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INTRODUCTION

It is generally held that Piaget‘é major contribution

in the field of psychology and education is s thebry of

intellectual devélopmént. An individual's_.iptellectual

growth~is the result of his interaction with_;heménvironment
involving the processes of adaptation and organization. In-
tellectual development follows an invariant order of stéges:
namely, sensori-motor, pre—opérational;conérefe_oﬁergtional
and formal operational.: At the final stage d& formal opera-
tions an individual is said to have achieved logical thought,
'Preceding this in the developmental sequence certaihn logical
properties of thinking apﬁear»in the stage of concrete opera-
tions whén children are aﬁlé to demonstrate the capacity of
making certain éonservations. Conservation is defined as
theAability‘to recogniée constanthuantitative relationships
in spite of éhanéing information produced by perceptual
variations (Piaget, 1964/1067).

The concept of conservation hag stimulated the imagina-
tion of many researchers and it hés been the most fréquently’
investigated feature 6f Piaget's theory (Flavell, 1963). Of
the man& researchérs who have studied various aspects of con-
'servation, the majority have investigated the conservation
operations and their acquisition. Most of these studies
have been carrie& out with normal or average children and
only a few have investigated the consefvation ébilitiés of

mental retardates.
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A normal ch11d masters the operation of conservation at
approxlmately seven years of age in the concrete stage of
1nte11ectua1.development. With mentally retarded children
the cognitiVe development progresses at a slower rate. In. .
fact Inhelder (1943/1968) maintains that the full cognitlve
development of mentally retarded adolescents and adults is at
best problematical. Stephens (1968) working with mentally
retarded individuals also concludesthat "the development of
reasoning appears to proceed at a slower tempo in retardates
.than in normals, and'this development tends to become arrested
as the retardates reach early adolescence" -The literature
reveals some areas of.uncertalnty Tegarding the cognitive
development of mentally retarded adolescents and adults
(Inhelder and Sinclair, 1969; Pinard and Laurendeau, 1969) .
Accordingly; there appears to be a need for the present study
which is designed to investigate the effects of training to
advance cognitlve operation in mentally retarded adolescents
and adults.

The thesis is organized into three chapters. In the -
first chapter, a review of the literature is presented,. which
includes Piaget's theory of‘intelligence hls concept of con-

servation, related research, and finally the research problem

.- and the experimental hypotheses.

In the second chapter, the training methodology and proce-

dures used in the study, the description of the samples, and the

By g
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~
*

_hna1y51s technlques of the data are descrlbed

o

In the last chapter, the results are presented followed

by » discussion, summary -and conclusions.
- e

At the_end‘of the -thesis, a hibliography,and appendices .

-~

are presented. _The appendices contain the testing and

training manualé, and an abstract of the dissertation,
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(Piaget, 1064/1967).. -

—
CHAPTER 1 8

b

REVIEW OF THE LITERATURE S

\

6ne of Piaget's most }mportant contributions to child
psychology is.his discovery of the profoundly.cgﬁplex pfqblem
of consérvatiqn aﬁd his ﬁgthods of exploringiit (Ginsburg

and Opper, 1969). Coﬁsérfation is defined as fhe ability to
fecsgnize coﬁstant quAntitative relationships jn spite of

changing information produced by perceptual variations

fIn the first section .of this chapter, Piaget's theory of . .

inteiligence is ocutlined. This is. followed by a discussion
of tﬂe éoncépt of conservation, A presenta?ioqref_p;evious
reseé¥ch on tonsérvatiop with mentally'retérdgd individualé
is in the.third part. The research questiom is sﬁecified in

the final portion of this chapter.

L ]

Piaget's Thedry'of'intelligence
) ) - . \- -

- I .
Piaget (1947/1967) has outlined a theory of intellectual..
development which is baSicallyﬂa qualitative, description of

the development of intelligence. »Accor&ing to Piaget, intel-

/
lectual growth_involfes the procesges‘of adaptation and or-
ganization. Adaptation is the prgéess.of'inte:acting wifh
the environment by‘(l) assimilafing or incorporating it into
an already existing cognitive structuré,_énd fZ) accommodating
.
1

-~

~
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or modifying the existing structure to suit it. The organism

is said to bg in a2 state of cognitive equilibrium when there

is abalance between assimilation and accommedation. Organ-
ization involves a structured concept calied "schemas".
Piaget (1964/1967) defines the latter as repeatable psyth;-‘
logical units of intelligent action‘which enable one to
adapt more efficiently fo fﬁé.demands Sf'hig environment.
Adaptation deals with things in the environment while organ-
ization deals with cognitive structure itself.

Piaget (i964) states that the develogﬁent of intelli-
gence is affected by maturation, experience, sociél interac-
tion and most imp&rtantly'by equilibration. The latter re- =+
fers to self-fegu}atbry processes of the  organism. chofdiné
to Piaget (1947/1967) equilibration is the'progression:of ‘

internal organization of knowledge and it integrates the.

~effects of the other three factors.  Its process is the

.

backbone of cognitive development.
Developmenf progresses through a series of ﬁualitatiéely

different stages of perceptions and adaptations. The stages

are designated-as the sensori—mptor{ the preoperational, the

concrete operational and the formal operational (Piaget,

1947/1967). Piaget (1935/1966) asserts that cognitive devel-

opment :is .a coherent process of successive qualitative

changes of 'cognitive structures‘or schemas. Each stage is

: ¥
the product of the previous one and a preparation for the
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stage that follow (Pilaget, 1954/1876) . The entire process

_of-developmenf ows along in cumulative fashion. The.growth
of logic is a function of the developmenta; process.

However, the child is not always in the same stage of
development. He may ¥Q£$lay different lévels of achievement
relative to the solving of problems requiring the use of
similar mental operations. This phenomenon of performance
vacillation is labelled by Piaget as horizontal decalage
(Piaget, 1954/1976). |

‘The major characteristics of cognitive development in thé
different stages encompass ail aspects of,the child's intelli-
gence - his notion of space, time, number, reality, causality.

) Piaget“(1935/1966) gtfeSses that every child must pass
thrﬁﬁgh the sfages of cégnitive development in the same or-
der. The rates at which children progress may not be the
same due to heredltary as well as experlentlal factors,

For instance: "bright" children go through the stages

- rapidly; and "dull" children slowly; and still others never

" reach or complete thé:last stages (concrete and formal opera-
fions) of development (Wadsworth, 1971).

Many researchers héve trained normal and mentally retarded
children for.a particular:mental operation in an attempt to
acceleratégdevelbpment. Conservation is both a mental
operation and éne aspéct cf the developmeﬁt of- intelligence
that has been frequently investigated and explored (Flaveli,

1963). This is probably due to the claim that conservation
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-is’ the primary element fof~the'growth of logic. The concept -

of conservation is explained in the following section.

Conservation

Flavell (1963) remarks that the richest part‘of Piaget's
theory is the formation of concrete operations and 'the main
code is the concept of conservation. Piaget (1967/1968)
suggests that the operational concepts of conservation are
acquired by ‘the child through interattioﬁ with his total
envirénmeht. Piaget (1964/1967) considers conservation as
an index of operational development which ﬁarksAtﬁg trﬁnsif
tion.ffom preoperational thought to opergtiogal thought.
Piaget (1941/1965) also reports that conservétign is a neces-
sary condition for all_ratioﬁal activity and behavior., He
asserts that those who possess conse;vation operations more
readily adapt to the exigehcies in their environment than
those who do nof.

Flavell (1963) outlines four steps in the acquigition
of éonservation;‘namely,

(1) The child concentrates on only one of the stimulus
dimensions involved in the situation. For example, in a
substance conservation task, he concentrates either on the
'height or width of the beaker and fails to demonstrate the

conservation concept.

(2) The child vacillates between the two stimulus
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dimensions 1involved. After-CEhtefing on one of- the Himenéions,
the child shifts to the other. He still fails to demonstrate
the congervation concept. : .

' (3) The child centers on one stimulus dimension and then
on the other, and‘subsequenfly is more inclined to assert the
cgzservatidh concept. ‘ |

(4) The chil& is capable of conserving and-giviqg at
least one logical reason to support his judgment.

Logical reasons offered in support of conservatio%
responses must bear upoh the logical notions of identity,
negation, reversibility, and compensation.

When a child uses the logical notion of identity to
support his position, he will refer to the observable fact
that nothiné has been added or taken away - it is the same
clay, water, etc.

When he.useé the logical notion of negat;on, he -refers
to the possibility that if any operation can be literally
and completely annulled that is, the original status of an
| element can be regained by undoing those operations which
have changed the element.

When he uses the logical notion of reversibility, he
refers to the observable fact that an object can be reversed
back to the original form - a ball which was flattened into
a pancake can be restored to the same plasti;ine ball.

When he uses the logical notion of compensation, he
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refers to the observable fact that two stimulus diméﬁﬁions
‘compensate each other - wh;% is lost in height is géihed by
the increase of width. - |

According to fiaget and Inhelder (1942/1974), operations
involved in different types of conservatioqs are thé same.
Piaget and Inhelder (1942/1974, pp. 4F5, 14-16) claim that
conservation of substance represents the simplest possible
quantification of qualities.. The reason th;t substance is
quahtified before weight and volume is that it provides the
children with an undifferentiated quality. Children subse-
quently develop this quality into differentiated ones, such
as weight\and volume.
| Researchers working with Piaget's theory have usuali}
described the conservations of substance, weight and vciume
as being on an ordinal scale of intellectual development
(Wilton, 1974). This scale suggests that the ability to
conserve weight always implies the ability to conse;;;
substance. Similarly the ability to conserve volume always
implies the ability to conse}ve weight and substance
(Wadsworth, 1971).

There is some evidence to Support the inclusion of con-
servation of number, length and area into an ordinal sequence
(Piaget, 1941/1965; Piaget, Inhelder and Szemienska, 1948/

1970). However, this notion does not seem to have been

-2 s
clearly incorporated into Piaget's theoretical scheme
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(Woh1lwill, 1966).
‘ Sullivan (1967) points out that al; conservations fol-

low a similar course of development. Though striking irre;

gularity exists, this is what Piaget (1954/1976) has labelled
'horizontal &ecalage' as mentioned earlier iq‘this pépgr.

Cbnservat{on is also manifested at different times
(Sullivan, 1967). As indicated by Piaget (1947/1967) con-
servation of substgnce is developed at about seven years of
age in normal childfep;* It is followed by conservation of
"welght at appfoximateiy'eight years of age and‘conservatioﬁ
of volume ig then obtained at eleven yeafs of ége. Piaget's
criterion for age placement~of conservation is thét seventy-
five percent of the children at a given age succeed on the
conservation tasks (Piaget, 1930/1969).

Due. to the importance given to this concept by Piaget,
authors have attempted to induce the early acquisi!ion of an
operational éoncept of conservation. The pu;pose for doing
so is to study the necessary and sufficient conditions of this
developmental gain. Piaget (1941/1965) has maintqinéd that
specific direct training or teaching has little or‘no effect on
the acquisition oflconservation; However, results from studies
conducted with normal children and mentally retarded children
indicate that training for a particular mehtal operation can
accelefate ﬂevelopment (Brié%; and Bereiter, 1967; Field, m_\\)
1974, 1977; Hunter and Lister, 1970; Lister,’1969, 1970; 1972,
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Lancaster and McManis, 1973; O'Hare, 1976; Richards and Stpné,
1970; Vandenheuvel, 1974). Itris“not unfeasonable to expect
that if provided with proper training, mentally retardéd
_a&olescents and adults might be able to acquire conservation'
operations which they do not currently manifest. Coﬁserva-
tion training might enhance their cognitive.development.and
place them in a better position to engage in other mental
processes of adaptation and hence more intelligent behavior.

