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PREFACE 

This study was conducted during the 1966-67 school 

year in the Tucson, Arizona District Number One, Public 

Schools. The purpose of the study was to determine what 

relationships exist between the ability of selected fourth 

grade pupils to conserve quantity of liquid and such 

factors as: socio-economic level, intelligence, quantita

tive achievement, science achievement, and verbal compre

hension. Cooperation between the College of En;i- >f 

The University of Arizona and the Tucson Public School 

District was essential to the successful completion of this 

s tudy. 

The writer is indebted to Dr. Charles Grubbs, 

Director of Research of the Tucson Public Schools for his 

support and encouragement of the study. Acknowledgment is 

also given to the following Tucson School District 

personnel who cooperated in the study: Mr. Robert Stanley, 

Principal of Davis Elementary School; Mrs. Patricia 0'Grady 

and Mrs. Fern Tainter, fourth grade teachers; Mr. J. V. 

Stroud, Principal of Tully Elementary School; Mrs. Claudia 

Roll and Mrs. Norma Watson, fourth grade teachers; Miss 

Alice M. Hackett, Principal of Booth Elementary School; 

Mrs. Arlis Burney, Miss Eloise Potter, and Mrs. Margaret 

Thompson, fourth grade teachers; and, Mr. Russell F. 
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Gearin, Principal of Steele Elementary School; and Mrs. Sue 

Middleton, fourth grade teacher. 

The writer also recognizes an indebtedness to Dr. 

Robert Karabinus, Assistant Professor of Education, College 

of Education, The University of Arizona. Dr. Karabinus' 

help in preparing the statistical design and analysis was 

invaluable. 

The writer acknowledges the many contributions of 

Dr. Milo K. Blecha, committee chairman for this study in 

the College of Education. Many hours of guidance, 

assistance, and encouragement contributed to the successful 

completion of this study. Other committee members from the 

College of Education, whose assistance is gratefully 

acknowledged are Dr. Bill J. Ranniger, Dr. Pat N. Nash, 

Dr. Robert E. Kraner, and Dr. Joseph Gullo. 
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ABSTRACT 

This study was designed to test the possible 

relationship between children's attainment of the concept 

of conservation of liquid and intelligence, achievement, 

and socio-economic background. 

The sample chosen for the investigation consisted 

of 209 fourth grade children of Tucson, District One 

Schools, Tucson, Arizona. Raw score and derived score 

data were obtained for the investigation from the 

Metropolitan Achievement Test, Form I; the Lorge-Thorndike 

Intelligence Test, Form A; and the Stanford Achievement 

Test, Form W. Conservation Tests were modified and adapted 

from tests used by Jean Piaget in original studies. 

Analysis of variance was used with a two by two by 

three factorial design (with repeated measure) in the 

analysis of the data. The factors were socio-economic 

background (high and low), the status levels (conservers 

and non-conservers), verbal and non-verbal achievement, and 

science achievement. The Phi Coefficient was used to 

measure relationship between the two main groups (Status 

and Socio-Economic Background). Chi Square was employed to 

test the significance of the Phi Coefficient, using the 

Yates correction formula for continuity. Where F values 

were found to be significant in main effects and 

xi 
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interactions, and where more than two subgroups were 

compared, the Tukey (a) was used. 

The study produced the following results: 

1. Classification of subjects by Status (Conserver 

and Non-Conserver) produced significant differences 

in favor of Conservers when: 

a. intelligence was measured by the Lorge-

Thorndike Intelligence Test, 

b. total verbal and quantitative achievement was 

measured by five subtests of the Metropolitan 

Achievement Test, Form I (Word Knowledge, Word 

Discrimination, Reading, Arithmetic Computa

tion?- and Problem Solving), 

c. science achievement was measured by the 

Stanford Achievement Test, Intermediate Form I, 

d. total verbal, quantitative and science achieve

ment scores was measured by the standardized 

tests used in this study, and when statistical 

adjustments were made for differences in 

intelligence levels. 

2. Classification of subjects by Socio-Economic Level 

(High and Low) produced significant differences in 

favor of High when: 

a. the ability to conserve quantity of liquid was 

measured by the two tests of conservations used 

in this study, 
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intelligence was measured by the Lorge-

Thorndilce Intelligence Test, 

verbal achievement was measured by each of 

three subtests of the Metropolitan Achievement 

Test, Form I (Word Knowledge, Word Discrimina

tion, and Reading), 

quantitative achievement was measured by two 

subtests of the Metropolitan Achievement Test, 

Form I, 

science achievement was measured by the 

Stanford Achievement Test, Intermediate I, 

Battery Form W, 

total verbal, quantitative, and science 

achievement was measured by the standardized 

tests used in this study, and statistical 

adjustments are made for differences in 

intelligence levels. 



CHAPTER I 

THE PROBLEM, ASSUMPTIONS, LIMITATIONS, AND 
DEFINITIONS OF THE STUDY 

The Problem 

Introduction to the Problem 

This study is concerned with an investigation of 

several hypotheses derived from Jean Piaget's theories 

regarding intellectual development. In particular, it is 

concerned with an aspect of Piaget's theory dealing with a 

child's ability to "conserve" quantity of liquid. 

The idea of conservation as used by Piaget may best 

be explained by illustration. A child is shown two 

identical glasses containing equal amounts of colored 

water. The contents of one glass is poured into a tall, 

thin glass. When asked which glass contains the most 

water, a young child will frequently suggest there is more 

water in the tall, thin glass. 

Piaget explains the reasoning of the young child by 

suggesting that, in solving this problem, the child has 

used certain intellectual structures quite dissimilar to 

those of an adult. Bruner (1966a) reviews Piaget's explana 

tion of these differences by suggesting: 

. . . the [child's] shift f rom nonconservation 
to conservation represents a crucial change-over 

1 
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from a pre-operational phase of thinking to the 
concrete operational phase. What characterizes 
the shift is that operations on the environment 
that were before carried out overtly now become 
internalized (pp. 184-185). 

There are two primary characteristics of pre

operational thinking that inhibit the child from conserving 

or recognizing that "sameness" exists. The first of these 

is the young child's lack of ability to carry out multiple 

classifications of a single object (Piaget, 1952b). The 

second deals with the child's inability to exhibit reversi

bility in his thinking. Reversibility in thinking is the 

capacity to follow one line of thought, then return to a 

starting point and consider another. In the water glass 

experiment, the child denied that the amounts of water were 

the same because he was unable to consider both the height 

and width of the glass at the same time. Because of this, 

the young child could not recognize that changes in one 

dimension could be compensated by changes in the other. 

In considering Piaget's theories of intellectual 

development, one should not regard him as a learning 

theorist. For as Bruner (1966a) suggests, Piaget's 

principal mission is not psychological, but epistemological 

or a concern with the nature of knowledge; "... knowledge 

as it exists at different points of development of the 

child" (p. 7). Many researchers, reviewing or replicating 

Piaget's studies, comment critically as does Wallach (1963) 

on the close blending of empirical description with 
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theoretical speculation, "... making it difficult to 

disengage empirical description from speculative theory" 

(p. 274). Many criticize but few fail to laud Piaget's 

apparent patience and persistence in gathering numerous 

observations of children's behavior at various age levels. 

It is Piaget's description of differences in these respec

tive age levels, that holds relevance for educators. 

Piaget's theoretical framework includes three 

developmental periods (the sensory-motor period, the 

concrete-operational period, and the period of formal-

operations) which encompass a child's ability to proceed 

from simple reflex activities to more formal abstract 

thinking. Within each period, Piaget describes certain 

stages of growth, heavily dependent upon an individual's 

activities and experiences within his environment. These 

growth periods or stages of development may be characterized 

through certain abilities, exhibited by the child, as he 

approaches the stage when conservation will be possible. 

For example, in the sensory-motor period, which 

Piaget suggests extends from birth to approximately two 

years, the child: (1) attains some degree of perceptual 

accuracy, (2) gains control over his own body movements, 

(3) develops the beginning of classification skills by 

recognizing things which are a part of his environment as 

opposed to things related to himself, and (4) acquires the 
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ability to recognize that certain events may offer cause 

and effect relationships. 

In the concrete-operational period, which Piaget 

suggests extends from age two to approximately age seven, 

the child evolves through three distinct sub-phases: pre

operational thought, intuitive thought, and the concept of 

conservation. In the first sub-stage of pre-operational 

thought which Piaget suggests occurs between the ages of 

two and four, the child: (l) demonstrates the ability to 

refer to objects by symbolic representation, (2) relies on 

egocentric behavior due to his inability to perceive things 

from a viewpoint other than his own, (3) finds difficulty 

in differentiating between inner experiences and external 

reality, (4) attributes life with movement, and (5) 

classifies objects through dominant aspects, rather than 

with any coherent classification system. 

The second sub-phase, intuitive thought, which 

Piaget suggests is reached between the approximate ages of 

four and seven, the child's thinking is rigid and 

irreversible. A good example of irreversibility in a 

child's thinking is the water glass experiment discussed 

earlier. The child's insistence that the tall, thin glass 

would have more water suggests he was unable to consider 

both the height and width of the glass. Because of this 

apparent inability to judge two concepts, the child could 

not recognize that the visible change in the height of the 
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quantity of liquid was affected by changes in the physical 

properties of the glass, rather than a change in the actual 

amount of liquid. 

The third sub-stage, the concept of conservation, 

is achieved when the child is capable of moving in reverse. 

Now, as certain as the child was before that one glass 

contained more liquid than the other, with reversibility 

the child maintains "both are the same--they just look 

different." Conservation, then, describes what the child 

must do to understand more completely both quantitative and 

spatial relationships. 

Piaget's initial investigations on conservation, as 

well as the many replication studies carried on in Europe, 

Great Britain, and the United States, have been applied to 

many areas including quantity, weight, and volume (solid 

and liquid). Although Piaget's early studies indicate most 

children conserve at approximately age seven, later studies 

support Flavell's (1963, p. 299) view that many children 

must be ten or eleven before being capable of reversible 

reasoning in connection with weight and volume. 

Significance of the Study 

Piaget's theories regarding the developmental 

stages within the period of concrete-operations are of 

special concern to educators because of Piaget's descrip

tions of the kinds of thought processes necessary for 
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conservation. For as Bruner (1966a) suggests, "[conserva

tion] ... is a powerful idea not only in science but also 

in the conduct of everyday life" (p. 183). He concludes 

that "Indeed, much of common sense and all of science would 

be impossible without conservation." 

An implied factor as yet untested is that knowledge 

of a child's ability to conserve, as well as the influence 

of socio-economic level on that ability, may provide 

information relevant to his success in coping with the 

types of educational tasks now being posed in many elemen

tary classrooms. 

Statement of the Problem 

It was the purpose of this study to seek answers to 

the following question: What relationships exist between 

the ability of selected fourth grade pupils to conserve 

quantity of liquid and such factors as: socio-economic 

level, intelligence, quantitative achievement , • science 

achievement, and verbal comprehension. 

Hypotheses to be Tested 

The following hypotheses, which ordered and pro

vided direction to the study, were tested: 

1. There is no difference between children's ability 

to conserve quantity of liquid and socio-economic 

level. 



There is no difference in children's intelligence 

scores as measured by the Lorge-Thorndike Intel

ligence Test, Form _I, administered in third grade 

with subjects S.E. Level (socio-economic level as 

determined by attendance in PL 89-10 Schools and 

non-PL 89-10 Schools) and Status (conserver and 

non-conserver). 

There is no difference in children's verbal compre 

hens ion scores as measured by the Metropolitan 

Achievement Test, Form I, administered in fourth 

grade with subjects S.E. Level (socio-economic 

level as determined by attendance in PL 89-10 

Schools and non-PL 89-10 Schools) and Status 

(conserver and non-conserver). 

There is no difference in children's quantitative 

achievement as measured by the Metropolitan 

Achievement Test, Form I, administered in fourth 

grade with subjects S.E. Level (socio-economic 

level as determined by attendance in PL 89-10 

Schools and non-PL 89-10 Schools) and Status 

(conserver and non-conserver). 

There is no difference in children's science 

achievement scores as measured by the Stanford 

Achievement Test, Intermediate I, Battery Form W, 

administered in fourth grade with subjects 

classified by S.E. Level (socio-economic level as 
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determined by attendance in PL 89-10 Schools and 

non-PL 89-10 Schools) and Status (conserver and 

non-conserver). 

6. There is no difference between measures of chil

dren's quantitative achievement, verbal compre

hension and science achievement scores with subjects 

classified by S.E. Level (socio-economic level as 

determined by attendance in PL 89-10 Schools and 

non-PL 89-10 Schools) and Status (conserver and 

non-conserver), when statistical adjustments were 

made for differences in intelligence levels. 

For each hypothesis the ,05 level of significance 

was selected for rejecting the null hypothesis. 

Assumptions Underlying the Problem 

This study assumed that pupil behavior is a 

function of personal characteristics of an individual pupil. 

