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ABSTRACT 

The Effects of Training Designed to Accelerate Piagetian 

Conservation in Children on WISC Subtest Scores 

by 

Leland J. Winger, Jr., Master of Science 

Utah State University, l 97 3 

Major Professor: Dr. Elwin C. Neilsen 
Department: Psych ology 

v 

The purpose of this study was to test expe rimentally for generalization 

effects to certain WISC subtests from training designed to accelerate 

Piagetian conservation in children. 

Forty-five subjects were randomly selected for participation in this 

study, which involved a pretest-posttest control group design. All 

subjects were pretested on a Conservation Test and on the Information, 

Arithmetic, Picture Arrangement, and Object Assembly subtests from the 

WISC. Subjects found to be conservers on the Conservation pretest were 

excluded from the study. Subjects from the experimental group found 

to be non-conservers on the Conservation pretest were taught conserva-

tion principles using sever al different tasks adapted from Piaget's 

experiments. Following the instructional periods, all subjects were 

posttested using the same measures used for pretesting. 
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ABSTRACT (Continued) 

The results indicated that Piagetian conservation can be experi

mentally induced in previously non-conserving children, but there 

was no significant generalization from the induced cans ervation to the 

WISC subtests. 

( 53 pages) 



INTRODUCTION 

Piaget (1961), Piaget and Inhelder (1956), and Piaget, Inhelder 

and Szeminska (1960) have demonstrated that Piaget's theory of the 

developmental nature of conservation in children is supported by empiri

cal data. That the principles of conservation can be learned through 

planned experience has also been demonstrated (Smedslund, 1961; 

Wallach & Sprott, 1964; Beilin, 1965; Bruner, 1966; Sigel, Roeper & 

Hooper, 1966; Kingsley & Hall, 1967; Mackay & Kilkenny, 1968; Richards, 

1968; Smith, 1968; Bearison, 1969; Gelman, 1969; Minichiello & 

Goodnow, 1969; Rothenberg & Orost, 196 9; Halford & Fullerton, 197 O; 

Lister, 1970; Overbeck & Schwartz, 1970; Roll, 1970; Brainerd 8, 

Allen, l 97la, l 97lb; Halford, 1971; Murray, 197 2). Piaget, however, 

has maintained that at least two basic questions remain unanswered 

about teaching conservation principles. First, is the learning lasting; 

and second, is generalization or transfer to related behaviors possible 

with conservation thus learned? A great deal of research has resulted 

from the first question, and an attempt will be made in the review of 

literature section of this paper to answer that question on the basis of 

the studies that have been done. The second question is the basis for 

this study, and research relating to this question will also be presented 

1n the review of literature section of this paper. 

Research in the area of Piaget's concept of conservation has shown 

that ability to conserve, as measured by Piagetian type tests, is positively 



2 

correlated with I. Q. measures (Elkind, 1961; Figenbaum, 1963; 

Goldschmid, 1967; Richards, 1968; Bat-Haee, Mehryer, & Sabharwal, 

1972; Gaudia, 1972). Significant correlations between level of conserva

tion attainment and mental age have also been reported (Mannix, 1960; 

Goldschmid, 196 7; Richards, 1968; Stearns & Borkowski, 1969; Mc Manis, 

196 9). Elkind (1961), Goldschmid (1967) , and Bat-Haee, Mehryer and 

Sabharwal (1972) have reported positive correlations between WISC 

subtests scores and conservation test scores. In Elkind's 1961 study, 

five WISC subtests were found to significantly correlate with conserva -

tion scores beyond the . 01 level. Dudek, Lister, Goldberg and Dyer 

(1969) and Bat-Haee, Mehryer and Sabharwal (197 2) have concluded that 

Piagetian tasks and WISC measures of intelligence both appear to be 

sampling cognitive processes which are highly related. 

Sine e Piagetian tasks and WISC subtests both appear to be sampling 

highly related cognitive processes, and since conse rvation can be 

experimentally induced through training, then what effect will experi

mental induction of conservation have on the WISC subtest scores of the 

subjects involv ed? Would such a transfer, if it occured, result m 

significantly different WISC subtest scores? Only one research report 

on this question could be found in the literature reviewed (Richards, 

1968). The lack of a control group, however, raises questions about 

Richards' s findings. 
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The problem of this study is, then, the lack of research concerning 

the effect of training designed to accelerate childrens' acquisition of 

Piagetian conservation on WISC subtest scores. 



REVIEW OF LITERATURE 

Theoretical Background 

The present research focuses on Piaget's concept of conservation. 

For Piaget, the transition in a child from non-conservation to conserva

tion involves a change from pre-oper a tional to cone rete operational 

thought (Flavell, 1963). In order to better understand what is meant 

by the above Piagetian terms and to establish a Piagetian perspective 

for this study, it is deemed pertinent to present a general, brief 

discussion of Piaget's theory of intellectual growth. 

For Piaget, intellectual growth or activity cannot be separated 

from the "total" functioning of the organism. Thus, he considers 

intellectual functioning as a special form of biological activity (Piaget, 

1952). This does not mean that mental behavior can be attributed to 

biological functioning, but rather that the concepts of biological 

developments are useful for looking at intellectual development. Bio

logical acts are acts of adaptation to the physical environment and 

organizations of the environment whereas cognitive acts are acts of 

organization of and adaptation to the perceived environment. Intellectual 

and biological activity, then, are both part of the overall proc ess by 

which an organism adapts to the environment and organizes experie nce 

(Wadsworth, 1971). 

