5 3 2 6.5 1 8 9 

1 3.5 3.5 3.5 7.5 7.5 7.5 7.5 

2 8.5 5.5 1 5.5 8.5 3 5.5 

15 .o 17.5 16.0 8.5 25.0 24.5 2 7.5 25.0 

M = 2040 
s =· 307 .-oo 2 

X = 10.88 

I 
E.F. 

7.5 

4.5 

3.5 

5.5 

21.0 

Correction factor = 70 
w = .34 

Significant at .30 level 
of Confidence. 

KxN TABLE :- RANKINGS FOR GROUP A
2 

(6. 7 - 7 yrs.) ON 

NUMBER TESTS 

SUBJECTS 

M.B. S.M. N.A. P.A. J.M. 

10 5.5 4 8 3 

1.5 3 4.5 4.5 7 

8.5 5 8.5 5 8.5 

6.5 3 6.5 2 6.5 

26.5 16.5 ~3.5 19.5 25.0 

M = 22 
s = 219.50 
Correction factor= 122.0 
w = .18 

I 

I.F I M.G. H.s. K.s. A.G. 

2 5.5 8 8 1 

1.5 9 7 10 7 

8.5 5 1 2.5 2.5 

10 6.5 6.5 6.5 1 

22.0 26.0 22.5 2 7 .o 11.5 

2 
X = 6.48 

Significant at .70 level 
of Confidence. 

-



TESTS --

• 
1 

2 

3 

4 

5 

Total 
Ranks 

TESTS 

1 

2 

3 

4 

5 

Total 
Ranks 

TABLE 45. 

KxN TABLE:.. RANKINGS FOR GROUP A1 (6 .0 .. 6. 6 yrs.) ON 

SPACE TESTS 

of 

of 

SUBJECTS 
' ' 

E.D. H.B • R.M. A.T. A.c. s.B. P.D. c.B. 

3.5 1 6.5 2 3.5 6.5 9 6.5 

9 s.s 2 3 8 1 4 5.5 

3.5 3.5 3.5 3.5 7.5 9 3.5 3.5 

4 9.0 6.5 6.5 1.5 6.5 6.5 1.5 

9 4 4 4 7 7 7 1.0 
' 

29.0 23.0 22.5 19 .o 2 7 .s 30.0 30.0 18.0 

M = 25 
s = 168.5 

2 
X = 5.2 

Correction factor 167.5 
w = ,13 

Significant at .80 level 
of Confidence. 

KxN TABLE :- RANKINGS FOR GROUP A2 (6.7 .. 7.0 yrs.) ON 

SPACE TESTS 

SUBJECTS 
i i 

I N.Ae p .A. 
I 

H.S. M.B. s.H. J.M. I.F • M.G. K.s. 

7.5 7.5 10 4 4 1 4 9 4 

10 6.5 3 9 6.5 1.5 4.5 8 4.5 

6 3 3 3 10 8.5 3 3 7 

3.5 3.5 2 8 9 1 7 5.5 10 

5 8 1.5 5 5 1.5 9.5 9.5 5 

32 .o 28.5 19.5 29 34.5 13.5 28.0 35 30.5 

M = 2 7.5 
s = 407.00 

2 
X = 9.90 

E.F. 

6.5 

7 

7.5 

3 

2 

26.0 

A.G. 

4 

1.5 

8.,5 

5.5 

5 

24.5 

Correction factor 172.5 
' w = .22 

Significant at .50 level of 
Confidence. 

. 

-



TESTS 

1 

2 

4 

5 

Total 
Ranks 

TESTS 

1 

2 

4 

5 

Total 
Ranks 

TABLE 46. 

KxN TABLE :- RANKINGS FOR GROUP A1 (6.0- 6.6 yrs.) ON 

TIME TESTS 

SUBJECTS 
i ' 

I 

E.D. H.B. R.M. A.T. A.c.- s.B. P.D. c.B. 