This study further assumed that pupil behavior is: (l) a 

function of the general features of a situation in which it 

takes place; (2) a function of the specific situation in 

which it takes place; (3) observable; (4) distinguishable; 

(5) classifiable qualitatively and quantitatively; (6) 

revealed through overt behavior and also correlates of 

behavior; and (7) representative of the socio-economic level 

generally ascribed to the student, the school attended, and 

the community served by that school. 
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This study further assumed that the ability to 

conserve quantity of liquid is a measurable trait of 

behavior and that the ability to conserve quantity of 

liquid is: (1) the result of certain intellectual and 

environmental influences; (2) characterized by some degree 

of consistency; and (3) characterized by responses to tests 

of conservation. 

Limitations of the Problem 

The main part of the study was limited to two tests 

of conservation of liquid administered to selected fourth 

grade pupils in Tucson School District Number One, 

Arizona. The study was conducted during the school year 

1966-67. Preceding the main experiment was a pilot study 

conducted with selected children, ages four to ten. 

The findings of both the pilot study and the main 

investigation were limited by the following: (1) the 

sample population of each socio-economic level was limited 

in scope, but was assumed to be representative of a normal 

distribution since classification norms approached those 

used in national studies (Coleman, 1966), and (2) the data 

gathered were limited to the reliability and validity of 

the test instruments used in this study. 

Definitions 

Since the investigation and replication of various 

Piagetian conservation tasks was a relatively new 
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development, it generated a new vocabulary of terms not 

generally understood by people unfamiliar with this 

particular field. For this reason certain technical terms 

used in this study were presented here with definitions. 

Also, widely used, non-technical terms such as "concept" 

were given definitions to afford a clear understanding of 

this study. 

1. A concept was defined as ". . .an abstracted unit 

of thinking behavior" (Furth, 1961, p. 371). 

2. Conservation was defined as ". . .an awareness or 

understanding that a quantity remains the same, 

although it may have been changed in general shape 

or position" (Overholt, 1965). 

3. A conserver was defined as a person who recognizes 

the concept of conservation as determined by 

repeated success on conservation tests used in this 

study (Overholt, 1965). 

4. A non-conserver was defined as a person who does 

not recognize the concept of conservation as 

evidenced by failure on each conservation test used 

in this study (Overholt, 1965). 

5. A Public Law 89-10 School was defined as a school 

that qualified for government funds within the 

limitations of Title I, ESEA, 1965. 



6. A non-Public Law 89-10 School was defined as one 

that does not qualify for government funds within 

the limitations of Title I, ESEA, 1965. 

7. Low Socio-Economic Level was defined as the social 

and economic background of subjects used in this 

study attending Public Law 89-10 schools. 

8. High Socio-Economic Level was defined as the social 

and economic background of subjects used in this 

study attending non-Public Law 89-10 schools. 

In considering the representation of Socio-Economic 

Level in this study, the characteristics of the two groups 

of children need to be kept in mind. The designations of 

Socio-Economic Level (High and Low) indicate that the 

neighborhoods surrounding the two types of schools differ 

markedly. The fact that the designation Public Law 89-10 

School reflects prior economic classification for each of 

the two schools used to represent low socio-economic level 

offers some degree of consistency for classification of 

subjects as representative of Low S.E. Level. In a like 

manner, the characteristic of single occupancy dwellings 

surrounding the two schools used to represent high socio

economic level offers some degree of consistency for the 

representation of subjects as those characteristic of high 

socio-economic level. However, since information regarding 

the occupations and aspirations of the parents of subjects 



is lacking, the inferences drawn regarding socio-economic 

level are necessarily limited. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

The review of literature in this study was limited 

to five main areas: (1) concept formation, (2) Piaget's 

tests of conservation of substance, (3) related tests of 

conservation of substance, (4) conservation of substance as 

it relates to intelligence and achievement (quantitative 

and verbal), and (5) conservation of substance as it 

relates to socio-economic background. 

Literature on Concept Formation 

The study of Piaget's work is the study of con

ceptual thinking. What Piaget refers to as intelligence 

is in large a measure of conceptual thought. 

According to Russell (1960): 

. . . the research on children's concepts suggest 
that we have considerable information on concept 
discovery, on methods of concept formation, on 
factors that affect the development of concepts, 
on children's knowledge of concepts, and on ways 
of teaching for effective development of concepts 
(pp. 323-333). 

Harris (1960) and others (Curti, 1950; Humphrey, 

1951; Johnson, 1955) concur that as an area for research, 

concept development has received careful attention. 

Lesser (1965) offers comprehensive summaries of related 

research up to 1965. 

13 
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Several significant studies dealing with concept 

formation relate directly to Piaget's theories and 

experimentations. In the learning of concepts, Carpenter 

(1956) investigated the difference between functional 

learning and rote learning. He concluded: 

. . . functional learning of concepts is more 
efficient than rote learning when measured by 
retention and ability to verbalize meanings of 
learned concepts. Concepts that refer to classes 
of material objects are more thoroughly under
stood when the student has an opportunity to 
manipulate and study the objects than when only 
factual information is given by lecture (p. 283). 

Beard (1957) used factor analysis to examine the results 

when a concept test involving seven categories (conserva

tion of substance (4) and liquid (3)), several clearly 

drawn from Piaget's work, was individually administered to 

sixty English six- and seven-year olds. The children also 

took the Terman-Merrill Test. Beard indicates that 

performance on his concept test, consisting in part of 

Piagetian tasks, correlates .38 with mental age (Terman-

Merrill). The correlation with chronological age was .16, 

resulting in part from the narrow age range. Beard con

cludes that "... development in concept formation depends 

more on increase in mental age than chronological age, 

contrary to what Piaget usually implies in his discussion 

of stages" (p. 89). 
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McKnight's (1965) study of the development of 

elementary school children's concepts of volume supports 

Beard's (1957) earlier results. One hundred students in 

each of four elementary grades were tested with two tests 

of conservation of volume. The author concludes: 

The differences in children's ability to attain 
concepts were found to be significantly related 
to differences in MA, CA, and grade in school. 
Differences were not found to be significantly 
related to sex. 

Some reviewers have criticized replications of 

Piaget's investigations in concept development because of 

possible anxiety on the part of subjects to please adults. 

Seeman (1960) investigated this possibility and found that 

". . . anxiety did not exert a differential effect on 

performance." He concludes "... although in disagreement 

with the theoretical positions taken on the subject, there 

is a growing amount of evidence in support of this finding" 

(p. 91). 

Dutton (1964) summarizes by saying, 

Thus, from the abundance of research evidence 
now available on the development of (young) 
children's concepts, certain generalizations 
may be expressed. Among them are: 
(1) Concept development is the central and 

most important aspect of directing chil
dren's understanding of many educational 
tasks. 

(2) Concepts carefully learned enable the child 
to generalize and to extend understanding 
from one aspect of learning to another. 
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(3) Children learn through exploration and dis
covery, and the role of the teachers in 
this process is crucial and necessary. 

(4) Sex does not appear to be a significant 
factor in concept attainment. 

(5) The ability to form concepts of quantity 
and number is arrived at gradually, with 
evidence that supports this ability 
culminates after a child passes through 
certain stages of development, closely 
associated with Piaget's theories (p. 43). 

Literature on Piaget's Tests of 
Conservation of Liquid 

Since, this study was, in part, a replication of 

Piaget's classical experiments on conservation of liquid, 

the writer has included the following excerpt from Piaget's 

original clinical procedure. For references to containers 

used in the experiment see Figure 1. 

Bias (4:0). "Have you got a friend?--Yes, Odette.--
Look, we're giving you, Clairette, a glass of 
orangeade (A^, three-fourths full), and we're giving 
Odette a glass of lemonade (A£, also three-fourths 
full). Has one of you more to drink than the 
other?--The same.--This is what Clairette does: 
she pours her drink into two other glasses (B^ and 
B2, which are thus half-full). Has Clairette the 
same amount as 0dette?--0dette has more--Why?--
Because we put less in (she pointed to the levels 
of B-^ and B25 without taking into account the fact 
that there were two glasses J.--(Odette's drink was 
then poured into B3 and B^). It's the same.--And 
now (pouring Clairette's drink from B^ and B2 into 
L, a long thin tube which is almost full).--I've 
got more.--Why?--We poured it into that glass 
(pointing to the level in L), and here (B3 and B^) 
we haven't.--But were they the same before?--Yes.--
And now?--I've got more." Clairette's orangeade 
was then poured back from L into B^ and B2: "Look, 
Clairette has poured hers like Odette. So is all 
the lemonade (B3 and B^) and all the orangeade (B^ 
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Figure 1 

The Containers used to Investigate the Conservation of 
Continuous and Discontinuous Quantities 

(Hunt, 1961, p. 203) 

and B2) the same?--It's the same (said with 
conviction).--Now Clairette does this (pouring 

into Ci which is then full, while B2 remains 
half-full). Have you got the same amount to 
drink?--I've got more.--But where does the extra 
come from?--From in there (B^)--What must we do 
so that Odette has the same?--We must take that 
little glass (pouring part of B3 into C2).--And 
is it the same now? Or has one of you got more?--
Odette has more.--Why?--Because we poured it into 
that little glass (C^^'-But is there the same 
amount to drink, or has one got more than the 
other?-~Odette has more to drink.--Why?--Because 
she has three glasses (B3 almost empty. B4 and 
Co> while Clairette has C^ full and B2)" 
(Piaget and Szeminska, 1952, p. 113). 

Literature on Tests of Conservation 

Many studies replicating Piaget's experiments of 

conservation have been carried out, some by Piaget's 
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colleagues at Paris and Geneva, others by researchers in 

England and Canada, and more recently, in the United 

States. 

Almy, Chittenden, and Miller (1966) suggest these 

studies may be categorized into four main areas: (1) the 

ability to identify Piaget's stages of development in other 

populations, (2) the relationship among these abilities to 

his general theory, (3) the attainment of a particular 

level of thought as it relates to other measures of 

intellectual development, and (4) experience as a possible 

impediment for progressing from one level of thought to 

another. Almy et al. (1966) conclude that, "In general, 

studies that have replicated Piaget's experiments dealing 

with the conservation of quantity . . . have tended to 

support his findings regarding the sequence of stages." 

However, she points out that ". . .a particular child may 

attain conservation in one kind of task and not reveal it 

in another related task" (p. 30). 

A comprehensive analysis of related studies dealing 

with conservation prior to 1957 is that of Flavell (1963) 

in reporting on studies by Apostel, Morf, Mays, and Piaget 

(1957); Fischer (1955); Inhelder (1936); Piaget and 

Szeminska (1939); and Szeminska (1935). The principal 

findings of these studies, as reported by Flavell are as 

follows: Each type of conservation concept shows about the 

same developmental trend. The trends are: (1) no 
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conservation, (2) an empirically founded recognition of 

conservation, and (3) an assertion of conservation for the 

type of quantity concept in question (Flavell, 1963, p. 

299). 

Beard (1957) found that among sixty English 

children, ages six to seven, some were able to conserve 

substance on one task and-not on other tasks. This would 

tend to support the conclusions of Lovell and Ogilvie 

(i960) and Hyde (1959) that conceptualization is applicable 

only to highly specific situations at first and then to 

increases with experience and maturation. 

Page (1959) and Churchill (1958) replicated 

Piaget's work in the area of perception and conservation 

of quantity. High reliabilities and validities regarding 

stages of development were found and Piaget's conclusions 

regarding stages of development tended to be substantiated. 

One of the first to attempt to validate Piaget's 

theories regarding conservation of substance with American 

children was Estes (1956). From her study she concluded 

there was "no evidence" to support Piaget's various stages 

of acquisition. However, as Almy et al. (1966) points out, 

later research by others has indicated Estes' methods may 

have influenced her results. 

Dienes (1959) conducted research which tended to 

validate Piaget's various stages of development. He found 
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some children formulate concepts with equal efficiency, but 

with only a small amount of such explicit formulation. 

Dodwell (1960) administered three Piagetian tests 

of conservation to children in kindergarten through second 

grade, ranging in chronological age from five to ten years. 

His study, as well as that of Wohlwill (1960), tends to 

confirm the existence of three stages as outlined by 

Piaget. 

Lovell and Ogilvie (1960, 1961), in repeated studies 

of this concept with English students, concluded that a 

quantity of substance can be used by the mind only if it 

remains permanent in amount and independent in the 

rearrangement of its parts. They suggested the idea of 

invariance (conservation) is essential to any kind of 

physical measurement. They further concluded that among 

English students in the first two years of Junior School 

(ages 7-8), many children have not attained much of a 

concept of conservation. They suggested there are dangers 

in accepting a child's understanding of these concepts at 

face value. 

Elkind (1961a, 1961b) repeated a number of Piaget's 

conservation tasks with American children. In one study 

(1961b), with subjects ranging in age from four to seven, 

the ability to conserve increased significantly with 

chronological age. In a similar study by Elkind (1961a), 



21 

the ability of six to seven year olds to conserve mass, 

weight, and volume approximated Piaget's findings. 

Rosenbloom (1962) investigated whether concepts 

identified by Piaget could be accelerated. Results of 

his research indicated if children are given special 

training, concepts of conservation may be attained 

approximately two years earlier than Piaget found in the 

subjects, he studied. 

Lunzer (1961) after testing Piaget's theories 

regarding conservation of substance, expressed the view 

that, ". . .it may be worthwhile for teachers to go 

through the processes the child does not quite understand 

rather than wait until the solution is readily seen." 

