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.ABSTRACT 

Children's concepts of negation were first investigated 

by Inhelder and Piaget (1964) and their research provided 

evidence that the operation of negation is related to classi­

fication in general. Two hypotheses which have evolved from 

children•s performance of classificatory tasks have been 

examined in this study. 

Inhelder ancl Piaget (1964) hypothesised that class i:1clu­

sion relations, come prior to, and a re a necessary prerequisite 

for the. handling of negation as a logical operation. A series 

of studies by Feldman (1972), designed to test the as·sumption 

made by Inhelder and Piaget that negation and class inclusion 

are related phenomena and to specify the relationship between 

themJ provided data that sugg.ested that competence at class 

ir:ic.lusion tasks developed later than an understanding of the 

simple negation concepts used in her experiments. 

An attempt to establish the. r esul ts of Feld.man , with 

respect to the logical operation of negation, was undertaken. 

The present study also attempted to extend the data concerning 

the understanding of null classes and empty sets. Inhelder 

and Piaget (1964) had observed that this notion was incompat­

ible with the child's idea of collection and their results 

indicated that the null set was re jected throughout the st.age 

of concrete operations. 

The sample consisted of 120 children; 20 of each sex from 

e.ach of grades 1, 2 and J, The four tests consisted of a test 
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of class inolusion , a partial repl ica of Feldman ' s negati on 

test, Diamond's test on double negatives and the null set , 

and a test of incomplete sets . 

The principal findings of this study, as they relate to 

the preliminary aims of the research were that 

1 . There was little support for Inhelder and Piaget 's (1964) 

claim that negation and class inclusion were strongly related. 

2. 'rhere was support for Feldman's (1972) thesis that an 

understanding of the notion of negation develops earlier than 

tj1e emergence of class inclusion in children ' ~ reasoning. 

This was so when the test of negation was other than t hat used 

by Feldman in her study. 

3. There was support for the thesis that class inclusion 

develops later than most other concrete operational ski.ll s . 

4 . There v.as no support for the the...,is that comprehension 

of the null set or empty cla .-s is delayed until the s·t;age of 

formal operational thinking . 

5. There appearE-:d to be a relationship bet\'•:een t he under­

standing of the null class or empty set and the understanding 

of the incomple~e set . There also appeared to be a relation­

ship betv een the urrderstanding of the null set and the abil i ty 

to deal with double negative~, Thus in future research it 

s eems nece sary to test the existence of these suggested rela­

tionship::; a.nd to entablish whether any rank order exists . 

Signed, 
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INTRODUCTI ON 

Awareness that general concepts underlie much of our 

thinking has emerged from recent research into children's 

cognitive development. The leading exponents of such views 

are Jean P·iaget and his Swiss collaborators whose programme 

of research is widely kn0wn. Piaget has claimed that the 

development of fundamental concepts springs spontaneously 

from the child's own logical operations. 

One area to which exte.nsive research has been applied 

is that o.f the learning of mathematical concepts by children . 

The mathematician Henri Poincare, and others, argued that 

the. number co:t'lcept is a product of primitive intuition pre­

ceding logical notions, Others, including Bertrand Russell, 

have taken the view that number is a purely logical c onc.ept. 

Piaget's experimentation is designed to elucidate the psy­

chological proce:::ses .in the development of number concepts 

in young children, 

In considering the e,ssent.ial cognitive components of an 

adequate elementary concept o:f number, that is what a child 

must implicitly know about the properties of numbers in order 

t .o be accre.di ted with such. a conce.pt, Piage.t (1958) has corne 

to believe that these cognitive components pr incipally in­

clude a concrete operational mastery of classification and 

seriation, His results from extensive experiments have 

shown that children must grasp the principle of conservation 

of quantity b $fOre they can develop a conce·pt of number; in 
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addition this concept of number, and other mathematical 

concepts, develop independently through maturation in add­

ition to formal instruction. 

Piaget's argument is that conservation of quantity is 

not a numerical notion but a logical ope_ra tion. He has 

therefore concluded that simple logical operations precede 

the development of the concept of number, In tracing the 

development of children 1 s thinking in relation to the pro­

blems o.f number, quantity., and space, and again in dealing 

with the notion of chance and inductive reasoning, Piaget has 

recognis.ed the formation of elementary logical structures, 

The principle, that the operations which define intell­

igence, and which change with age, are logical strtJ.ctures, 

is basic to Piaget's theory of intellectual development. 

No logical discovery analysed in his experiments can be re­

duced to an isolated concept, and a .fundamental feature of 

his theory is that of the existence of general struc·tures. 

The development of these generalised mental structures under­

lying the acquisition of' specific concepts has demanded a 

separate study from him. 

Piaget (1958) has maintained that to comprehend mental 

development it is necessary not only to study the 'Competence 

of children at different ages in certain cognitive fields, 

but also to understand the struo,turing processes underlying 

their development of concepts. The structu.res formed, and 

the ways they are integrated 1 depend on the st.ag.e of develop­

ment. His hypothesis is that betvreen 7 - 11 years of age a 
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child acquires the ~lili ty to carry out concrete operations. 

Su.ch operations cl.Ye types of ac tions involving the manipula­

t ion of phy~ical obj ects, as a means of mentally t ransferring 

data. Operations become bound up togetl'l.er in structures: 

each set of structures can be r elated to a particuJar group 

of logical forms. During the c0ncrete operational stage a 

group structure develops . This grouping is a classificatory 

or relational system in terms of which the elementary logical 

and mathem_atical reasoning of a child may be described. 

Piaget's s tudies have led t o a renewal of interest in 

cognition and in theories of cognitive structures, and have 

f ocussed a ttenti on on the development of logical thinking i n 

childr.en , The notion tha t the nature of intelligence lies 

in t he performance of logical operations is pertinent to this 

study. The general fi eld of this thesis is the logic o­

math emat ical development of the child at the stage of concrete 

th i nk i ng . 



CHAPTER I 

REVIEW OF LITERA'.PURE ON DEVELOPN!ENT OF LOGICAL THINKING 

A, Studi~s in Formal Reasoning 

Some of the earliest studies in formal r easoning we:i. ... e 

carried out in Britain by Burt and Valentine. Bur t (1955 ) 

introduced logical reasoning items of the t:roe which posed 

such problems as "Jane is fair er than Lily:. Jane is darker 

than Susan: Whi c h of the t'hree is the fairest? 11 Such a 

problem which demanded interest in the logical implication 

as opposed to the content was found to be much more diffi­

cult than the simpler "Jane is fairer than Lily: Lily is 

fairer than Susan. Whicl:l is the fairest?" 

Valentine (1961) constructed reasoning tests which re­

quired problem solving by inductive reasoning and the detec­

tion of fallacies and/or approval of arguments. A demand 

for reasons for t he subjects choice reduced the possibility 

of scoring by guessing , His evidence strongly supported 

the premise that an abiJ_ity to think logically developed 

with age and had a high correlation wi t.h academic~ suecess, 

He therefore considered evidence Of formal reasoning ru1 

indication of intellectual ~otential . 

The primary focus of a study by Hill (1960 ) was the in­

vestigation of the relationship between logical ability and 
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ag.e in children of 6 1 7 and 8 years. In or der to measure 

logical alJili ty a hund;recl i ·tern test was c onstructad. Each 

item consisted of two premises, a questi on and -~~o possible 

rePponses, yes and no, It was necessary to discriminate 

between a necessary conclusion and ·t;h negation of. a necess­

ary conclu<=i ion, This study provided evidence that children 

o'f six , seven and eight were abl e to deal very effectively 

with verbal premises that called for hypothetical r easoning . 

o• Erien and Shapiro, (1968 ) recognised the weakness of 

this study to be that no test of the logical nec essity of 

the conclusion v,as called for. A study w.as devis ed t o deter­

mi.ne the differences be tween the ability of young children 

to discrimi nate betw·een a logically necessary conc l usion and 

its negation, and their ability to t es t the logical neces.sity 

of a conclusion . They used the Hill test , and a second test 

·of adapted i·bems fr om the Hill study, in which no necessary 

conclusion followed from the premises and a 'not enough clues' 

option was added to the responses , Their analysis of these 

results confirmed Hill' s suggesti on that children have con­

siderable success in r ecognising logical conclusions . Child­

r en of the same age however we.re found to experience great 

difficul t y in determining the necessity of a conclusion and 

showed s l ow growtJ1 in that: ability , These findings of O' Brien 

and Sh8.cpiro implied that hypothetical deductive ability 

could not be taken for granted in children of this age , 

ft ore r~c ~ntly '.'Jason and Johnson-Laird ( 1972 ) have exami ned 

the fund""menta.l nroblem of the extent to which most individuals 
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can b c o'nside:-rcd na turs.lly ration'.ll thin}~ors . Their interest 

was in a ) to •1ha t extent an individual . gi ve'n a set of asser­

tions , could appreci.a te a ll tha·t fo l l owed f'rom them by v irtue 

of log ic alone . and b) th e factor --=i \thich governed the per,-for­

mance of appareritly simple deducti 1 e proble_n and p1.ade intell­

igent people fail to reflect logical eompetence . The experi­

~ents conducted yielded s ome unexpected r esults , The most 

important finding was the di.fficul ty experi enced in ur1ders tand­

ing negative statements when they did not occur in an appro­

priate context, while the ease of hand.l ing affirmative state­

ments led subjects to make fallacious inferences. There was 

an overwhe·lming t endency 

1) for inference to b~ made whe ther logically valid or not , 

and 

2) for the content of the material to assume increasing 

signi fi.c ance. 

Their dissatisfaction with logic as a standard for asses~­

ing perf orrna nc e and their finding that the st-.cuc tural va:ciabili ty 

0-f cog:o.itive proc esses was radically affec ted by the actuaJ.. 

content of the experimental material led them to conclude that 

any general theory of reasoning must include a crucial semantic 

component . 

B. North American Resea;r-ch Into Reasoning 

American behavioural th eorists have -ar gue d tha t thought 

and l anguage are the heart o.f r easoning . Their claim has heen 

that , a l though ther e ex.i.st structural changes in t he hi erarchy 
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in which though t u n its a r c: Orf:anis :-.d, thought s tructur.es witn 

~ontent are the b~sic expla a tion f or differences :n reason­

ing and problem solving. They have argu ·ed tha t the reas on 

for differences is different semantic. structur es, or different 

hab:i. ts of' perceptual a iia ly0 is ,. whereas• Piagei, has c.ons·idered 

diff'erent 1 0.g ical struc t Ltres to be respons ible for the quali­

tative differences c1nd cognitive performance of three, seven 

and t welve year old children. 

Major studies have i ncluded those of Bruner Goodnow and 

Austin (1 956) who investigated concept form~tiont Brunswik 

(19 56 ) who d2.r·ec ted h:t s research into difference:1> betv•1een 

thinking and percepti on, and Bruner (1957) who considered 

perc ep tion as an inferential process. Long and Wel ch (1941) 

made ~n ~a~ly study on the interdepertdehce of p erc eptual 

discrirnina·tion and conceptual rneasureme h t w-hie.h was recon­

si,d~r -ed by Brain~ (1959 ). l-!e asser t ed that it was intrin­

sicall y impossible to study how concepts deve1oped with metl;l.ods 

empl oying v erbal cues to evoke t he concepts , and developed 

approp:riate t~st$ using non ve1"'bal methods to tes t t he breadth 

and depth of children's. unders tandin g of various concepts. 