8.5 3.5 3.5 5 6 7 2 1 

4.5 1 7 3 6 8.5 4.5 2 

1.5 5 3 7.5 9 6 1.5 4 

2.5 6 6 2.5 6 8.5 2.5 2.5 

17.0 15.5 19.5 18.0 27 30.0 10.5 9.5 

M = 20 
s = 552.0 

2 
X = 19.2 

Correction factor= 42.0 
w = .60 

Significant at .02 level 
of Confidence. 

KxN TABLE:- RANKINGS FOR GROUP A
2 

(6·, 7 - 7.0 yrs .) ON 

TIME TESTS 

SUBJECTS. 
' i ; 

I M.B. S.M. N.A. P.A. J.M. I .F. M.G. H.s. K.S. 

2.5 8.5 4 1 8.5 6 7 5 10 

•.. 

6.5 8 . 6.5 3.5 3.5 9.5 3.5 9.5 1 

3.5 1 7 7 7 10 2 3.5 5 

4 8.5 8.5 8.5 8.5 4 4 4 1 

16.5 126 .o 26.0 20.0 2 7.5 29.5 16.5 22.0 17 

M = 22.0 
s = 217.00 x

2 = 6.48 

E .F. 

8.5 

8.5 

7.5 

8.5 

~3.0 

A.G. 

2.5 

3.5 

9 

4 

19.0 

Correction factor 98.0 
w = .18 

Significant at :10 levei of 
Confidence. 

-· 



TESTS 

2 

3 

4 

5 

Total of 
Ranks 

TESTS 

2 

3 

4 

5 

Total of 
Ranks 

TABLE 47. 

KxN TABLE :- RANKINGS FOR GROUP B1 (7.0- 7.6 yrs.) ON 

NUMBER TESTS 

SUBJECT 
I 

C.H. B.J • G .Q • 

3 1 3 

4.5 7 4.5 

1 7 2 

5.5 2.5 7 

14.0 17.5 16.5 

M = 16 
s = 35.00 
Correction factor = 74.0 
w = .093 

M.W. 

7 

1.5 

4.5 

5.5 

18.5 

' 

M.G. R.s. 

5.5 5.5 

4.5 4.5 

4.5 4.5 

2.5 2.5 

17.0 17.0 

KxN TABLE :- RANKINGS FOR GROUP B
2 

(7.7- 7.11 yrs.) ON 

NUMBER TESTS 

I 
SUBJECT 

L.S A .s. J.S. P.G. KcR. s.G. F.T. w.H. 

5 5 5 2.5 1 8.5 8.5 7 

4.5 8 4.5 4.5 8 1.5 8 1.5 

6 3 4 8.5 2 6 8.5 6. 

8.5 4 4 4 4 8.5 4 4 

24.0 20.0 17.5 19.5 15.0 24.5 29.0 18.5 

M = 20 
s = 215.0 

2 
X = 8.64 

B.G. 

3 

1.5 

4.5 

2.5 

11.5 

M.T. 

2.5 

4.5 

1 

4 

12 .o 

Correction factor = 198.0 Significant at .50 level of 
W = .27 Confidence. 

-



TESTS 

1 

2 

3 

4 

5 

Total 
Ranks 

TESTS 

1 

2 

3 

4 

5 

Total 
Ranks 

TABLE 48. 

KxN TABLE :- RANKINGS FOR GROUP B1 (7. 0 - 7. 6 yrs.) ON 

SPACE TESTS 

SUBJECTS ' I 

c.H. B.J • s .Q. M.W. M.G. I R.s. 

5 3 1 2 5 7 

4.5 7 2 6 4.5 1 
--

4.5 6.;5 2 6.5 4.5 2 

4.5 2 1 6,5 6.5 3 

3.5 5 3.5 6 7 1.5 

B.G. 

5 

3 

2 

4.5 

1.5 

22.0 23.5 9.5 2 7 .o 2 7.5 14.5 16.0 

M = 20 
s = 278 
Correction factor= 37.5 
w = .42 

x2 = 8.64 
Significant at .05 level of 

Confidence. 