Several studies deal interestingly with Piaget's 

theories and other than normal subjects. Woodward (1959) 

has one of the few published studies dealing with very 

severe mental defectives. By testing 147 English children, 

seven to sixteen years of age, he concluded that the order 

of difficulty of various observed behaviors, including 

conservation, corresponded closely to the "ontogenetic 

order" as described by Piaget. In another study, Woodward 

(1961) studied retarded English children and adults. Their 

responses resembled those of normal children, aged four to 

seven years. 

Bibace (1956) administered modified versions of 

Piaget's tasks to matched groups of normal adults and 
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chronic schizophrenic adults. The schizophrenics, as 

predicted, did have greater difficulty solving problems and 

were significantly inferior in performance to the normal 

controIs. 

A study dealing with adults who were hypnotically 

regressed to various ages (4, 7, and 10 years) was carried 

out by Reiff and Scheerer (1959). Hypnotized adults more 

closely approximated the behavior of young children than 

did unhypnotized adults who were instructed to "behave" as 

though they were four, seven, or ten years of age. 

From a review of studies concerning conservation 

of substance, the following is concluded: 

1. A child's ability to conserve is arrived at 

gradually. 

2. The work of Piaget helps to identify certain 

stages or periods of concept development. 

3. To help children move from one stage of development 

to another, it is helpful to make gradual trans

formations in visual stimuli using models. 

4. Age tends to be a significant factor in a child's 

ability to conserve. 

5. Sex does not tend to be a significant factor in the 

ability to conserve. 

6. Training children to recognize that a quantity may 

belong to several different classes at one time 
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tends to aid in the development of logical classi

fication . 

7. Maturation tends to play a part in the ability of 

a child to conserve. 

8. Experience tends to aid in the development of an 

ability to conserve, although as Ripple and 

Rockcastle (1964) suggest, . . experience alone 

is not enough to accelerate logical development. 

There must be a total coordination of actions, 

action of joining things together or ordering 

things" (p. 14). 

9. The ability to conserve once gained, is not lost. 

Literature on Conservation, Intelligence, 
and Achievement 

In considering the relationships that possibly 

exist between children's performance on Piaget's tests of 

conservation and their performance on tests of intelligence, 

Almy et al. (1966) suggest, "... the correlations with 

intelligence are likely to be low." Vinacke (1952) 

describes an apparently "... low correlation of 'concept 

tests' scores with intelligence-test scores and their 

relatively high correlation with training experiences, of 

which one important component seems to be vocabulary." 

Hunt (1961) suggests that Piaget's concept of 

intelligence differs in important aspects from the 
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"psychometric notions that dominate most of the tests 

currently in use." 

As reported earlier, Beard (1957) found correlates 

of .38 with mental age (Terman-Merrill) and .16 with 

chronological age. Elkind (1961a), in a study of quantita

tive thinking, using several of Piaget's experiments, found 

significant correlations with several Intelligence Scale 

for Children sub-tests, including a .47 with verbal 

performance. 

. In a study which sought relationships between 

socio-economic levels and changes in intelligence (Kilgore, 

1962), 189 pupils, 63 in grades two, four, and six, were 

tested with the Lorge-Thorndike over a two year period. 

The results indicated that the average change in intel

ligence test scores was the same for all socio-economic 

levels. 

Overholt (1965) introduced several experiments 

using various Piagetian conservation tests with 172 boys 

and 157 girls, all fourth grade students. He concluded 

that "... girl conservers achieved significantly higher 

scores than did boys on a standardized intelligence test 

(Lorge-Thorndike)" (pp. 317-326). 

Elkind (1961b) divided eighty school and pre

school children into three age groups (4, 5, and 6-7) and 

tested on three types of quantity in a systematic replica

tion of Piaget's theory of the development of quantitative 
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thinking. Correlation of comparison scores for the 

Wechsler Intelligence Scale for Children were: (1) posi

tive, (2) generally low, and (3) sometimes significant. 

In a study which sought relationships between the 

ability to conserve and mental age, Hood (1965) found that: 

(1) no children with a mental age (Terman-Merri11) of less 

than five years were able to conserve, (2) a mental age of 

five to six marked the beginning of conservation, and (3) 

children with a mental age of eight to nine were more 

frequently able to conserve. 

In summary, Almy et al. (1966) suggest: 

Perhaps the safest generalization to be made from 
current evidence regarding the relationship 
between performance on Piaget tasks and mental 
ability as measured on other tests is that to 
some extent brightness pays off. The crucial 
element may be verbal ability. Or it may be an 
ability to tune in readily to an adult way of 
organizing. Conceivably, unusual abilities in 
handling spatial relationships may contribute at 
an early age. It is not yet possible to appraise 
the role played by the child's "equipment" as a 
biological entity, in contrast to the role played 
by the nature of his encounter with his environ
ment (p. 76). 

Literature on Socio-Economic Status 

Some of the most extensive work in the relationship 

of cultural, racial, and class factors to learning and 

intelligence and their measurement is that of Eells, Davis, 

and Havighurst (1951). Their classic study dealing with 

Intelligence and Cultural Differences served as a 
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foundation for related studies by Lee (1951), North (1956), 

and Rand (1958) who concluded that significant differences 

between intelligence quotients of low and high socio

economic groups is decreased by the improvement of environ

mental factors. 

Deutsch (1960) suggests that, "It is well estab

lished that the favorability or unfavorability of environ

mental factors influences the development process ..." 

(p. 1). 

Coleman's (1966) comprehensive study of Equality of 

Educational Opportunity stressed the immediate recognition 

of the wide variance of achievement as it relates to pupils 

coming from disadvantaged homes and communities. He con

cludes that: 

There can be no doubt that this deficiency 
(achievement) is a real and serious dis
advantage, since these tests measured some of 
the main skills necessary for further education 
and for occupational advancement in modern 
society (p. 292) . 

Further findings by Coleman indicate the family's 

impact on the child from low socio-economic areas: 

. . . has its greatest effect in the earliest 
years while in contrast, the relation of home 
and community environment increases over the 
grades 6-12. The increase indicates either 
that the older students perceive their parents' 
interest more accurately than the younger ones, 
or that their parents' interest has more impact 
on their achievement in the later years of 
school (p. 300). 



The relationship of home, occupation, and general 

socio-economic background to children's concept formation 

was studied by Choate (1956) with two sharply contrasting 

groups in Fresno County, California. The low socio

economic group was made up of migrant cotton workers; the 

high socio-economic group of established, middle-class 

families. Both groups included Anglo and Mexican-American 

children. Choate determined that the greatest contribution 

to concept development of each group was the home or family. 

Choate concluded that the home and family (environment) has 

significant influence on a child's ability to learn how to 

plan and express ideas. 

Deutsch (1965, pp. 78-88) and Werner (1948, pp. 1-

27) both agree that conceptual development of lower-class 

American children is often characterized by "early arrest 

of the process of intellectual growth." 

Studies relating specifically to conservation of 

quantity and socio-economic background are infrequent but 

provide interesting comparison data since most deal with 

foreign populations. Flavell (1963) reports a study by 

Hyde (1959) carried out with a cross-cultural population 

which has direct implication to Piaget's work. He adminis

tered a large number of Piaget's number and quantity tasks 

to groups of European, Arabian, Indian, and Samole school 

children of 6-8 years of age living in Aden, Arabia. The 



tests were given in English to European children and in 

Arabic to others. Regarding the types of responses, Hyde 

comments: 

During the investigation, it was a common experi
ence to hear a small Arab, Samole, or Indian 
child give in Arabic almost a word for word 
translation of an answer given to the same ques
tion by a Swiss child (Flavell, 1963, p. 383). 

Price-Williams1 (1961, pp. 297-305) study of 

conservation of substance among unschooled children in 

Nigeria indicates the importance of active manipulation in 

concept formation. Of several groups studied, the investi

gation found 100% of the Tiv children had achieved 

conservation by age eight. However, the author emphasized 

that the Tiv culture is quite unique in terms of an active 

manipulative approach to the physical world. 

Wallach (1963, pp. 236-276), a recognized authority 

on children's thinking, notes that cultural differences not 

only alter various norms, but may in fact alter the mode by 

which children identify conservation. 

Two recent studies involving conservation of 

substance and cultural background are reported in Bruner's 

(1966a) report of research initiated at the Center for 

Cognitive Studies, Harvard University. Greenfield (1966) 

divided Wolof (Moslem) children in Senegal, West Africa, 

into nine groups to better discern the ability to conserve 

as compared to cultural differences. Three degrees of 

urbanization and education were represented with three age 
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levels (6-7, 8-9, and 11-13) established within each 

group. In one group of 8-9 year olds (which admittedly is 

approximate for African parents stop counting age after a 

child reaches his Moslem Baptism the eighth day after 

birth) approximately 40% were able to conserve substance. 

This percentage of conservers would tend to support 

Piaget's theories, as well as other studies replicating his 

work in both England and the United States. 

Bruner (1966a) reviewed a study by Maccoby Modiano, 

and Gavlan in 1963 in which North American suburban chil

dren were compared to their rural Mexican counterparts. 

Percentages of conservers were higher with North American 

subjects. The author concluded that this was due to the 

North American subject's ability to consider immediately 

what can be done with an object. In contrast, the Mexican 

child is more likely to demonstrate an interest in the 

object as an individual thing. 

Seeman (1960), while investigating the effects of 

stress and anxiety on concept attainment on fourth grade 

children, initiated controls to discover whether socio

economic background (location) would exert a differential 

effect on conceptual performance. He concluded that 

grouping by socio-economic background significantly 

affected the ability to conceptualize. 

Day (1962) investigated the relationship between 

socio-economic status and problem-solving ability with 
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sixth grade students. He found a significant difference in 

the ability of subjects from a high socio-economic back

ground to solve items on a standardized test, as compared 

to those subjects from a low socio-economic background. 

Day concludes: 

. . . Group B (low socio-economic background) had 
a very passive conservative approach to life and 
living that could contribute to the development 
of a negative attitude and inhibiting value 
regarding the worth of "learning" (p. 89). 

An aspect of Day's study, which has immediate 

application and significance to this study was the manner 

in which socio-economic background was determined. Like 

Hava (1964) and Thomas (1966) levels of socio-economic 

background were determined by: (l) school district 

classification of the community served by an elementary 

school, (2) the designation of a Public Law 89-10 School as 

one qualifying for government funding within the limita

tions of Title I, ESEA, 1965. 

Thomas (1966) examined the conceptualization 

process of "advantaged" and "disadvantaged" kindergarten 

children as demonstrated by performance on an object-

sorting test. A significant difference in mental age was 

found, favoring the "advantaged" group. Thomas concludes 

that "... irreparable damage had not yet occurred . . 

suggesting that, "... training may still be fruitful." 

Lesser (1965) investigated mental abilities of 

children from different social class and cultural groups. 
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Three hundred and fifty first grade children were tested on 

four mental abilities (verbal, reasoning, number facility, 

and space conceptualization). Ethnic groups represented 

were Chinese, Jewish, Negro, and Puerto Rican. The major 

findings were: 

(1) Differences in social-class placement do 
produce significant differences in the 
absolute level of each mental ability, but 
do not produce significant differences in 
the patterns among these abilities. 

(2) Differences in ethnic group membership do 
produce significant differences in both the 
absolute level of each mental ability and 
the patterns among these abilities. 

(3) Social class and ethnicity do interact to 
affect the level of each mental ability but 
do not interact to affect the patterns among 
these abilities. The study has shown that 
several mental abilities are related to each 
other in ways that are culturally determined 
(p. HI). 



CHAPTER III 

ORGANIZATION AND DESIGN OF THE STUDY 

Pilot Study 

In order to (1) refine the instruments to be used 

in testing the concept of conservation, (2) develop a 

standardized procedure for administering tests of conserva

tion, and (3) establish an appropriate grade level for 

conducting the main study, a pilot study was conducted. 

Two schools were used in the pilot study. Both 

schools included pupils with the levels of socio-economic 

background desired. 

Subjects selected for the pilot study ranged in 

chronological age from five years, zero months to ten years, 

eleven months; one subject was selected for each of the 

seventy-two months included in these chronological age 

limits. Subjects for the pre-school age group (5 years 0 

months to 5 years 11 months) were from the Jewish Community 

Center, a non-profit day nursery, in Tucson, Arizona. 

Other subjects (6 years 0 months to 10 years 11 months) 

were selected from Grades 1-5, Blenman School, Tucson 

School District Number One, Tucson, Arizona. The pilot 

study included a base population of 72 subjects (24 girls 

32 
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and 48 boys). No attempt was made to select subjects other 

than by chronological age. 

The conservation tests used in the pilot study were 

developed and modified from a basic clinical method used by 

Piaget and others who have replicated his work (Bruner, 

1966a; Elkind, 1961b; Flavell, 1963; Hunt, 1961). The test 

involved three drinking glasses two of which (A and B) were 

identical in size and shape, previously filled with 

identical amounts of water, and a third drinking glass 

(C) taller in size but smaller in diameter (see Figure 2). 

Conservation Tests 

1 1 1 1 1 1 1 1 1  S c a l e  i n  i n c h e s  
0 2 4 6 6 

Same 

& -1 
( 

Pour Still Same? 