His evidence d i d hot hear out , with any degree of re.gulari ty, 

Piaget's contention that~ chi ld who has reached a particular 

s t age of development, characterised by cert c:1.in logi cal prin­

c:ples. s houl d be able to maste~ ahy p~oblem involving thos~ 

pr i nciples. '/lohlwill (1 960 ) ha s· contri but~d a further study 

0,11 individua l pa ttexn s of mastery of conceptual tas ks t 

The r esults of thes e studies have indica-ted that the 
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de-tails of cohoeptual development are determined by the in ter­

ac.tion of 

a) cogni't:i.ve uni -',:;s of rules and vocabulary r esources organ-

ised hierarchically, 

b) determinants of attentional involvement. e_g, m:)-tives and 

standards, and 

c) habits for processing information such as evaluation and 

analytical atti tudes. 

In addition to the group of experiments which have been 

dlrected mainly towards isolating the characteristics which 

influence the formation of concepts, other researchers have 

considered the effects of intelligence, training and experience, 

socio-economic status and vocabulary on these characteristics. 

Vinacke (1952) in reviewing the major studies of the 1)ehaviour­

ists has ten-tatively d.rawn the following conclusions. 

a) Children's concepts change v-ri th increasing age but more 

iii. the form of a gradual progression toward greater adequacy 

or more informed understanding, than of ctefirtite stages. 

Where stages of conceptual learning are recognised however, 

claims are made that they are charao,terised by d.i:fferent hier­

archical organisations, by rules, habits of processing infor­

mation, and motives that facilitate or oppose attentional 

involvement, 

b) The apparent difference bet-ween children's thinking ~nd 

that of g.dults is le::;s a matter of kind than of degree . 

c) There i.· a lack o:f e idence that an ability to acquire 

and use cop.ce1,ts can be meaningfully defined apart from other 



intellectual functions, 

This body of literature, which has dealt with the modifi­

cation of the course of intellectual growth, ls significant 

in describing in detail the cognitive capabilities of school 

children. 

C. Piae;etia n Inspi r ·ed Research 

Research by Piaget has focussed widespread interest by 

psychologists on the development of concepts in children, and 

has generated .nany fu.:-ther studies. Piaget has found in many 

different areas t .ha t children• s thinking is essentially diff­

erent from that of the adult. He has concluded that concepts 

in children pass from diffuse• pre-logical I sub,jective .forms 

to more diff erentiated, lo.gical and objective forms, and that 

concepts of a particular kind evolve in a definite order , A 

second major conclusion drawn by Piaget from his ,experiments 

is that thre e general stages are identifiable . 

The validity of these trends in children's reasoning , 

es tab ished by the Genevan school, ha_s be-en well attested in 

num8rous studies and researches all over the world. One 

extensive g-roup. of P iagc tian inspired exp.eriments ha.s beei1 

concerned principally with discovering the g .eneral charac t .er­

is tics of children's thinking, Oth-ers h ave tested Piaget's 

hypothesis of t he three stag e development of children's logi­

cal judgements. 

Peel an Lodwic:lc (19.59 ) questioned on the cont-ent of 

pass a ges of hi:r torical interest, Intuitive thought was 



charac·cerised by only a single aspect of a situation being 

focu1:;sed upon and the others ignored. Such answers concen­

trated on phys1.cal details and contained inconsistencies. 

rrhe concrete thought level was recognised by the capacity -to 

combine simple relations between concrete objects,. but 

answers were construeted in ·terms of their given data rather 

tha n in a wider context. At the stage of formal r easoning 

the subject was able to judge logically and inferentially , 

thought was reversible, and argument c onsistent , 'rhe evidence 

obtained emphasised the' sequential cievel opment of logical 

thinking as s uggested by Piaget. 

Lunzer (196 5) undertook several studies to arrive at a 

clearer understanding of the advances in reasoning that appear 

in children. as their age increase~. His in.vestigatj ons were 

carried out by tests composed of verbal analogies, numerical 

analogies and series completions . His findings confirl;lled 

that t hree observable stages exist and that children progress 

from intuitive awareness , through the abili-ty to examine two 

judg ments simultaneously and arrive at a conclusionr to a 

stage of forma_l reasoning which does not develop before the 

age of 11 years and often considerably later. 

The interrelation of Piagetian tests themselves we_re 

studied by Smedslund (1964 ) who atterrmte'd to determine the 

in-ter-r elationo of various aspects of concrete reasoning as 

measured by a battery of Pia,.,..etian tests. He obtained detailed 

r esv.l ts from a l arge number of ihd:t vidual tests out it was 

found difficult to relate these to an overa11 theory, 
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characterised by only a single aspect of a situ.at.ion being 

:focussed upon and the others. io-nored. Such answers concen-­

trat(;.)d on physical details and contained inconsistencies. 

·The concrete thought level was recognis·ed by the capacity o 

combine simple relations between concrete objects, . but 

answers •fvere constructed in terms of their given data rath.e r 

thnn in a wider context. At the stage of f ormal reasoning 

the subject was able -to judge logically and inferentially, 

thougnt was reversible, and argument consistent. The evidence 

obtained emphasised the sequential development of logical 

thinking as sugges-ted by Piaget. 

Lunzer (196 5) undert0olc sever.al studies to arriY.e at a 

clearer understanding of the advances in reasoning that appear 

in children as their ace increases. His investigations were 

carried out by tests com1osed of verbal analogies, numerical 

analogies and series c .ompletions. His findings confirmed 

that three observabl e stages exist and that children progress 

from intuitive awareness, through the ability to e-.xamine tvro 

judgemen-ts simultaneously and arrive at a conclusionp to a 

stage of formal reasoni n g which does not develop before the 

a ge of 11 years and often cons iderably 1-at-er. 

'rhe interrelat ion of Piagetian tests ·themsel ve"S were 

studied by Smedslund (1964 ) who attempted to determine the 

in te-rre.lat i oris of var.i.ou.:, aspect'S of concrete reasoning as 

measured by a ba ttery of .. :":Lagetian t e..., ts . He obtained detailed 

r esults .from c'- l arge number of individual test's but it was 

found diffi cult to relate these to an overall theory. 
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Beard ( 1963 ). in a nu□ber o:f studies in concept develop­

ment concluded that for number c.oncepts the order of attainment 

closely follov,ed t-ha t found by Piaget but this was not borne 

out on all tasks. 

The most :famous of Piaget's investigations dealt with 

the conservation of quantity and, in this area, replications 

carried out by Almy, Chittenden and Miller (1966) Beard (l96J) 

Dodwell (1960 and 1961) Elkind (1964) and Hood (1962) rep0rted 

observable and distinct preoperational and concrete operational 

behaviours, 
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PIAGETIAN THEORY 

From his study of the formation of concepts and intellec­

tual operations Piaget has. formulated a theory of development. 

Four basic principles have emerged. Th.ese are that 

a) intelligence is defined as the ability to perform and 

codify operations, 

b) development is associated with passage .from one stage 

of operations to another, 

c) passage from one stage to another is a function of both 

experienc e and maturation, and 

d) the operations that define intelligence and which change 

with age are logical s-tructures that are neither dependent on, 

nor derivative from, language . 

Three operati onal levels in the cognitive. developm.en t 

of the child have beer1 recognised by him : each one character­

ises the attainment of a major stage o.f development and, within 

each one sub- s t ages c an be distinguished. 

Stage 1, sensory motor operations. 

Stage 2, con crete thinld.ng operations. 

Stage 3 , .formal thinking operations. 

Piaget t herefore claims that develo1 ment follows a 

seq uen tia.l order. 

to the next one, 

Each of its stages is considered necessary 

Intellectual development i('! dependent on 

maturation, experience of the pl;lys ical environment and t he 

.interaction of the social environment. 'l'he effect of matur­

ation cons i sts essentially 1.n the openin g of new possibilities 

for development by g.i. ing access to stru tures which could not 
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be evolved earlier , 

The thre0 aspects of experience rr 

1. involvement with objects on lihich action is exerted 

but wi thbut the implicati on that any kno\'iledge is necessarily 

extracted from the obj ects, 

2. physic.al experience which consists o-f extracting inf'or­

mati.on from the objects. themselves, and 

J. logico-rnathematical experience which involves discovery 

by manipulation and involves acting upon objects, 

Stages of' development occur earlier or later in the 

average chronological a ges according to the child's cultural 

and educational environment. The aim of Piaget's theGry of 

development may then be con•sidered to be the definition and 

analysis of the structures of operations which are specific 

to intelligence. 

This study has been concern:eq. with that part of Piaget's 

theory emphasizing concrete operations. This second develop­

m·ental stage has b.een de..,cri bed as extending .from the middle 

of the second year to the e.leventl1. or twelfth year. At first 

it is a forerunner to conoret-e operational thinlcing aiid is 

based essentially on the activity of the child. Two types of 

activities ha v e been distinguis hed; the logico-mathematical 

type of' ac tlvity such as bringing together, dissociating, 

ordering and counting , for which objects are no more. than a 

support, and exploratory activities aimed at extracting infor­

mation f'rolll objects themselves , 

The first l evel o.f the stage of concrete operations is 
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concluded at about seven y ears of agei By this time the 

average child has acquired the ability to use certain logi­

cal operations in his t hinking, and has reversibility of 

concrete thought processes. The remainder of this period 

is a long process of s tructuripg these logical operations 

and leads the child towa.,rds the capability of working in for­

mal logic. The theory of concrete operati ons is pivotal in 

Piaget's system sinc e the"'e operations provide the foundation 

for tl1e development of reas oning about class membership , 

numbP.r concepts and fttture logical deductions. 

Piaget 's work on the development of a concept of class 

has related closely to his claim that c oncrete operations 

develop at 6 or 7 years of age . In investigating the proper­

ties of t h ese concrete operational structures , ·the natural 

and spontaneou.s development in the child's thought of how to 

classify and s eria te was observed . Piaget realis.ed that a 

child's over-t behaviour was often considerably removed from 

the child ' s beliefs .and assumptions and t_ha t what a child 

really understands can n o-t be inferred from the conventional 

numer·ical opera,tions that he is called upon to learn in the 

classroom. 
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REV"IE.'f O!i' THE LI T .. 'RA'l1lJRE ON CLASSlFIGATION 

A. Picget 1 s Researoh 

In keeping with his adoption of a logical model, Piaget 

has carried out extensive• detailed work into the _origins and 

growth of classification and s .eriation (Inhelder and Piaget 

1964). This focusses upon the psychological rrrechanisms under­

lying the development of classificatory behaviour in a large 

number of situations, and ha.s attempted t o explain such be­

haviour in developmental terms, It is a:n essential part of 

their -~esis that logical reasoning , in r elation to classif i ­

cation and seriation, q_evelops before formal reasoning which 

involves the production of systematic hypotheses and their 

verification. 