The foliﬁﬁ%ng section is a review of related studies.
The review 1is 1imited to those including at least one sample
of mentally retarded subjects, and in which concrete opera:

tional functioning was the main concern.

Related Research : i

The ‘literature reveals an abundance of research reporting
the resultsvof cdNgervation stUQies. Howdver there are only
a few studies of the performance of mentally retarded childrem
in cﬁnservation tasks and there are even fewer conservationy
studies conducted wifhvmentally retatrded adoléscent and adult
samples. It seems likely that given the proper approaﬁh con-
servation acceleration should be possible for mentally retarded
adolescents and adults.

The limited scope of resegrch in this area stimulated
interest.in the present study whose purpose is to investigate

the possibility of accelerating substance conservation in
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" mentally retarded adolescents and adults,
The following presents those studies of conservation
operation in mentally retarded individuals. However, before

L;presenting these related studies, a brief definition of men-

tal retardation is discussed. - L

Operational definition of mental retardation ‘ -

Mental retardation has been exciﬁéively detérmined by

- intellectual functioning (measured intelligencé) or intelli-
- gence quotient (IQ) scores derived from perfofmance on a

'
" standardized intelligence test (Heber, 1957;

Y,

.Herbert,.1977:
Robinson "and Robinson, 1970). '
Adcording to the American Associatigh on Mental Defi-
.cfency, "Mental retardation refers to sfignificantly sub-
average general intellectual functioninyg existing concur-
rently wifh defiéits in adaptive behavinr,‘and manifes£ed
during the developmehtal period" (Herbgrt, 1977). Iﬂ this
dgfinitibn, general intellectual fuﬁctloning is,Aefined as
the:reﬁulfS‘obtained by assessment with one or more of the
individﬁally administered general intelligence tests, Signi-
ficantly subaverage-is defined as an IQ more than two stan-
dard deviations below the mean for the test. Adaptive behav-
ior refers to thg effeétiveness or degree with which an in-
dividﬁal meets the standards of personal independence and

social respbnsibility expected for age and cultural groups.
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The developmental period refers to the period between
birth and the eighteenth birthday (Herbert, 19775.
According to this definitiah,_mental retardation is an
essentially two-dimensional problem. For a pepsbn to be
diagnosed as being mentally retgrded, impairmeﬁﬁg in intel-
lectual funetioning must coexist with deficits in adéptive
behavior, .
’ Despite the limitations of intelligence tésfs,.such as
testing condi£ions Anderrors in measurement, intelligence
test scoreé are viewed as more‘falid and reliable measures
of an individual's ability than the measures of adaptive
behavior or clinical judgment (Herbert, 1977). 1In practiée,
subaverage general intelligence refers to an IQ of 67 or
below on the Stanford-Binet Scale and Cattell Scale and an
'1Q af 69 or belowlon fhe Wechsler scales; - Borderline
defective intelligence refers to aq-iQ of between 79 and the
level of subaverage intelligence._ These.guidelines.are used
exténsively and universally in diagnosing menital retardation
(Baroff, 1974; Brainerd, 1971; Elkind, 1970; Herbert, 1977;
Kauffman and Payne, 1975; Terman and Merrilll 1962; Wechsler,
1955). These authors agree that mental retardation is
descriptive of current behavior and does not necessarily
limit the prediction of a person's future diagnostic status

L3

in different situatiqns.
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Conservation research in mental retardation

Observations about-Piaget's theory of mental development

and mental retardatlon were f1rst made in 1943 by Inhelder,
In the first part .of this sectlon,conservatlon ‘acquisition
in mental retardation is discussed. This is followed by a
discussion of conservation acquisition in mental retardates
in relation ‘to normal childfen. Finally,conservation accel-

eration is discussed in the last part of this section.

1";"'
N

Conservation acquisition in mental retardation

Inhelder (1966, 1943/1968) first applied Piaget's stage
development of intelligence in diagnosing reasoning and
classification in mental retardation, She examined 157 men-
tally retarded subjects between the ages of 7} and 52
years. The great majority of these subjects were school-age
refardates; only a few were adults. Substance, weight
and volume conservation tasks were administered to all the
subjects as a means of studying the 1evél of reasoning
attained in their cognifive development.

Inhelder (1943/1968) reported that the mentally retarded
subJects passed through the same stages of cognitive develop-
ment as normals, but at a slower rate and with a more 11m1ted

upper Tange of cognitive development. Mental retardates

stayed Ionger at any given stage. The majority of subjects

»
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Inhelder examined gave no e¥idence of concrete operational
reasoning (conservation).;ﬁfhose who had arrived at conserva-
tion of substgnée or even that of weight, did so without
-achieving that of volume. Inhelder also observed ;hat none
of her subjects gave any evidence of formal operational
reasoning. The operatibn of these subjects is predominant1y7
perceptual over intellectual. This is similar to young chil-
dren of average or normal iﬁtelligenéé at the preoprational
stage or below the age of 7 years. ’

Howéver, Inhelder's t%943/1968) research was designed insuch
a way that she saw the subjects individually in oﬁe session
only. She did nét‘present statistical comparisons forth; dif-
ferences she repérted in cognitive development between
those of normal’ intelligence and the mental retardates

Inhelder s work was the first recorded\study of conserva-
tion dcquisition with mentally retarded subjects, Her ob—
servations were well supﬁorted in the literature (Woodward,
1959, 1961; Woodward and Stern, 1963).

Ferson (quoted in Stearn and Borkowski, 1969) concluded -
in his study that "the pattern of 1nte11ectua1 growth is not
necessarily different for retarded children, simply slower

and more vulnerable to distortion".

Stearns and Borkowski (1969), Hunter and Llster (1970)

and Lister (1972), also discovered that the cognitive develop-

mems and the acquisition of conservation of their mentally
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a

retarded.subjects falloweqﬁPiagét}s (1947/1967, 1942/1974)
stated sequence of cognitive development. . However such
‘development was again seen to be much slower than the devel-
opment observable in normal children.

Feigenbaum (1963), Goldschmid.(19671, Stearns and
Borkowski (1969), and Klauss and Green (1972) reported that
.the degree of conservation.acquisition is a function of men-
tal age in mentally retarded children.

Whether or not the mentally retarded individual is insti-
tutionalizedseems to have little effect on his ability to
conserve. Brekke and Williams (1974) found that inst?tuf
tionalized mental retardates and noninstitutionalized mental
retardates of matched mental ages performed no differently

on the conservation of weight tasks.

Conservation acquisition in mental retardates in

relation to normal children

by

Current reseérchérs have investigated differences between
ﬁental.retardétes and normal children with respect to certain
Piagetian-conse?vation problems. They focused on both chrono-
{ggicalwand mental age.factors in relation to +the aqquisifion
-df conse}vation by their subjects.

It is reﬁbrted that mentaily retarded children acquired

conservation operation at a later chronological age than nor--

'maltéhildren (Brown, 1973; Gruen and_Vofe, 1972; Lovell,
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Healey and Rowland, 1962;'Mitche11,.Love11 and'Evérett, 1962},
and that mentgl retardates (including institutidnalized chil-
dren and adu1t§) demonstrated concrete‘éperationai reasoning
(conservation) at I;ter mental age levels than normal chil-
dren (Hood, 1962; Langley, Drew and Watson, 1972; Stephens,
Manhaney and McLaughlin, 1972). | ' |

Clearly,conservation performance of both mental retar-

[}

dates and normal children corresponds more closely td their
mentél dges than to théir chronological age's (McManis, 1969).
Both groups also had least difficulties in coﬁservation of.
ﬁass'(substance) apd most difficulties in conservation of
volume. This result supports Piaget's (1942/1574) sequential
érrangement of the various types of consgrvatioh.

| The reSulfs of studies in whichthe mental ages of subjects
were matched feveal that conservation acquisition is an in-~
variant sequence which is also related to mental age.develop-
ment in both mentally retarded children and normal children
(Brown, 1973; Keasey and Chafles,_1967). The results also
Pointed out that mental retardates and normal children of _.
similar mental ages were equivalent in tHeir performance on
the following conservation tasks, namely: (1) numbef conser—-
vgtion (Brown, 1973; Gruen and Vore, 1872}; (2) substance con-
servation (Bri;on and Bereiter, 1967; Brown, 1973; Gruen and
Vore, 1972; McManis, 1969); (3) weigh't conservation (Brown,

1973; Gruen and Vore, 1972; McManis, 1969); ‘and (4) volume
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conservation (McManis, 1969; Stevenson, Hale, Klein and Miller,
1668) . T

A few others (Achenbach, 1969; McManis, 1969) compared
conservation'performance of institutionalized mental
retardates (childrén and adults) with normal children with
matched mental ages. The results were not'sigfificantly dif-
ferent, though McManis (1969) stated that normé; children
obtained slfg@gly higher scores than mentally retarded sub-
jects. |

The reéults of the above studies revealed no significant
differences Between_the‘performaﬁce of male and female sub-
jects. However, results contrarykto those just cited which
show the relationship of mental age to conservation per-~ _
formance have been found by some investiggtors. Brogle {1970)
examined conservation of substanée, weight and volume in
institutionalized mental retardates (children and adults) and
normal children of matched mental ages. He concluded that
normal children showed higher conservation scores than mental ’
retardates. Brekke and Williams (1974) indicated ihat normalo
children and adolescents had significantly higher gonservation
levels than non-institutionalized mentally retarded children
and institutionalized mental retardates (Ehilgren and adults).

In this stﬁdy (Brekke and Williams, 1974) analysis of
cdvariapce ﬁas used to compare the performances on.tﬁe con-

servation tasks covarying with mental age.

-
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In summary, studies focusing on comparing consefvatiﬁn
performances between mentalrretardates and normal children
hax;ei‘iﬁdi cated that: i

(1) Some proportions of thelsamples of mental retardates
were as capable of performing on conservation tasks as normal

-

children of similar mental age. : .

(2).Mentai retardates dempnﬁtrated the accepted invariani
sequence of the acquisition ofnconseryation of substance,
weight and volume. ' -

(3 Iﬂstitutioﬁélizedﬂmenta%i& re;arde& children and-
a@ults, noninstitutionalized mentally'retarded children and
normal“éhildren of equivalent mental ages tended to show com-
parable levels of conservation performance and conservation
acquigition.