Same 

ifosssi 
Pour Still Same? 

Figure 2 

The Two Conservation Tests used in the Pilot Study 
and Main Study (Bruner, 1966a, p. 184) 
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Subjects were asked, "Do both glasses (A and B) 

contain the same amount of water?" To reach verbal 

confirmation it was often necessary to distribute water 

from one glass to another. The water in glass A was poured 

into glass C. Subjects were then asked, "Which glass has 

the most water?" and "Why?" After allowing time for 

subjects to respond and responses to be noted, the water in 

glass C was repoured into glass B. Subjects were again 

asked, "Do both glasses (A and B) contain the same amount 

of water?" When subjects agreed each glass contained the 

same amounts of water, the contents of glass A was then 

poured into glass C. Subjects were again asked which glass 

"had more water," to determine whether or not the subject 

was conserving quantity of liquid. After responses were 

noted, the water in glass C was repoured into glass A and 

the subject was again asked to determine if both A and B 

contained the same amount of water. If the subject indi

cated on both tests that the glasses contained "the same" 

or "equal" amounts of water, the subject was classified as 

a conserver. If, however, on one of the tests the subject 

indicated one glass contained more water than another, the 

test was repeated. If, on the second attempt, the subject 

did not indicate "sameness," the subject was classified as 

a non-conserver. 

Classification of subjects by status (conservers 

and non-conservers) and sex are shown in Table 1. 
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Table 1 

Conservers and Non-Conservers Classified by Sex 

Conservers Non-Conservers Total 

Boys 16 32 48 

Girls 8 16 24 

Total 24 48 72 

Thirty-three and a third per cent of boys and girls tested 

were classified as conservers. 

Table 2 shows classification of subjects by 

chronological age, sex, and status. Conservers are indi

cated by parentheses. 

Table 2 

Conservers and Non-Conservers Classified by 
Chronological Agea and Sex^ 

Age 0 1 2 3 4 5 6 7 8 9 10 11 

5 G G B B G B G B B G B B 

6 B (B) G B G B B G G B B G 

7 G B (G) B B B B (B) (G) B (B) B 

8 (B) B (G) B (G) (B) G (B) B B B G 

9 (B) B (B) (B) G (G) B G G (B) B G 

10 B (B) (G) B (B) (G) B (B) (G) (B) (B) (B) 

£ 
Age in months is shown by horizontal columns. 
"One subject was selected for each specified age 

level. 
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Percentages of conservers by grade level and sex are 

shown on Table 3 , and percentages of non-conservers by 

grade level and sex are shown on 

Table 3 

Table 4. 

Percentage of Conservers by Grade Level and Sex 

Boys Girls Total 

Grade N 46 N 26 N 72 

5 N = 9 
66% 

N = 3 
66% 

N = 12 
81.8% 

4 N = 7 
57% 

N = 5 
20% 

N = 12 
43% 

3 N = 8 
37.5% 

N = 4 
50% 

N = 12 
43% 

2 N = 8 
22% 

N = 4 
1.5% 

N = 12 
36% 

1 N = 7 
14.3% 

N = 5 
0% 

N = 12 
9% 

K N = 7 
0% 

N = 5 
0% 

N = 12 
0% 
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Table 4 

Percentage of Non-Conservers by Grade Level and Sex 

Boys Girls Total 

Grade N 46 N 26 N 72 

5 N = 9 N = 3 N = 12 
34% 34% 18.2% 

4 N = 7 N = 5 N = 12 
43% 80% 57% 

3 N = 8 N = 4 N = 12 
52.5% 50% 57% 

2 N = 8 N = 4 N = 12 
78% 98.5% 64% 

1 N = 7 N = 5 N = 12 
85.7% 100% 91% 

K N = 7 N = 5 N = 12 
100% 100% 100% 

Tables 3 and 4 indicate the percentage of con-

servers and non-conservers within each grade level (K-5). 

It should be noted here that although the number of 

subjects in the pilot study was small (72), the percentages 

of subjects able to conserve quantity of liquid approximate 

other replication studies of Piaget's theories on conserva

tion of liquid. These percentages of conservers and non-

conservers tend to support Flavell's (1963) and Almy's et al. 

(1966) findings that most children cannot conserve quantity 

of liquid until approximately the chronological age of ten. 
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As a result of the pilot study, the writer refined 

the instrument used to test conservation of liquid; 

developed a procedure for administering this test and 

selected the fourth grade as an appropriate level for 

conducting the investigation, since it appeared that within 

the fourth grade sufficient numbers of conservers and non-

conservers would be apparent to make the study statistically 

significant. 

Population for the Main Study 

The main study was conducted in Tucson, School 

District Number One, Tucson, Arizona. Pupils enrolled in 

eight fourth grade classrooms in four schools constituted 

the base population. 

The school district serves a metropolitan area of 

approximately 234,300 people. The range of socio-economic 

levels of this population is complete, allowing for the 

inclusion of subjects with both low and high socio-economic 

backgrounds. The population served by Tucson District One 

Schools includes several distinct ethnic groups (Caucasian, 

Mexican-American, Negro, and Indian). 

Interest and concern for the children and schools 

of the district is evident throughout the school system. 

Recent figures place the assessed valuation of the 

elementary school district (Grades 1-8) at $6,815 per 

pupil and the per pupil expenditure, exclusive of Title I 
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and Title III funds, at $522.18 per year. Buildings and 

equipment are more than sufficient and teacher salaries 

rank among the highest in the State of Arizona. 

Selection of the Sample 

Since a primary purpose of this study was to 

investigate the relationship, if any, of socio-economic 

level to the ability to conserve quantity of liquid, it was 

necessary to select schools that would reflect two distinct 

socio-economic levels. 

The task of selecting schools that reflected' two 

different (low and high) socio-economic levels was made 

somewhat less difficult through the provisions of Title _I, 

Elementary Secondary Education Act, 1965, which provide 

supplemental government funding for those schools desig

nated as Public Law 89-10 Schools. Public Law 89-10 

Schools serve geographic areas containing a high incidence 

of economically marginal homes, or geographic areas often 

classified as "pockets of poverty." In Tucson, District 

Number One, twenty-two such geographic areas are classified 

as "pockets of poverty," and thus serve Public Law 89-10 

Schools, with a population with predominantly low socio

economic backgrounds. 

The effects of economic poverty are most easily 

recognized in terms of the physical needs of human beings. 

But poverty also produces "deprivations" in areas less 
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obvious. As Coleman (1966) has suggested, such factors as 

lack of education, unstable family relationships, bad 

health, poor housing, little motivation for self-help, low-

level aspirations, and few work skills are problems faced 

by the poor. Children bom into this environment reflect 

their enculturation in their performance in the academic 

program. These children compete in school handicapped in 

terms of skills, training, and motivation. 

In 1962, the Tucson Community Council made a city-

wide study of the dropout problem. It discovered that the 

overall rate of dropouts, 8.5%, was similar to that of the 

national dropout rate. The study also revealed that 

specific areas of the city were contributing a dispropor

tionately large number of youths to the total percentage. 

The areas from which these youths came were located and 

described as "poverty pockets" based on the average number 

of years of education of the adults, the percentage of 

dilapidated or deteriorating houses in the area, the 

percentage of divorced or separated families in the area, 

and the percentage of persons unemployed or receiving aid . 

from welfare services. In addition to such handicaps 

stemming from socio-economic status, a number of the 

children from these designated areas came from Spanish-

speaking homes and thus were additionally handicapped 

because of little or no knowledge of English. Table 5 

shows the factors considered for the determination of six 



Table 5 

Factors Considered in Determining Geographic Areas Classified as "Pockets of Poverty" in Tucson, Arizona 

Total Aid to Per Cent No. Sc 
Families Dependent Housing Families Year 

Total Receiving Children Deteriorated & Families Income Per Cent Comple 
School Population Assistance Cases Dilapidated Income Less $2,000 to of Perso 
Area 1960 Census Jan., 1965 Jan., 1965 1960 $2,000 yrly. $3,000 yr. Dropouts 25 or 

A 3,130 192 48 87.6 142 87 18.5 6.5 

B 3,042 200 70 44.1 223 111 17.1 7.7 

C 4,970 242 76 51.6 248 163 10.4 8.4 

D 3,794 148 68 25.0 ' 159 HI 5.0 8.J 

E 4,579 162 50 45.7 150 87 9.6 hi 

F 4,941 100 46 31.0 51 84 6.8 8 ,L 
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school areas designated "pockets of poverty," and as such, 

now served by elementary schools designated as'Public Law 

89-10 Schools. The geographic areas described in Table 5 

were characteristic of the communities served by the two 

schools included in this study as representative of Low 

Socio-Economic Levels. 

The criteria for selecting participating schools in 

this study was governed largely by the Research Department 

of the Tucson, District Number One, School System. Because 

of a close proximity to the land grant University in the 

State of Arizona, numerous studies are conducted within the 

district each year. The Research Department was asked by 

the investigator to select schools that (1) had not been 

involved in a similar type study during the prior calendar 

year, and (2) would best represent the necessary low and 

high socio-economic levels. Four elementary schools were 

selected by the Research Department to participate in the 

main study. Two Public Law 89-10 elementary schools were 

selected to represent low socio-economic areas and two 

elementary schools were selected by the Research Department 

to represent high socio-economic areas. From these four 

schools, eight classrooms were designated for participation 

in the study on the basis of teacher interest. All chil

dren in the eight classrooms were administered the two 

tests of conservation depicted in Figure 2 (p. 33). The 

resulting base population consisted of 209 subjects (98 
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boys and 111 girls). Table 6 classifies the base popula

tion of the main study by sex and socio-economic level. 

Table 6 

Distribution of Base Population by Sex and 
Socio-Economic Level 

S.E. Level Boys Girls Total 

Low Socio-Economic Level 47 57 104 

High Socio-Economic Level 51 54 105 

Total 98 111 209 

Measures and Procedures Used in the Study 

School Administered Tests 

The results from two school administered tests were 

available for inclusion in this study. One of these tests 

dealt with mental ability, the other with progress in 

verbal and quantitative achievement. A third standardized 

test dealing with science achievement was administered by 

each classroom teacher during the week following tests for 

conservation of liquid. 

The Lorge-Thorndike Intelligence Test, Form A, was 

the standardized instrument used to measure the intel

ligence of sample subjects. This test was administered by 

the regular classroom teacher in March, 1965. The results 
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of this test were made available for this study. The odd-

even reliabilities for this test (.90 to .93) are con

sidered as high by Lorge, Thorndike, and Hagan. 

The Metropolitan Achievement Tests, Form B, was the 

standardized instrument used to measure verbal and 

quantitative achievement of sample subjects. This 

instrument yields nine achievement scores, of which five 

are included in the Tucson, District One, annual testing 

program, and subsequently were used in this study: (1) 

Word Knowledge; Word Discrimination; Reading; Arithmetic 

Computation and Arithmetic Problem Solving and Concepts. 

The split-half reliabilities of these tests range from .79 

to .91 for the subtests above, according to the manual. 

Form I was administered to all subjects by the regular 

classroom teacher in September, 1966. 

The standardized instrument used to measure science 

achievement was the Stanford Achievement Test. This test 

was administered by regular classroom teachers to obtain 

a measure of progress in science achievement. The test 

manual reports split-half reliability of .91 for grade 

four. 

All standardized instruments used in the main study 

were machine scored by Tucson, District Number One 

personnel. Raw score data were transferred to individual 

cumulative record folders for each child. Cumulative 
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record folders were made available to the investigation 

for purposes of recording necessary data. 

Tests of Conservation of Liquid 

The two conservation of liquid tests were developed 

and modified from a basic clinical method used by Piaget 

and others who have replicated his studies (Bruner, 1966a, 

p. 184; Elkind, 1961b, p. 222; Flavell, 1963, p. 299; Hunt, 

1961, p. 205; Piaget and Szeminska, 1942). 

The simplicity of the two tests of conservation of 

liquid (see Figure 2) used in this study assisted in 

avoiding misunderstandings and ambiguities. The fourth 

grade was chosen because subjects experienced little 

difficulty with verbal instructions. 

The two tests of conservation of liquid, always 

presented in the same order (and illustrated in Figure 2), 

were as follows. Two conservation of liquid tests were 

administered to each student. Tests were given individually 

with the writer serving as tester. Testing time was from 

four to six minutes. 

Each participating classroom teacher was requested 

to assign numbers to each subject included in the study. 

Subjects were dismissed from the classroom for testing by 

the sequence of pre-assigned numbers. Testing was per

formed outside of the classroom. Instructions were not 

given to subjects prior to leaving the room, however, each 



class was cautioned not to discuss the test until other 

subjects had been tested. 

In each conservation test subjects were presented 
0 

with two identical amounts of water. Colored water was 

used to facilitate eye discrimination. It should be noted 

here that in the replication of Piaget's experiments, some 

researchers have had subjects perform the actual manipula

tion of glasses and liquids, others have not. Bruner 

(1966a) relates, "In one version we let the children do 

all the pouring, in another, we ourselves did it. The 

procedures produced no difference (in results), save 

perhaps one, some confusion." In this study, the investi

gator did all of the pouring. 