In the opinion of Inhelder and Piaget classification has 

certain properti s which characterise the operations that are 

actually involved in the subjects' actions, and Piaget has 

predicted the sequence of development of these skills . It 

is contended for instance that classification begins when a 

child can group together two objects that are equivalent 

oecause they look alik e in some way, This is resemblance 

sortin[; • .As the c11·1ct develops he extends the scope o.f his 

sorting to more t han two (c onsistent sorting) and then to all 

the objects that could be considered equivalent in some res ­

pect (exnaustive orting ). Acc·ep t able categories for group­

ing become recognised and experience in constructing one 

cla.ss at a. time urepares the child for .fDrming s uccessive 
. ~ ~ 

a.nd simultaneous c l assification and for understanding class 
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inclusion. Gradual r ecognition that objects do not belong 

exclusively in different categorie s (rnul·ti·ple cl.ass merabershi p ) 

leads to active experimentation with diffe1 ent groupings with 

first one, and then another single attribute, as a f ocus for 

this horizontal classifi cation. As logical abili t_ies devel.op 

thi s me thod af choosing criteria bee omes mor.e complex; the 

choice of singl e attributes and then combinations of attri­

butes 1eads to the construction of hierarchical clac,sification. 

Inhelder and Piage t have argued that it is the child 's 

us e of this classificatory structure that enables him to form 

classes that are related to each other hierarchically. Class 

inclusion is th.us t he produ,_ct of experiences in which the 

child ha s fot.nd diverse attributes to guide his grouping and 

diverse schemes of attril:>ut e combination . A second gr oup of 

experiences enable the child to understand class inclusion . 

When c_hildren recognise that objec ts belong t o more than one 

class they b.egin to describe ways in which class.es overlap 

by using terms like "som l:;) 11 and ''all''. With such verbal tools· 

for cornpari s.on they begin to construct and can experiment with 

simple cl ass and sub-c l ac-s relationships. Only when the child 

has mastered th e feat 0£ recogni sin a common feature on 

which to g:roup, can he l earn to divide classes into constituent 

parts by focussing on the distinguishing a ttribut.e. ,'✓hen the 

child has understood that combination and division are rever­

sible and opposite processe-s he can be said to ha ve mastered 

the c assificatory skills . 

a ) HG can combine c lass A with anotl,er A' to obtain B. I n 



set theore ·tic sym ols 1 u A' -= B = A' u A. 

b ) He can understand that the order in which combinations 

are made does not effec t the result (A u A' ) u B = A u (A' u B) . 

c) He can u.nders tand tha-t adding nothing to class A does not 

alter class A and c.:an acknowledge the exis ten¢e of_ the null 

set . A u O = A. 

Principles a ) and b ) are clear. ·'I'he child however may not 

have grasped the implication of c ). There is no immediate 

understanding tha·c the w1ion of tvrn non nwl se ts is nece·ss~ 

arily larger than either of the subse t s. A = O and B = A u A' 

then Ac B. This is the principle of class inclusion which 

Piage t has claimed i s not understood b efor,e 7 - 8 years of 

age. Class inclusion operations then rela te to the child's 

a·bility to manipulate part/whole relationships within a set 

of categor i es; v-rhen this can be done systematically false 

general i sation3 are no longer made . 

Attention has been dra, n -to the di f ficulty, f ar the 

child, of graspin the notion of a class with a single ele­

lJlG.nt and it has been hypothesised that no intensive classifi­

cation is involved until the stage of con crete operations 

when a s i ngular class is treated in the name way as other 

classes . 

Inhe l dcr and Piaget claim that an u_nderstanding of order 

r elation is logically prior t o the notion of complementary 

classes becau::;e the dif.ferenc,e r e lation cci.n be perceived while 

a clac•s as such can not. A complementary class i s one which 

may be combined with a given clasc to yiel.d the next higher 
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ranking clas s . 1:Phey have argued further that comp lementarity 

precedes inclusion and is a more elemental notion psychologi­

cally than negati on . Thus they suggest that the development 

of negati on depends on that of class• inclLlsion. 

In ·th e ir analysis of negati on the claim })as been made 

t ha t initially the operations involved are undifferentiated , 

This lack of differenti a·tiort has been described as being akin 

to the intuitive or preop.erational unders t :a.nding of ''otherness " 

as opposed to th.e operational understanding whi c h d epends on 

inclusion. Two types of negation have been recognised as 

having general meanj_ng in the hier archical s ys tem of class 

i riclusion. The first is that of n egation with respec t to the 

whole i , e . not A in the absolute sense. Young childr-en think 

that the stronges t negation is that which is most meaningful 

becaus_ it points to a v1ide difi'erence and Piaget gives an 

example of a boy who, ha ving identified a man and a ladder as-

"not animal •• expand e d his answer: 

"Ladder is more true. 'The ladder is made of wood. 
The man has legs j he's more like an animal tha n 
the ladder is . " 

The second is negation with respect to the next including 

class i . e,, A' == B - A. Older children dr aw the conclusi on 

tha t the mos t useful negations are thos e which indicate 

differences botween nei ghbouring c lasses . A more mature boy 

in Piaget's sample recognised both the man ahd the Ladder as 

not animals but he said : 

1r The man is more rin;ht. A m~n is a littl e like 
animals. ae has l E':gS . le has more or l ess the 
same body ." 

Inhelder and Piaget ' s s tudy of complementari ty .and negation 
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was followed up by an attempt to find out how children, a t 

different levels, have 4ealt with a situation where a com­

plementary class has existed as a class, but has contained no 

objects and has been, there.fore, an empty class or null set , 

'rhey confirmed that the objects to which they applied were 

necessarily associated with concrete operations, This 

supposed that the object_s did positively exist and so the 

notion of an empty class was excluded as it vras incompatible 

with the child's notion of collection, The order of diffi­

culty was thus even greater and the results have indi cated 

tnat the null set was rejected right -up to the time when the 

structure of inclusion relations began to be sepa'.t;'ated .from 

their concrete content at the •stage of formal thinking. This 

was held to be true in the whole realm of classificati on. 

B. Other Researchers Tnta Classification 

The fact that some kind of clas-si.:fication is implicit in 

a .great many actions, and in every judgement, has led psychol­

ogists to recognise the import ance of consistent classification 

and categorization. Ideas of Gestalt psychology were of 

influence on early workers who investie;ated the development 

o.f classi f ication. Goldstein and Scheerer's work (1941) in 

the field, u.nd their analysis of categorization from the point 

of view of the abstractions involved, led to the thesis of a 

pre-ca tegori za tion level in children I s thinking. :Phis has 

much. in common with iaget 's distinction between oper-a-tional 

and pre-operational thinking. 
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The researches of Annett ( 19 59 ). and ot· ers f '.·1e-re desi gri12d 

to determine the extent to which childr,~ri were able t o 

classify at different ages , Bruner a nd Kenney (1966 ) inves­

tigated the wa.y i n which children learn to gra'"'p double 

classification, that is classifl.ca ion of ob ,jects a r~cord ing 

to two of their attributes at the same time . Their conclusions 

were that child en wer e unable to set up a matrix before the 

age of seven and could deal with only a single dimensi on or 

grouping f or a period of almost two year s before that. They 

have •suggested that t his may be because l anguage devel opm0.nt 

does not allow a child to re-present the array verbally before 

that time. 

One bhsic Piagetian contention is that as the logical 

compl.~xity of a task increases, the aver age age at which the 

taslc is mastered rises. .H owever insufficient data i s available 

from his studies, on the performance of individual su1J j ects 

on a wi de variety of tasks, to prove that the order of diffi ­

culty is the same for all learners. Kofsky (196 ) has. examined 

the :stage sequen~e of classification b ehav i our and . by the 

construe tj_on of eleven experimental ta.sks based on the reports 

o~ Inhelder and Piaget, has attempted to deter mine whether 

the order of difficulty corresp0nded to that described by 

Piaget. She has applied scalogram analysis t o the ques tion 

as to whether mastery of a partic ular classification rule 

reflected mastery 0£ previous rulos . This has indicated that 

the invariance of the task mastery sequence was onl y partia lly 

substantiated , although a sioiificant c orrelati on wao f ound 
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be tween the age of children and the number of successful 

completions. 

Piaget has also claimed that parallel stage sequences y 

exist f or classifica·tion and seriation. Lovell, Mitchell and 

Everett (1962) attempted to identify the relationship between 

classification and seriation by the duplication of many of 

the experiments origirtally reported by Inhelder and Piaget. 

Their results agr.eed fairly well with those o:f the originat•ors. 

'I'.hey were also able to indicate the limited ability of educa­

tionally retarded pupils to develop logical structures. 

Dodwell (1960) gave a wide array of tasks to the same 

child1~en and analys.ed the pattern of diffic't).l ties encountered, 

In his work with child~en of several a ge levels he was able 

to assess the performance differences among diverse age groups . 

In a preliminary study to determine the relative di f fi­

culty of aspects of classification Lunzer (1970) used a 

battery of tv1enty-one Piagetian tests . He has shown class 

inclusion to be the ~eventh most difficult operation after 

1. one to one exchange, 4. reproducing order, 

2, one to one correspondence, 5. seriatioh, 

J. i•all" ar1d 11 s ome 11
1 6. cross classification. 

He has al:=so shown the age, at which 50·% of children tested 

achieved a near op.erational level, to be 7 years. He antici­

pated that further studies would give abundant proof that 

the nchievernents of concrete reasoning do not matu:re simultan­

eously at the onsat of this period. He fu.z;·ther c or..cluded that 

taslc di:f.'f'icul ty is very much dependent on i tG articulation , 
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on its content and on the manner of its presentation. 

Ell~ind (1961) and Kohnstarnm (1963 ) both of whom attempted 

to determine whether Piaget's stages were significantly related 

to a ge in class inclusion tests, found there was little 

agreement between their results and attention was drawn to 

socio econoin.ic backg-round as an important variable. 

Vernon (1965) investigated environmental handicaps i n 

the development and retardation of intellectual development 

by comparing test s cores· of Piagetian i terns with an assessment 

of environment in white English, and negr0 V'est Indian immi­

grant, cultural groups. The Wes t Indian children•s perfor­

mance vras inferior, but negligibly so on both the test of 

conservation of quantity and on that of class inclusion. 

Shantz (1967) aimed at t esting t he degree o:f association 

between certain logical operations and has offered direct 

evidence concerning the correlationship of three of these. 

Her results offer only moderate support for Piage t 's claim of 

clos.e interdependenc.e of logical structures and r elated 

abilities, There was also considerable variation in the task 

inter-correlations across the age range tested. 

Dorf, (1959 ) a co-worker wi ·th Piaget ., has demonstrated 

however that classifioation skills and logical subdivision 

do develop at the :same time and are prerequ i sites :for t .he 

learning of class inclusion. Flavell (1/70 ) discussed this s tudy . 

The double clq3.ssi.fica-t;ion problem , which is of major 

inter.est in Piag.etian theory and which has appeared as an 

item in ~ome intelligence tests, has re~1ired ~ubj ects to 
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take into account simul t a eously t wo different asp 5c 1.:!3 of 

stimulus variation while inferring a lor;ical t'elation. 