Piag et is a developmental psychologist and as such views intellectual 

growth as following a continum from birth to adulthoo d. This continum 



he divides into four major periods which can further be broken down 

into subperiods, stages, and sub-stages. Operating across all four 

periods of cogni tive development are three important functional 

process es. These processes are assimilation, ace ommodation, and 
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equilibrium (Piaget, 1952; Flavell, 1963; Lavatelli, 1970; Wadsworth, 

1971). Assimilation is the process of incorporating environmental 

events into the existing cognitive structure of the individual. Accommo

dation refers to adjusting the existing framework of thought so as to 

incorporate the data one has assimilated. The balance between 

assimilation and accommodation is referred to by Piaget as equilibrium. 

An act of intelligence in which assimilation and accommodation 

are in balance or equilibrium constitutes an intellectual adaptation. 

Adaptation occurs whenever a given organism-environment interchange 

modifies the organism such that further interchanges, favorable to its 

preservation, are enhanced (Flavell, 1963). 

Intellectual structures that organize events as they are perceived 

by the organism into groups according to common characteristics are 

called schema. Simplistically, schema can be thought of as concepts 

or categories (Wadsworth, 1971). It is these schema into which new 

data is absorped by assimilation. New schema are created or old 

schema are modified by the process of accommodation. 

The above processes apply to intellectual functioning at all levels 

of cognitive development. Now, conside rin g the developmental nature 

of Piaget's theory, the periods of development will be discussed. 



Various authors dealing with the periods of cognitive growth 

have given different presentations. Berlyne (1957) and Maier (1965) 

present five major stages representing Piaget's periods of cognitive 
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growth. Hunt (1961) and Flavell (1963) discuss the same sequence under 

three main periods. Inhelder and Piaget (1958), Piaget (1967) and 

Wadsworth (1971) consider four main periods in the development of 

intelligence. For purposes of this study, the latter method will be 

adopted. 

1) Period of Sensory-Motor Intelligence (0-2 years). Durin g this 

period, behavior is primarily motor. The child does not yet "think" 

conceptually. Intellectual organization is a practical one; it involv es 

simple perceptual and motor adjustments to things rather than symbolic 

manipulations of them. Piaget (1952) discriminates six major steps 

or stages in the overall developmental sequence of the sensory-motor 

period. 

Stage 1 (0-1 month). Behavior of the infant at this stage is entirely 

reflexive (sucking, grasping, crying, etc.). He is unable to differen

tiate between self and environment and has no concept of objects in his 

environment. The infant is completely ego-centered. 

Stage 2 (1-4 months). The infant begins to become aware of objects 

in his environment. Reflexes start to change and alter their form as 

a function of experience. Initial coordination of schema (i.e. eye-ear 

coordination) begins to take place. 



Stage 3 (4-8 months). The infant becomes increasingly oriented 

toward objects and events beyond his body. He will become very 

interested in and will reproduce events that occur that are unusual 
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to him (i.e. ring a bell repeatedly). He remains basically egocentric; 

he sees hims elf as the primary cause of all activity. 

Stage 4 (8-12 months). The child's coordination of schema increases. 

Behavior patterns emerge that constitute the first clear acts of intelli

gence. The child begins to anticipate eve nts and may "use means to 

a ttain ends, 11 for example, he may anticipate his mother's leaving when 

she puts on her coat and then cry to prevent her from leaving. 

Stage 5 (12-18 months). The infant begins to form new schema to 

solve new problems. He experiments; he devises and tests n ew 

response patterns or schema. According to Piaget (1950), the child is 

now exhibiting truly intelligent behavior. 

Stage 6 (18-24 months). During this stage the child moves from 

the sensory-motor level of intelligence to representational intelligence. 

He is able to mentally represent objects and solve problems through 

representation cognitively. 

2) Period of Pr eoperational Thought (2 - 7 years). This period is 

characterized by the development of language and rapid conceptual 

development. The child evolves from one who functions primarily in 

a sensory-motor mode to one who functions primarily in a conceptual

symbolic mode . Socialization of the child's behavior takes place with 



the clear interchange of ideas between people brought about by the 

development of language. 

The child's thinking is egocentric. He cannot see the viewpoint 

of another. He believes that everyone thinks the same way he d oe s, 

and that everyone thinks the sam e things he does. As a result, the 

child never questions his own thoughts because they are, as far as he 

is concerned , the only thoughts possible and consequently must be 

correct. He conclud e s that evidence contradicting his thoughts must 

be wrong, sinc e t o him, his thought is correct. 
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During this period the child is perceptually oriented. Perceptual 

evaluation dominates cognitive evaluation. The child centers on on e 

variable only (i.e. width) in d e aling with environmental objects. He 

lacks the ability to coordinate variables (i.e. width and height). For 

example, the quantity of a given amount of clay will be perceived as 

changing when molded into a different shape. The child centers percep

tually on either the height or width of the clay, ignoring the other 

dimension. Static situations are dominate over transformations. 

Irreversibility is another characteristic of this stage, reversi

bility being defines as "the permanent possibility of returning to the 

starting point of the operation in question" (Inhelder and Piaget, 1958, 

p. 272). In the clay quantity example above, the child cannot comprehend 

the possibility of molding the clay back into the original shape to 

determine that it is still the same quantity. 



Reversibility and the ability to attend to transformations are 

necessary operations for the child to develop in order to conserve. 

Conservation is defined as the understanding that certain empirical 

properties such as quantity or weight remain invariant, despite 

certai n transformations such as displacing objects, sectioning an 

object into pieces, or changi n g it's shape (Inhelder and Piaget, 

1958). Obviously then, since the child is unable to attend to trans-

formations and since his thought is irreversible at the period of 

preoperational thought he cannot conserve at this point. He is now 

beginning, how ever, to have intuitive notions a bout quantity and 
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transformations. In the clay quantity problem (which represents a 

problem in conservation of mass) discussed earlier, the child might 

maintain two equal quantities of clay to remain equal if the shapes are 

not a great deal different. However, if one quantity of clay is shape d 

drastically different from the other, the child's tendency to center 

perceptually is evoked and he will not maintain the co nstancy of the 

quantities. The transition into the period of concrete operations marks 

the beginning of conservation in the child. 