The subject was invited to sit at the examination 

table opposite the investigator. Directions for adminis

tering the two tests of conservation follow: 

Sags " Today I want you to help me play a game 
with some glasses and colored water. To 
play the game—we have to make sure these 
glasses (point to A^ and A2) each have the 
same amount of water." 

"Does each glass have the same amount of 
water?" (Wait until subject has a chance 
to observe and A2, and verbally agree 
that each is the same. If subject 
suggests that one glass contains more 
water than another, use the eye-dropper 
to shift water until subject does agree 
both are the same.) 

Say: "Now I'm going to pour the water from this 
glass into this glass. (Pour A2 into B^) 
Now which glass has the most water?" 
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(Record the subject's answer on the data 
sheet.) 

"Now I'm going to pour the water in this 
glass (pick up B]_) back into this glass. 
(Pour into A2)• • • and I want you to 
help me make sure that both glasses 
contain the same amount of water." 

"Do they have the same amount of water?" 
(Again wait until subject indicates same
ness; and, if necessary, redistribute 
water with the eyedropper.) 

Say: "Now I'm going to pour the water from 
this glass into these (6) glasses." 
(Pour water from A2 into C^, C2> C3, 
C4, C5, C5) 

"Now which has the most water, this 
glass (point to A^) or these glasses?" 
(Point to C^-Ck) Record the subject's 
answer on the data sheet. 

Say: "Thank you for helping me with this game." 

After the testing was completed, the observations 

on each subject's responses were noted and recorded. 

Each subject was rated as conserver or non-

conserver according to the following criteria: 

1. A conserver was defined as a subject who recognizes 

the concept of conservation as determined by 

success on each of the two classical conservation 

tests used in this study. 

2. A non-conserver is defined as a subject who does 

not recognize the concept of conservation as 
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evidenced by failure on each of the two classical 

conservation tests used in this study. 

3. Subjects not recognizing "sameness" on one of the 

two classical tests of conservation used in this 

study were re-administered the test a second time. 

If on the second trial "sameness" was not recog

nized by the subject, the subject was classified 

as a non-conserver. 

Statistical Design of the Study 

Since the primary purpose of the first hypothesis 

was to investigate possible relationships between the two 

existing dichotomies (Status and S.E. Level) the Phi 

Coefficient was selected as one of the statistical methods 

to measure relationship. To test the significance of the 

Phi Coefficient, a Chi Square was computed using the Yates 

correction formula for continuity. 

To test the remaining hypotheses dealing with 

intelligence and achievement, analysis of variance designs 

(ANOVA) were used to test null hypotheses of no differences 

among the means of the various groups. 

There are two basic assumptions to be met when 

using analysis of variance (Downey and Heath, 1965). They 

are that individuals within the various subgroups be 

selected on the basis of random sampling from normally 
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distributed populations, and the variance of the subgroups 

be homogeneous. 

To satisfy the first assumption a table of random 

numbers was used to select subjects in each subgroup that 

were considered representative samples of normally 

distributed populations. For the second assumption 

homogeneity of variance was assumed since equal N's were 

used in each subgroup (Winer, 1962). 

Where F values were found to be significant in 

main effects and interactions, and when more than two 

subgroups were compared, the Tukey (a), a conservative test 

for finding significant differences between pairs of 

means, was used (Winer, 1962, p. 77). 



CHAPTER IV 

PRESENTATION AND ANALYSIS OF THE DATA 

The main study conducted in eight selected fourth 

grade classrooms in the Tucson, District Number One School 

investigated the possible relationships between cognitive 

ability to conserve quantity of liquid and such factors as 

intelligence, achievement, and socio-economic background. 

To investigate the six hypotheses set forth in thi 

study, the data were arranged for statistical analysis. 

Each hypothesis will be presented in order. 

Status and Socio-Economic Background 

The first hypothesis of this study, presented on 

page 6, stated, "There is no difference between children's 

ability to conserve quantity of liquid and their socio

economic level." 

Table 7 classifies subjects by Status (conserver 

and non-conserver) and by S.E. Level (high socio-economic 

level and low socio-economic level). In Table 7, as in all 

future tables, the symbol C will be used to designate 

conserver; N will be used to designate non-conserver; H 

will be used to designate high socio-economic level; and L 

will be used to designate low socio-economic level. 

50 
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Table 7 

Subjects Classified by Status (C,N) and 
S.E. Level (H,L) 

H L Total 

C 56 23 79 

N 49 81 130 

Total 105 104 209 

Table 7 shows out of a total of 209 subjects, 79 

subjects or 38% were classified as C, and 130 subjects or 

62% were classified as N. From the group representing H, 

56 subjects or 54% were classified as C. In the group 

representing L, 23 subjects or 22% were classified as N. 

Since the data within Table 7 were discrete, with 

each variable being dichotomous, a Phi Coefficient was used 

as an appropriate measure of correlation. The resulting 

correlation was .312. To test the significance of this Phi 

Coefficient, a Chi Square value was computed using the 

Yates correction formula for continuity (Edwards, 1954). 

The resulting Chi Square value of 20.35 was found to be 

significant at the .001 level. Therefore, the hypothesis 

of no difference between ability to conserve quantity of 

liquid and S.E. Level was rejected. 

Although sex was not a variable considered in this 

study, it should be noted that of the total number of 
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subjects tested for the ability to conserve, 37 boys (38%) 

and 42 girls (38%) were classified as C. Similarly, 61 

boys (62%) and 69 girls (62%) were classified as N. Thus, 

from these figures, it would appear that no significant 

difference existed between sex and status on the two tests 

of conservation used in this study. These findings support 

recent research by Almy et al. (1966) who used Piagetian 

tests of conservation with groups of kindergarten, first, 

and second grade children. 

The attempts of the regular classroom teachers to 

predict the ability of their pupils to conserve or not 

conserve might be of interest to the reader at this point. 

Prior to the administering of the two tests of conservation 

used in this study, each regular classroom teacher was 

informally asked to predict those children who would be 

able to conserve. In no case was a regular classroom 

teacher able to predict all children later classified as 

C or N. No attempt was made to analyze the prediction 

error of classroom teachers; however, it was noted that 

fewer errors were made by those regular classroom teachers 

of the group representing the H Level than among teachers 

of the group representing L. It is possible, since within 

the H Level 56 subjects were classified as C as opposed to 

23 subjects in the L Level, the fewer prediction errors on 

the part of teachers in the H Group may be attributed to 

the number of C in that Group. 
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The highly significant difference of the correla

tion of the data presented in Table 7 tended to support an 

earlier assumption by Almy et al. (1966) that socio

economic level or background is related to a child's 

ability to conserve quantity of liquid. 

Intelligence Scores, Status, and 
Socio-Economic Level 

The second hypothesis, presented on page 7, stated, 

"There is no difference in children's intelligence scores 

as measured by the Lorge-Thorndike Intelligence Test, Form 

_I, administered in third grade with subjects S.E. Level 

(socio-economic level as determined by attendance in PL 

89-10 Schools and non-PL 89-10 Schools) and Status 

(conserver and non-conserver)." 

A group of twenty children from each of the four 

categories was randomly selected by using a table of random 

numbers (see Appendix A). The four categories were these: 

1. C/H Conserver--High Socio-Economic Level 

2. N/H Non-Conserver--High Socio-Economic Level 

3. C/L Conserver--Low Socio-Economic Level 

4. N/L Non Conserver—Low Socio-Economic Level 

Table 8 shows the mean raw score data for intel

ligence scores as measured by the Lorge-Thorndike Intel

ligence Test, Level that was administered in the third 

grade. 

The ANOVA on these data is summarized in Table 9. 
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Table 8 

Means of Intelligence Raw Score Data for Subjects 
Classified by Status (C,N) and 

S.E. Level (H,L) 

C N Total 

H 41.14 29.75 35.45 

L 33.70 23.00 28.35 

Total 37.431 26.381 

Table 9 

ANOVA for Intelligence Test Scores 

Source of 
Variation SS df MS F 

LoveI of 
Significance 

Between Groups 3 

H/L 1008 .20 1 1008. 20 7.15 P < .01 

C/N 2442 .05 1 2442. 05 16.2 p < .001 

Interaction of 
H/L and C/N 2 .45 1 2. 45 — n.s. 

Within Groups 
(error) 11496 .50 76 151. 27 

Total 14949 .20 79 

Two tailed probability. 
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The F value of 7.15 obtained for the first main 

effect (Level) was significant at the .01 level. 

The F value of 16.2 obtained for the second main 

effect (Status), also represents a significant difference 

(p ( .001) between means. 

The F value for the interaction effect between 

Status and Level was non-significant. 

The results of these data suggested that S.E. Level 

does affect standardized intelligence test scores, with 

subjects in the H group scoring significantly higher than 

subjects in the L group. 

Also, the results of the conservation tests used 

revealed a highly significant difference (p ( .001) between 

the C and N groups with the C group attaining the greatest 

mean scores. This relationship was possibly due to the 

influence of verbal fluency that was a factor in both the 

tests of conservation and intelligence. 

The lack of significant interaction effects 

possibly indicated that instruments used in this study 

tended to measure highly related common or parallel factors 

of intelligence. This might support an assumption that 

these two instruments, conservation tests, merely collected 

responses highly dependent upon the verbal fluency of 

subjects. Thus, verbal fluency possibly became the factor 

that discriminated between C and N. If verbal fluency was 

a discriminating factor, one must heed Bruner's argument 
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concerning Piaget's theories regarding conservation of 

•quantity of liquid, that conservation, to be effective, 

"must rest upon an appreciation of the original equality of 

the quantities involved" (Bruner, 1966a, p. 185). Bruner's 

implication is that when subjects indicate sameness, they 

are either suggesting (1) the quantities do not look the 

same, or (2) the quantities are, in reality, a different 

substance. Elkind (1961a), too, questions whether subjects, 

when classified as C or N, have been differentiating 

equivalence or identity. Tables 10-16 present additional 

data that facilitate the exploration of these questions. 

Achievement Scores, Status, and 
Socio-Economic LeveT 

Hypotheses 3, 4, and 5 stated that there is no 

difference in children's achievement scores (verbal, 

quantitative, and science) with subjects classified by 

S.E. Level (socio-economic level as determined by 

attendance .in PL 89-10 Schools and non-PL 89-10 Schools) 

and Status (conserver and non-conserver). 

To determine the existence, if any, of significant 

difference between measures of achievement, the raw score 

data for subjects within each of the four categories (C/H, 

N/H, C/L, N/L) were converted to standard scores having a 

mean of 50 and a standard deviation of 10, and then grouped 

into three areas of measurement: verbal achievement (Word 

Discrimination, Word Knowledge, and Reading), quantitative 
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achievement (Arithmetic Computation, Problem Solving), and 

science. 

Table 10 shows the mean standard score data for 

achievement scores as measured by the Metropolitan Achieve

ment Test, Form B (verbal and quantitative), and the 

Stanford Achievement Test, Intermediate _I, Battery Form W 

(science). 

The ANOVA (factorial design with repeated measure) 

of these data is summarized in Table 11. 

Table 10 

Means of Achievement Standard Score Data 

S.E. 
Level Status Verbal Quantitative Science Total 

H 
C 54.50 46.70 56.40 53.53 

N 47.60 40.40 49.85 45.95 

C 46.85 47.95 42.60 45.80 

N 42.05 38.70 37.55 39.43 

Total 47.75 43.43 46.60 
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Table 11 

ANOVA of Achievement Standard Score Data 

Source of 
Variation SS df MS F 

Level of 
Significance 

Between Subjects 79 

H/L 2633 .45 1 2633 .45 16. 9 p < .001 

C/N 2515 .55 1 2515 .55 16. 2 p < .001 

Interaction of 
H/L and C/N .69 1 .69 n.s. 

Error 11828 .78 76 155 .64 

Within Subjects 160 

V, Q, S 797 .92 2 398 .96 7. 6 p < .005 

Interaction of 
(H/l)(V,Q,S)b 1644 .81 2 822 .41 15. 8 p < .001 

(C/N)(V,Q,S) 50 .71 2 25 .36 - - n. s. 

(H/L)(C/N)(V,Q,s) 76 .13 2 38 .07 — n. s. 

Error 8005 .77 152 52 .67 

Total 27553 .81 239 

aTwo tailed probability. 

Tukey (a) procedure for determining significance 
of mean difference (Winer, 1962): 

(H/L)(V) p = .01 (q.99 = 6.6) 
(H/L)(S) p = .01 (q.99 = 13.0) 
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The F value of 16.9 obtained for the first main 

effect (Level) was significant at the .001 level, with 

subjects in the H Group scoring significantly higher total 

achievement scores than subjects in the L Group. 

The F value of 16.2 obtained for the second main 

effect (Status) also represented a significant difference 

between groups (p < .001) with C scoring significantly-

higher total achievement scores than subjects in the N 

Group. The interaction effect between Status and Level 

was non-significant. 

The significant difference found within subjects 

for total achievement scores in verbal, quantitative, and 

science felt to be not relevant to the study and therefore 

was not considered. However, the F value of 15.8 for the 

interaction of Groups H and L with the three verbal achieve

ment subtests was significant at the .001 level. To 

determine where significance existed, the Tukey (a) 

procedure was applied. 