Jacobs and Vandeventer (1971) from a number of studi e"' have 

shown that this kill can be taught and the l e.urning retained. 

They further ·found. that the skill could be transferred for 

use in tests lnvolving new stimulus dimensions. They taugh t 

children to construct matrices in which objects were classi£ied , 

for example, by both size and colour density. Extended train­

ing was found to produce significantly more transfer ·than the 

regular training. This training was carried out with grade 

1 children just prior to the age at vrhich they might have 

been expected to develop concrete operations. 

Kohnstamm (1967) examined extensively the data on the 

appearance of the capacity to solve inclusion tasks . He 

expressed dissatisfaction vti th Piaget's analysis and interpre­

tation of this g_uant.itative comparison of two classes, one of 

which is included in the other. By subjecting children to an 

intensive learning programme. he demonstrated that the develop­

ment of though~ operations is not fixed in a certain order, 

independent of chance environmental variables . 

Another researcher whus e investiga tions have pro·vided 

evidence contradicting the hierarchy o·:f cle,ssificatory activi­

ties formulated by Piaget is Feldman (1972) whose study is 

now repor ted in det:=r il. 



CHAPTER II 

13AGKG. OUND TO THE PROBLEr 

A. Feldman's Aims 

A series of studies by Feldman (1972) were designed 

a.) to di s cover what children understood by negation used 

as a log ical connective, 

b) to reveal the developmental progression of such under­

stai'lding , 

c) to s tudy the influence on the understanding of negation 

of such variabl es as sex of subj~cts, idiom in which the 

negative was expressed * the familiarity of exper imental mater­

ials and the concomitant cas e of labelling them, and the 

rela tive size of th e o1asses involved, and 

q) to r elate negation to other logical abilities which 

Piaget a nd hi s collaborators suggested should emerge at the 

same period . 

B. Felclrnan' s Technique 

A · i .r"'t study uti l ised a bl0c k g iving situation to inves­

tigate the n.ee;ation of a sinele attribute, to extend these 

findings to how children understood ne 6ation applie d to two 

attr ibut-es , and t o elari_fy is.sues regarding the choice of 

tdioms and placement of the negative 

24 
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Commands requesting the subjec·ts to give to the examiner 

all the blocks named and none of the others were again used 

in an experiment to determine whether the size of the comple­

mentary set influenced responses. The technique remained 

unchanged but three different sets of materials were used in 

a further test designed to provide evidence as to whether or 

not spontaneous verbal labelling of .familiar materials facili­

tated thinking in a negation tasK. 

Negation commands again involved responding to commands 

concerning attribute blocks, .in the th.ird study, when an 

attempt was made to specify the relationship between negation 

and cl:;tss inclu.sion . Beads and pictures were used in the class 

inclusion test. 

C, Feldman ' s Results 

Thes·e studies have provided some inte.resting results both 

supporting and contradicting the findings of Inhelder and 

Piaget, already discussed. 

Feldman's data were based on studies f ·ocussed to test 

the assumption made by Inhelder and Piaget, that negation and 

class inclusion are related phenomena, and at.tempted to speci fy 

the relationship between them . Her resu.l ts show that hierarchi­

cal class inclusion develops later than the simple negation 

concepts used in her experiments. She has stressed that it 

is important to note that the operation of negation is. almost 

c.ertainly more complex than the operational measure oi' it used 

in her research, and has considered the possibility that 



i e£;ation p ecederJ c1::.i.::::c inc us.ion in this study only because 

~1e negati n test ~1s too caGy , 

Furth 1 wort by Feldman .as shown the ne gation of two 

a ttri butr,::; to be o . e diffic tl t ·t.han the ne 0 a ti on of one a ttri­

but.e .. In this study J7% of· x·esponses to negation eommand.s by 

children in the .5 - 6 year a'~c range were correc t, \vhereas in 

cla • s inc lusion , considering just the en cial commands for 

·the same aged subjeci,s, only 20;:; of t he responses were correct, 

A statistically significan-t;, but theoretically weak correla­

tion was thus obtained bet'Ne·en negation and class i nclusicn , 

'I'he results .from the s tudy in which two a t t ributes were negated 

in both idiomatic and non idioma.tic forms. have provi ded evi­

dence tnat even quite difficult negation tasks in a classifi­

cation s ituation were easier than class inclusion t asks·, and 

that the form o:f expr essing command influenced the difficulty 

of carrying out negation . 

Other conclusions whic. were drawn by Fe.ldman .from her 

data on the s~vcral hundred children aged between J - 7 years 

who par t icipated in her studies ,·rere as .follows, 

1 , Children ' s 1..mtler.-,,"tandin0 of nesa t ion as a logical oper-

a ti on developed slowly with age and experience p r eaching com­

p1::terit performance between the ages of 6 - 7 years on simple 

tas}rs of ne&ation involving on8 at-tr5.bute and a f ru11i liar idiom , 

2 , I egation invol ved a ,coe;rd tive operati on and was no t 

merely a problem of semantics . 

J, Common errors to n egation eonmands revealed basic diffi ­

cultiec in carrying out the cognitive op ration . 



27 

4, The for ) of the idiom had re1a -ti vely little e:ffect on 

one a ttribute c ommands al though for tvro attribtl.te commands 

t he "except" idiom was ea,sier than the "but not" idiom. 

5, The famil iarity of the material ~d the ease of labell­

ine: it was a highly significant variable , an was the number 

in th complementary set . (It was noticed that the smaller 

the complementary s et , the more correct responses were given). 

These sttidi es have not answered the question as to what 

is the necessary prerequisite for understanding negation in 

a classification situation, if class inclusion as Inhelder and 

Piaget believe is not the prerequisite. Feldman has suggested 

t hat this might be the c1assi.fication process itself. 



CHAPTER I I I 

DEFI NI ~I ON OF SP!CIFIC AREA OF RESEARCH 

Negation is clearly a di.ff icult operation for children. 

It ha s seeme(1 important to establish and extend the r esults 

of F·.eldman s ince there ha s been no coherent theoretical p.osi­

ti on or systematic resea rch v,i th respect to the logical oper­

ation of negation , The present study was undertake·n 

a ) to describe what children understood by negation used 

as .a logical operation in a classificatory situation, 

b) to assess the relation ship between class inclusion and 

negation used a s logic a l opera·tions, 

c ) to t e.s t t h e assumption made by· Feldman that hierarchical 

clas s inclusion develops later than negation concepts, and 

not lre f orc a s hypothes i sed by Inhe lder and Piaget, 

d) to observe whether a. develo mental change occurred. in 

the u n.derst21 nd ing of null classes and empty sets. 
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A number of c onsiderations were relevant to the formation 

of hypotheses in this study . 

1 . Piaget and I nhelder (1958) claim that children have a 

logic of their own which only gradually approximates to the 

logic of adults and i by no means identical to it. All further 

studies have provided supportive evi dence. From this it h_as 

been assumed tha t error.son experimental tasks might be expec­

ted to decline wi t h maturity, 

2, Piaget and Inhe1der (1958) obser ved , and Feldman (1972) 

has confirm~d, that sex was not a s"ignific ant variable in any 

of their experiments. Sex differences were theref ore antici­

pated ·to be insignificant. 

J. Piaget and Inhelder (1 964 ) showed the natural develop­

ment of the totality structure of classification in the child' s 

thought to involve the ope.ra:tions of c ompl.imentari ty, inclusion 

and negation, They concluded that class inclusion preceded 

negation. Al thOufrh sub equent research (Feldman 1972 ) s uggested 

that an understanding of negation prec eded hierarchica l inclu­

sion it was assumed that a degree of association existed 

betw~en tl1e t vo. Based on the theorizing of Inhelder and 

Piage t ( 1964 )' an understa.:nding of the null set , al though another 

logical ab.ill ty, \ as not expected to emerge until a 1 1:1- ter time. 

lJ. . Dell~gi' s in7es ti~ ti on (1967 ) int o the difficulty exper­

ienced 1)y young children in placing the nega•t:i ve in t heir 

speech alerted Feldman (1972 ) to the cµnbi uities found in the 

English wording of negation tas~s and a major £ocus of her 
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research had been of the effec t 01' idiom, the way in which 

commands are exprer;sed, on the unclersta11ding of negation, The 

relative ease with \'lhich children handle situations o-f rn . .uJ)eri­

cal equivalence ,as noted by Piaget and Inhelder ( 196li-) in 

their studies of class inclusion. They observed, however ,. 

strikini= differencf:s in difficulty \fhich appeared to depend 

on the particula1~ properties involved, and which they a ttri­

buted to the "intuitive or imaginal potential" of the property 

in question . Donaldson and Lloyd (1971) have postulated that 

children are vague so long as they rely purely on analysis of 

utterances. From these studies it has been assumed that the 

capacity for linguistic analysis and to resist circumstantial 

constraints is the principal variable affecting the under­

standing of negation as a logical connective. 

5. The application of characteristics to classes was .found 

by Feldman (1972) to be more difficult than their a.Ppl ication 

to single instances. Young children were observed to change 

their cri terion for selection when the complementary set was· 

large . Bruner (1 964) Vygotslcy (1962) and Inhelder and Piaget 

(1964 ) had also rep orted this phenomenon . This resulted in 

partial responses involving incomplete categorization . rot 

was assumed with the older subjects in this sample that under 

inclusive errors would not be more numerou.s than other errors, 

6. Young children 1 c preference for colour over shape, 

noted by Colby a nd Robertson (1942) Via s• found by Feldman 

(1972) to :r.ela te to the performance o:C nursery school pupils 

of hi 5 her s ocio-ec(:)nomic .s tatus , measured by the educational 
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attainment of the parents , .and kindergarten pupils of lower 

soc io-economic status, measured by the same criterion . It 

was assumed however that more correct responses to commands 

concerning colour than to com1:1ands concerning shape would not 

be a significant .factor with subjects of the age range being 

investigated i n this study, 

Following the execution of the experimental tasks, t he 

data was analysed to test the .following hypotheses 

1 . a) There is a significant difference in the number of 

correct responses made by subjects in each of the three age 

groups. 

b) There is no significant difference betwe en the sc ores 

of male and female subjects on any simpl e classificatory t ask . 

2 . a) There is a high positive correlation bet\veen indi­

vidual scores on tests of class inclusion and nega·tion . 

b) No significant relationship between the understand­

ing bi' null sets and the unders-tandi ng of negation and class­

inclusion is expected to exist. 

J, a) There is no qualitative difference between the errors 

made; they are common across children, different idioms and 

different commands. The grea tes-t va.riable affecting under ­

standing is one of linguistic significance. 

b) T.here is little difference anticipated between the 

number of responses made by this sample which are incomplete 

and those which are over inclusive. 

c) There is li t ·tle difference expected in responses 

made by this sample to commands c.onc.erning colour rather than 

to commands concerning shape 
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PROPOSED DATA. ANAL":C rs 

When the data has been collec·ted the following analyses 

will be carried out . 