3) Period of Concrete Operations (7.;.11 years). During this period, 

a child's reasoning processes become logical. When faced with a discrep

ancy between thought and perception, as in conservation problems, the 

concrete operational child makes cognitive and logical decisions as 
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opposed to perceptual decisions. He is not perception bound. The child 

cannot, however, yet apply his logic to problems that a re hypothetical 

or purely verbal. 

Schema for the operations of seriation, classification, and rever-

sibility appear. The child is free of thought characterized by ego-

c entrism and inability to follow transformations. In those areas wher e 

a child has attained concrete thinking, static situations are subordinate 

to transformations. Now any static state is conceived as the outcome 

of transformations. 

As mentioned earlier, the ability to solve conservation problems 

emerges during this period. However, despite the similarity among 

various conservation tasks (i.e. conservation of number, of area, of 

volume, etc.) they are not achieved at the same time (Flavell, 1963). 

For example, according to Wadsworth (1971) conservation of number 

occurs around ages 6 to 7, conservation of area around ages 7 to 8, 

and conservation of volume around ages 11 to 12. Each type of conser

vation concept, however, shows about the same developmental trend: 

1. no conservation; 2. a state of transition in which the child tentatively 

hypothesizes conservation for some transformations but denies it for 

others; and 3. a logically certain assertion of conservation in the case 

of all transformations for the type of conservation concept in question 

(Copeland, 1970). 
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4) Period of Formal Operations (11-15 years). The child's 

cognitive structures reach their greatest level of development during 

this period, and the child becomes able to apply logic to all classes of 

problems. He can deal effectively not only with reality, but also with 

the world of pure possibility. He is able to solve verbal problems, 

hypothetical problems, and use scientific reasoning. He can formulate 

tests, reject or accept hypotheses through the process of deductive 

reasoning, all on the basis of his own logic al operations. 

Conservation Res ear ch Based on Piaget's Theory 

Research concerning Piagetian conservation as relates to this 

study will now be reviewed rn some detail. 

Experimental induction of conservation 

This study is based on the assumption that acquisition of conserva

tion can be experimentally induced or accelerated in children. There is 

a vast amount of research that supports this assumption (Smedslund, 1961; 

Wallach & Sprott, 1964; Beilin, 1965; Bruner, 1966; Sigel, Roeper, 

& Hooper, 1966; Kingsley & Hall, 1967; Mackay & Kilkenny, 1968; Richards, 

1968; Smith, 1968; Bearis on, 1969; Gelman, 1969; Minichiello &, 

Goodnow, 1969; Rothenberg & Orost, 196 9; Halford & Fullerton, 1970; 

Lister, 1970; Overbeck & Schwartz, 1970; Roll, 1970; Brainerd& , 

Allen, 197la, 197lb; Halford, 1971; Murray, 1972). Reviewing the 

literature, this writer found only three studies since 1965 that failed 



to accelerate or induce the type of conservation with which they were 

cone erned (Gruen, 196 5; Smith, 1968; Christie & Smothergill, 197 0). 

The above cited studies represent examples of several types of 

conservation (i.e. conservation of number, of length, of area, etc.). 

Brainerd and Allen (197la) reviewed the literature from 1962 to 1969 

concerning conservation of number and concluded that that type of 

conservation can be experimentally induced. Experiments by Halford 
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and Fullerton (1970) and Roll (1970) have given support to this conclusion. 

A review of research fr om 1965 to 1969 indicates that conservation of 

length can also be experimentally induced (Brainerd & Allen, 197la). 

A similar finding was arrived at for the conservations of weight and 

mass by Brainerd and Allen (197la) who reviewed the research done in 

these areas from 1961 to 1968. In a 1970 study, Overbeck and Schwartz 

also provided support for the experimental induction of the conservation 

of weight by successfully inducing weight conservation. The non

developmental attainment of conservation has also been reported for 

the conservation of quantity taken either as such or broken down into the 

sub-units of conservation of continuous quantities (Mackay & Kilkenny, 

1968; Bearison, 1969; Minichiello /1,, Goodnow, 1969; Halford, 1971). 

On the basis of the above, the experimental induction of conservation 

definitely seems attainable. Conservation tasks used in this research 

will be selected primarily from the above indicated areas. 
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Piaget (1967) has questioned the permanence of conservation attained 

through learning experiences. Research in this area, however, has 

tended to support the permanence of induced conservation. Mackay and 

Kilkenny (1968) and Gelman (19 69) administered a second posttest two 

weeks after the first posttest h ad indi cated that conservation had been 

induced in non- co nserving children. Results of the second posttest 

showed the induced conservation to be stable. Further support for the 

durability of indu ced conserva tion was provided by Rothenb erg and 

Orost (1969). Posttests admin ist ered two and thr ee months after 

induction of conservation showed th e conservation had be en retained. 

Using a sampl e of ed ucably sub-normal c hildr en, Lister (1970) reported 

the durability of induced conservation to exte nd to at least five months. 

Bearison (1969) has reported that the effects of training th at induced 

conservation, in his study, were maintained over a seven month period. 

These studies do not prove the permanence of induced conservation. 

They do indicate a likelihood that induced conservation may be permanent. 

More research is needed in this area, possibly with a longer time 

lapse between induction of conservation and the delayed posttest. It is 

. recognized, however, that with a longer delay it would be difficult to 

distinguish with a posttest whether the results after the time lapsed were 

due to the previous training or to the natural development of cons er -

vation as proposed by Piaget. 