The results of the Tukey (a) indicated (1) a 

significant difference (p = .01) existed between H/V 

(X = 51.05) and L/V (X = 44.45), and (2) a significant 

difference (p { .01) existed between H/S ("X = 53.12) and 

L/S (X = 40.07). Although differences existed in the C/N 

Groups when total quantitative achievement scores were . 

compared, and though the H Group (X = 51.9) was higher than 
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the L Group (X = 46.75), the difference between means was 

not significant. 

A further analysis of the data presented in Table 

11 supported the findings of Table 9, for when standardized 

achievement tests were administered to the subgroups, 

significant differences between H/L and C/N were evident. 

To determine more fully the extent of these differences 

as well as possible contributing factors a breakdown of 

each achievement test (verbal, quantitative, and science) 

was conducted. 

Table 12 shows the mean converted score data for 

the verbal portion of the Metropolitan Achievement Test, 

Form B, which included three sub-tests (Word Knowledge, 

Word Discrimination, and Reading). 

The ANOVA (factorial design with repeated measure) 

of these data is shown in Table 13. 
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Table 12 

Means of Verbal Achievement Standard Score Data 

S.E. (WK) Word (WD) Word (R) 
Level Status Knowledge Discrimination Reading Total 

C 55.75 54.70 54.15 54.87 
H ' 

N 48.40 49.10 46.35 47.95 

C 45.85 49.00 46.55 47.13 
L 

N 41.15 44.50 41.35 42.33 

Total 47.79 49.33 47.10 



Table 13 

ANOVA of Verbal Achievement Standard Score Data 

Source of 
Variation SS df MS F 

Level of 
Significance 

Between Subiects 79 

H/L 2673 .34 1 2673 .34 15. 1 p < .001 

C/N 2059 .20 1 2059 .20 11. 6 p < .001 

Interaction of 
H/L and C/N 67 .21 1 67 .21 n. s . 

Error 13497 .38 76 117 .59 

Within Subjects 160 

WK, WD, R 207 . 66 2 103 .83 6 .  1 p < .005 

Interaction of 
(H/L)(WK,WD,R)b 121 .52 2 60 .76 3. 6 p < .05 

(C/N)(WK,WD,R) 21 .86 2 10 .93 - - n. s . 

(H /L) (C /N)  
(WK,WD,R) 7 .76 2 3 .88 -- n. s. 

Error 2573 .87 152 16 .93 

Total 21229 .80 239 

aTwo tailed probability. 

Tukey (a) procedure for determining significance 
of mean differences (Winer, 1962): 

(H/WK - L/WK) p < .01 (q.99 = .651) 
(H/WD - L/WD) p < .01 (q.99 = .651) 
(H/R - L/R) p < .01 (q.99 = .651) 
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The F value for the first main effect (Level) 

represented a significant difference (p ( .001) between the 

mean scores of the H Group ("X = 51.4) and the L Group 

(X = 44.7). The F value for the second main effect 

(Status) also represented a significant difference between 

groups (p ( .001) with C scoring significantly higher 

total verbal achievement scores than subjects in the N 

Group. As in Tables 9 and 10 the interaction effect 

between Status and Level was non-significant. 

The significant difference found within subjects 

for total achievement scores in each of the three verbal 

subtests (Work Knowledge, Word Discrimination, and 

Reading) did not directly relate to the study. However, 

the F value of 3.59 for the interaction of Groups H and L 

with the three verbal subtests was significant at the .05 

level. To determine where significance occurred within 

the three subtests the Tukey (a) procedure was applied. 

Analysis of these data indicated (1) a significant differ

ence (p ( .01) existed between H/WK and L/WK, (2) a 

significant difference (p ( .01) between H/WD and L/WD, 

and (3) a significant difference (p ( .05) between H/R 

and L/R. In each case the H Group scored significantly 

higher than the L Group. 

Although differences existed between the mean 

scores of subjects in the three verbal subtests when 

classified by C and N and though the C Group consistently 
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achieved higher scores, the differences between means were • 

not significant. 

Table 14 shows the means of standard score data for 

quantitative achievement as measured by the Metropolitan 

Achievement Test, Form B. 

The ANOVA (factorial design with repeated measure) 

of these data is shown in Table. 15. 

Table 14 

Means for Quantitative Achievement Standard Score Data 

S.E. (AC) Arithmetic (PS) Problem 
Level Status Computation Solving Total 

C 44.80 49.10 ' 46.95 
H 

N 38.55 42.80 46.68 

C 48.45 47.80 48.13 

N 39.90 38.05 38.98 

Total 42.93 44.43 



Table 15 

ANOVA of Quantitative Achievement Standard Score Data 

Source of 
Variation SS df MS F 

Leve1 of 
Significance 

Between Subjects 79 

H/L 2 .76 1 2 .76 _ _  n.s. 

C/N 2379 .31 1 2379 .31 19.5 p < .001 

Interaction of 
H/L and C/N 82 .65 1 82 .65 n.s. 

Error 9720 .53 76 121 .98 

Within Subiects 80 

AC, PS 91 .51 1 91 .51 n.s. 

Interaction of 
(H/L)(AC,PS)b 305 .25 1 305 .25 12.0 p < .001 

(C/N)(AC,PS) 3 .90 1 3 .90 — n.s. 

(H/L)(C/N) 
(AC,PS) 3 .32 1 3 .32 n.s. 

Error 1921 .52 76 25 .28 

Total 14060 .75 159 

Two tailed probability. 

Tukey (a) procedure for determining significance 
of mean differences (Winer, 1962): 

H/AC - L/AC n.s. (q.95 = 2.98) 
H/PS - L/PS p < .05 (q.95 = 2.98) 
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The F value for the first main effect (Level) was 

not significant although subjects in the H Group made 

higher gains than subjects in the L Group. The F value of 

19.5 for the second main effect (Status) represented a 

significant difference (p ( .001) with C scoring higher 

than N. The interaction between AC and PS was not 

significant. 

The F value of 12.0 for the interaction of Groups 

H and L with the two quantitative achievement subtests was 

found to be significant at the .001 level. To_determine 

where significance existed, the Tukey (a) procedure was 

applied. The results of the Tukey (a) indicated (1) a 

significant difference (p ( .05) between H/PS (X = 45.9) 

and L/PS (X = 42.9), and (2) no significant differences 

between H/AC (X = 41.7) and L/AC (X = 44.1). 

A further analysis of these data reveals for the 

first time L has made higher gains than H in one of the 

achievement subtests (AC). It is important to note that 

the mean of L/C (X = 48.4) is higher than H/C (X = 44.8) 

and the mean score of L/N (X = 39.9) is higher than H/N 

(X = 38.5). 

Tables 8-15 tend to indicate emerging patterns of 

consistency when the various subgroups H, L, C, and N are 

contrasted in terms of performance on the intelligence and 

achievement tests used in this study. These patterns are 

summarized below. 



When subjects are classified by S.E. Level: 

1. H tends to score significantly higher than L on 

standardized tests involving measures of 

intelligence and achievement within which verbal 

fluency has been recognized as a common factor. 

2. L tends to score higher than H when a measure of 

achievement (AC) is used that is recognized as 

not having as a common factor verbal fluency. 

When subjects are classified by Status: 

1. C tends to score significantly higher than N on 

standardized tests involving measures of 

intelligence and achievement. 

From the analysis of data thus far, it is con

cluded that within each of the standardized instruments 

used to measure intelligence and achievement, certain 

factors tend to discriminate significantly between 

subjects when classified by Status and S.E. Level. In 

addition, it is assumed that the evident discrimination 

between and within subjects tends to be a result of the 

verbal fluency of subjects. 

If then, the fluency of children to use words is 

a prime factor in the ability to conserve quantity of 

liquid, certain aspects of Piaget's techniques, as well 

the techniques used in this study, need careful ques

tioning. 
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The use of the question "which has the most 

water?" in this study and others to evaluate a child's 

ability to recognize "sameness" between quantities of 

liquid causes this investigator to question the possibility 

of "unintentional shaping" during the testing situation. 

Bruner (1966a) refers to this as "testing linguistic 

judgment" regarding conservation, rather than necessarily 

testing the awareness that two quantities are, in reality, 

identical. 

A possible weakness, therefore, was not affording 

subjects an opportunity to "see" the identical quantity of 

liquid become "lower" as well as "higher," and, while doing 

so, first ask "which has more water," or, "do they have 

the same amount?," then, when the water seems to become 

"lower" in a glass, ask the question "which has less 

water or do they have the same amount?" The alternative 

questions might lessen a chance of "shaping" as well as 

test more reliably each subject's ability to recognize the 

concept of conservation as defined in this study. 

Conservation and Achievement with Statistical 
Adjustments for Differences in Intelligence 

Hypothesis six, presented on page 8, stated, 

"There is no difference between measures of children's 

quantitative achievement, verbal comprehension, and 

science achievement scores with subjects classified by 

S.E. Level (socio-economic level as determined by 
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attendance in PL 89-10 Schools) and Status (conserver and 

non-conserver), when statistical adjustments were made for 

differences in intelligence levels." 

Standard score data for each of the four subgroups 

were ranked by the intelligence scores for individual 

subjects within each ""subgroup. Four levels were estab

lished by placing subjects into four equal groups with 

five scores for each cell. Table 16 shows the means for 

each measure of achievement when subjects are classified 

by S.E. Level, Status, and Intelligence Level. 

The ANOVA (factorial design with repeated measure) 

of these data is shown in Table 17. 
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Table 16 

Means for Achievement Standard Score Data 
by Intelligence Levels 

S.E. Intelligence 
Level Status Levels V Q S Total 

H 

N 45.80 

Levels V Q S 

1 62.40 44.60 62.60 

2 58.60 48.00 55.40 

3 51.00 48.80 54.00 

4 46.00 45.40 53.60 

1. 54.00 45.00 48.40 

2 48.60 40.80 52.40 

3 49.00 40.00 57.80 

4 38.80 35.80 40.80 

1 53.80 55.60 46.40 

2 50.00 55.60 46.40 

3 41.80 42.20 40.60 

4 41.80 43.80 35.40 

1 44.40 42.20 39.40 

2 41.60 41.40 40.00 

3 43.80 38.60 35.80 

4 38.40 32.60 35.00 

52.53 

45.95 

N 39.43 

Total 47.75 43.44 46.60 
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Table 17 

ANOVA of Total Achievement Standard Score Data 
by Intelligence Levels 

• Source of 
Variation SS df MS F 

Level of 
Significance 

Between Subjects 79 

H/L 2633 .45 1 2633 .45 20. 4 p < .001 

C/N 2515 .55 1 2515 .55 19. 5 p < .001 

Levels 2901 .46 3 967 .15 7. 5 p < .005 

Interaction of 
H/L and C/N .69 1 .69 n.s. 

(H/L)(Levels) 182 .46 3 60 .82 - - n.s. 

(C/N)(Levels) 373 .56 3 124 .52 n.s. 

(H/L)(C/N) 
(Levels) 122 .77 3 40 .92 n.s. 

Error 8248 .53 64 128 .88 

Within Subjects 160 

V,Q,S 797 .92 2 398 .96 7. 6 p < .005 

Interactions of 
(H/L)(V,Q,S) 1644 .81 2 822 .40 15. 6 p < .001 
(C/N)(V,Q,S) 50 .71 2 24 .35 - - n.s. 
(Levels)(V,Q,S) 220 .88 6 36 .81 n.s. 
(H/L)(C/N)(V,Q,S) 76 .13 2 38 .07 - - n.s. 
(H/L)(Levels) 
(V, Q, S ) 316 .13 6 52 .68 - - n.s. 
(C/N)(Levels) 
(V, Q, S ) 216 .23 6 36 .04 - - n.s. 
(H/L)(C/N) . . 
(Levels)(V,Q,S) 501 .86 6 83 . 64 1. 6 p ( .25 n.s. 

Error 6750 .67 128 52 .73 

Total 27558 .81 239 

cL 
Two tailed probability. 
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The F value of 20.4 for the first main effect 

(Level) was significant•at the .001 level with the H 

Group (X = 49.2) making significant gains as compared to 

the L Group ("X = 42.7). 

The F value of 19.5 for the second main effect 

(Status) was significant at the .001 level with the C 

Group (X = 49.2) making significant gains as compared to 

the N Group (X = 42.6). 

The F value of 7.5 for the third main effect 

(Level) was significant at the .005 level with Level 1 

making significantly higher scores as compared to Levels 

2 , 3 , and 4. 

The F value for the interaction effect of H/L, 

C/N, and Levels was non-significant. 

The F value of 15.6 for the interaction of Groups 

H and L with the three measures of achievement was 

significant at the .001 level with H (X = 49.2) making 

significant gains over L (X = 42.7). No other inter

actions proved significant, though in each case, the 

scores of H and C were respectively higher than scores of 

L and N. The F value of 1.6 for the interaction of H/L, 

C/N, Levels, and total achievement scores, although not 

significant, did tend to suggest the existence of possible 

relationships. Because of this, it is possible that 

replication of this study, through the inclusion of 
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additional base data might allow further investigation to 

explain this interaction. 