" (4) Mental age could be viewed as the most reliable pre-
dictor of conservation performance and acquisition. -

Now some attemptg have been made to accelerate conserva-
tion écquisition in mental reta?dates. These studies are set

in the following context which develops the .major thrusts in

conservation acceleration studies:”

" Conservation acceleration in mental Tetardation

A number of investigators have been successful in
accelerating conservation in some preoperational children

after extensive, systematic and theoretically based training
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(Bearison, 1975; Biskin and Rice,.1875; Botvin and Murray,
1975; Brainerd, 1972; 1974, 1977; Brainerd and Allen, 1971;
'Brisbn! 1966; Bucher and Schneider, 1973; Cdté, 1968; Denney,
Zeytinoglu and Sel:zer, 1977; Halford and Fullerton, 1970;
Inhelder and Sinclair, 1969; Kahn and Garrison, 1973; Larson,
1325§_Lefrangois,‘1968; Lopata and Pasnak, 1976; May and
Tisshaw, 1977; Mérmelstein, 1867, 1969; Murray, 1968, 1972;
Rattan, 1974; Reich, 1976; Richardson and Biskin, 1974;
Sheppard, 1973; Siegel,-ﬁaeper and Hooper, 1966;“Sieg1er,
1973; Silver, 1976; Silverman, Vanderhorst and Euil, 1976;
Smith, 1968; Towler, 1967; Travis, 1969; White, Yussen and .
Docherty, 1976; Winer, 1968; Wohlwell and Lorne, 1962Z;
Zilkha, 1977; Zimmerman gnd Lanaro, 1974; Zimmerman and
Rosenthai, 19747, -

The literature reveals very few studies on consefvation,
acceleration‘in mental retardates. The following section
may well be taken as a comprehen;ive survey of the area.
Since most of the studies suffer similar shortcomings,
critical comments will be made only .after all the studies.
have been described. | '

Richards and Stone (1970) assessed the effects of
training in conservation attainment and subsequent transfer
and generalization of conservation ability to other areas
of performance. Subjects were 17 educable mentally retarded

children with chronological ages ranging from 7 years and
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9 months to 12 yéars and 7 months, mental ages ranging from
3 years and 11 months to 9 years; and IQs ranging from 44
to 77 points; Seven subjects were nonconservers while 10
were partial conservers on a pretest of conservation. Sub-
jects were also pretested oh the Picture Arrangement and
Information subtests on the Wechsler Intelligence Scale
for Children. They were aiso given the Number Concept Test,
and a Conservation Test with Motivational Involvement.
Subjects were divided into four groups of three to
five subjects per group. Each group received five, 50 minute
periods of group training. The training focused on conserva-
Yion of continuous and diskontinueus quantities{ and equi-
valence and cardintal value of sets in pumber concept. Each
period of training was started with a review of what was
taught in the preceding\gfriod. The last period of training
was devoted to a review of all materiéls covered.
During the training periods concrete materialgﬁgﬁré
manipulated and careful explanations were'given in front of
the group. The experimenter asked an individual child con-
servation questions after each transformation. The experi- -
menter repeated the same process with another child in the
group. The process of transformation, questioq and explaﬁa-
tion was followed until every child in the group gave‘correct
responses indicating conservation ability. Subjects were

rewarded with a penny immediately after delivering a correct
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responsé.

Subjects were ‘posttested with the pretegt instruments
after an unspecified interval. Posttest results showed that
mean posttest scores were significantly higher than mean
pretest scores. (Conservation, F = 79,98, p < .Ol; WISC
Information, F = 14,56, p < .01; WISC Picture Arrangement,
F=6.62, p < ,05; Number Test, F = 6.99, p < .05; Conser-
vation with Motivational Involvement, F = 15.97, p < .01).

Richards and Stone (1970) concluded that conservation
could be taught successfully to nonconserving mentally
retarded children. They also stated tentatively that there
was transfer effect from learned conservation.‘

Field (1977) trained a group of 48 nonconserving ESN
children (32 boys and 16 girls) to écquire conservation,
applying verbal-rule explanations.

The subjects were pretested on the.conservation of
number, mass, length, liquid, and weight tasks. They were
Aalso'pretested on the Peabody Picture Vocabulary Test. The
chronological ages ranged from 8 years to 12 years and 2
months. The mental ages ranged fr&m 4 years and 7 months
to 8 years and 5 months. The suﬁjects weré assigned to
eight groups, seven experimental groups and one control
group. Each group consisted of six subjects matched on

CA, MA, sex and school,
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The exp;rimental group subjects had th;ee individual
training sessions on.ébnservation of number and conservation
of length problems with increasing difficulty from one session
to the next. During the training period, each experimental
group was brovided with a specific explanation of either |
‘idéntity, or reversibility, or compensation, alone or in
every éombination. A correct response was iﬁmediately Te-
inforced with.a token, a verbal comment, ”qud!" from the
experimenter, together with an appropriate explanation
aésigged to .the group. An incorrect response elicited a
comment, "ﬁo, -+« YOu see ..." and an appropriate explanation.

The control group subjects received no training. How-
ever they were seen individually in three sessions for games
and received arbitrarily the same number of reinforcement
given to the experimental subjects.

The subjects were posttested 3 and 12 days after train-
ing. Both posttests included the same items used in the pre-
test. During the posttesting, thé subject was asked for aﬁ
explanation to support his judgment,

.Results indicated that the conservation of number and
length were attained by most experimental subjects.

Field (1977) found that the training effects of identity
and reversibility were highly and equally significant (F =
12.84, p < :0009). The training of compensation had little

‘impact on posttest scores.

=
ot .

]
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Field also reported that those_expérimental subjects
who were assigned to the identity . group gave a high pércent—
age of identity explanation for their conservafion'judgments.
This was similar to other_grpﬁps; All subjects with identity
training'learned to conserve,
Subjects in the following studies were mental retardates.
In each ﬁhildren and adolescents were treated as one group.
They attended special educational classes and were labelled
as educably subnormal (ESN) retardates. .
Lister (1969, 1930, 1972) did three studies with Fhis
group of ESN children and adolescents in an attempt to:
(2) accelerate weight conservation in her first study,
(b) accelerate volume conseryatidﬁ in her second study, and
(c) examine the possibility that training on a particular
conservation would generalize to others; )
Lister used identical training techniques for these
three studies. The method of training was flexibly adapted
to the need of the individual cﬁild, though it was kept
within standard guidelines and limits. The subjects were
giveﬁ varieties of experiences involving manipulation of
concrete materials in different situations and explanations
\Ef transformations and conservation judgments.
Subjects in all three studies were of approximately the
same age range, from 9 to 16 years. Subjects in thekfirst'

study (N = 6) were nonconservers, while subjects in the

”
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second study (N = 15) and third studx (N.= 17) were mainly
partial conservers at the begiﬁniné of thelexperiment.l Sub-
jects in the experimental and control groups were matched
- for mental ages iﬁ'the first study, and they were ‘matched

for chronological ages, IQs and conservatibn ability in the

L

secbnd and third study. -

All exﬁerimentél subjects were given oné,and only one,
individual training session.

In the first study (weight coﬁservation) Lister gave
subjects 15 to 30 minutes' training on a variety of weight
conservation tasks.

In the second study (volume conservation) Lister admin-
istered 30 minutes' training to subjects on volume conserva-
tiéon, Each training session was begun with a repetition‘of
the pretest situations.

In the third study (generalizatidﬂ-of conservation
training) Lister had two experimental groups. One group
received a variety of conservation training on conservation
of number, substance, length, welght, area, and volﬁﬁe. Cne
group received area conservation training only. Each
training sessionlwas of approximately 20 minutes duration.
Some pretest items were integrated into the training.

None of the control group subjects in £hese three studies

received conservation training,

Subjects were posttested individually 2 and 4 weeks
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after training in" the first study, 1 and 2 weeks after
training in %he second study, atf 1 week and 2 months after
training in the third. Posttest items in all these studies
were similar to those of the pretest, but includeé some new.
materials and situations.

Criteria used by Lister (1969, 1870, 1972} in her stu-
dies for a sucéeséful conservation response were conservation
judgment plus adequate explanations for the judgment.

Results of the posttests for all the experimental sub-
Jects were positive. Subjecté in fhp?}irst and second study
gave correct judgments and adequate explanations to all post-
test items. Twelve percent of the subjects in the thir&
study failed to give correct judgments to any posttest items.
These subjects were nonconservers at pretest while others who
succeeded on the posttest were partial conservers.

) . A retention test was administered 8 months after train-
ing in the first study, and 5 months after -training in the
second study. All trained subjects responded correctly with
adequate explanations,

Lister (1969, 1970, 1972) claimed that attempts to in—_
duce conservation operations in her studies were successful,
Some subjects evenAattained conservation of volume. Lister
stated that the subjects trained to conserve volume were able

r

to conserve weight and substance on posttest.

Field (1974) also conducted a study with ESN children

[
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 fand adolescents: 'Tﬁe study attempted to discover the vari-
“ables which were- critical to the developmeni of conservation.
Field compared two training me thods : (a) the learning set
method, and (b) the verbal,rule method. There were 22 sub-
jects who were all NONCONServers as indicated on pretest on
conservation of number, mass, length, 1iqui§, énd weight
tﬁsks. Crjteria for a succesful response to test items
weré corre;; conservation judgqent and adequate explanations
for that judgment. Subjects were also matched on mental age
(Peabody Picture Vocabulary Scale - PPVT); the minimum
mental age for the group was 5 years., Subjects were ran-
domly.assiéhed into three groups: (a) learning set group,
(b) verbal rule instruction group,rand (¢) control group.
Each subject was given three individual training sessions at
2 to 4 day iptervals. Each training session was from 12 to
35 minutes' duration.

In the learning set group, each training session in-
cluded the. same 10 problems,\five dealing with number con-
servation, and five with length., Each problem used a dif-
ferent test material; each material had thTee sets, and
there were three, five or seven in each set. Each problem
was presented to an individual subject in three transforma-
tions. For each transformation the experimenter focused only

on two sets of material which had equal numbers. The third

set had unequal numbers from the two identical sets. The
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<5
transformation itself required the exbe;}menter to manipulate .
one of two identical sets by expanding or"contracting the
material, -

Correct responses were reinforced immediately with a
counter which was exchanged for candies at the end of each-
training session. |

The traihiﬁg giﬁen to the verbal rule instruction group
was identical to that given to the learning éet'group. How~
ever, in the verbal rule group the experimenter made a state-
ment immediately after the subjeet had made a judgment of the
transformation, The statement emphasized either identity, or
reversibility or compensation. While making such a statement

> .'fhe experimenter returned the material to its original posi-
tion.

There was no concrete object reinforcement given subjects
in the verbal rule instruction group.

Q Control group subjects had three individual nontraining
sessions of the same ‘duration as the training sessions. Sub-
jects were alsojarhigfarily given the same number of rein-
forcements as the subj%tts in the treatmentlgroups.

There were four posttests. Posttest I was given 4 or

LA
-

5 days after the completibn of training. Posttest I1 was
given 16 months after the training. Posttest IIT was given
5 to 10 days after.a retraining session for all subjects,

DL .. Ca
The type of retraining was the same as the original training
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for each subjéct. The purpose of.retraining was to ensure
further benefit of the training. Two months after the re-
training~¥@ssion Posttest IV was given to those who were‘
still nonconservers and who had received a second retraining
on the verbal rule méthod. All the posttests wéré the same
as the pretest with the addition of four new items, two for
number conservation task and two for conseryétion of length.

Results of all the posttests indicated that the per-..
formance of the verbal rule instruction group was signifi-
cantly higher than all others. However, all three groups
improved their performance from Posttest I to Posttest III.
Field (1974) considered that the improvement made by th¢ cénjm
trol group subjects on the posttests was a general déveiop;
ment of COgservatibn skill in the period of test intervals.
During Posttest III all suﬁjects were also retested on\fhe

PPVT scale. All three groups increased their mean MA
.scores. The learning set group increased 11 months, the
verbal rule group increased 16 months and the contr61 group
increased 13 months.

Field (1974) concluded that ESN retardates could be
trained to obtain conservation. Training with number and
length problems was generalized to conservation responses
dealing with number, length, mass, liquid and weight con-
servation, Field stressed thgt verbal rule training was

-

effective in training conservation skills in ESN subjects.



REVIEW OF THE LITERATURE ' ' 27

0'Hare f1976) investigated the efficacy of a token-
reinforced instrucfidnal program designed to teach conserva-
tion of number and substance to a.gfoup of 70 mentally
retardéd children and adélescenFs..

The subjects were pretested on the conservation of num-
ber and substanceltasks. They were either nonconservers or.
partial conservefs‘and they were randomly divided into two
equal groups.

The éxpéfimental subjects were trained in small groups
consisting of four, five or six subjects respectively. }he
training period was 4 weeks with three 45 minute sessions
each week, Each training session began with the exaﬁiner
demonstrating the conservation of number and substance
tasks together with the appropriate verbal explanations.