1. Descriptive statistics will be used to present the means 

and standard deviations· of the total scores obtained on each 

of the f'our tests by each a ge group. 

2. A tvv·o way analysis of variance based on total scores 

will be carried out to obtain information regarding any signi­

ficant effects oi' the variables of age and sex , 

3 • . The percentage of subje·ots passing items in each group 

will be. computed, 

4. Based on the above data a test for linear trends _in i terns, 

using chi square analysis will be made. 

5, A principal component ana_lysis of the significant . int.er 

correlations between s.cores will be made with the expectation 

of cl tendency to load on the same factor. 

6. A quantitative analysis of error patterns will be made 

with respect to the anticipated invariance of errors across 

age groups . 



CHAPTER IV 

METHOD 

The sub jects were dr·awn from a cross sectienal represen-

tative sample of pupils in t .he 6 9 age range . It was not 

a perfectly str atified ~ample; the probability of mean attain­

men t was a little above average (See Append.ix 1). One hundred 

and t"',enty pupils, forty from each of grades 1, 2 and 3 were 

tested . The two sexes were balanced with 20 male and 20 

female sub j ects in each trade sample. The subjects' me.an 

ages were 81 months (first grade.rs), 94 months (secon d graders), 

and 106 months (third graders ). All the pupils were drawn 

from an urban elemen tary school in Victoria, B. C. All were 

Caucasia11 

The subjec ·ts were individually tested by an experimenter 

who sat at a smal 1 table. Eacl1 testing lasted from 15 - 20 

minutes . Independent variables which could influence resp0n­

ses. and which were controlled , were proportional balance of 

the sexes, the number of objects to be handl d and familiarit,y 

of th e materials, Each child was presented with four tests. 

All subjects attempted all items on all four tests. One half 

3;) 



of the subjects in each age group had the order o-f the t ests 

reversed . 

A corr ct response was recorded 

a) on the class inclusion test when the set had been 

identified a s being greater than the subset , 

b) on the negation test. when all th.e blocks belonging to 

a requested s•et, and none of the other blocks had 1)een handed 

to the examiner. 

c) on the incomplet set test when all the incomplete sets 

in each item had been identified, 

d) on the Diamond double negative and null set -test when , 

by a verbal or motor response. the subject had indicated an 

understanding of what was being asked . 

The instructions to the subjects were as follows: 

Cl2.s. i 0n ·rest ( See Appendix 2 ) 

a ) "I want you to look at this picture. Can you count how 

many dolls we have? Yes there are 6 dolls. Now, tell me, 

are there more dolls or more big dolls?" If the .subj ect said 

"big dolls" the examiner 0xplained it should have been dollE:l 

because all, big and little, were dolls. 

b) "Now let u.s look at the picture of these care-. Tell 

me , .are tbere more cars or more yellow cars?" If the sub ,j ect 

was incorrec t it was expl ained again. 

c) "Here i s picture of some ducks. Are there more ducks­

or rnore black· ducks?" Half of the subjects in each cell had 

the questions reworded. so t hat the subset wa.s referred to 

before. the ·et i.e ., more hi e; dolls or more dolls; more 
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yellov, o3r,=> or more cars; more blac l( dl.lcks or more ducks. 

Negation 'res t 

\'i'j_t.11 attribut e blocl<:s on a tray bef'ore her the examiner 

said i "I am g :i r1g to ask you to give me some of these blocks. 

I want y ou to listen carefully and make sure that you give me 

the ones I a.:::k for and none of the other blocks. Let ' s start;" 

Six ne gation comm21.nds with var·ying idiom and number of attri­

butes were then given, The six commands which constituted 

the experimental tasJ s were ezpressed in the following four 

v.,ray-s. I equalled the number of commands of each type 

a) not x. 

1)) x not y 

c) except 

(N = 1 ) 

( N == 1) 

( N = 1) 

d) not x and not y expressed by different idioms 
(1' :::; 3) 

The commands were always given in the same order. 

1lep;ation Cornm;::inds : "Give me. , •• '' No, of blocks in 
correct response 

1. The set that are not blue, 12 
') 
G • 'Ehe set o.f yellow oneo but not the circles 4 

J. The set of everyt~ing except red triangle$ 16 

lJ. • .The set of' circles b :it not the red ones 
and not the blue ones 2 

5. The set that are neither sauares nor circles 6 

6. The set not squai-- es a nd not yellow 8 

TncompJe te S~ t s Test 

Using t he attrib1te blocks, as in te"t 2, the examiner 
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set oi' yellow blocks a ,.d c1 set of· red bloc kr::, Can yo:1 s ee 

What other sets we have? Yes we h ave a se t 0 1~ c.'rcl e;:; , a 

set of squar es and a. s et of -tri..a n g1e s , Now w are g oing t o 

play a g<;l me , I am going to ask you to close your .ey l:! s, 

j/hile you do I am ~oing t o tate one l:>1 eek off' the board . . 

How you may look. I want y ou to tell me vrhich sets ha v e a 

• • 

piece missing fro:, them . Can you tell rne whi c h c oloux' ed set 

h 
. ♦ ~ ? as a piece mi3sing . Can you tell me wh,1ch shaped set has 

a piece missin g ? Yes , when I take one block away there are 

two sets which al;'e not c omplete, Now we will put t hat piece 

back . Cl ose your eyes and I will ·take away a different 

block, . . ' Now look a~ain." 

Bloclcs removed 

1. one red circle 

2 • o:ne yellow square 

3. two blue squares 

lL two r---d triangles 

5, two blue squares and 
one yellow triangle 

6 . two yellow triangles 
and one red circle 

Commands 

W:hich set o:f c oloured blocks 
has a p iece missing ? 
Which set o~ shaned block s 
has a piec e missing? 

As above. 

Which sets are incomplete 
now? 

As above . 

As above. 

A~ above_. 

Diamond ' s Dot ble i'i8ga ti v es 1 'ull 8et Te et 

'rhe a i m of the procedure was to get the subj~cts to 

identify boxe s in terms of t\'.ro sets o.f ne.gated attrl.bt.rt.es. 
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Although a classificatory activity no manipulation was 

necessarily involved . 

Wi th the boxes on the table before her the examiner 

said "Here are some boxes,. They can be op·en like t l1is ( pointed 

to box without lid) or closed like this (pointed to box with 

lid). They can be empty like this (pointed to empty box ) or 

have pencils in like this (pointed t o b ox with pencil in). 

Now I want t o ask you some questions about th.ese boxes. 

Listen carefully." 

Diamond Null Set 

Test Commands 
l. What would a box be 

like that was not 
closed and not 
empty? 

2. What would a box 
be like that was 
not closed and had 
not got a pencil 
in? 

J. Wh?t would a box 
b-e like that was 
not open and had 
not got a pencil 
in? 

4. What would a box 
be like that was 
not empty and not 
open? 

Verbal Examples 
"open with a 
pencil in" 

a)"open and empty" 
b) ''like this with­

out a lid'' 

a) 11 closed and 
empty" 

b) "like this with 
a lid't 

a ) "·closed but with 
a pencil in; 
but you wouldn't 
get a pencil 
that size in; 
it's too big and 
the lid wouidn't 
fit on" etc. 

Motor 

point out 
appropriate 
box 

point out 
a ppropr iate 
box 

point out 
appropriate 
box 

"like that bu tu 
, . • must 
verbally 
qualify 
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c. Materials 

Class Inclusion 'l'e,.. t 

J pictures of a) 4 large and 2 small dolls 
b) 6 white and J yellow cars and 
c) 3 whi te and 5 black ducl{:s 

Negation and Incomplete Set Tests 

18 plastic attribute blocks i.e. 

6 red - comprised of 2 circles , 2 squares and 2 triangles 

6 yellow - comprised of 2 circles, 2 squares and 2 triangles 

6 blue - comprised of 2 circles, 2 squares and 2 triangles 

Diamond Double Negatives and Null Set Test 

10 plastic pill boxes, some empty, s ome with pencils in, some 

w,i th lids on, some without lids,, 
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RESULTS AND DISC USSION 

The ma ,jor variable consid ered in the present study was 

that of age. The means and standard cte,riations of the total 

scores obtained on each of the four te s t s , by each age group, 

are- shovrJ1 in Table 1 . A 1 inear trend on the to-tal scores of 

each test L:; observable . 

Initial hypothesi s 1 was concerned with a ge effects , 

It was hypoth&s is ed that there would be significant differ­

ences be-b,een the means of th e correct respo~r•es made by 

subjects i11 each o:f t he three age groups . This hypothesis 

was tested by an analys is of variance. The analysis 0,f va ri­

ance of total scores with t he use of two independent f a ctors 

of age and ex is shown in Table 2, The factor of age was 

the only s i gnificant effe.ct on all ~four tests. Thus ·the data 

strongly c,upported the thesis that there would be significant 

age effects . 

In a ddition to considering the main effect , the present 

study included sex as a factor, it being hypothesis d that 

there would be no significant difference between the mean 

scores of male and femal e subjects on simple classifieatory 

t asks. The two way analysis Of variance t est, carried out 

on the nt.1mber of correct responses and shown in 1'able 2, 

39 
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TABLE 1 

JVL.SAUS A1\ D S 11Ai~DARD DEVIATI01 S 0}' 'J.'O'l'AL SCORES 

OB~"P. Ti~ ,~D 01 1 EACH or ·r}{E f0ll}"{ TESTS BY EACH AGE GROUP 

1rASKS GRADES 

1 2 J 

.Negat ion Mean 4,600 5.100 5.275 
(6 i terns·) S,D. 1.280 ,800 .806 

Incomplete Sets Mean 3.525 4.075 5,375 
(6 i tems) S ,D. 1, 927 1.1,00 1.325 

Double ne gatives Mean 2,500 3,100 J.275 
and ni 11 sets S,D , ,936 .949 ,774 
fRi~mond ~ 

I- l. tems 

Class inclusion J\1ea.'1. 1.350 1.500 2,075 

(3 items) S ,D. 1 ,182 1,068 . 81 Lj, 
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indicated that in none of the tests given were sex differences 

found to be significant. A test for possible inter~ction 

effects between sex. and age was made. The data from 'this 

analysis confirmed that sex was not a significant factor. 

In her correla tional study of negation and cla.ss inclu­

~ion based on the theorizing of Inhelder ahd Piaget (1964) 

Feldman obtained a statistically significant but theoretically 

weak correlation coefficient between negation and class inclu­

sion. Hypothesis 2 was therefore concerned with the relation­

ship which might exist between the two, and it was anticipated 

that t here would be a positive correlation between individual 

scores on tests of class inclusion and negation . 

Examination of the correlation coefficients betwe·en 

negation and class inclusion presented by Feldnlan has revealed 

no consistent pattern, In her study a moderate c orrelations 

( . 54) was found in the J year old sample and was interpreted 

as reflecting the fact th~t these young children had diffi­

culty in handling both clas.s inclusion and negation. A low 

correlation was at age 4 ( .14-) but a moderate correlation 

(. 50) at age 5 provided a conflicting res-ult ·at a time when 

there was great variation in the negation scores, Low corre­

lations at ages 6 and 7 ( . J3 and ,22 respectively) were 

explained by her as a result of the fact that, although her 

subjects rarely made errors to negation commands at those 

age levels, there was still great variety on class inclus.ion 

scores. Similar evidence has been provided by this s-tudy. 