A further analysis of the data in Table 17 dis

closes identical levels of significance between and within 

subjects as did the analysis of the data in Table 11 which 

did not include statistical controls for differences in 

intelligence scores. Thus, the writer concludes that 

intelligence, as measured by the standardized instrument 

used in this study, is a factor contributing to the 

dichotomous classification of H/L and C/N. Because of 

this, it can be suggested that the two Piagetian tests of 

conservation of liquid used in this study tend to predict 

success on standardized measures of intelligence in a 

similar manner as do the respective standardized tests. 

A fourth assumption is raised by Edwards (1967) 

that should be met if analysis of variance is used. 

Edwards suggests if ANOVA is to be properly used, the 

correlations of variables must be alike. To test whether 

this assumption has been met in terms of specific data, 

Edwards indicates two procedures: 

1. The variables may be correlated to identify degree 

of correlation. 

2. The degrees of freedom (df) used in each ANOVA may 

be split and resulting F values rechecked to 

determine resulting significance. 
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To determine the correlation of variables used in 

this study, a Pearson Product Moment Correlation r was 

computed for each variable. The resulting correlations are 

presented in Table 18. Table 19 presents the means and 

standard deviations for the data in Table 18. 

Analysis of the data in Tables 18 and 19 indicated 

that moderately high correlation existed between variables 

used in this study, thus satisfying the fourth assumption 

outlined by Edwards. 

Table 18 

Correlations of Variables as Determined by Pearson 
Product Correlation Coefficient Method 

IQ WK WD R AC PS S 

IQ .662 .617 -•.644 .327 .579 .586 

WK . 866 .825 .455 .639 .747 

WD .810 .426 .605 .651 

R .411 .622 .650 

AC .669 .341 

PS .500 

S 
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Table 19 

Means and Standard Deviations 
for Pearson"r's in Table 18 

Variable Mean Standard Deviation 

IQ 31.37 14.91 

WK 27.06 10.50 

WD 22.45 8.57 

R 24.12 9.47 

AC 19.85 7.92 

PS 13.43 6.72 

S 28.59 8.98 



CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Summary 

The purpose of this study was to determine the 

relationship, if any, between the ability of selected 

fourth grade children to conserve quantity of liquid and 

such factors as intelligence, achievement, and socio

economic background. 

To answer this question, and to provide order and 

direction to the study, the following six hypotheses were 

tested: 

1. There is no difference between children's ability 

to conserve quantity of liquid and socio-economic 

level. 

2. There is no difference in children's intelligence 

scores as measured by the Lorge-Thomdike 

Intelligence Test, Form I, administered in third 

grade with subjects' S.E. Level (socio-economic 

level as determined by attendance in PL 89-10 

Schools and non-PL 89-10 Schools) and Status 

(conserver and non-conserver). 

3. There is no difference in children's verbal compre

hension scores as measured by the Metropolitan 

76 



Achievement Test, Form I, administered in fourth 

grade with subjects' S.E. Level (socio-economic 

level as determined by attendance in PL 89-10 

Schools and non-PL 89-10 Schools) and Status 

(conserver and non-conserver). 

There is no difference in children's quantitative 

achievement as measured by the Lorge-Thorndike 

Intelligence Test, Form I, administered in third 

grade with subjects' S.E. Level (socio-economic 

level as determined by attendance in PL 89-10 

Schools and non-PL 89-10 Schools) and Status 

(conserver and non-conserver). 

There is no difference in children's science 

achievement scores as measured by the Stanford 

Achievement Test, Intermediate I, Battery Form W, 

administered in fourth grade with subjects 

classified by S.E. Level (socio-economic level as 

determined by attendance in PL 89-10 Schools and 

non-PL 89-10 Schools) and Status (conserver and 

non-conserver). 

There is no difference between measures of 

children's quantitative achievement, verbal compre

hension, and science achievement scores with 

subjects classified by S.E. Level (socio-economic 

level as determined by attendance in PL 89-10 

Schools and non-PL 89-10 Schools) and Status 
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(conserver and non-conserver), and statistical 

adjustments were made for differences in 

intelligence levels. 

For the purposes of this study, it was assumed that 

pupil behavior is a function of personal characteristics of 

the individual pupil, and that pupil behavior is: (1) a 

function of general features of the situation in which it 

-takes place; (2) a function of the specific situation in 

which it takes place; (3) observable; (4) distinguishable; 

(5) classifiable qualitatively and quantitatively; (6) 

revealed through overt behavior and also correlates of 

behavior; and (7) representative of the socio-economic 

level generally ascribed to the student, the school 

attendant, and the community served by that school. 

This study further assumed that the ability to 

conserve quantity of liquid is a measurable trait of 

behavior and that this ability is: (1) the result of 

certain intellectual and environmental influences; (2) 

characterized by some degree of consistency; and (3) 

characterized by responses to tests of conservation. 

For the purposes of this study, conservation was 

defined as ". . .an awareness or understanding that a 

quantity remains the same, although it may have been 

changed in general shape or position" (Overholt, 1965). 

A conserver was defined as a person who recognizes the 
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concept of conservation as determined by repeated success 

on conservation tests used in this study. A non-conserver 

was defined as a person who does not recognize the concept 

of conservation as evidenced by failure on each conserva

tion test used in this study. A Public Law 89-10 School 

was defined as a school that qualified for government funds 

within the limitations of Title I, ESEA, 1965. Low socio

economic level was defined as the socio and economic back

ground of subjects used in this study attending Public Law 

89-10 Schools. High socio-economic level was defined as 

the social and economic background of subjects used in this 

study attending non-Public Law 89-10 Schools. 

In considering the representation of the socio

economic levels identified in this study, and since 

information regarding the occupations and aspirations of 

the parents of subjects was lacking, the inferences drawn 

regarding socio-economic level were necessarily limited. 

A review of the related literature showed a number 

of recent studies which investigated various aspects of 

Piaget's theories regarding children's ability to conserve 

various quantities of substance. In general, these studies 

emphasized Piaget's conclusion that the various abilities 

of children to conserve quantities of substance tended to 

fall within definable stages of development. Many of these 

studies emphasized Piaget's findings that the various 

stages of development were somewhat closely related to 
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chronological age. However, few studies that replicated 

Piaget's theories inquired into the possible variances that 

might exist when subjects are classified by socio-economic 

level. This study was designed to investigate the results 

of such classification, and thus help fill the gap in the 

total body of research evidence thus far accumulated. 

One possible weakness in many of the studies 

replicating various conservation tasks was the failure of 

researchers to isolate the factor(s) that contribute to 

the dichotomous classification of conserver and non-

conserver, especially when subjects are classified by 

socio-economic level. 

A pilot study was conducted in several classrooms 

for the purposes of: (l) refining the instruments to be 

used in testing the concept of conservation of liquid; 

(2) developing a standardized procedure for the administra

tion of various tests of conservation used in this study; 

and (3) selecting an appropriate grade level for conducting 

the main study. Two classical tests of conservation were 

administered to 72 subjects (24 girls and 48 boys), ranging 

in chronological age from five years, zero months, to ten 

years, eleven months. 

After refining the instrument and method for 

administration, the fourth grade was chosen as an appro

priate level for conducting the main study. Fourth grade 

pupils were selected to avoid problems with the various 
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language factors involved in the tests, and the indication 

that this grade level would produce sufficient numbers of 

conservers and non-conservers to make the study statisti

cally sound. 

Subjects chosen for the main study consisted of 

209 (98 boys and 111 girls), fourth grade children within 

the Tucson, District One Schools, Tucson, Arizona. Of the 

eight classrooms which participated in the study, four were ~ 

selected because of suitable representation of high socio

economic level, and four were selected because of suitable - • 

representation of low socio-economic level. 

Test data were obtained for the subjects by use of 

the following instruments: 

1. The Lorge-Thorndike Intelligence Test, Form A, was 

used to measure the intelligence of subjects. 

2. The Metropolitan Achievement Test, Form B, was 

used to measure verbal and quantitative achievement 

of subjects. 

3. The Stanford Achievement Test, Intermediate I, 

Form W, was used to measure science achievement. 

4. Two Piagetian classical tests of conservation of 

liquid were used to measure ability to conserve 

quantity of liquid. 

All standardized instruments used in the main study 

were administered by the regular classroom teacher. The 



82 

two tests of conservation of quantity of liquid were 

administered by the writer. 

Subjects were classified into four subgroups: 

C/H (Conserver, High Socio-Economic Level); C/L (Conserver, 

Low Socio-Economic Level); N/H (Non-Conserver, High Socio-

Economic Level); and N/L (Non-Conserver, Low Socio-Economic 

Level). Standard score data for each subgroup was used in 

ANOVA (analysis of variance with repeated measure) and, 

where applicable, the Tukey (a) test for significance of 

difference between pairs of means, to analyze and interpret 

data. 

Conclusions 

As a result of this study, the following conclu

sions are made: 

1. Classification of subjects by Status (Conserver 

and Non-Conserver) produced significant differ

ences in favor of C when: 

a. intelligence was measured by the Lorge-

Thorndike Intelligence Test (p ( .001),. 

b. total verbal and quantitative achievement was 

measured by five subtests of the Metropolitan 

Achievement Test, Form I (Word Knowledge, Word 

Discrimination, Reading, Arithmetic Computa

tion, and Problem Solving) (p ( .001), 



c. science achievement was measured by the 

Stanford Achievement Test, Intermediate Form 

I_ (p ( .001), and 

d. total verbal, quantitative and science 

achievement scores were measured by the 

standardized tests used in this study, and 

when statistical adjustments were made for 

differences in intelligence levels (p ( .001). 

Classification of subjects by S.E. Level (High and 

Low) produced significant differences in favor of 

H when: 

a. the ability to conserve quantity of liquid was 

measured by the two tests of conservations 

used in this study (p ( .001), 

b. intelligence was measured by the Lorge-

Thorndike Intelligence Test (p ( .01), 

c. verbal achievement was measured by each of 

three subtests of the Metropolitan Achievement 

Test, Form I (Word Knowledge, Word Discrimina

tion, and Reading) (p ( .001), 

d. quantitative achievement was measured by two 

subtests of the Metropolitan Achievement Test, 

Form I (p ( .001), 

e. science achievement was measured by the 

Stanford Achievement Test, Intermediate I, 

Battery Form W (p ( .001), and 
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f. total verbal, quantitative, and science 

achievement was measured by the standardized 

tests used in this study, and statistical 

adjustments are made for differences in 

intelligence levels (p ( .001). 

Recommendations Supported by the Study 

In light of the findings, and in view of the 

problems discussed in this investigation, it is recommended 

that: 

1. The design of this study be used to further investi

gate the problem of determining the effect of socio

economic background on concept formation. However, 

in replication studies, the following steps be 

considered: 

a. the inclusion of. one or more non-verbal 

measures of intelligence to lessen the influ

ence of verbal fluency on results, 

b. the re-wording of questions posed to subjects 

in conservation tests to lessen the possibility 

of "shaping" subjects' responses concerning 

"sameness," and 

c.. the inclusion of one or more tests of conserva

tion that would help subjects visualize changes 

in levels of liquids as tests are administered. 
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Tests should emphasize both lesser and greater 

amounts as various containers are employed. 

Classroom teachers use various conservation tests 

to gain insight into the capabilities of students 

to cope with various educational tasks now commonly 

used in the curricula for elementary schools. 

Paper and pencil tests be devised to determine the 

validity and reliability of such instruments for 

use by classroom teachers to evaluate•pupils1 

ability to recognize the concept of conservation 

of quantity of liquid. 
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C/H 

87 

ibj ect 
imber IQ WK WD R 

I 

AC PS S 

1 40 34 29 36 33 25 37 

2 30 37 32 39 36 28 28 

3 35 40 31 35 30 14 29 

4 39 3? " 26 19 23 11 31 

5 35 39 28 33 33 25 . 47 

6 19 30 23 22 8 12 32 

7 49 38 32 41 23 25 44 

8 23 35 21 30 33 29 46 

9 49 41 34 38 15 14 36 

10 10 5 9 7 8 3 21 

11 61 44 32 37 17 13 36 

12 53 42 34 35 25 17 33 

13 50 26 22 29 8 10 • 35 

14 47 41 32 34 30 25 36 

15 70 43 35 38 20 25 44 

16 33 26 24 33 32 23 27 

17 52 43 35 39 14 17 35 

18 67 42 33 36 18 16 45 

19 23 23 19 19 11 11 34 

20 39 43 35 41 25 . 24 48' 

ii 
II 824 709 566 641 449 367 689 

ii 
II 

41.20 35.45 28 .30 32.05 22.45 18.35 34.4i 
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Subj ect 
Number IQ WK WD R AC PS S 

1 13 20 16 12 26 5 38 

2 22 24 8 13 17 15 45 

3 42 48 33 36 34 28 38 

4 30 33 27 29 21 10 41 

5 30 24 30 22 20 7 38 

6 39 24 23 18 19 13 20 

7 16 27 15 21 11 9 22 

8 13 14 8 12 12 14 21 

9 38 18 13 17 20 14 18 

10 25 32 22 29 17 14 25 

11 39 35 39 30 5 10 35 

12 16 9 17 7 10 7 18. 