The subjects were asked to [repeat the verbal explanations
and also to manipulate the'materials. The subjects were
feinforped for giving correct verbal responses and concrete
demonstrétions of the conservation concept by handling the
materials.

The control‘subjects participated in motor skill activi-
ties for equivalent periods of time,

All the subjects were posttested on the conservation
of number, substance, and weight tasks 2 days and 13 days
after the-training., An extinction test was given to thosel

subjects who had acquired conservation on the 14th day. No



'REVIEW"OF THE LITERATURE _. . 28

reinforcement was provided for the posttesting.

Results indicated that the experimentai group iﬁﬁroved
significantly on both conservation of éhe number task (D = ,88,
p < .01) and conservation of the. substance task (D = .74,

P < .01). There was no significant change between the two
posttests (p < .05). The coﬁtrol group subjects did not
improve in thefr posttests' performance.

O'Hare (1976) concluded that conservétion can be acquired
by mental retardates who are exposed'to‘& token-reinforced,‘
Piagetian-baéed training”program. The acquired—ﬁbility is
reported to be durable and resistant to chaﬁge. s

Hunter.and Lister (1970) évalu;ted the effects of a
multi-step schedule instruction én weight conservation accel-
eration. Twelve ESN subjects with ages ranging between 13
and.iS years were selected. They all héd completed a multi-
step schedule of instruction on the concept of weight. They
were subsequently tested on a sample of weight conservation
problems and were found to be nonconservers.

Subjects were divided equally into an experimental.and
a control group. The experimental group subjects had a
training seésion. They were posttested 2 weeks and 4 weeks
later on weight problems. All six experimental group sub-
jects attained conservation, while the control group sub—'
jects did‘not:“ At this point the control group subjects

I: .
were given a training session. Two and 4 weeks later these
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céﬁtrol g;oup subjects_were‘conserving consistently on both
posttests,

Eight months later the 11 available subjects were tested
again and found to have retained the conservation of welght ability.

Hunter and Lister (1970) concluded that when the sub-
jects had learned ﬁith understanding, the‘newly'acquired :
weight conservation ability couid become durablé and appli-
cable to other weight conservation problems,

Lancaster and McManis (1973) examined the-.effects of a
number conservation ;?Efﬂing procedure wﬂich included
cognitive—conflictitraining. Subjects were 18 noninstitu-
tionalized,mentally retarded adolescents attending a pre-
vo;ationalitraining centre. Subjects understood the terms
"more' and 'less", _and they were paftial COnservers on a
number conservation pretes£. They were also pTetegked;on
substance conservation tasksl Their MAs ranged from 5'yqars:
and 9 months, to 7 years and 9 months, and their IQs from'

43 to 69. Subjects were divided into three groupa'mafched
on mental age, IQ, and performance on number ¢onservation
pretest. Three groups were to.r;ceive training on addition-
subtraction and reveréibility under the following-three con-
ditions:

(2) cognitive conflict - the training procedure required

*® . L
that one of the two sets of objects be transformed,while the

other set remained unchariged. This produced a perceptual
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discrepancy Between the sets,

{(b) nonconflict --the training procedure required béth
.sets of objects to be transformid simultaneously which pro-
duced no perceptual discrepancy between the sets, and

(c) no training. |

Subjects in the two experimental groups--cdgq}tive-con;
flict condition and nenconflict condition--received two 30-
minute training sessions per week for 5 consecuéiyg weeks,
Each traiﬁing session included four transformations: . two
addition-subtraction operations;and two reversibility opera-

1

tions. Subjects in the control group--no training condition--

received no training nor were yhey seen by the experimenter.
Subjects were posttested one week after trainihg on the

same number and substance conservation taskﬁ used for the

pretesf. Posttest performance on number conservation was

significaﬁ%ly.higher than pretest performance (F = 8.98,

f = 1/15, p < .01) in both treatment groups, but not in the

control group. However, perfdrmance on number conservation

in both treatment groups didunot differ significantly. Post-

test and pretest performances on substance coﬁservation in

both treatment groups producgd no 51gn1f1cant dlfference
Lancaster and McManis (1973) advanced that the two

training procedures of cognitive conflict and nonconflict

had produced significant change§ in each treatment group.

»

However, half of the subjects in each treatment group were

/
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still not completely trained; they were unabie to give cor-
rect conservation judgment responses together with acceptable
justifications in any of the posttest items; ‘Effects of
training on number conservation were shown on the posttest

on number conservation tasks. Effects of trainin_ were not
cenerallzed to other types of conservation tasks. “

The foregoing studles were concerned with conservation
acceleration in different age&égoups of mentally retarded
individuals. The following studies are_concerned with:con-
servation acceleration in medtally'retarded individuals in
relation to normal ch{ldren and gifted children.

A thorough search of the literature reveals only one
study (Vande;heuvel 1974) of the effect of training in the
acquisition of conservation operatlonsh;n mentally retarded
adults. .

Vandenheuvel (1974) atfempted to induce conservation
operations in three groups of subjects, one group of 28
normal intelligence children, one group of 28 institutidnal-
ized mentally retarded children and adolescedts, and one
~group of 28 institutionalized mentally retarded adults. All
subjects were pretestednand were found to understand
the terms "same", "more'" and "less". They were also noncon-
servers on pretest eonservation tasks of substance, number

and weight. They also failed on a test of transitivity. The

crfteria for successful performance on a task were a correct
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'answef together with a consistent and appropriate explaﬁatién.

Subjects in the three age groups were divided equally
into an experimental group and a cohtrol'group. Experimental
grpup'suﬁjects were trained in one individual session on ‘
liquid substance conservation. Training was terminated when
.a Subject made correct judgmenté on three’ consecutive trials
or upﬁn completion of a total of 12 trials. During training
subjects received appropriate verbal feedback from the ex-
perimenter such as '"yes (no), that's right (wrong)".

Subjects in the control group also received the same
training procedure but with no feedback. The number of
trials was matched with that of the experimental shbjects.

A posttest was given immediately after training, and-
repeated 1 and 2 weeks later. Posttest items were iden-
tical to the pretest items.

Resu%ts on both posttests showed that subjects in the
experimental groups gave significantly more correct responses
than sﬁbjects in the control ‘groups. The experimental sub-
jects also increased correct judgments on number and substénce
conservation tasks but not on weight conservation tasks.

Brison and Bereiter (1967) reported the first study of
conseivation acceleration in mentally retarded individuals.
Subjects were a group of normal childreg (N = 37), a group of
retd¥ded children (N = 26) and a group of gifted children

(N = 33). The subjects' mental ages- ranged between 64 months
J
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and 87 monfhs. The mean mental ages of ihe three groups were:
gifted, 80 months; normals, 76 months; and retarded, 72 months.
~All the subjects wer€¢ nonconservers on a pretest on substance
consefvation tasks. -They were also pretested fogftheir com-
prehension of the terms "more'", "same'", and '"not as much".

The criterion for a conservatién'response was correct judgment
accompanied with adequate explanations.

Brison and Bereiter (1967) randomly assigned the subjects
to two groups--experimental and control.. The experimental
group subjects were trained in groups of seven children. Each
group included two children who were not subjects and who were
able to conserve substancet Subjects were given training on
liquid (juice) and solid (clay) conservation of substance.

The training.sequence involved five stages. Posttests to
assess'the effect of training were administered after each
stage of training. There were four conservation posttests,
each employing a different substance--juice, sand, clay and
paper. There were two extinction conservation teéts, one
employing juice, and the other employing clay. The extinc-
tion tests followed posttests to assess the stability of the
concept of conservation of substance. |

All five training stages were conducted in separate
single sessions. The interval between training sessions
varied from 3 to 5 days. Each subject was given Stage I

training followed by posttests. If the subject
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succeeded on all the postfests, he ﬁroceeded to the extinc-

tion tests. However, after the completion of Stage I train-
ing, each subject's route through the program was determined
by his success or failure on the conservation posttest items,

The posttest criterion for the acquisition of conserva-
‘tion was that a subject had to give correct responses to all
the test items. For example, if a subject failed.on Post-
test I of the conservation of liquid substance test, he was
to go to Stage Il tralnlng After this”training he returned
to Posttest I. He proceeded to Posttest II only after suc-
ceeding in Posttest I.

Brison and Befreiter (i967) reported in the results of
their study that the~difference among the three groups of
normal, gifted and retarded children in the acquisition of
" substance conservation was not significant. Less than 50%
of the subjects in each group showed conservation judgments.
The three groups did not differ in the amounts of training
required to acquire conservation. The groups also did not
differ in ability@?o generalize the acquired conservation to
other materials. There was a greater tendency for the sub-
jects to conserve, following training, with liquid substance
than with solid substance. However, Brison and Bereiter
(1967) p01nted out that the retarded subjects did make more
errors in training than did normal and gifted children.

There was also some evidence that retarded subjects were more



REVIEW OF THE LITERATURE 35

&

suscebtible to extinction_of conservation responses.

Having described studies which report attempts at fos-
tering conservation acquisition in mentally retarded individ-
uals, it now geems appropriate to offer some critical comments
on those studies. Results from all of the previously cited
training studies seem to indicate that mental retardates can
benefit from training in conservation acquisition. However
certain weaknesses present in those studles need to be consi-
dered before recommendation about the training of mental re-
tardates are advanced. The following section consists of
critical comments of the aforementioned studies and questions
arising therefrom which state the purpose of the current study.

A close loék at the training method emploYed by most of
the authors shows that similar tasks were used both in the
actual training and in the posttest. For éxample, in Lister's.
(1969, 1970, 1972) and Field's (1977) studies of ESN children
and O'Hare's (1976) study of mentally retarded children and
adolescents, the training procedures were very explicit and
detaiied; they seemed to be geared specifically.to provide
the subjects with a capacity to make correct answers and
to give appropriate explanations. The training method used
by Lister was "eclectic" and unspecific which varied’ from
subject to égbjgct. This was because Lister strongly em-
phasized tﬁat“thé training method should be adapted to the
needs of the individual child. The training appears to be

merely a rote learning, task training as subjects were trained

to respond in certain ways to the questiong® gpd then re-tested

I\"
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on the same quéé%ions. _ ' .

For example,in Lister's (1970) study,the training of
volume conservation began with a repétition of pretest items
which were also used for the posttest. Results of the post-
test were then used to claim success for the training. When
pretest, training and posttest items .are very similar, one
' might well ask if in fact any fraining effect can be observed.

Lister reported that some of her ESN subjects were suc-
cgssfully trained to attain volume conservation: a formal
operation. According to Inhelder (1943/1968) mentally re-
tarded individuals simply cannot‘reach this 1eve1‘of intel-
lectual functioning.

It may be that, in Lister's studies, pre0perationaf ex-
planations were incorrecgly accepted as proof of formal opera-
tional fﬁnctioning. Since #fge volume conservation tasks em-
ployed by Lister on the posttest were similar in nature to
those in the traiﬂing procedures,- subjects' judgments could
simply be preservations of the initial judgments made by the
experimenter in each training situation. Ewa1thougla.sdﬁéct
said, "'they were the same' as an explanation, he may not have
understood the relationship between the quantitative elements
involved. This kind of qualitative identity is present in
the. thought of the preoperational child (DeVries, 1969; Piaget,
1967/1968);"it should not be taken as evidence of formal

operational thought.
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Furthermore, the great majority of her subjects were
partial conservers of wgight prior to training and her resulf;
are necessari1y compromised by this fact.