Conservation as related to intelligence 

Since this study is concerned with the effects of accelerated or 

induced conservation on certain WISC subtests, research relating 

conservation to intelligence measures will be reviewed here. 
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Figenbaum (1963) reported a positive r elationshi p between I. Q. as 

measured by Stanford-Binet intelligence scor es and conservation test 

scores. He concluded that age is not sufficient to account for differences 

in conservation, but rather, that ther e is an interaction between gene ral 

intelligenc e and age in the attainment of conservation . Significant 

correlations betw een scores on Piagetian typ e conservation tests and 

WISC scores have been reported by Elkind (1961). The Information, 

Arithmetic, Picture Arrangement, Object Assembly, an d Coding sub

tests scores and the verbal and full scale scores correlated with scores 

on Piagetian type conservation tests beyond the . 01 level of significance. 

Goldschmid (1967) reported positive correlations between conservation 

test scores and various measures of intelligence. Intelligence test 

scores were based on Stanford-Binet, Otis (school P), or Pinter -

Cunningham (school L) test scores, all correlations were significant 

beyond the . 01 level. He also found a positive correlation between scores 

on the WISC vocabulary subtest and scores on the conservation test 

which was significant at the . 001 level. 

Using mentally retarded children as subjects, Richards (1968) 

reported cons e:cvation scores correlated with I. Q, , WISC Information 
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Subtest scores, and WISC Picture Arrangement subtest scores. These 

correlations were all significant beyond the . 01 level. Positive 

correlations between scores on three measures of intelligence and 

total conservation score was reported by Bat-Haee, Mehryer and 

Sabharwal (197 2). Measures of intelligence used included the Ravens 

Colored Progressive Matrices, the WISC Vocabulary subtest, and the 

WISC Arithmetic subtest. The total conservation score includ ed mass, 

weight, and volume conservation items. Correlations significant 

beyond the . 01 level also have been reported between con servation 

test scores and I. Q. as measured by the Peabody Picture Vocabulary 

Test within all groups and at every level of age tested (Gaudia, 1972). 

Less directly, Mannix (1960) reported a higher relation between 

level of conservation and mental age than between level of conservation 

and chronological age. He did not say which instrument he used to 

determine mental age, however, similar results were reported by 

Stearns and Borkowski (1969). They administered the Stanford-Binet 

to obtain mental age scores. Goldschmid (1967) derived mental age 

scores from either the Stanford-Binet, the Otis (school P), or the 

Pinter-Cunningham (school L) tests for his subjects, and found that 

mental age scores were positively correlated with conservation test 

scores significant at the . 001 level. Lorge-Thorndike mental ages for 

normals and Stanford-Binet mental ages for retarded subjects have 

also been reported (McManis, 1969) to be sigr..ificantly related to 



conservation test scores. Richards (1968) reported the correlation 

between mental age and conservation scores to be si gnificant beyond 

the . 01 level. 

It appears that measures of intelligence and conservation tasks 

are both sampling cognitive process es which ar e highly related. 

Similar conclusions have been reported by Dudek, Lester, Goldberg 
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and Dyer (1969) and Bat-Haee, Mehryer and Sabharwal (1972) concerning 

Piagetian tasks and WISC measures of intelligence. 

Generalization of induced conservation 

This research is designed to test for a possible generalization 

effect from training designed to accelerate conservation to certain 

WISC subtests. In view of this, studies concerned with generalization 

of induced conservation will now be reviewed. 

In a review of literature published from 1961 to 1969, Brainerd 

and Allen (197la) concluded that those studies that have looked for 

specific transfer of induced conservation have, without exception, found 

it. By 11 specific transfer 1
' is meant transfer to parallel problems of 

the same concept. This actually tells us little or nothing about gener

alization of the induced conservation if we consider that true attainment 

of a conservation concept (i.e. conservation of mass) implies that the 

child can then solve most, if not all, conservation problems in the area 

of that concept. A similar finding to Brainerd and Allen's was reported 

by Murray (197.2). Along the same line, Overbeck & Schwartz (1970) 
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reported that conservation of weight induced using continuous material 

C (i.e. clay) generalized to conservation of weight using discontinuous 

materials_7 (plastic loops). Again, this w o uld be exp cc ted if cans e r vation 

of weight had truly b een indu ced. An a ctual grasp of the concept should 

not be affected by differ e nces in materials. 

Several exam pl es of non-specific trans fe r of induced conservation 

ha ve also b ee n rep ort e d. Some tendency for those children who experi-

mentally acquired conservation of number to also acq uir e conservation 

of le ngth and/ or substanc e has b ee n noted (Gru e n, 196 5). Approximately 

60 °i nonsp ec ifi c transfer of training f r om induced conserv ation of 

len gth and number to conservation of mass an d liquid amount (continuous 

quantities) was reported to Gelman (1969) using one of his trainin g 

tec1i.niques. Rothenberg and Orost (1969) induc ed co ns e r va tion of 

number in kindergarten children and found a generalization effect to 

conservation of discontinu ous quantity. Also cone erning generalization 

from conservation of number, Wallach, Wall and Anderson (1967) 

experimentally induc e d conservation of number and then found that the 

tra ;ning effects generalized to only one of e ight children on liquid 

conservation (continuous quantity). They concluded that there was no 

transfer effect. A significant transfer effect was noted by Bearison 

(l 9E9). He induced conservation of continuous quantity in his subjects 

and then tested for transfer effec t to the conse rvation of area, mass, 

dis <ontinuous quantity, number, and length. The transfer effect was 

staistic ally significant beyond the. 05 level for all types of conservation 
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tested. Lister (1970) using totally non-conserving e d ucably sub-normal 

children as subjects, induced conservation of volume. He then tested 

for and found generalization to conservation of weight and substance. 

Kingsley and Hall (1967 ) reported that children trained to conserve 

length and weight improved significantl y more at cans erving substance 

than did control g roups. Murra y (197 2) induced or accelerated c onser -

vation of number, substance, continuous quantities, weight, discontinuous 

quantities, and two-dimensional space in non-conserving subjects. 