13 17 17 13 24 7 7 21 

14 29 37 33 32 14 10 40 

15 53 31 26 24 19 20 25 

16 29 41 32 34 20 21 40 

17 38 28 25 26 13 17 35 

18 35 35 28 31 21 10 36 

19 41 35 27 32 13 14 38 

20 30 18 15 14 9 5 29 

x = 595 550 450 463 328 250 623 
X = 29. /5 27 .50 22.50 23.15 16.40 12.50 31.15 
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C/L 

Subj ect 
Slumber IQ WK WD R AC PS S 

1 40 29 28 27 33 21 41 

2 8 15 11 17 20 10 15 

3 15 14 12 10 29 8 12 

4 35 30 30 31 17 14 32 

5 47 39 29 36 19 18 38 

6 35 24 22 23 31 21 25 

7 29 28 24 19 20 11 26 

8 18 22 17 11 21 9 18 

9 39 28 29 27 22 18 30 

10 48 38 30 27 37 27 29 

11 55 31 30 29 39 28 32 

12 27 24 32 35 33 19 32 

13 28 16 18 19 21 14 22 

14 21 14 17 16 16 11 16 

15 37 30 24 29 33 19 29 

16 31 18 13 20 25 14 21 

17 31 10 24 22 14 10 25 

-18 28 31 20 18 27 21 35 

19 31 16 8 9 8 11 16 

20 51 41 35 29 34 28 31 

x = 654 498 453 454 499 332 525 
X 32. /O 24.90 22.65 22.70 24.95 16.60 26.25 
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Subj ect 
Number IQ WK WD R AC PS s 

1 23 26 25 13 28 _ . 11 30 

2 19 25 17 27 23 14 20 

3 9 14 15 22 13 5 14 

4 31 24 23 16 25 13 23 

5 29 11 12 20 12 14 22 

6 16 13 6 15 17 5 27 

7 35 3! 28 33 24 14 19 

8 24 16 12 13 13 9 10 

9 19 20 26 18 17 19 13 

10 20 15 21 21 16 7 21 

11 20 28 29 27 15 8 26 

12 44 23 21 20 16 10 25 

13 12 18 16 11 12 5 18 

14 23 21 20 18 19 17 29 

15 36 20 18 17 24 10 30 

16 18 13 14 6 20 1 17 

17 15 21 20 16 18 5 15 

18 17 13 12 8 6 4 18 

19 •29 23 16 21 25 19 . 27 

20 21 13 16 12 -15 4 25 

x = 460 388 367 354 358 194 429 
X = 23.00 19 .40 lb .35 17. /0 1 / . 9 0  ' 9". 70 21.45 



LIST OF REFERENCES 

Books 

Almy, Millie, Edward Chittenden, and Paula Miller. Young 
Children's Thinking, Studies of Some Aspects of 
Piaget's Theory. New York: Teachers College 
Press, 1966. 

Beard, R. M. "An Investigation of Concept Formation Among 
Infant School Children." Unpublished Doctoral 
dissertation, University of London, London, 1957. 

R. R. "A Comparative Study of the Cognition of 
Magnitude." Unpublished Doctoral dissertation, 
Clark University, Worcester, Massachusetts, 1956. 

Jerome S. Studies in Cognitive Growth. New York: 
John Wiley and Sons, Inc., 1966a. 

Jerome S. Toward a Theory of Instruction. 
Cambridge, Massachusetts: The Belknap Press of 
Harvard University Press, 1966b. 

Alberta M. Aspirations, Attitudes and Concepts of 
Children of Two Contrasting Socio-Economic Groups 
in the San Joaquin Valley. Berkeley: University of 
California, 1956. 

Churchill, Eileen. The Number Concepts of the Young Child: 
Part I, Researches and Studies. Cambridge, 
Massachusetts: Leeds University, 1958. 

Coleman, James S. Equality of Educational Opportunity. 
Washington, D. C.: U. S. Government Printing Office 
(No. F.S. 5 238. 380001), 1966. 

Day, David Edward. "The Relationship Between Socio-
Economic Status and Problem Solving Ability: A 
Study of the Influence of Experience." Unpublished 
Doctoral dissertation, Wayne State University, 
Detroit, 1962. 

Bibace, 

Bruner, 

Bruner, 

Choate, 

91 

j 

) 



92 

Deutsch, Martin. Minority Group and Class Status as 
Related to Social and Personality Factors in 
Scholastic Achievement. Monograph No.' 2. Ithaca, 
New York: The Society for Applied Anthropology, 
1960. 

Downey, N. M., and R. W. Heath. Basic Statistical Methods. 
New York: Harper and Row, 1965. 

Dutton, Wilbur H. Evaluating Pupil's Understanding of 
Arithmetic. New Jersey: Prentice-Hall, Inc., 1964. 

Edwards, A. L. Statistical Methods for the Behavioral 
Sciences"! New York: Rinehart1954. 

Edwards, A. L. Statistical Methods. Second edition. New 
York: Rinehart, 1967. 

EelIs, K., A. Davis, and J. Havighurst. Intelligence and 
Cultural Differences. Chicago: University of 
Chicago Press, 1951. 

Flavell, John H. The Developmental Psychology of Jean 
Piaget. Princeton, New Jersey: D. Van Nostrand 
Company, Inc., 1963. 

Greenfield, Patricia M. "Culture, Concepts and Conserva
tion: A Comparative Study of Cognitive Development 
in Senegal." Unpublished Doctoral dissertation, 
Harvard University, Cambridge, Massachusetts, 1966. 

Harris, Chester W. (ed.). Encyclopedia of Educational. 
Research. New York! The Macmillan Company, i960. 

Hava, Attia Mahmoud. "Work Values in Relation to Age, 
Intelligence, Socio-Economic Level, and Occupa
tional Interest Level." Unpublished Doctoral 
dissertation, Columbia University, New York, 1964. 

Humphrey, George. Thinking: An Introduction to Its Experi
mental Psychology. New York: Wiley, 1951. 

Hunt, J. McV. Intelligence and Experience. New York: 
Ronald Press, 1961. 

Hyde, D. M. "An Investigation of Piaget's Theories of the 
Development of the Concept of Number." Unpublished 
Doctoral dissertation, University of London, 
London, 1959. 



93 

Johnson, Donald M. The Psychology of Thought and 
Judgement. New York: Harper, 1955. 

Kilgore, Leonard Lewis, Jr. "Relationships Between Socio-
Economic Levels and Changes in Measured Intelli
gence." Unpublished Doctoral dissertation, George 
Peabody College, Nashville, Tennessee, 1962. 

McKnight, Betty Jean. "A Study of the Development of 
Elementary School Children's Concept of Volume." 
Unpublished Doctoral dissertation, Cornell 
University, Ithaca, New York, 1965. 

Piaget, Jean. The Language and Thought of the Child. New 
York: Harcourt, Brace, 1926. 

Piaget, Jean. The Child's Conception of the World. New 
York: Harcourt, Brace, 1929. 

Piaget, Jean. The Child's Conception of Physical Causality. 
London: Kegan Paul, 1930. 

Piaget, Jean. The Origins of Intelligence in Children. 
New York: International University Press, 1952a. 

Piaget, Jean. The Child's Conception of Number. New York: 
Humanities, 1952b. 

Piaget, Jean, and Aliva Szeminska. The Child's Conception 
of Number. Trans. C. Gattegno and F. M. Hodgson. 
New York: Humanities Press, 1952. Pp. 113, 119, 
203-213. 

Rand, Christopher. The Puerto-Ricans. New York: Oxford 
University Press, 1958. 

Reiff, R., and M. Scheerer. Memory and Hypnotic Age 
Regression. New York:.International University 
Press, 1959. 

Ripple, R., and V. Rockcastle. Piaget Rediscovered. A 
report of the Conference on Cognitive Studies and 
Curriculum Development. Ithaca, New York: School 
of Education, Cornell University, March, 1964. 



94 

Seeman, Myron Walter. "Effects of Anxiety Stimulus 
Structure and Stress on Concept Attainment by 
Fourth Grade Children." Unpublished Doctoral 
dissertation, University of Wisconsin, Madison, 
1960. 

Thomas, Elisabeth Carol— "The Conceptualization Process 
in Advantaged and Disadvantaged Kindergarten 
Children." Unpublished Doctaral-dissertation, 
University of Illinois, Urbana, 1966. 

Vinacke, W. E. The Psychology of Thinking. New York: 
McG raw-Hi 11" 1952. 

Werner, Heinz. Comparative Psychology of Mental Develop
ment . Chicago: Follett, 1948. 

Winer, B. J. Statistical Principles in Experimental 
Design" New York: McGraw-Hill, 1962. 



95 

Periodicals 

Carpenter, Finley. "The Effect of Different Learning 
Methods on Concept Formation," Science Education, 
XL (October, 1956), 282-285. 

Curti, Margaret W. "Child Development-x Concepts." In 
Monroe, W. S. (ed.), Encyclopedia of Educational 
Research. Rev. Ed. New York: The Macmillan 
Company, 1950, pp. 175-178. 

Deutsch, Martin. "The Role of Social Class in Language 
Development and Cognition," American Journal of 
Psychiatry, XXXV (1965), 78-88. 

Dienes, Z. P. "The Growth of Mathematical Concepts in 
Children Through Experience," Educational Research, 
II (1959), 9-28. 

Dodwell, P. C. "Children's Understanding of Number and 
Related Concepts," Canadian Journal of Psychology, 
XIV (I960), 191-205. 

Elkind, D. "Quantity Conceptions in Junior and Senior 
High School Students," Child Development, XXXII 
(1961a), 551-560. - -

Elkind, D. "Children's Discovery of the Conservation of 
Mass, Weight and Volume: Piaget Replication Study 
II," Journal of Genetic Psychology, XC (1961b), 
219-277"— 

Estes, Betsy S. "Some Mathematical and Logical Concepts in 
Children," Journal of Genetic Psychology, LXXXVIII— 
(1956), 219-222. 

Furth, Hans G. "Scholastic Ability of Deaf Children and 
Their Performance on Non-Verbal Learning Tasks," 
Journal of Clinical Psychology, XVII (1961), 370-
373. 

Hood, Blair H. "An Experimental Study of Piaget's Theory 
of the Development of Number in Children," British 
Journal of Psychology, CIII (1965), 273-286. 

Lee, E. S. "Negro Intelligence and Selective Migration: 
A Philadelphia Test of the Klineberg Hypothesis," 
American Sociological Review, XVI (1951), 227-233. 



96 

Lesser, Gerald S. "Mental Abilities of Children from 
Different Social-Class and Cultural Groups," 
Monographs of the Society for Research in Child 
Development, XXX (1965), 1-114. 

Lovell, K., and E. Ogilvie. "A Study of the Conservation 
of Substance in the Junior School Child," British 
Journal of Educational Psychology, XXX (June, 
I960), 109. 

Lovell, K., and E. Ogilvie. "The Growth of the Concept of 
Volume in Junior School Children," Journal of Child 
Psychology and Psychiatry, II (1961TJ 118-126. 

Lunzer, E. A. "A Pilot Study for a Quantitative 
Investigation of Jean Piaget's Original Work on 
Concept Formation: A Footnote," Educational 
Review, VIII (1961), 193-200. 

Mannax, J. B. "The Number Concepts of a Group of E.S.N. 
Children," British Journal of Educational 
Psychology, XXX (1960), 180-181. 

North, R. D. "The Intelligence of American Negroes," 
Research Reports, No. 3 (1956), pp. 2-8. 

0ye_rholt, Elbert D. "A Piagetian Conservation Concept," 
The Arithmetic Teacher, XII (May, 1965), 317-326. 

s. 

Page,wET. I. "Haptic Perception: A Consideration of One of 
the Investigations of Piaget and Inhelder," 
Educational Review, II (1959), 194, 219. 

Piaget, Jean. "How Children Form Mathematical Concepts," 
Scientific American, CLXXXIX (1952c), 19-25. 

Price-Williams, D. R. "A Study Concerning Concepts of 
Conservation Among Primitive Peoples," British 
Journal of Psychology, XVIII (1961), 297-305. 

Rosenbloom, Paul C. "Mathematics K-12," Educational 
Leadership, XIX (March, 1962), 359-363. 

Russell, David H. "Concepts," Encyclopedia of Educational 
Research. Third edition. New York: The Macmillan 
Company, 1960. 



97 

Tukey, J. W. "Comparing Individual Means in the Analysis 
of Variance," Biometrics, V (1949), 99-114. 

Wallach, M. A. "Research in Children's Thinking." In 
Child Psychology (62 pp. Yearbook of the National 
Social Studies Education), Part 1, 1963, pp. 236-
276. 

Wohlwill, J. F. "A Study of the Development of the Number 
Concept by Scatogram," Journal of Genetic 
Psychology, XCVII (1960), 345-377. 

Woodward, Mary. "The Behavior of Idiots Interpreted by 
Piaget'a Theory of Sensori-Motor Development," 
British Journal of Educational Psychology, XXIX 
(1959), 60-71. 

Woodward, Mary. "Concepts of Number of Mentally Subnormal 
Studied by Piaget's Method," Journal of Child 
Psychology and Psychiatry, II (1961), 249-259. 