Correlations between the tests administered in this study 

are shown in Table J. It would appear that only weak 



TABLE J 

COJ{RD,t ·rION~ . .!:lE1r 1:/SEN 1rEST SCORES AT EACH AGE LEVEL 

Grade l Cl a Nee;ation Incomplete Double Null 
( n=4o ) Inclus i n Sets N e ga ti ves __ Set 

l 2 3 4 5 

l 1 . 0 0 0 , 27 0.01 0,22 
2 0.27 1.. 00 0.36 0.28 

l 1.00 0.11 
0.01 O. J6 1.00 0.34 

5 0.22 0,28 0.11 0. 34 1,00 

Grade 2 
( n=4-0 ) l 2 3 Li, 5 

1 1.00 0.20 0,06 0 , 05 
2 0 . 20 1 . 00 0,24 0. 24 
3 1.00 0,08 
4 0,06 0,24 1 . 00 0.24 
t' 
J 0.05 O. 21+ 0.08 0.24- 1 .00 

Grade J 
( n ==J+o ) 1 2 4- 5 

1 1 . 00 0 ,37 0.01 - 0.12 
2 0.37 1,00 -0.02 0 ,07 
3 1 .00 0,13 
4 0. 01 -0,02 1.00 0,08 
5 -0 . 12 0.07 0 .13 0,08 1.00 

All 
G.r.ades 1 2 3 4 5 

1 1.00 O.JJ 0.08 O .1 3 
2 0 , J3 1 . 00 0,29 0. 27 
3 1.00 0.19 
4 0 , 08 0,29 1 .00 O. J4 
5 0 . 13 0.27 0.19 0.)4 1.00 



relationships exist between the various measures used. The 

Feldman type negation test correlated a little more strongly 

wi tl1. th.e class inclusion test thal'l .did the double ne.gative 

test at each of the three levels. The present results have 

thus shown that class i nclusion and negation do not appear 

to be c1 osely related, and it 1$ therefore necessary to reject 

the hypothesis that there is .a high degree of positive corr~­

la tion existing between them. 

The interc.orre.lations betw·een score.s .on each i tern of 

each test were compute.d and are •sh0wn on Table 4. Those 

which were significant st~tistically have. been asteris-ked. 

Weak correlations are seen to have existed generally between 

i terns on the c1ass inclu.slon t(:}st and i terns on the n:egation 

test. Nor did the items on these two tests correlate highly 

with each 0cther. Only the incomplete sets tes't and the Diamond 

test show significant inter-item ·correlations. 

On the null hypothesJ_s it was predicted that no signifi­

cant c·orrelation would be expected be'tween these two, lo.gical 

operations , and the understanding of null sets. The final 

item of the Dia.mond test probed an understanq.i;ng of the null 

set. C crmpr eh ens ion of the null set has appeared to develop 

earlier than Irth<3lder and Piaget claimed. The relationship 

between this understanding and negation, although weak, 

appears closer than between negation and class inclusion. 

The low correla ti9n ob.served between the vnderstanding of 

the null set and the other log;ical abilities sampled was un­

.expected and may, it is suggested , repay further investigation. 
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A princ,.ipal component analysis of all the intercorrela­

tions was carried out . The data are shown 0n Tab.le .5 , As 

might be expected from the intercorrelations the pr incipal 

component analysis produced a rather fragmented factor struc ­

ture, there being s1x components with latent roots greater 

than unity. vith the exception of the double negatives all 

the tests loaded substantially on a weak general fac tor which 

accounted for 20% of the variance. This might be i nterpreted 

as a logic factor . However , the other factors seem to repre­

sent contrasts in the content of the items , e.g ., fac tor 2 

is bipolar; incomplete sets contrasting with double negatives 

and other items, 

Responses To Tasks 

An examination of the distribution of correct responses 

to tasks, .shown on Table 6, indicates that class inclusion 

tasks presented the greatest diff icul t y to this sample at 

all three age levels with 1J%. 18% and 35% responding correctly 

at grade levels 1, 2 and J r espec tively. 

A total of only 43 sub j ec ts, or 36% of the sample, 

responded corre.ctly to a ll six negation commands in the b,lock 

giving test, The percentage of totally correct responses on 

items 1 - 5 was 58% at grade 1 level, 80% at grade 2 l evel 

and 83% at grade J level . Thus on i terns 1 - 5, 87 s ubj.ects 

or 78% made no errors , but difficulty with interpretation 

of the final command reduced the proportion of totally correct 

sc ores to JO% at first .gra_de l evel , 327/o at sec ond grade l evel 

and 45% at grade J l evel . Thirty-three per cent of a ll the 



'I:ABLG 6 

FREQUENCY WITH WHICH SUBjECTS A'r EACH AGE LEVEL MADE 

CORR3CT RE"'PONSES TO COMPL S1rE TASKS 

TASK GRADE 1 GRADE 2 GRADE J 
boys girls boys girls boys girls 
n=20 n=20 n =20 n=20 n=20 n =20 

Class Inclusion 3 2 3 4 4 10 

Ne g13-tion 9 J 7 6 9 9 

Incomplete sets 4 5 7 7 14 13 

Double negatives 11 l4 13 16 iJ 14 

Items 16 - 19 
(Diamond) 4 5 7 ll 10 8 
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subjects failed to respond c orrectly to item 6 and a total 

of 120 errors were made out of the 720 responses. 

On the double negative items o-f the Diamond test the 

percentage responding correctly was 62% at grade 1 le•vel, 

72% at grade 2 level and 67% at grade J level . Comprehension 

of the empty set, as measured by itel;Il 4 of the Diamond test, 

developed earlier than had been suggesteq. with JO% of t he 

pupils at first grade level, 50% at second grade level, and 

65% at third grade level answering correctly. 

The percentage of correct responses rose from 23% at the 

youngest level to 35% at second grade a nd 63% at third grade 

on the incomplete sets test , Table 6 shows little variation 

between the performance of boys and g irls at each l evel , se_x 

differences being least marked on this test , 

Responses To Individual Items 

The. number of subjects passing each item Of each test is 

shown on Table 7 , The super ior scores on item 2 of the class 

inclusion test can he accounted for by the fact that t he. ques­

tion concerned the numerical disparity between the class. and 

the smaller of the two subordinate classes. The improved 

performance on item 3, over item 1, in five o:f the six cells 

concerned , reflects the effect of the training feedback . 

The negation test, composed of six items drawn f rom, or 

similar to , thos.e used by Feldman principally in ·her studies 

with nursery school and kindergarten pupils was inappropriate 

for this a.ge group . As a measure of an understanding of 

ne gation it was found to be too simple . Three of th.e i terns , 
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TABL.: 7 

FREQUdl'O Y WI'I1H WHIC H SU:BJ"i~CTS AT EACH AGE LEVEL MADE 

CORRElC1r R~SPONSES TO I NDIVIDUAL ITE~1S 

I'l1EM GRADE 1 GRADE 2 GRADE J 
boys girls boys g_irls boys girls 
n=20 n=20 n=20 n=20 n=20 n=20 

Class 1 J 4 6 4 4 14 
Inclusion 2 14 16 20 lJ 18 20 

3 8 9 8 9 13 13 

Negation 4 20 19 18 20 20 20 
5 16 14 17 19 19 17 
6 17 16 20 19 20 19 
7 19 18 19 20 19 19 
8 14 17 20 18 17 20 
9 10 4 7 7 10 11 

Incomplete 10 13 15 ll 12 16 20 
Se-ts 11 12 18 13 17 18 20 

12 11 12 17 12 17 16 
13 10 14 13 15 20 18 
14 9 9 12 13 19 15 
15 11 9 13 17 18 16 

Double 16 12 13 15 17 15 16 
Negatives 17 17 18 1 8 18 19 20 

18 15 15 17 18 17 17 

Null Set 19 6 6 8 12 1.5 11 
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the simple negation of one attribute conimand , the "except" 

command, and the 11 not, •• and not" command, i.e., items 

4, 6 and 7, were passed by over 90,i of the sample. The sub­

jects worked quickly and confi dently frea_uently using both 

hands as s hovtn in the photograph (appendix iii). A number 

expressed satisfaction with their own performance ... This is 

easy." and "I am quick at this." or "l got all that right 

didn't 1?11 were frequent comments even from those who were 

not being compl etely suc.cessful. The poorer performance on 

the f'inal item of this test showed that al though siinilar to 

an original comm-anci used by Feldman, this item was more 

difficult and eliminated the ceiling eff'ect for negation tests 

for subj_ects over 6 - 7 years of age, noted by her, 

A second measure of th_e understar)ding of negation as a 

logical operation was Diamond's double negative test. A 

high proportion of correct responses was given to these double 

negative com_mands. On each item at each a ge level, girls 

scored well on this test although they did not markedly excel 

over the boys, as might have been anticipated, for girls 

superiority in language. development is well documented 

(Maccoby 1966 ). Correct responses to the incomplete set tasks 

and the null set item showed the most noticeable developm~ntal 

trends . 

The da·t a for each i tern was tested for significance by 

chi square anal ysis. Item 5 of the nega tion test which 

call ed f or response to the "neither ••• nor ..• " command, 

and the last three item$ of the incomplete sets test all 
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showed ·l;hat such data wo uld, nris·e by chanc e in less than 1% 

of all random samples ( p < , 01) . Hence these were highly 

significant t asks. The null set i te: 1 of the Diamond task and 

item 1 of the incomplete set tasks with p <.02 , and item 1 of 

the class inclus.i.on test with p <. 05 , were also significant . 

Each task i tern was tested for a J inear trend with age 

us i ng r egressi on methods .for partition,ing the overal l chi 

quare values. The component of t he chi square due to a 

linear trend was separated ou,t . AJ.1 example of the calculation 

is s hown in appendix. 4 . 'I'he results obtained and shown in 

Table 8 demonstrate linear t r ends in many items and the new. 

2 x values show i mproved s i gni fic ance f or these items . That 

the trend i s linear rather than of a more co nplicated nature 

is s hown by low values in the departure fr om the regression 

line column , 

All three items of the class inc lusi on test show marked 

linear trends . Five of the six items on the incomplete set 

t est also showed strong developillental trends, as did the null 

set i tern on t he Diamond test . 'rhe double ne r,-a ti ve i terns 

yielded the iowest x2 va).ues . Neither they n or the Feldman 

t ype negation ite!ns demonstrated that improved performanc e 

increased steadily ~' i t h age and exper ience. 