. The studies conducted by Lancaster and McManis (1973),
.O'Hare (1976), and Richards and Stone (1970) share this
weakness in that the sample often included those subjects at
fhe transitional stage of'conservatioﬁ.“ Inhelder and Sinclair
(1969) stress that one of the essential aspects in an ade-
‘quate training study is to differentiate transitional and non-
conserving subjects at tﬁe beginning of an experiment. In
other words, all subjects should be nonconservers before an
eXperiment commences.

The results of some of the studies (Brison and Bereiter,
1967, Lister, 1969, 1970, 1972; Vandenheuvel, 1974) are sus-
pect in that subjects did not always receive the same amount
or even the same type of training. In spite of this the re-
sults of such training were held to affect all the subjects
in an identical fashion.

In many studies (Brison and Bereiter, 1967; Hunter and
Lister, 1970; Lancaster and McManis, 1973; Lister, 1969, 1970,
1972) stabiiity and generalization of the acquired conserva-
tion abilities were not appropriately examined. According to
Piaget (1964) a fully acquired operation is durable and
generalizable, and evidence of its exiétencq must iqﬁlﬁde

-these criteria.
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Richards and Stone (1970) reported that tralnlng on con-
Jervatlon of quantity and number concept had enabled subJects
to generallég the newly acquired operations to performance on
some WISC subtests. Rlehards and Stone also stated that WISC
scores were found to be resistant to practice effect,even with
a test interval of one to two weeks, However, since rio con-
trol group was included in this study its results mlght well
be questioned.

Many studies employed identical test items fof both pre-
test and posttest (Brison and Bereiter, 1967; Field, 1974:
Lancaster and McManis, 1973; Véndenheuvel, 1974). Others ,f,
(Field, 1977; Hunter and Lister, 1970; Lister, 1969, 1970, °
1972) used some pretest items for posttesting. Sﬁbjects'
performance on the posttest then could be due to practice
effecEs and recall. That this might be the case is supported
by Field's (1974) study in which control group subjects also
showed improvement on the posttests:

A general criticism of all the just previously cited .
studies might be that they do not provide any evidence that
mentally retarded individuals acquire conservation schemgs
which allow them to transfer to utilize their newly acquired
ability in other activities or tasks requiring conser-
vation. Tﬁat is, what has passed for‘conservation training
may well be nothing moye than task training, since individuals

were not given an opportunity in the posttest to demonstrate
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the breadth and scope of the newly acquired skill.

The objective for 'the training of mentally retarded

individuals in conservation operations is _ to enable

them to use the ability so acquired in their interaction with

the environment. Evidence of this ability to transfer

learning is what is lacking in previous studies.

There is therefore a need for preciSe experimentallin-
vestigation of fhe following questions: (1) Can training in
conservations enablé mentally retarded adolescents and adults
to acquire these operaﬁions? (2)- Can the conservation ability
thus acquired be generalized td other .activities and tasks,
thereby demonstrating cbnceptual advance? The present sfudy

is designed to answer these questions.

Research Problem and Hypotheses

Research Problem

»
In the present study an attémpt is made to (1) ad-

vance the cognitive déﬁelopment (acquisition of substance
conservation operation) in mentally retarded adolescents and
adults who are nonconservers by employing a training mefhod
that will be argued to be more appropriate than those methods
used previously, and (2)'provide evidence that the conserva-
fion ability so acqﬁired can be_generalizeé to other activi-
ties requiring that ability, thus demonstrating conceptual

advance,
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Hypotheses S

It is therefore hypothesized that:

(1) a gréater proportion of mentally retarded adoiés-
cents and adults who.geceive conservation traihing will ﬂe )
conservers than those mentally retarded adolescents and
adults who do not receive such training;

(2) mentaily retarded adolescents and adults who receive
conservation tféining will be able to“give a greater propor-

tion of conservation responses than mentally retarded adoles-

cents and adults who do not receive such training.
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CHAPTER 11
' <

EXPERIMENTAL DESIGN

The testing of the hypotheses required ‘the study of a
group of nonconserving mentglly retarded adolescents and
adults, the selection of a conservafigh training method for -
the subjects, and the training of research assistants. The
discussion of these three components of the design is fol-
lowed by the descriptions of the selection procedure and of
the composition of the sample. This is followed by the pre-
seﬁfation of the training and posttesting procedures, and the
explanation of the scoring methods used. Thé chaptef ends

with a discussion of the statistical design‘and techniques

used to analyze the data.

Training Method and Procedures

The fraining methad used in the present study was a
mbdifieé form of that developed by Travis (1969). It is based
» On behaviorist;c principles which hold that reinforcement can
be used to shafe behavior, and that new behavior can Be ac-
quired with reinforcement. Neisworth and Smith (1973). state
that the behavioral sciences in the last two deéades have
made the greategt contribution to the training and management
of mentally retarded individuals in noncognitive areas. The

present study was designed to apply behavioristic principles

%
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of learning to cognitive behaviors; specifically -fo the ac-
quisition of consefvation ability-as postulated by Piaget;:
This choice was made because behavioristic learning principles
h%ve been successfully uqu in £he'hastening of thé develop-
ment of conservation ability in normal children (Travis,‘
1969), and because of a basic assumption that behavioristic
learning approaches dre particularly-appropriate_for training
mentally retarded individuals. This éssumption has extensife
support in the literature (Ausman and Gaddy,~1974; Baer,
Perterson ahd Sherman, 1967; Birnbrauer, Wolfe, Kidder and
Tague, 1965; Br&ckey, 1978; Gardner, 19723 Haskett and Hollar,
1978; Hobbs and Goswick, 91977; Karen, Eisner and Endres,

1974; Mulhern, 1969; Neisworth and Smith, 1973; O*Malley and
Golden, 1978; Remington, Foxen and Hogg, 1977; Sanders, 1975).

Travis (1969) used a behavioristic épproach of continuous

reinforcement as the basis for a substance conservation train-

~

i

ing technique. He ensured the acquisition of a substance con-
servation response by presenting'to each.subject a systematic
series of progressively greater deformations of an initial
stimulus pattern. The series begins with an imperceptible
deformation and terminates with a very gross deformation.
After each deformation the subject indicaies whether or not
the stimulué objects still coﬂtain the same amount of sub-

stance as théy did before the deformation. The correct

response is always followed by a reinforcement.
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There aré four training bhases in-Travis':mqthod wilth
26 items'in Phase I and 24 items in Phases II, III and IV,
The training is done on an individual basis. Each phase is
presented to an individual subject in a single session. On .
the basis of one phase,per day, it takes four days to com-
plete the entire traininé procedure with a subject. “

In Travis' training procedure two pretests and two post-
tests are aéministered. The purpése of the first pretest is
to ensurge that all subjects undgrstand_the terms ''same
amount", "more than", and "not as much". The purpose of the
second pretest is to ensure that all subjects do not demon-
strate the abilitywto conserve substance. Posttest I is
desigﬁed to‘test thé acquisition of a-reliable, consistent
and generalized resﬁénsehyf substance conservation; it is
administered.one week after the training. Posttest II is
designed to test resistance to extinction, durability, and
generalizability of conservation; it is.administered four
weeks after the training. Both posttests have two parts;
“the first consisting of liquid substance consgrvation tasks
similar to the items used in Pfetest.PI and in the training
sessions, ghe second part consists of plasticine substance
conservation tasks to which éhé subjects are introduced for
the first time.

However, in the present study Travis' Pretest II and

the second part of his postfest served as the only posttest.

~
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Y.
The reason for eliminating the first part of the posttest

was that it was a repetition of Pretest II and of the training
items. Thus, in the present study the same items used in the
pretest selection of the subjécts'were also used as posttest,
but in parallel fo;ms. This steﬁ was taken in ordeT to avoid
the possibility that some subjects might npcail previdus test
items. Posttest I is designed to test the acqu151t10n of a
reliable and con51stent response of substdnce conservation.
Posttest II, including two novelty items, is designed to test
durabiiity and generalizability of conservation,

In other reépects the Travis methodology was closely
followed with some minor modifications which are deécribed
below. |

In the present study the reinfo;cers were mainly minia-
ture marshmallows. One‘subject refﬁsed'to accept these re-
inforcers, | declaring that he wafga?.longer a baby'who
yearned for candy. His teacher suggestgd money as a rein-
forcer. With his agreement and the approval of his ward
staff, this subject was awarded ten cents at the end of each
training'and posttest sessiﬁn. A few subjects accepted
cookies, and another accepted peanuts as an alternative.

. Subjects in thé control group were given freedom to
choose their reinforcer on the basis of the alternatives
giveh-to the experimental group. The same number of rein-

forcers given to the first subject in the experimental group
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'changing one shaperintO‘anofher_and_asking the subjects if
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"~ was swarded randomly to the first.subject in the control

group Thls was for the purpose of prov1d1ng the same num-

ber of relnforcers to the exper1menta1 group and to the control

" group subjects.

Travis' methodology is-emplojed on normal children.
As pointed out by Inhelder (1943/1968) mentally retarded

individuals learn at a slower rate than normal children.

- Therefore in the present study, to allow for the slowness of

the subjects, training'sessidnz‘were doubléd} In other words,
ench'phase in the present stnéy comprised two sessions admin-
istered.on the same daj,with one 'session in the morning and
another in the afternoon. The entire procedure for each sub-
ject was completed-inlfour days (see Appendix 1 procedural

chart).

Descriptfbn of the Instruments

The conservatlon of substance test was de51gned by
Plaget and Inhelder: (1942/1974) It involves showing
two equal amounts of substance in the same form fsu;h as -

liquid in identicai containers, and slay in balls), then

“.

-~

the new shape has. the same amount of substance as the one
that was not altered' The subjects' responses are recorded
and classified as conservatlon OTr nonconservation responses.

This method has been employed frequently in Piagetian
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research as exemplified in the literature. The appar
used in the present study was derived from Travis' trainﬂng

method, with some modification (see Appendix 2).

. Training of the Research Assistants

The entire project was carried out by the investigator
with the assistance of fou} teacher aides (two in each of the
inétitutions whe;e the project took place).. The assistants
were employed as teacﬁer aides in these facilities. None of
these assistants had ever been directly involved ﬁith the
subjeétg in the classroom setting..

All testing and training of the subjects ﬁas carrie?
out individually with the pretest being.conducted by thé
investigator and a teacher aide. The efgeriment itself was
carried out by two assistants, and the posttest was per-
formed by the investigator. On one occasion only was the
Posttest I of a group of seven subjects done by a psycho-
metrist of the institution, trained by the investigator.

All teacher aides Wwege trained by the investigatof be-
fore performing their tasks. The pretest was first infrof
duced to them by an itemized demonstration which was followed by
their dmémﬁngthe investigator in an actual testing situatid;
with the prospective subjects. A discussion which followed

allowed the investigator to clarify any points which might

have been unclear to the teacher aides.

~ .
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The training of the teacher aides for thé experiment
took pla;e after the completion of the prefest.' The teacher
aides who carried out the training program.ﬁith the experi-
mental.group ﬁere\the same persons who participated in the
pretest selection of subjects.

Those teacher aides who worked with the control group
subjects were introduced to the discrimination tasks which
weTe 1in booklet form. g

Two manuals with corresponding picture booklets Qere
prepared f&r the study; namely, (1) the pretest and posttest
manual and booklet, and (2) the substaﬁée conservation |

training manual and booklet (see Appendix 3, 4, 5, 6).

The Sample

Selection of the Sample

The sample was selected from a total school population
of 357 students in two institutions for mentally retarded
individuals in the province of Ontario. In one institution
there were 218 residents of which 113 attended school.
In the second institution there were 1192 residents of which
244 attended school. The schools are operated by the pro-
vincial Ministry of Education.