He found a significant t r a nsfer effect among pr evious non-conserv ers 

to c onservation of l e ngth and area. His r esults are somewhat clouded, 

how eve r, by his failure to pretest for co nservation of length and area. 

In reviewing the literature, only one study was found that r elated 

non-specific transfer of induc ed con s erva tion to WISC subtests. 

Richards (1968) induced conservation of number in mentally retarded 

children through teaching. As part of his study he tested for generaliz a

tion effects to two WISC subtests, Information and Picture Arra ngement. 

An increase in performance on both WISC subtests was noted after 

induction training was completed. But th e absence of a co ntr ol group 

raises questions about Richards 's finding. He conclud ed, "Very 

tentatively, the data of this study supports the hypoth esis that teaching 

children conservation can improve performan ce in other a r eas" 

(Richards, 1968, p. 50). This finding relates directly to the present 

study. 



Summarizing this section, it appears that specific transfer of 

induced conservation is attainable. The data on non-specific transfer 

to dis similar conservation cone epts, however, is still inc one lusive. 
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It has been shown for some studies, but not for others. Expectation of 

non-specific transfer to WISC subtests is very tentative on the basis of 

the one study reported here. 
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PURPOSE AND OBJECTIVES 

The purpose of this study is to test experimentally for generalization 

effects to certain WISC subtests from training designed to accelerate 

Piagetian conservation in children. Piaget himself has indicated that 

the possibility of generalization to related beha viors should be considered 

when an attempt is made to induce learning experimentally (Piaget, 

1967), In view of this, the preceding review of literature has demon

strated: a) The experimental acceleration or induction of conservation 

is attainable, and b) There is a relationship between Piagetian levels 

of conservation development and standard I. Q. measures, in particular 

WISC measures. 

The preceding review of literature also included one study (Richards, 

1968) that tentatively supported the hypothesis that teaching children 

conservation can improve performance in other areas. This conclusion 

was reached when an increase in performance on two WISC subtests 

was noted after conservation acceleration training was successful in 

accelerating or inducing conservation. Lack of a control group in 

Richards 's study makes it difficult to account for the increase in 

performance on the two WISC subtests. 

Based on findings from research discussed in the review of 

literature, the objective of this study is: To determine whether induced 

conservation, if learned, generalizes to performance on certain WISC 

subtests. 
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Hypotheses formulated on the basis of the preceding objective are: 

(1) The mean posttest score for the Conservation Test will be 

significantly higher for the experimental group than for the control 

group. 

(2) The mean posttest score for the Information subtest of th e 

WISC will be significantly higher for the experimental group than for 

the control group. 

(3) The mean posttest score for the Arithmetic subtest of the WISC 

will be significantl y higher for the experimental group than for the 

control group. 

(4) The mean posttest score for the Picture Arrangement subtest 

of the WISC will be significantly higher for the experimental group than 

for the control group. 

(5) The mean posttest score for the Object Assembly subtest of 

the WISC will be significantly higher for the experimental group than 

for the control group. 



PROCEDURES 

Population and Sample 

Forty-five kindergarten children were used as subjects. They 

were randomly selected (by assigning th e children numbers and the n 

consulting a table of random numbers) from an el ementary school in 

Logan, Utah, and twenty each were as sign ed randomly to the exp er -

mental and the control group by a method similar to that used in 

selection. The other five children were selected to b e us e d as 

r ep l acements. As it turned out all fi ve of the replacements were 

needed. Three members of the initial group of forty children wer e 

unavailabl e for inclusion in the study due to illness. Another child's 

parents refused to allow their child to participate. A fifth child had 

recently moved to the United States from San Salvador, and he was 

excluded from the study due to his inadequate grasp of the English 

language. 
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Logan, Utah, is a university town in Northern Utah with a population 

of about 22, 000. The elementary school which the subjects attended 

(Hillcrest Elementary) was located near the University and the subjects' 

parents were largely either employed by the University (professors, 

secretaries, etc.) or students. There was, then, a middle class back

ground bias for the subjects of this study. 



Design 

A pre test-posttest control group design was used (Campbell&: 

Stanley, 1971). The following measures were administered as pre

tests and posttests to eac h subject durin g regular school hours: 

1) Pi agetian-type Conservation Test (Appendix A). 

2) Arithmetic, Information, Pic ture Arrangement, and Object 

Assembly subtests from the Wechsler Intelligence Scale for Children. 
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In order to insure that only nonconservers were included in this 

study, any subject who score d more than seven points on the conservation 

pretest was classified as a co nserver a nd excluded from the study. One 

child was exclud e d on this basis. 

Subjects in the ex periment a l gro up were given five 30-minute 

periods of instruction in co nser vat ion during which items similar to 

those used in the Conservation Test w e re presented and ex plained to 

them (Appendix B). One 30-mi nut e period o f instructi on was given each 

day for five consecutive s choo l days. After the final instruction p e riod, 

posttesting was initiated for all subjects a nd continued on consecutive 

school days until all subjects had been tested. 

Materials 

The Piagetian-type Conservation Test items a nd the Piagetian Tasks 

Used for Learning Experi e nc e s were adapted by the writ e r from th o s e 

pres er:.ted b y Piaget {1961) an d Pi2.get, Inhe ld er, and Szeminska (1960). 
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A variety of materials such as macaroni, beans, various shaped 

containers, sticks, paper .clips, and poker chips were used 1n the 

presentation of the Piagetian items. On the Conservation Test, subjects 

were scored one point for each conserving response that they were able 

to justify by explaining it. Each time a subject gave a correct conserving 

response, he was asked to explain why he gave that answer. If he was 

able to do so using the concepts of reversibility, compensation, or 

invariant quantity, he was scored one point for that item. If the subject 

was unable to justify his conserving response, or if he gave an incorrect 

response to the conservation question, a "O" was scored for that item. 