Resnon se Errors 

Hypothe ~is 3 me concerned with re:3ponsc errors. That 

the greatest vc".:.riable affecting und e1~s tanding and the -perform­

ance of ne €_:a t ion taE;}:s ic one .of 1 inguistic significance was 

the concern 0-f thi s hY1)0th0.::.is. Table 9 shows the data ,vhich 
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enables us to ace e'Pt t _his hypothesis in a block g iving 

situation. Sight cat egories of errors were identified from 

the responses. A total of 35 errors (29% ) could be attributed 

to incorrect inference from the negation commands. The low 

proportion of totally correct scores ref lected the difficulty 

encountered by pupils in all three age groups · in inferring 

what was meant by the idiom "not ••• and not". The most 

frequent error arose from an inference that 0 not yellow and 

not square" meant "not yellow sq_uares ", Some, particularly 

among the younger children asked to have the command repeated, 

"That's harder"; "I nearly gave you the wrong ones just then"; 

"I am not sure if these a.re the ones", and "I think that can 

mean two different things'' or "You nearly tricked me into 

giving you the wrong ones just then! .. are examples of ·the re­

action of some of the less shy children to the final task, 

Other subjects were obviously confused as they attempted to 

analyse the meaning of what had been said. The change in 

criterion for selecti on was refle.cted by their ignoring one 

of the two attributes and by the giving of over inclusive, 

under inclusive or jumbled responses. 

Ignoring one attribut·e was observed to be a cause of 

error which was more common with the youngest children. It 

is n.ot known Whether this was due to faulty memory o-r inten­

tional simplification of a command they felt too difficult to 

interpret . \ve must cons ider that the structure necessary to 

deal with tw9 negative attribute.s might have been incomplete. 

The error of misplacing the negative was observed by 
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TABLE 9 

ERROR P} 1r'rE!<l S IN RESPON;:,~S TO T'EGATI ON cor1!J';!ANDS 

TYPES 0.F' GRAbES ALL 
ERRORS 1 2 J GRADES 

Colour 0 1 0 

Over Inclusive-!:• .5 5 3 

Under Inclusi ve~-f.- 8 6 3 

Opposite J 0 1 

\,rong Inference 13 12 10 

Ignored 1 Attribute 14 5 7 

Mi splacGd 1le~ative 5 3 2 

Confused 7 4 3 

Total !\umber of ~rrors 55 36 29 

* An over inclusive r.spons~ - the blocks r equested + 1 
e;(tra. blocJc 

** An under inclusive response= 1 block less than those 
r equested 

1 

13 

17 

4 

35 

26 

10 

14 

120 
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Feldman to occur more frequently with kindergarten than nursery 

school subjects. She noted that a correct interpretation of 

negation involved not only the coding of' the negp..tive and the 

attributes but also coding the order in which they appeared 

in the command. The frequency of this error appeared to decline 

with maturity. 

It was predicted that there would be little differ·ence 

between the number of' responses which were incomplete and those 

which were over inclusive, The data showed 14% of the errors 

on tasks of ne gation as a logical operation were incomplete . 

Over inclusive responses accounted for 11% of the total, Thus 

the under inclusive responses were marginally greater in num­

ber than the over inclusive ones •. The size of the c0mplernen­

tary set did not appear to influence whether or not a respons-e 

was under inclusive. 

It was further considered that with the sample employed 

in this study there would be little difference in responses 

to commands concerning colours rather than to commands concern­

ing shape, It should be noted that th'ere were no errors con­

cerning shape and only a singl e instance of an error concern­

ing colour in all the responses to negation commands. It seems 

ther.efore that both colour and shape played little part in 

simple negation operations. 

The Double Negative Tasl<s 

A different measure of an understanding of negation was 

presented by the Diamond test. The first three items of this 

test probed the subjects' comprehension of expreLlsians 
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containlne; double negatives , and necessitated a response to 

the logical implicatlon, 

The Diamond test undoubtedly preC"ent0d the greatest 

challenge to ·the subjects. One grade 2 girl aslted if she 

might draw the answers; she was t,hen able to verba,lise her 

answers from her drawinr;. This response was acc epted . Few 

children a·sked to have c omli1ands repeated. .Most subjects pre­

ferred a motor response, as shom by the photograph in appen­

dix). A few third grade pupils and one second grade boy 

verbalised in a manner which showed their appreciation of the 

problem, Wayne (8,5 yrs,) discussed each stage of his rea­

soning. 

"If it is not clo;~ea and not empty •• ~ is that what 
you said? ••• then it must be openf and that means 
without a lid, doesn't it'? And i t must be one that 
has a peneil in if i t 's not empty .• , , So you are 
talking about, one of this kind here (indicating the 
appropriate box) a.ren • t you?'' 

An examination of the response distribution to negation 

comr.1ands of the Felclman type, compared with responses concerned 

with an ability to c·orrectly interpret the double negative 

commands of the Diamond test, yielded statistically weak corre­

lation coefficients. A total of Jl subjects who were correct 

on a.11 six i terns o.f the :negation test were also correct in 

their respons0s to the three items on the Diamond test ·which 

called for an understanding of the use 0f the double negative. 

An u 1expccted resu.l t was that a further J5 subjects v1ho were 

correc·t on all the block giving neg;:i.tion commands, ex:oept i tern 

6, were succe..-sf ·u1 in their responses to the Diamond tasks. 

Thi.· was of' c nsiderable :Ln-terest a:; the idiom used in the 
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Diamond commands was the "not ••• and not •• 11 expression 

v.rhich these sub jects failed to interpret correctly in a differ­

ent c ontext. There was however in the Di amond context no 

possibJe alternative interpretation. 

The C1asB Inclusion 'I'asJ.c.s 

The results of the. clas s inclusi on test showed a high 

rate 0£ failure. Inhelder and Piage t (1964 ) noted that when 

questioned a·bout the quanti ti v e relation between a class and 

a subordinate. class many children did not make the inference 

that the class is more numerous than i ts sub-class because 

t he rela ti.on bet7.veen the tv,o subordina t.e classes was judged . 

That this behaviour continues unti l an a g.e greater than that 

of the subjects in this sample has been the concern o.f Brainerd 

( 1973). He has discussed the findings of Viner and K:eonbe:tg 

(1972 ) and Ahr and Youni.ss (1970 ) \·,ho have reported recently 

on the phenomenon that class inclu,...ion develops later t han 

most other post o~erationa l skills. The two positions regard­

ing the nature of the factors respons.ible f or the late emer ­

gence of class inclvsion have been identi fied as performance 

and competence interpretati ons. Brainerd has investigated 

the -bvo hypothes·e ·s concerned with the reason .for this f a ilure , 

His findings suggest that nei ther verbal facilitation 

(\'lohlwill 1968) and relative size of subordinate elasses 

(Ahr and Youniss 1970) nor rnisinterpret,atJcm .of the experi­

menters qu,estions can be hel.d responsible for such j uxtapositi on 

errors . He s:u~0 es ts that juxtaposition errorr; are true mental 

errors which neither reuult from the per formanoe fact.ors nor 
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are reduced by the elimination of them, This menta.l error 

appears to be pre~mpposi tion. Lisa ( 7. 7 years) was typical 

in her responses. After correctly countin0 the total number 

of dolls in the first class inclusion item she responded in 

this way . 

Ex. 
Lisa 
EX , 

Lisa 
Ex. 

Lisa 
Ex, 
Lisa 

Are there more dolls or more big dolls? 
There are more i g dolls than little dolls. 
Yes, that is right. There are more big dolls 
than little dolls, but that is not the que stion 
I asked you. I did not ask about the little 
dolls. Can you remember the question? 
Are there more bi~ dolls or more dolls.? 
Yes, the question is "are there more big dolls 
or more dolls? 0 

More big dolls. 
More big dolls tJ1a:n what Lisa? 
More big dolls than li t"t,J.e dolls. 

'l'roy ( 7 .1) is another example . 

Ex . 
Troy 

Are the-re more dolls or more big doll_s? 
More big dolls. 

It wa"' explained it should have been "dolls" because all, big 

and little were dolls . Troy's attention was then directed to 

the pic ture of the cars. 

Troy 
Sx. 
Troy 
Ex. 

Troy 
Ex . 

Troy 

I can count them, There are nine, 
Good, How many yellow ones are there? 
Six wh1 te ones C::L d three y-ellow ones. 
Yes• there are only thre·e y llov, ones. Tell me 
are ther e more yE;llow car"' or more cars altoE;ether? 
Tl1e~e are more white er r s than yellow cars. 
Yes but that was not the cfuesti on. Do you remem­
ber vh.at I asked you? Sha ll X say it again? Are 
-there more car~ a l t -ovcther o-r more yellow ones? 
More white ones ·than yellow ones of course. 

Such incidences were repeated many t~1es over, The subjects 

presupposed the q_ues t ion that was going to be asked rather than 

mi inte-rprctincr what was said. Having seized upon the dispro­

portionate balanc e l1etv\!een the subsets as the characteristic 

f eature of the probl !:-m they reasoned only about this, and 
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incorrect responses were given even when their attention was 

redirected to the wording of the question. This suggests 

support for Piaget 's explanation that the formation of elemen­

tary logical structures is incomplete to a.o,commodat.e questions 

about two levels of grouping at the. same time. 

The Null Sei:; '1'a sk 

It,em ll- of the Diamond test investigated comprehension of 

the null set. 0£ those who failed to respond correctly less 

than half replied that they "didn't know 11
• A few admitted 

that they did no-t have an example on the tray hei'ore them but 

were unable to verbalize what attributes the correct example 

possessed . Most selected from the physical array before them 

which disposed the subject t o ignore one attribute of the 

verbal command . The younger subjects after recognising that 

they did not ha ve an exam_ple which fitted the description 

chose to mak e a correct example by asking for something small 

they could put in the container so that the lid could be fitted, 

Several of the older b oys would discuss the problem, One 

suggestion made to fit the lid onto the container with a J?rO-

j ec ting pencil , 1t.ras that it should be sharpened till the lid 

f itted; anotl1er was that it should be snapped in two. Most 

suggested removing the projecting pencil and subs ti tu ting s ome­

thing •smaller. 

'I'he 

In the inc omplete f3et test, it can be see.n from Table 10 

that i nc orrect r es ponss s involving colour accounted for 20% 
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TYP..S:,j OP GRAD~~ ALL 
E:- 1,i::• l 2 3 GRADES :,;tJ .. 

Col0tJ.r 16 15 9 40 

Shape Jl 17 4 52 

Sin~le Att.ri bu te 8 7 3 18 

Paired Att ibute 11 6 4 21 

"Did not know " 32 JO 7 69 

Total l\ 0, of Errors 98 75 27 zoo 
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of the total errors while those involving shape a ccounted f or 

26% of the total . Thus the attributes of colour and shape 

can not be considered insign1.ficant in all tasks presented 

to this sample. At the grade 1 age level almost twice as 

many errors concerning shap-e as those, c oncerning c_olour were 

recor ded. At the grade 2 level t he .figures were almost equal , 

and at the grade 3 level the pattern was revers~d . I a m 

unable to interpret this data in an:{ meaningful way . It i s 

neces-sary, however, to acknowledge this s i gnifi can t differ enc e 

in the nurober of incorr ect responses c oncerning colour rather 

than t o those c oncerning shape. 