To participate in the educational program in these
institutions the residents must meet the following criteria:

be of legal age for compulsory education, and be dﬁpable
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of benefitting from the program. The reason for choosing
those residents who were enrolled in the edﬁcational program
as subjeéts for the present study was that the possible cogni-
tive advanée obpained from the experiment might enhance their
cognitive funetioning in future academic leayning.

The preliminary criteria for the sélection of the sample
were comprehensible speech, adequate vision, and freedom from
severe perceptual and/or emotional problems. On the basis of
Effi; criteria 143 residents (41 from one institution and 102
from another) were selected. These 143 individuals were pre-
tested for the selection of Ehe sample.

Prete I.- All subjects were shown four identical trans-

indrical beakers. Two of the beakers contained the

: water while one contained more, and the other .
less, than the pair with identical amdunts. The subject was
first asked to touch two glasses containing ''the same amounts"
of water. Then he was asked to touch two glasses containing
different amounts of water and to indicate which beaker had
"more than'' the other, and which had '"not as much' as thé
othe;. Subjects failing to respond correctly to;any one of
these tasks were eliminated from the experiment.

Pretest II.- All subjects were given ‘eight conservation

of substance tasks with the first three of different deforma-
tions® of liquid and the remaining five of different deforma-

tions of solid substance (clay).
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On the first task of Pretest II; subjects were shown two
identical cylindrigal beakers (G) approximately one inch apart
which contained the same amounts of orange water. The experi-
menter said to the éubjects; "There are two glasses; they are
the same size and they both have the same amounts of water-in
them". After the subjects had acknowledged that the two iden-
tical:beakers contained the same amounts of liquid, the ex-
pefimenter introduced a third beaker (H) placed approximately
two inches from the pair. The experimenter said, "There is
another glass'", then added, "Watch what I do", {Pd poured
the c:mtents of one of these two bea'kers into the empty third
beaker. After the deformation, the subjects were asked,

" (ﬂis name) do you think this glass (indicating the
beaker into which Jiquid has been transferred) has the same
amount of water, mgre water, or not as much water as this
one?" (indicatin%?the beaker whose contents had not been
removed). After the subjects had given their answers, they
were asked, "Why do you think so?" or "How do you know?"
All.ixplanations were tecorded and later analyzed (see record
form in Appendix 7).

On the second task of Pretest II, subjects were shown
the same two cylindrical beakers (G) as in the first task. But
this time the two beakers contained different amounts of

liquid. After the subjects had acknowledged that the two

identical beakers contained different amounts of liquid, the

o
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‘conteﬁts of the teakef containg the 1a?ger
amount were poured into the.empty third beaker (H). The
standard questions were asked and explanétidﬁs were recorded.

On the third ta;k'of Pretest II, subjects were shown
two identical.cylindriCal beakers (H) containing the séme
amounts of‘liqUid.‘ After the éubjects had acknowledéed that
these two beakers containe@ the same améunts of liquid,';he
contents of one of these.téb beake;s were podred into the
empty third beaker (G). The étandard guestions were asked
and eiplanations were recorded. ]

On the fourth task of Pretest'II, subjects were shown
two identical clay balls (25 g each). iAfter the subjects
had acknowledged that these two balls were identical (con-
taining the same amounts of clay), %ne of the balls was
flattened into a pancake. After the deformation, the sub-
jects were ésked, " - (his name} do you think this one
(indicating the pancake) has the same amount of ¢clay, more
¢lay or not as much clay as this one?" (indicating the re-
maining Eall).“ After the subjects had given their answers,
‘they were asked, "Why-do you think so?" or "How do you know?"
All explanations were recorded. |

On the fifth task of Pretest II, subjects were shown
the same two identical clay balls. After the subjects'

acknowledgment, one of the balls was transformed into a

cross. - The standard questions were asked and explanations
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" were recorded.

On the sixth task of Pretest II, again the same two
identical clay balls were shown to the subjecgs; After the
subjects' acknowledgment, one of the balls wés trans formed
into a bowl. The standard questions were asked and explana-
tions were recofded. _

On the seventh task of Pretest II, the same two identi-
cal clay balls were presented to the subjécts. After the
subjects' acknowledgment that the two balls contained the
same amounts of clay, one ball was transformed into a spake.
The standard questions were asked, explanat%&?&\were recorded.

The last task of Pretest II was to transform the snake
into a necklace. This task was followed by the saﬁe standard ques-
tions and again the explanations were recorded.

All explanations were analyzed. According to Smedslund

(1961) subjects possess a reliable and generalized conserva-
tion response if they give "symbolic" and/or "symbolic-
logical"” explanations to jusfity their answers. "Symbolic"
explanations were those which "directly or indirectly refer .
to previous events in the same test item” (Smedslund, lggl,
p. 74). "Symbolic—logical" explanations were those which
"explicitly state that nothing has been added or taken away"
(Smedslund, 1961, p. 74). a

Only those sﬁbjects who failed on all of the conserva-

tion of substance. tasks remained in the experiment, and were

1
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assigned either to the experimental group or to the control
grdup as previously reported; The experimental group was given
Travis' substance conservation training program. The control
group was pro&ided with no conservation training, but was given
instead a social interaction situation in which the experimenter
and the subjects worked on some discrimination tasks. Tﬁis was
necessary in order to ensure that résults on the posttests of
the experimental subjects were due to conservation training
rather than social interaction with the experimenter.

After the pretest selection, a printed list of the names
of the subjects was given to the principals of both institu-
tions, who were asked to group the subjects according to the
availability of the subjects for the four congecutive days
of the experiment. The subjects’ ﬁctiyities had to be re-
arranged between the school and other departments within the
institution in order to minimize conflict in scheduling and
to ensure the subjects' availability for both other activities
and for the presént study. The principals also grouped the
subjects according to geographic location; all subjects who
attended classes in the same area were scheduled for the same
experigent. This arrangement was meant to minimize the sub-
jects' prolonged absenc¢ from the classroom. Such a procedure
also facilitated the efforts of the teacher aides in trans-

" porting the subjects to and from the site of the experiment

and the classrooms.
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The data relative to agé, sex,-length of institutional-

ization and IQ of each subject were obtained from the medical

-

file. Intelligence-scores were derived from either the
Stanford-Binet Scale or Wechsler Intelligence Scale (Chil-
dren's and Adults') administered within the twenty-four

‘\
months preceding the present study.

A Description of the Sample

The sample consisted of 48 mentally retarded adolescents
and adults. Twenty-two of them were selected f%om‘one insti-
tution and the remaining 26 from the other. In the experi-
mental group, there were 25 subj;cts (7 females and 18 males).
Chronological ages rangéd from 149 months to 256 months, IQs
from 36 to 69 points and length of institutionalization from
11 months to 186 months. | |

The mean age was.212.80 mof™Ms with a standard deviation
of 26.?5 months. The mean IQ was 49.24 with a standard de-
viation of 10.86. The mean length of institutionalization
was 86.28 months with a Stgpdard deviation of 54.64 months.

In the control group there were 23 subjects (4 females
and 19 males); Chronclogical ages range& from 179 months to
. 257 monéhs; IQs, from 30 to 67 points, length of institu- "~
tionalization, from 25 months to 170 months,

The mean age was 220.26 months with a standard deviation

of 23.95 months. The mean IQ was 43.96 with a standard
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deviation of 9.34. The mean length of institutionalization
was 85.43 months with a standard deviation of 36.56 months,

\ Table 1 summarizes the aforementioned data.

Training procedure

The training was carried out individually with the sub-
jects in the experimental group by the teachg% aides. The
teacher and student were seated comfortably at a desk facing
each other. The teacher had the beakers, four containers of
coloured liquid and‘reinforcérs on a low f;ble or stool be-
side her. She also had _the training booklet, record form
and pencils on the desk. The teacher attempted to establish
a good rapport with the student before tLe training procedure
started. The teacher maintained a pleasant and purposive
manner throuéhout the session.

Once rapport was establisheé, the teacher said, "Now we
are going to play with some of these things.(pointing to the
beakers and containers). I am going ﬁp ask you what you
think about some of them. You will have to watch very care-
fully. When you anfwer some questions you will get some}
marshmallows (pointing to the reinforcers). Now donft for-
éét that you must watch very carefully and remember what you
begin with each tfme". )

On the first training item .(Phase I, Session ﬂ, No. 1),

‘the student was shown two cylindrical beakers (F) approximately

L4
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one inch apart, which contained the same amounts of red liquid
_as indicated in the training booklet. The teacher said,
© "Here afe two glasses; they are the same size and theylboth
have the same amounts of water in. them". After the student
had acknowledged that the two ideﬁticél beakers contained
the same amounts of iiquid, the teacher introduced the third
beaker (F) placed approximately two inches from thé pair.
The teacher said, "There is another glass". Then he said,
"Watch what I do", and poured the contents of one beaker (one
in the pair that is close to the third beaker) into the empty
third beaker (shown in training booklet). (The newly emptied
beaker was placed at the far end of the table.) The teacher
asked, " , (student's name) do you think this glass
(indicating the beaker into which the liquid has been trans-
ferred) has the same ampunt of water, more water, or not as
much as this one?" (indicating the beaker whose contents had
not been removed). |

After each answer, the teacher said, "That's right", or
"That's wrong", according to:whether the answer was correct
or incorrect. According to Piaget (1960a, 1960b) telling the
subject that he is wrong could lead to the cognitive dis-
equilibrium/ﬁhich is essential for further cognitive growth.

The student's response was recorded on the record form
(see Appendix 8). If the response was tight, thé teacher

wrote "R'"; if the response was wrong,"W". The reinforcer was

'
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given to the student upon delivering a right response.

' The teacher proceeded ;ith the training items as listed
in the training booklef. After each defdrmation, the stan-
dard question was again asked, a verbal comment was given,
and the response was recorded and reinforceéd if correct. The
training items in one phase were completed in.a single session
without interruption. - The eight training sessions averaged‘
25 minutes each in duration. )

While the experimental gfoup was given the tréining, the
control group was provided with discrimination task exeréises,
during which all control group subjects were reinforced ran-

domly with approximately the same number of reinforcers as

were provided for the experimental group subjects.
Posttest

All subjects were given two posttests using test items
similar to those used in pretest II, but in parallel forms.
That is, in the posttests, sand (orange liquid in pretest)
was used fogjikﬁggioné to three, while plaaticine (ciay in
pretest) was used for itemg four to eight. Posttest I was
administered 1 week after the training, and Posttest II,

3 weeks later.

There.were two extra novelty items (Items 9 and 10) on

Posttest II. This enabled the experimeqter to verify the

ability of the subjects to transfer learning.



EXPERTMENTAL DESIGN 3 58°
Ifstructions for these two extra items were as follows: Item Q:
The teacher presented“the student with two piles of.10 reﬁ' |
poker chips each, about an inch apart and<said, "There are two
piles of chips.+ They are the same size and have the same
amounts of chips'". Af;er the students' acknowledgment that.

L

such was the case, the -teacher said, ""Watch what I do", and

knocked down the pile on her right. The teacher asked,

" ‘ (studen;'s.name); do you think this pile (pointing to

the pile which has just been knocked down)‘haé the same

amoin ®o chips, more chips or not as many chips as this

-file" (?ointing to the pile remaining standing). After the

student gave his\}esponse, the teacher asked, "Why do you

think so?' or "How do you know?" The teacher recorded all

respongés. Item 10: The instruction was identical to item

nine, but the material was different. For item 10, pennies

were used instead of poker chips. ) | N
Dufing fhe pretest,. trainihg_(experimental_groups only),

and posttest, if a subjec; disagréed with the statement fhat

v \ + ~
the presented stimuli were the gsame amount" or '"different

.
.

amount' the experimenter manoceuvred the stimuli to the sub-
ject's satisfaction,or arranged to arrive at a mutual agree-

ment before ﬁroceeding to qhé tran§formation required.