A complete description of the Conservation Test is presented in Appendix 

A. A description of the Piagetian Tasks Used for Learning Experiences 

is presented in Appendix B. 

The WISC subtests of Arithmetic, Information, Picture Arrangement, 

and Object Assembly from a standard WISC test kit were used. These 

particular subtests were selected on the basis of the finding that they 

all correlated with Piagetian conservation measures beyond the . 01 

level of significance (Elkind, 1961). 

Method 

After completion of pretesting, subjects in the experimental group 

were given five 30-minute periods of instruction in conservation as 

follows: 
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Period I-Conservation of Length. 

Period 2-Review, and Conservation of Area. 

Period 3-Review, and Conservation of Number. 

Period 4-Review, and Conservation of Discontinuous Quantities. 

Period 5-Review of all mat e rials covered in periods 1 through 4. 

In order to facilitate and expediate instruction during the teaching 

sessions, subjects in the experimental group were given th e instruction 

periods in groups of five. 

Teaching tasks and materials used during the instruction periods 

are described in Appendix B. Each of the tasks used for instructional 

purposes was carefully explained to the subjects and reasons were given 

to the subjects for the equality of the quantities after the transforma-

tions. The reasons include rev e rsibility, compensation, or invariant 

quantity. The subjects were then questioned and re-questioned, as the 

materials were manipulated, until each subject in the group gave, and 

was able to justify, conserving answers. To hold the attention of the 

children and provide motivation, an M&M was given for each correct 

answer during the learning sessions. 

Posttesting began at the completion of the last instructional period 

and continued on consecutive school days until all subjects were post

tested. Of the remaining 39 subjects, four were unavailable for post

testing. Three of the four were ill with influenza and the other child 

withdrew from school prior to posttesting. 



The above procedures were adapted from those used by Richards 

(1968). 

Statistical Analysis 

To test for the significance of the difference between the mean 

posttest scores involved in the hypotheses in this study, the analysis 

of covariance was used (Ferguson, 1966, p. 326) with pretest scores 

as the covariate. 
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RESULTS 

Tables 1-5 summarize the results of the analysis of covariance of 

the mean posttest scores of this study. In all cases the covariate was 

pretest scores. 

Table 1. Analysis of covariance comparing mean posttest scores of 
the experimental and co ntrol groups on the Conservation Test. 

Pretest Posttest 
Adjusted 

F test 
Posttest 

Means Means Means Value 

Experimental 
Group 2. 11 13. 82 14. 01 138.88 

Control Group 2.66 3.6 1 3.42 

Degrees of Freedom = 1 / 32 Fat . 05 level = 4. 15 Fat . 01 level = 7. 50 

Table 2. Analysis of covariance comparing mean posttest scores of the 
experimental and control groups on the Information subtest of 
the WISC. 

Pretest Posttest 
Means Means 

Experimental 
Group 5.00 5. 58 

Control Group 4.83 5.44 

Adjusted 
Posttest 

Means 

5. 52 

5 . 50 

F test 
Value 

0.00 

Degrees of Freedom= 1/32 Fat. 05 level = 4. 15 Fat. 01 level= 7. 50 
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Table 3, Analysis of covariance comparing mean posttest scores of the 
experimental and control groups on the Arithmetic subtest of 
the WISC. 

Adjusted 
Pr et est Posttest Posttest F test 

Means Means Means Value 

Experimental 
Group 3.29 3. 58 3.80 0.54 

Control Group 4.05 4.27 4. 07 

Degrees of Freedom = 1/32 Fat. 05 level = 4. 15 F at . 01 level = 7. 50 

Table 4. Analysis of covariance comparing mean posttest scores of the 
experimental and control groups on the Picture Arrangement 
subtest of the WISC. 

Experimental 
Group 

Control Group 

Pretest 
Means 

8.94 

8.77 

Posttest 
Means 

11.88 

10. 50 

Adjusted 
Posttest 

Means 

11. 79 

10. 58 

F test 
Value 

0.70 

Degrees of Freedom = 1 / 32 F at . 05 level = 4. 15 F at . 01 level = 7. 50 
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Table 5. Analysis of covariance comparing mean posttest scores of 
the experimental and control groups on the Object Assembly 
subtest of the WISC. 

Adjusted 
Pretest Posttest Posttest F test 
Means Means Means Value 

Experimental 
Group 10.94 13. 05 13. 50 2.67 

Control Group 11. 88 12.22 11. 80 

Degrees of Freedom = 1 I 32 Fat, 05 lev el = 4. 1 5 F at . 01 level = 7. 50 

Considering the above results in terms of the hypotheses to which 

they pertain, it can be seen in Table 1 that hypothesis 1 was supported 

in the prediction that the mean posttest score for the experimental group 

would be significantly higher than the mean posttest score for the 

control group on the Conservation Test. Significance was obtained at 

well beyond the , 01 level. 

Hypotheses 2- 5 were not supported. These hypotheses predicted 

that the mean posttest score for the experimental group would be 

significantly higher than the mean posttest score for the control group 

on the Information, Arithmetic, Picture Arrangement, and Object 

Assembly subtests of the WISC, respectively. As shown in Tables 2-5, 

none of these posttests score comparisons attained the . 05 level of 

s ignific anc e. 
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DISCUSSION 

Evaluation of Findings 

The results of this study indicate that Piagetian conservation can 

be experimentally induced 1n previously non-conserving children. 

This supports the findings of the majority of the research that has 

attempted to induce conservation in children since 1965. Those studies 

cone erned with the experimental induction of conservation in children 

are reported in the review of literature. 