KxN TABLE :- RANKINGS FOR GROUP B (7.7- 8.0 yrs.) ON 
----------------------------- 2 ________________ __ 

SPACE TESTS 

SUBJECTS 
' i I I I 

L.s. A.S. J.S. P.G. K.R. s.G. F.T. w.H. M.T. 

. 

3.5 6 6 3.5 

9 6 6 3 

8.5 3.5 3.5 3.5 

7.5 5.5 9 1.5 

4 8.5 8.5 4 

32.5 29.5 33.0 15.5 

M = 25 
s = 401.5 
Correction factor 187.5 
w = .305 

6 1.5 8.5 1.5 8.5 

6 1 3 3 8 

3.5 3.5 8.5 3.5 7 

1.5 7.5 4 5.5 3 
-

4 4 7 4 1 

21.0 17.5 31 17.5 2 7.5 

2 
X = 12.2 
Signtf:icant at .20 level of 

Confidence. 

-

-

-



TESTS 

1 

2 

4 

5 

Total 
Ranks 

TESTS 

1 

2 

4 

5 

Total 
Ranks 

TABLE 49. 

KxN TABLE :- RANKINGS FOR GROUP B1' (7 .0 - 7.6 yrs .) ON 

TIME TESTS. 

SUBJECTS 

C.H. B.J • G.Q • 

2 6.5 5 

3.5 5 7 

6 7 4 

7 4.5 4.5 

18.5 23.0 20.5 

M = 16 
s = 178.5 
Correction factor = 23 
w = 178.5 

M.lv. 

3 

6 

2 

4.5 

15.5 

422 w = .42 

I i 
M.G. R.s. 

1 4 

2 1 

3 1 

4.5 1.5 

10.5 7.5 

KxN TABLE :- RANKINGS FOR GROUP B2 (7. 7 - 8.0 yrs.) ON 

TIME TESTS 

; 
SUBJECTS 

' 

L.S. R.S. . J .s. P.G. K.R. s.G • F.T. W.H. 

9 5 7.5 4 2 7.5 3 6 

9 3 6 2 4 7 8 5 

7 2 9 7 1 3 5 4 

6.5 9 2.5 6.5 2.5 2.5 6.5 6.5 

31.5 19 25.0 19.5 9.5 20 22.5 21.5 

M = 20 
s = 349.5 2 

X = 12.16 

B.G. 

6.5 

3.5 

5 

1.5 

16.5 

M·.T. 

1 

1 

7 

2.5 

11.5 

Correction factor = 50 
w = .38 

Significant at .20 level of 
Confidence. 

-



TESTS 

2 

3 

4 

5 

Total 
Ranks 

TESTS 

2 

3 

4 

5 

Total 
Ranks 

TABLE 50. 

KxN TABLE :- RANKINGS FOR GROUP c 1 (8.0- 8.6 yrs.) ON 

NUMBER TESTS 

SUBJECTS 

M.W • s.P. 

1 9 

7 8.5 

1 3 

2.5 8.5 

11.5 29.0 

M = 20 
s = 280 

I i 
D.A. P.c. 

5.5 8 

8.5 1.5 

7 7 

8.5 2.5 

29.5 19.0 

Correction factor = 74.0 
w = .32 

D.H. M.L. K.vd.M. c.s. 

2 5.5 5.5 5.5 

5.5 1.5 5.5 3.5 

9 5 3 3 

2.5 2.5 6 6 

19.0 14.5 20.0 18.0 

2 
X = 10.24 
Signific~nt at .30 level 

of Confidence. 

KxN TABLE :- RANKINGS FOR GROUP c2 (8.0 yrs. 7 mnths. 

- 9 yrs.) ON NUMBER TESTS. 

SUBJECTS 

A.B. G.G. G.HcF. 