’ o
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An Explication of the Scoring Méthodology_

There has been disagreement as tb who could be called a
conserﬁer,and authors have employed divergent criteria for clas-
siffing subjects as conservers. Some démanded total correct
posttest responses (Lister, 1969). Others concentrated on
the number of tasks a subject was able to do cof&ectly
(Vandenheuvel, 1974). Travis' criterion was that all the
posttest responses be correct. The present study -adopted this
latter critérion. However, tﬁé number and type of tasks a
subjéct was able to ao was rTecorded for verification of the
second hypothesis.

Subjects were said to possess a reliable, consistent con-
servation response if they gave correct answers to all eight
tasks in Posttest I with "symbolic" and/or "symbolic-logical”
explanations to justify their answers (Travig, 1969). Post-
test I was designed to assess the acquisitioﬁlof a reliable,
consistent response after the cognitive training of conserva-
tioﬁ responses. The requiremefit tHat all responses be correct
ﬁith "symbolic" and/or 'symbolic-logical'' e;planations for
these responses, was adopted toensure the existence of a cogni-
tive dimension of conservation behavior (Travis, 1969).

According to Piaget (1964) an operation is fully acquired
if: (1) it is reliable, (2) it is durable, and (3) it is '

generalizable (trénsferabie). Posttedt II was therefore

£
iy
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designed to assess not only reliability, consistency. and
&urability, but also generalizabiiity. The criterion for
scoring in Posttest II was‘that the answers of all 10 tasks
must be correct with symbolic and/or symbolic~logical expla-
nations. If subjects met this criterioﬂ, ""they were deemed
to possess the conservation of substance operation”_(Travis,

1969, p. 31).

' The Statistical Procedures for Analysis of Data

Hypothesis I ‘

‘It was hypothesized that a.gréater propoffion of subjects
who received conservation training would bfcome ébnsefvers
than would those subjects who did not receive such‘training.
Evidence for the presence of thecanservation operation 1s a per- '
fect scq;e: all correct answers given by a subject én both
posttests. On the bagis of this criterion a subject is
classified éither as a consefver OT 2 NONCOnserver. |

The original plan was to test hypothesis I,usiﬁg a nor-
mal approximation to- the binomial test of the null hypothesis
that there is no difference between the proportion of con-
servers in thé training condition and in the control condition.
Because none of the control subjects became conservers, how-

ever, the proportion is zero. With this extreme value the

normal approximation becomes very poor (Glass and Stanley,
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1970, p. 325). Thus, hypothesis I was tested by determining
the 95% confidence iﬁterval for the proportion of experimental
subjects who became conservers using the procedure discussed
by Natrella (1963). Using this procedure the null hypothesis
that the proportion of the training-group subjects wﬁo are
conservers after training is zero, is rejected at the .05

level, if zero is not within the 95% confidence interval.

Hypothesis 11

A

' oo ) v
It was hypothesized that a greater proportion of subjects

yho receivgd conservation‘trainingfwould be able to give con-
servation responses than those subjects who did not receive
such training.

This hypothesis was tegted by using a corrected xz.tech—
niqﬁe. All the subjects were classified into two groups
according to whether they had zero conservation responses,
'or one or more sﬁch-responses. A 2x2 contingency table was
formed using thi; grouping as.-one dimension, and the experi-
mental-control grouping as the other dimension. A corrected
x? (for cbntinuity) was used in order to adjust for the dis-
creteness of the dependent variable (Marascuilo and McSweeney,
1977).

In the next chapter, the actual analysis of the data,

the results and a discussion of the findings are presented.



" CHAPTER III

PRESENTATION, DISCUSSION, SUMMARY AND CONCLUSIONS

The object of this study was to investigate if the con-
servation éé sub;tance operation could be accelerated in a
group of nonconserving mentally retarded adolescents and
adults. The results of this study are presented in the first
part of this chapter. This is followed by a discussion, sum-
o R

Presentation

mary and conclusions.’

The first hypothesis predicted that a greater proportion
of sﬁbjects who received conservation training would become
conservers (exhibiting the conservation of substance opera-
fion) than those subjects who received no such training.

The data presented in Taﬁle 2 indicate that seven (28%)
subjects in the experimental group'gave conservation responses
to all 18 items on posttest I and posttest II;they were there-
fore acknowledged to be conservers. These subjects satisfied
the criteria for acquiring the conservation of substance ..
operation, There was no subject in the control group able to
give conservation responses to all 18 items.

A confidence interval approach was used to test this

hypothesis. Using the procedure of Natrella (1963, p. 7-2;

and Table A22, p. T-39) the 95% confidence interval for the:
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Tabie 2

Number of Subjects Giving Conservation Responses to all ltems
on Posttests I and II Combined (Number of Conservers)

Subjects Number of Conservers : %
Experimental 7 28
(N=25) .

_Control ' 0 0
(N=23) -
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proportion of conservers in, the training condition is from
..118 to .475. Since zero is not in this interval the null
hypothesis that the population proportion is zero is rejected'
~at the .05 level.

The second hypo%hesis predicted that a greater propor-
tion of the subjects who .were trained would exhibit conserva-
‘tion responses than the subjects who received no such training.
This hypothesis predicted that a greater proportion of those
subjects who were reinforce& for giving conservation responses
to a series of progressively larger deformations of substance
conservation tasks would give conservation responsés than
subjects receiving no such training, when tested on the post-
tests. This prediction was assessed by comparing the per-
formance of the experimental group and the control group on
the same posttests; posttest I given one week after training
and posﬁtest IT given four weeks after training.

The test results on posttest I and posttest Il are pre-
sented in Table 3 which indicates the frequency of conserva-
tion resﬁonses given by the subjects of the experimental
group and of -the control grouﬁ. Table 3 also presents the
number of subjects who gave conservation responses fo all
items on posttest I and posttest II in both the experimental
group and the control group. The information in Table 3
demonstrates that on posttest I the subjects in the experi-

mental group delivered 40% of the maximum conservation
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responses, wvhereas the subjects in the control group -gave only
1.63%. The data also show that 28% (7 of 25) experimental
group subjects gave conservation responses to all items on
posttest I, while none of the 23 éontrol group subjects were
able to do so. The data in Table 3 also indicate that on
posttest II the subjects in the experimental group gave 46.8%
of the maximum conservation responses while the subjeéts in the
control group emitted'ﬁ.SZ%, énd‘that 40% (10 of.25) experi-
mental group subjects gave conservation responses to all
items on posttest II while none of the:éon§r01 group sub-
jects did‘so. - | ’

As was explained in Cﬁ;ﬁfer IT,a 2 test was used to
test hypothesis II. For'posftest I, a x* of 7.88 was ob-
tained, which is significant at the .05 level. The data are
presented in Table 4. For posttest II, a x® of 4.84 was ob-
tained, which is also significant at the .05 level. The

data are presented in Table 5.

Discussion, Summary and Conclusions

In the present study an attempt was made to examine Ehe

'following questions: K\
(1) Can nonconserving mentally_retafded adolescents_anﬁ

adults be trained to acquire conservation of subst;nce? and

(2) If acquired, is this behavior durable an% general -

izable?
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Table 4

Relationship Between Conservation Responses and Treatment
Grouping on Posttest I.

Subject

Sum
Control Experimental
One or more 3 14 17
Number of
Conservation Zero 20 11 31
Responses
-Sum 23 25 48

Corrected x* value = 7.88
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Relationship Between Conservation Responses and Treatment

Table 5§

Grouping on Posttest II

Subject
Control Experimental Sum
. One or more 5 14 19
Number of '
~ Conservation Zero 18 i 11 29
Responses - :
Sum 23 . 25 45

Corrected x2 value = 4.53

68
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These QUestions were examined in a controlled experiment
described in the foregoing pages. The_results indicated that
the trainiﬁg procedure was effective in bringing about the
acquisition of conservation of substance. Twéhty-eight per-

8
cent of the 25 subjects who were trained became Conservers,
whereas no subjects from the control group became conservers
by the end of the experiment.

It is evident that the. treatment condition produced a
reliable, durable and generalizable conservation behavior in
more than one quarter of the experimental group subjects.
This learned behavior was successfully maintained over a one
month period following training. The subjects also succeeded
in solving other problems requiring this ability.

In addition, this newly acquired conservation operation
aﬁpeared strengthened with the passage of time. Three sub-
jects in the experimental group were unable to succeed on all
of the test items on posttest I but did so on posttest II,
Two of these subjects failed at the beginning of the test.
They subsequently performed well after their "initial fright".
According to the criteria used in the present study, these sub-
. jects were not classifigd:as conservers, Howeyer,.these sub-
jects had definitely benefitted from the training and were
able to cope with many conservation tasks. The present cri-
teria may be too severe in éhat a subject had to succeed on

all of the posttests to be regarded as a conserver,
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Two other subjects in the experimental group improved
greétly in their performance from posttest I to posttest II.
They succeeded on 80% of the tasks on posttest'II,‘while they
6btainqd only 12% and 37% reSpectively on posttest I.

In the control group, three subjects gafe a correct re-
sponse on one item:together with appropriate explanations on
ﬁosttest I. In addition, five subjects were successful with
one to five items on posttest II. In the hospifal medical
records all of these subjects had been diagnosed as having
emotional disturbance and/or organic problems besides mental
retardation, |

These subjects should probably have been excluded from .
the present study once they were found to have additional
problems. Howevef, due to the difficulties of finding indi-
viduals who suffered only from mental retardation, these sub-
jects were included in the study: Nonetheless the improve-
ment made by fhese‘gubjects onithe posttests was not statis-
tically significant. ,bi

These findings wetre at bestfincleaf since the five
subjects in the experimental groﬁp who had been diagnosed
as having emotional and/or organic problems did not attain

conservation. In fact their performance was the poorest in
‘the group.
Clearly there were some questions which arose from these

findings. However,'no further attempt was made to clarify
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these issues in the absence of definitjve data.

The results of the present experiment were as hypothé—
~sized. The implications arising therefrom are provocative,
in that it appears that conceptual advance in mentally re-
tarded adolescents and.adulfs‘is a probable outcome of pro-
perly structure@ teaching.

Piaget (1967/1968) contends that the attainment of the
conservation operation is the result of the ¢hild's interac-
tion with his total environment, Inheider (1943/1968) and
Stephens (1968) state that a mental retardate's ognitive de—
velopment stops at early adolescence. However, the present
training experiment seemgd to fulfill the requirements for
producing the cbnservation operation in a significant propor-
tion of mentall} retarded'adolesgents and adults, thus demon-
strating conceptual advance. In other words, traiﬁing
has successfully increased a mental retardate's reper--
toire of schemas, which are the repeatéble pstholégical
units of intelligent behavior, in his cognitive structure.
These newly acquired schemas enable their posseésor to
adapt more efficiently to the exPerimentél environment. This
was demonstrated in the present study by the subjects' suc-

cessful performance on the posttests.

It seems clear that cognitive development was demonstrated
to be possible in mentally retarded adolescents and adults who

were provided with precisely structured learning experiences
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couPied with relevantureinforcemeat., In the ﬁresent training
program, the systeﬁatic presentations of the task sequence
_tpgethegdwith-thelinstruments, reinforcers and social rein-
forcement were deeigned to provide the subjects with compo-

nents similar .to a good learning environment.