In teaching conservation to children, the objective was to measure 

for generalization or transfer t o the Information, Arithmetic, Picture 

Arrangement, and Object Assembly subtests of the WISC. No 

significant generalization effect was found to any of the subtests. 

A generalization effect from training designed to accelerate 

Piagetian cans ervation to WISC subtests was hypothesized on the basis 

of 1. The relationship between Piagetian levels of conservation develop

ment and WISC measures of intelligence, and 2. The tentative conclusion 

by Richards (1968) that teaching children conservation can improve 

performance in other areas; this conclusion being based on significant 

increases in posttest scores on the Information and Picture Arrangement 

subtests of the WISC. Cone erning the first factor, it was concluded in 

the review of literature, on the basis of the research, that Piagetian 

tasks and WISC measures of intelligence are both sampling cognitive 
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processes which are highly related. Despite the demonstrated relation

ship between the Piagetian and WISC measures, this study found no 

significant generalization from induced conservation to scores on the 

four WISC subtests used in this study. This is in contradiction to the 

findings b y Richards (1968). Richards reported gains on the Information 

subtest of the WISC significant beyond the . 01 level and gains on the 

Picture Arrangement subtests of the WISC significant at the . 05 level 

after induction of conservation in his subjects. Due to absence of a 

control group in Richards study, the cause of the gains in the WISC 

subtests cannot be determined. He tentatively concluded, however, that 

teaching children conservation can improve performance in other areas. 

His conclusion is not substantiated by the results of this study. 

It is possible that Richards 's findings may be applicable to mentally 

retarded subjects only, sine e his study involved mentally retarded 

subjects and the present study did not. Further research is necessary 

to test this possibility. 

Observations on Methods and Procedures 

Selection of subjects 

The present res ear ch was limited by the use of subjects from only 

one source: Hillcrest Elementary School, Logan, Utah. The socio

economic background of the students at Hillcrest Elementary School was 

largely middle class. The results of the study would have wider 



application had subjects from a number of elementary schools been 

utilized, reflecting a more heterogenous grouping of pupils based on 

socio-economic background. It was decided to limit the selection of 

subjects to one elementary school, however, because of the great 
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deal of time and materials involved in testing and teaching in this study 

and, consequently, the difficulty that would have been encountered in 

moving from one site to another. 

Also concerned with selection of subjects, but in a different area 

than considered above, it was necessary to decide whether only subjects 

who had made a score of zero on the Conservation pretest should be 

considered for instruction or whether there should be a cutoff point near 

the lower end of the possible point range on the Conservation pretest. 

It was believed that requiring subjects to have a pretest score of zero 

would exclude the majority of pretested subjects from the study and 

needlessly delimit the generalization of the findings. Therefore, any 

subject who .made a score of seven or below on the pretest was considered 

in the population from which a random sample was selected for instruction. 

Form of questioning 

In assessing levels of conservation, the wording of questions is an 

important variable. The tendency for subjects to repeat the last state

ment they heard without necessarily believing what they said was noted 

in the subjects of the present study. For example, after presenting two 

equal quantities and transforming one, subjects who were asked, "Does 
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one now contain more than the other or are they still the same? " 

frequently replied, "They are still the same. 11 without really believing 

that the quantities were the same. For this reason it was consider e d 

important to randomly vary the conservation question (i.e. ''Are they 

still the same or does one now contain more than the other ? 1 1
, ' 'Which 

one now contains more? 11
, "Is there more here or here, or are they 

the same? 11
) and to require the subjects to justify their conserving 

answers by explaining why they gave that answer. 

Recommendations for Further Research 

The Conservation Test used in this study had a maximum possible 

score of 16 points. On the posttest nine children, all from the experi

mental group, made a score of 16. It was felt that this reflected the 

adequacy of the technique used in this study to induce conservation in 

the subjects. However, to further discriminate the effectiveness of 

the technique and the performance of the subjects, it is recommended 

t hat in future research the maximum possible score on the Conservation 

Test be in creased. 

Due t o the significant correlation between measures of intelligence 

and conservation measures, it is also recommended that a replication 

study using different measures of intelligence (i.e. the Stanford-Binet 

Intelligence Scale) be undertaken to test for generalization from induced 

conservation to those measures. 
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On the basis of the absence of a significant generalization effect 

in this study from induced conservation to WISC measures of intelligence, 

and the somewhat contradictory finding of Richards (1968) using mentally 

retarded subjects, it is further recommended that a replication study be 

conducted using mentally retarded subjects. It is possible that the 

mentally retarded are more likely to benefit from the teaching of 

concepts such as conservation than are normal children. 
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Appendix A 

Piagetian Type Conservation Test 

One point was given for each justified conserving answer or response. 

Simply indicating that the items were equal was not enough. E a ch time a 

child gave a conserving response he was asked to explain why he gave 

that particular answer. If his response indicated reversibility, compen

sation, or invariant quantity as the reasons for sameness, then the child 

was scored one point for that test item. If no conserving response was 

given or if the child was unable to justify his conserving response, he 

was not given a point for that item. A maximum of sixteen points was 

possible on the test. 

I-Conservation of length 

(a) Two sticks of equal length (10") were placed vertically in front 

of the child so that their ends coincided. The stick on the child's right 

was then moved forward approximately two inches and the child was 

asked whether one of the two sticks was longer than the other, or if 

they were the same length. 

(b) Same as (a) except different length sticks (6") were used and 

the left stick was moved. 

(c) Same as (a) except the sticks were placed horizontally in front 

of the child and the top stick was moved to the right. 
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(d) Same as (a) except different length sticks (6") were used. 

(e) A stick and a piece of string of equal length (7") were placed 

vertically in front of the child so that their ends coincided. The string 

was transformed into an 115 11 and the child was asked whether the string 

or the stick was longer, or if they were the same length. 

The above conservation of length items were adapted by the writer 

from those presented by Piaget, Inhelder, &· Szeminska (1960, pp. 91-

103). 