3.5 1 5 

6 3.5 5 

4 1 2.5 

1.5 1.5 3.5 

15.0 7 .o 16.0 

H = 14 
s = 114.5 
Correction factor = 14.0 
w = .43 

J .v .A. E.S. 

6 2 

3.5 2 

5.5 2.5 

5.5 3.5 

20.5 10.0 

C.D. 

3 

3.5 

7 

6 

19.5 

L.M. 

3.5 

1 

5.5 

5.5 

15.5 



TESTS 

1 

2 

3 

4 

5 

Total 
Ranks 

TESTS 

1 

2 

3 

4 

5 

Total 
·Ranks 

TABLE 51. 

KxN TABLE :~ RANKINGS FOR GROUP c1 (8.0- 8.6 yrs,) ON 

SPACE TESTS, 

I SUBJECTS 

M.u. s.P. 

1 7 

5.5 9 

7 7 

2.5 9 

1 3 

17 35 

M = 25 
s = 458 

D.A. p .c. 

3.5 3.5 

1 3 

9 2.5 

5.5 7 

5.5 7 

24.5 23.0 

Correction factor= 102.5 
w = .33 

i 

D.H. M.L. K.vd.M. G.S. 

3,5 9 7 3.5 

5.5 8 3 7 

2.5 5 2.5 7 

1 8 4 5.5 

8.5 8.5 3 5.5 

21.0 38.5 19.5 28.5 

x2 = 13,2 
Significant at .10 level 
of Confidence. 

KxN TABLE :- RANKINGS FOR GROUP c2 (8.7- 9,0 yrs.) ON 

SPACE TESTS 

SUBJECTS 
! 

A.B. G.G. G.HcF. J .v ,A. E.S. 

5 5 2 2 5 

3 1.5 1.5 5.5 5 .. 5 

5.5 2.5 2.5 2,5 5.5 

6 3 1 4.5 4.5 

1.5 4 6 1.5 4 

C.D. 

7 

3 

2.5 

2.5 

3 

18 

L.M. 

2 

4 

2.5 

2 

4 

21.0 16.0 13.0 16.0 24.5 14.5 

M = 17.5" 
s = 95,0 
Correction factor= 67.5 
w = .25 

-



TESTS 

1 

2 

4 

5 

Total 
Ranks 

TESTS 

1 

2 

4 

5 

Total 
Ranks 

TABLE 52. 

KxN TABLE RANKINGS FOR GROUP c1 (8.0- 8 yrs. 6 rnnths.) 

ON TIME TESTS. 

SUBJECTS 

M.W • s.P. D.A. P.c. D.H. M.L. K.vd.M. G.s. · c.n. 

2.5 7.5 6 2.5 

2 6 7 1 

2 8.5 6.5 6.5 

8.5 8.5 4 4 

15.0 30.5 23.5 14.0 

M = 20 
s = 32 7.5 
Correction factor= 142. 
w = .400 

5 7.5 2.5 2.5 

4.5 4.5 3 8 

2 8.5 4 2 

4 4 4 4 

15.5 24.5 13.5 16.5 

2 
X = 12.8 
Significant at .20 level 

of Confidence. 

KxN TABLE :- RANKINGS FOR GROUP c2 (8.0 yrs. 7 rnnths. 

- 9 yrs.) ON TIME TESTS. 

SUBJECTS 

A.B. G.G. G.McF. 

3.5 1.5 6 

1.5 1.5 3 

3 6 1 

3 3 3 

11.0 12 13 

M = 14 
s = 77 .so 
Correction factor = 48. 
w = .33 

J.v.A. E. S. 

5 1.5 

6 5 

4.5 2 

6 3 

21.5 ll.5 

9 

9 

5 

4 

27 

L.M. 

3 .• 5 

4 

4.5 

3 

15 .o 



GRAPHS REPRESENTING RESULTS OF FIVE SUBJECTS DRAWN FROM 

SUB A.. GROUP 
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GRAPHS REPRESENTING RESULTS OF FOUR SUBJECTS D~~WN FROM 

SUB B.. GROUPo 
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