That an understanding of the empi:y set was related to an 

understanding of incomplete set-s was considered. Th irty sub ­

jects were correct on both i tern 4 of th.e Diamor.d test and a l l 

items of the research er ' s incomplete set test . Forty- t wo 

subjects shov,ed a lack of comprehension on both. Of the 27 

subjects, correct on item 4 of Diamond but not 100% corrcect on 

the incomplete set tasks 8 made an error on only one part of 

one item, 1 made an error on only one item, .5 made er rors on 

only a part of two i terns,. Therefore these 14 pupils ma.y still 

be cons idered to have a gb'Od understanding of incomplete sets . 

It therefore se ms possible that an understanding of empty sets 

and incomplete sets was related in 86 cases, or by 72~'n of the 

sample, li' a 1ess stringen t mGasure of u..r1derstanding tha11 a 

lOOJ correct one wa s used. 
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One inblu~ c e on chiJ.dren's reasonin~ to which the re­

s eRrch has d.1. a vn attention is tha t of the construction of 

c 0m,1.:n1ds . '~•hi.c• wa n.o"ticeably so on the negation test~ 

Dona.ldson ancl Lloyd (1971 ) have suggested that children exper­

.i, enoe difficulty with questions which if the linguistic con­

straints are not fully observed adrn.ii; of more than one inter­

pretation , a regards, the s ta temen-ts involve d. Responses to 

the most compl ex comm.and of the bloclc giving negation test 

fitt ed this claim . Feldman also noted the construction of 

com..rnands to i n f'"l uence response to the se commands which were 

significantly more difficult f or h<3r subjects. She has 

suggested that .such a factor as idiom, or the way in which 

com.iilands a r e ex-pressed has more influence on developing 

schema than on well, established ones. Thi s notion fits with 

the claim by Inhelder (1962 ) that schemata are in a greater 

state of flux while d evel opi ng, but that once they c onsolidate 

the variability across situations dinappea:cs . The orq_er of 

the vrnrdin.g in the clasG i nclusion test administere_d in this 

study ho,::ever dicl n ot appear to influence th e pro-port ion 0£ 

c orrec t responses. Two alternative forms of w0rdlng the 

quest.ion were investigat ed , The number of sub,jects who judged 

the relationship betwe·en the two s ubordinate classes, instead 

of t he rela tionshiµ betwe en the class and s ·ubordina t e class, 

was almost equally divided betvreen the t--wo, Of thos e who had 

the qtte w ion wore.led with the sot r eferre d to before the sub-

e t }8% made the error, a.rd of those who had i t worded with 
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the subset referred to befor e the set 40% made the errot . 

Thus the con~3truction of the commands did not appear to i nflu­

ence response s on all te s ts. 

A "-:econd claim made by Donaldson and Lloyd is that child­

ren experience difficulty with questions where the_ physical 

array disposes t hem to favour a wrong inter_pre t ation , This 

influence on ch ildren 's r easoning was most obvi ous in responses 

to the null set item on the Di.amend test , when Jl sub j ects 

(50%) sel ected from the examples on the tray before them, In 

the class inclusion test the picture may have. reinforced in 

the children 's minds the disproporti 011a te balance between the 

subsGts, It can n ot b e i gnored that t11e visual stimulus may 

have disposed them to judge a relationship they were n ot ques ­

ti oned about. 

Overall it appears that the capacity for linguistic 

analysic and to resist circumstahtial constraints is the 

principal variable affec ting l oc;ical reas oning in young sc hool 

a e children . 

'r he data presented in th is paper has provided support 

for ·eldman's claim tha t even quite difficult ne.gation tasks 

i n a cla•·sifi cation s · tuation are easier than class inclus ion. 

Feldman has suggested the classificat:on process itself as a 

prerequisite for an 1.mderstari.ding 0£ 11egation, She ha s suggested 

that logica cormectiv es 111ay be hierarchically acquired , and 

has indicated that the rank order of difficulty is , from J.eas-t 

to tnost di ff ieul. t, intersectio11 , the positive se t, exclusion 

a.nd/ 0r union , nec-ati._on, No resear ch has ye t tested this 
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speculation. The present finding that an understanding of 

inco,mplete sets and the null ,set appears to develo:r along 

side that of negation is provocative . The limited sample 

used in the research, and the need I'or further development 

of some of the measures used, clearly constrains the general­

izability of the results. Further study into the develop­

mental order o.f acq_uisi tion of these concepts is needed in 

view of the theoretical importance accorded to it by Piaget 

and his co-workers . 



'rhe aims o:f th: s research were (a) to describe what 

childrer understood by negation used as a logical operation 

(b ) to assess the r elationship between class inclusion and - . 

negation used as logical O:;) era.tions (c) to test the assumption 

made by Feldman thfl t hierarchical c.l-ass inclusion develops 

later than negation concepts and not bef ore as hypothesised 

by Inhelder and Piaget , (d) to observe -whether a developmental 

change occv.rred in the understandi:ng of null 0lasses and empty 

sets, 

One 11.undred and twe:,nty children aged between 6 - 9 y ears 

of a ge· partioi:pa ted in this study. A group of four ·tests were 

reported from which the f ollo· ing c onclu:- ions have been drav-1n. 

1. Children's u.nderstar.1,ding of negatio:n as a logical opera­

tion developed with a ge and .experience. It did not reach 

asymptotic :performance on negation taslt s involving two a ttri­

butes a.nd double negative idioms until an age greater than 

U1at c 0nsidcred by this s ·tudy . 

2. Negation involved a c ognitive operation and was not 

merely a probl em of .semantics, A capacity :for linguistic 

analysis wa s the princ i pal variables affecting ·the. und.ers tand­

in~ of negation as a lo.gical connective. 

3, Contrary to the finding s of Inhe.lder a:nd Piaget , class 

j_nclusion di · not app ear to be strongly related to all measures 

of nega tion. 

4, Evidence wa.s provided in . upport of Feldman's claim 

tha t negatio precede d class inclusion in children's reasoning . 
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5. 'rhe findings of this study supported the thesis that 

the emergence of class inclusion in children's reasoning 

developed later than the other c0ncrete operational skills 

being considered. 

6. Comprehension of the null set or empty class was shoWh 

to exist in a significant percentage of the subjects used in 

this sample. There was no support for the thesis that suc·h 

comprehension was delayed until the stage of formal operat.ional 

thinking, 

7. A linear trend in the understanding_ of incomplete sets 

was observed. 

8. There was some indication that a relationship existed 

bet\'leen the abil_ity to understand incomplete sets and the 

ability to understand the null set. The sample used in this 

study was too small, .and the tests used were too short to 

provide c 011clusi ve evidenc.e. 
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APPENDIX 1 

DISTRIBUTION OF I NTELLIGENCE IN THE 

SCHOOL POPULATION UTTLIZED BY THIS 

ST.UDY 
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APPENDIX l 

In May 1973 the Oti quick-sc.oring test of mental abi.1i ty 

(Alpha test, sJtort form) was administered to the first grade 

s~udents ~sed in thia study. 

The Alpha I.Q. were derived according to the method out­

line'd in the Otis manual i.e., 100~ difference o t.he score 

from the norm or age. The dis ~ibumion fell between Alpha I.Q. 

s cores of 89 and 14-5, the deviation of the scores bein between 

-9 a 1d +27. 

The mean Alpha I .Q. of the sample mr~d in this study w~s 

117 with a standard deviation of 6. Th s suggested a bunchittg_ 

effect in · e high average range., Figures from p evi.ous years 

had sh.own the school population from wh:,ch th.i$ sample was 

drawn to cluster round the mean and to be without the ''tails'' 

encount-ered in the normal dis'tri utio of in tel.llgence. 

No provincial norms for grade 1 pupils are available 

The most recent figur~s (1955-6) show the mean Alpha I,Q. to 

ave been 102 at the third grade level 



APPENDI X 2 

STI ,~ULUS MATERIAL USED IN THE GLASS 

INCLUSION TASKS 
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APPENDIX 3 

PHOTOGRAPHS OF A FIRST GRADE PUPIL ENGAGED 

IN THE FELD .~AN TYPE BLOCK GIVING TEST 

AND A SECOND GRADE PUPIL ENGAGED IN 

RESPONDING TO THE DOUBLE NEGATIVE 

COMMANDS OF THE DIA ~OND TEST 
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APPENDIX 4 

AN EXA 1PLE OF THE CALCULATION INVOLVED 

IN PARTITIONING OF THE CHI SQUARE BY -

REGRESSION ~ETHODS 
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APPENDI X 4 

2 
Ste_ps i n partitioning X by u s e of r egression methods (Maxwell 1961) 

l. The a-ge groups we r e allotted numerical values 

grade l = -1; qraqe 2 = O; g r ade 3 = +l . 

2. The contingency t able (using data from item 1 of the class · inclusion 
test) arrange d U1~ r e sults in a rectangular form. 

Passing 

Failing 

-1 

7 

33 

0 

10 

3,0 

+l 

18 

22 

3. The x value = age. : they value= response. 

35 

85 

The value +l = corre c t response ; the value O = incorrect response. 

4. The freque ncy distribution and tl'.lrJ data required to ob tain the sum of 
the squa res about th0 means was tabulated as follows : 

The frequency dist;:dbution for y T)'le frequency distribution for X 

f fy fy 
2 

y f fx fx 
2 

X 

1 35 35 35 -1 40 - 40 40 

0 85 0 0 0 40 0 0 

+l 40 40 40 

totals 120 35 35 tot als 120 0 80 

2 
Zfy 

2 ( I:r.1) 2 2 
=I.fx 

2 (Eb:) 2 
y = and X 

L[ Ef 

2 
35 

35
2 

2 
80 

02 
y = - -- X = - ---

120 120 

2 
35 

1225 2 
80 0 y = - --· .x = -120 

2 
35 10 

2 
80 y :::: - ){ = 

2 
25 y = 



5. The fr quency dist.rihu .tion for (x-y) was then obtained. 

The frequency distribution for (x- y) 

(x-y) f f ( x -y) f (x-y) 
2 

-2 7 -14 2B 

-1 43 -43 43 

0 48 0 0 

+l 22 22 2'2 

totals 120 -35 93 

2 
(x-y} = a (x - y) 2 - (2'.f (x_-y)) 2 

2'.f 

2 
(x-y) 

352 

= 93 - 120 

2 . 
(x-y ) = 93 - 10 

2 
(x-y ) = 83. 

6. 'l'he f ormula f;or estimating the regressio n coefficient of y (reslJOnS:e ) 
on x (age ) is 

b 
xy 2x2 160 

2 2 

160 

7. The variance of the regressio.n coeffici e nt is V(b ) 
x.y 

2 
buts 

y 

120 x2 

V(b ) .:: 
xy 

25 

120 x 2 

25 - -- =-- = 

120X80 %00 
. 0025 

.14 

8 . Tbe regression coefficiehts bas~d on df = 1 are distributed as 

2 ( . 1.4} 2 2 (hxy) . 01 96 
7.84 . = = 

X = = 
V(bxy } .0025 .0025 

2 
9. 'Ph is clata h as demonstrated that tJic h ighly significant overall x value 

is d.Lle a.Lmost c:mti.r.ely to lin ar trend . · •rhc probability of this result 
occurring ir;i a r a ndom saJttple of the population is l ess than 1 %. 
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