II-Conservation of area 

(a) Two rectangular sheets of green cardboard measuring 8 11 by 10" 

were placed in front of the child. The child was then told that the 

sheets of cardboard were grassy meadows and he was allowed to place 

the meadows side by side or on top of each other to verify that they were 

the same size. A small toy cow was then placed beside each meadow and 

the child was told that the farmer was going to build a barn on each 

meadow. A small toy barn was placed in the center of one of the meadows 

and in one of the corners of the other. The child was then asked which of 

the cows had the most grass to eat or if they both had the same. 

(b) Same as (a) except three barns were us ed. In one meadow the 

barns were placed adjacent to each other in one corner of the meadow 

and in the other meadow the barns were spread over the entire cardboard. 

(c) Same as (b) except six barns were us ed. 
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The above conse rvation of area items were adapted by the writer 

from those presented by Piaget, Inhelder, ii,· Szeminska (1960, pp. 261-

27 3). 

III-Conservation of number 

(a) Five paper clips were placed in a row approximately l" apart 

in front of the child. The child was then asked to remove an equal 

number of beans from a cup and place them in a row in front of the 

row of paper clips. The beans were then bunched together and the child 

was asked if they were equal in number or if there were more of either 

the paper clips or beans. 

(b) Same as (a) except 10 paper clips were us ed. 

(c) Same as (a) escept using poker chips and bottle caps and 

increasing the distance between them instead of bunching the bottle 

caps together. 

(d) Same as (c) except using 10 poker chips. 

The above conservation of number items were adapted by the writer 

from those present ed by Piaget (196 1, pp. 65-95). 

IV-Conservation of discontinuous quantities 

(a) Two cylinders, A 1 and A
2

, of equal dimensions and containing 

the same amount of beans were presented to the child. The contents of 

A
2 

were then poured into two smaller containers, B 1 and B 2 . The child 

was then asked if the amount of beans in B1 a::1d Bz was still the same as 

the amount of beans from A 1. 
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(b) Same as (a) except two different smaller cylinders were used 

m place of B
1 

and B
2

. 

(c) and (d) Same as (a) only the contents of A
2 

were poured into 

one other container or cylinder of a different shape. Two variations 

of this were used: 

The above conservation of discontinuous quantities items were 

adapted by the writer from those presented by Piaget (1961, pp. 25-38). 

Appendix B 

Piagetian Tasks Used for Learning Experiences 

I-Conservation of length 

(a) Two sticks, each 7" long, were placed vertically in front of 

the subject so that their ends coincided. The stick on the subject's 

left was then moved forward approximately 3 inches, and the child was 

then asked which of the two sticks was longer or whether they were the 

same in length. 

(b) Same as (a) except the sticks used were 9" long and the right 

stick was moved. 

(c) Same as (a) except the sticks were placed horizontally in front 

of the subjects and the bottom stick was moved to the left. 

(d) Sam e as (c) except 9" sticks were used and the top stick was 

moved. 
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The above conservation of length items were adapted by the writer 

fr om those presented by Piaget, Inhelder, 8,, Szeminska (1960, pp. 91-103). 

II-Conservation of area 

(a) Two rectangular sheets of green cardboard measuring 9 " X 11" 

were placed in front of the subjects. The subjects were th e n t o ld that 

the sheets of cardboard represented grassy lots that needed to be mowed. 

The lots were placed on top of each other by the writer to verify to the 

subjects that the lots were the same size. Next the subjects were told 

that a man was going to build a house on each lot, and a toy house was 

placed at the center of one lot and in one corner of the other lot. The 

subjects were then asked which lot had the most grass to mow, or if 

they both had the same. 

(b) Same as (a) except four houses were used. In one lot the houses 

were placed adjacent to each other in one corner of the lot and in the 

other lot the houses were spread over the entire cardboard. 

(c) Same as (b) except eight houses were used. 

The above conservation of area items were adapted by the writer 

from those presented by Piaget, Inhelder, & Szeminska (1960, pp. 261-273). 

III-Conservation of number 

(a) Six 3 X 5 cards were placed in a row approximately l" apart 

1n front of the subjects. They were then asked to remove an equal 

number of pennies from a cup and place them in a row in front of the 

row of 3 X 5 cards. The pennies were then bunched together and the 



subjects were asked if the pennies were equal in number to the 3 X 5 

cards, or if there were more cards or more pennies. 

(b) Same as (a) except nine 3 X 5 cards were us ed. 

(c) Same as (a) except using pencils and pens and increasing the 

distance between the pens instead of bunching them together. 

(d) Same as (c) except using eight pencils. 
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The above conservation of number items were adapted by the writ er 

from those presented by Piaget (1969, pp. 65-95). 

IV-Conservation of discontinuous quantities 

(a) Two cylinders, A 1 and A
2

, of equal dimensions and containing 

the same amount of macaroni were presented to the subjects. The 

contents of A 2 were then poured into two smaller containers, B 1 and B 2 . 

The subjects were then asked if the amount of macaroni in B 1 and B 2 , 

from Az, was still the same as the amount of macaroni in A 1. 

(b) Same as (a) exce pt using two different smaller cylinders in 

place of B 1 and B 2 . 

(c) and (d) Same as (a) only the contents of A 2 were poured into 

one cylinder of a different shape. Two variations of this were used. 

The above conservation of discontinuous quantities items were 

adapted by the writer from those presented by Piaget (1961, pp. 25- 38). 

The above tasks were explained carefully to the subjects and 

reasons were given for the equality of the quantities after th e trans -

formations . The reasons that were given _included reversibility, 
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compensation, or invariant quantity. The subjects were then questioned 

and requestion ed, as the materials were m a nipulated, until eac h subject 

in the group gave, and was able to justify, conserving answers. 
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