- The procedures-provided the subjects with a systematic

. oppoxrtunity to become aware of the need to adapt to their

learning environment. In accordance with Piaget's theory,it
might be expected that through the adaptation process, new

schemas were created in the cognitive structure of the
learners. The evidence shows that developmental change in- * -

1

volving the attainment of conservation.operations was observ-

able in a significant proportlon of those exposed to the ex-

per1menta1 teachlng strateg;es —

)

Accordlng to Plaget the. Capac1ty to generallze learnlng,

as demonstrated by ‘the posttest performance of the conserv1ng

» .

;ebjﬁgts, requires the preséﬁce of ﬁn elaborated adaptive

mechanism, Con51stent w1th his theory,thls adapti mechanism

must of Qece551ty be a cognltlve one. If such is the Case, it £

~!ﬁiﬂd seem to follow gwgt the-sonceptual'advance attained by zj

thergenserv1ng subjects would necessaraly 1nvolve the develop-

ent of elaborated cé}nltlve structures.

A
One’ mlght ask how the ‘current -procedures have effected
. R Y

2 uch a change. Two major factors seem:

oBe of prime 1mpgr—

- ‘tance. The flTSt concernigﬁﬁ Qéfcrete structure of a7

o . R - - “

. . .
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teaching sfrategy which permitted and encouraged the subjects
to become aware that respon&ing to the learning tésk required
that they adapt to théir environment. In Piaget's theory,
adaptation necessarily involves the establishment of a state
 of cognitive equilibrium in response to a prior state of dis-
équilibrium. In order for a subject to be put in a state of
d%;equiiib:;um,hg must have the capa;ityrtoﬁbe aware that a
problem exists, It might be argued that mentally retarded
adolescent and adult subjects were seldom able to discern
that "p}obléms” in fact did exist,unless the environment was
structured to permit them to become aware of the problenm,
and, subsequently, toinduce a state of cognitive disequili-
brium. It is held .that the discrete structure of the current

experimental procedure in fact provided just the sort of en-

vironment which is conducive to bringing about an awareness,

in mentally retarded adolescent and adult subjects, of the

- -

necessity to respond.
Subjects' respon;iveness ahd involvement are held to be
a function of reihforcemeﬁt, the second major factor influ-
encing the succgssful outcome of training procedures.
It is generally held thaf the hehavioristic approachés
~are éﬁccessful in helping mental retardates to acquire new
. skiiIs. In thevpresent studﬁ a behavioristic approach char-
acterized fhe training procedure which seemed to make the

-"subjects more enthusiastic, willing and responsive learners.

L

. ‘_n .. l' /\/ | ‘
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a

it was found that the use pf_conc}ete.rewards was valuable
as a motivatiﬂg factor. The results indicated that the
greater the number of reinforcers earned by a sub}ect during
the training sessions, the better his performance was on the
posttests,

It seems cléar that with ﬁentally retarded adolescent
and adult subjects extrinsic reinforcement helps to ensure.
that they will attend to the structured 1earn1ng situation.

It mlght well be that in getting the subjects to pay atten-
tion to the learning task by reinforcing them for so doing,
subjects are eXposed to an.opportunify of being placed in a
state of cognitive disequilibrium. This would result.in
cognitive development if.the state of cognitive disequili-
brium is not beyond their capacity to restore a state of cogni-
tive equilibrium given the adaptive schemas available to them.

Whether or not one accepts the foregoing theoretical
speculations, fhe fact remains that the present study has
'démonstrated that cognitive change can be induced in a signi-
'ficant proportion of mentally retarded adolescent an¥ adult
subjects who have been exposed to a contreolled experimental

8

environment.
‘ It is ﬁoped that the present study will provide insights ipto
better ways of helping mentally retarded individuals to attain
conceptual advance which, in ‘turn, should enable them to adapt

and to interact more efficieﬂtly with their énvironment. There
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is hope that t;aining procedures which are based on the pres-
ent model will help mental-retardates_to become more self-
reliant and less dependent on others for their needs. Clearly
the development of the ‘potential abilities of mental retardates

would be beneficial, first to them, and ultimateiy to society

as a whole.
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Pretests I and II (Approximately 20 minutes)

Experimental Group

Training -
ession
Phase I .
session
- _session
Phase II
session
session
Phase I1I
session
session
Phase IV

W > O & R =

éﬁfsion

Control Group

Each session
¢ approx. 30"
duration

Discrimination
Tasks

<. Total _>

contact time
approx. 240"

Posttest I
approx. 30"

|

Posttest II
approx. 30"
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APPARATUS
_ No. of
1. Beakers:- Groups , Inner Diameter Height Beakers
| A 7/8" 3 4
B 1" 2-7/8" 3 \
c 1-1Me 2117167 3
) 1-1/2" 2-5/8" 3
E 1-3/4" 2-1/2" 3
F o 33/ 3
G CO 12-1/2" 2
H

2-1/4" 1-1/2" . 2

© 2. Coloured liquid: .5 containers of coloured liquid of

“

red, blue, green, yellow and orange,

3. Clay: 2 25g clay‘balls. ) ///ﬂ
4. Plasticine: 2 30g plasticine balls.
5. Reinforcers: marshmallows, cookies,,peanuts, and money.

6. Red poker chips: 20.

7. Pennies: 20.
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S

\¢// ‘Manual For Pretest and Posttest

%
»

For Substance Conservation Training Program

s

The pretest consists of two parts. fhe firs£ part--
Pretest I, stipulates that the individual student undergtands
the terminology of "same amountﬁ, "more than', and '"not as
much". The second pretest--Pretest II, is used to ensure

that the student does not have any amount of substance con-

~

servation'abi;ity. l
Pretest I consists of only one item which has three ques-
‘tions. Pretest II consists of eight items with the first
thrée items of liquid substance conservation tagks and the
remaining five of solid substance -conservation tasks.
Students are tested individually and they have to answer
all of the three questions corréttly in Pretest I in order
to proceedto Prefest iI. Students who fail to aﬁswer any
of these three questions correctly are eliminated féom the
program. —

There are two posttests. Posttest I is administered one
week after training, and Posttest II four weekg after training.
‘Test items on Pretest II are used for both posttests, but with
different materials--sand and plasticine. Theré are two new
items in Posttgst IE.

Students are also tésted individually for both the post-

tests,
\-‘-‘ .
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Materials

Pretest
Glasses - Four identical glasses
Coloured Liquid - One container sf orange (0) liquid
Clay ~ Two identical‘clay balls.
Pésttest |
Sand -
Plasticine - Two identical plasticine balls
Red poker chips - 20 )
Pennies - 20

Pretest and Posttest:

Beakers

Groups Inner diameter Height No. of beakers

G 1" 2-1/2" 2
H 2-1/4n 1-1/2" 2

Record'?orm.

Pretest Procedure

The teacher and student are seated comfortébly at a desk.
.facing eﬁch other. The teacher has the beakers, one container
of ox%ulge liquid, and a quantity of clay, on a low table or stool heside
him. He also has the pretést instruction, pretest booklet,
record form and pencils on the desk. The teacher atteﬁpts to
establish a good‘rapport with the studgpt before the testiné

procedure starts., The teacher maintains a pleasant and
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purposive manner throughout the session.

Once rapport is established, the teacher says, 'Now we
are going to plaf with some of these things (pointing to the
glasses, beakers, container and-clay). I am going to ask you
- what you think about some of them. You will have to watch

very carefully".

On Pretest I, the student is shown four identical glasses

approxim;tely one inch apart. Two of the élasses contain the
same amounts of orange liquid while one of the remaining con-
tains more and the other less, than the pair with the.séme
amounts (shown in pretest booklet).

" The teacher says, "There are four glassés; they are the
same size. Two of the glasses have the same amounts- of water
in them, one has more water in it and one has not as much
water in .it as the others. Now I ﬁant you to look at them
very carefully and point to the two glasses which have fhe
same amounts of water in them', |

After the student has given his answer, the teacher says,
"Fine". .

The teachgr proceeds io ask the second question, 'Now

(student's name) point to the one which has more water.
in it". |
JPine". - : _ :

The teacher proceeds to ask the third question, "Now,

After the student has given his answer, the teacher says,.

/ﬁ't_
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(studentfsogame) point to, the one which hag.not as
much wate'r in it as the others".' Again the teacher séys,
"Fine", in responding to the student's ansﬁer. |

The water is returned to the container. J

The test is terminated for those students who failed to’
answer correctly any of these questions. For those who
answered all three questions cdorrectly, the teachér is to
proceed to introducé Pretest II by 'saying, "Now, Fstu-
dent's name) we are going to play some more with these things
(pointing to the beakers, container and cl&y). I am going to
ask you what you ;ﬁink about.sqme of t@ém. You &ill have to
watch very carefully and remember what you begin with each
time'".

On the first item of Pretest II, the student is shown
two identical Beakers (G) approximately‘one inch apart which
contain the same amounts of orange liquid (shown in pretest
booklet).

The teacher says, "There are two glasses; they are the

same size and they both have the same amounts of water in

them".

After the student acknowledges that the two identical
beakers contain the same amounts of liquid, the teacher in-
troduces the third beaker (H} placed app}oximately two inches
from the pair, The teacher says, "There is another glass".

Then he says, "Watch what I do", and pours the contents of one
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beaker (the one that is éloses; to the third beaker) into the
empty third beaker (shown in pretest boo?let]. (The newly
‘emptied beaker is placed at the far end of the table.)

The teacher asks, "__. , (student's name) do you thing
this glass (indicating the beaker into which the liquid has
been %ransférred) has the same amount of water, more water,
or not as much water as this one?" (indicating the beaker‘

whose conteats have not been removed). _

Aftér the student has given his answer, the teacher says,
"How do you know?" or "Why do you think so?" All explana-
tions are recorded. > - o

The water is returned to the container and the Beakers
are returned to the box.

On the second item of Pretest II, the student is shown
the same two beakers (G) (as the first item) one inch)apart.

But this time the two beakers contain different amounts of
liquid (shown in pretest booklet). The teacher says, "There
are two glasses; they are the'same size ‘but they have differ-
ént amounts of water in them",

After the student acknowlédges that the two identical
beakers contain different amounts of liquid, the,teacher in- -
troduces the third beaker (H) placed tﬁb inches from fhe
pair. The teacher-says, "There is énother glass'". Then he says,

"Watch what I do", and pours the contents of {Ihat beaker

L ./
which contains more liquid (shown in pretest booklet)

(_~



-

_into the empty third beaker. (The newly emptied beaker is
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plapéd at the far end of the table.)
'The:tea;her asks the same standard question, "

(student's name), do you think this glass (indicafing the

beaker into which liquid has been transferred) has the same
amount of water, more water,or not as much water as this one?"
(indicating the beaker whose contents have not been removed) .

After the student has given his answer, the ‘teacher says,

"How do. you know?" or "Why do you, think so?" All explana-

tions atTe recorded.

The water is returned to the container and the beakers
are returned to the box.

On the third item of Pretest II, the student i§ ghown
two identicél beakers (H) containing. the same amounts of
liquid (shown in pretest bopkletjr

The teacher says, "Theré are two glasses; they are the
same size,and they both have the same "amounts of water in
them'. - ' . /

After tﬁe‘student acknowledges' that the two iden#ical

beakers contain the same amounts of liquid, the teacher in-

troduces the third beéaker (G). The teacher says, '"There, is

another glass". Then he says, "Watch what I do'l, and/p'oufs the

contents of one. beaker iqtb the emptied third beaker (shown
in pretest booklet). (Thé newly emptied beaker is placed at

the far end of the_ table.)~
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The teacher asks, "__ - {student's péme),‘do yoﬁ think
this éiass (indicating the beaker into which.the liquid has
been.transferredl has the same amount of water,.more water,
or not as much water as this one?" (indicating ‘the beaker
whose contents have not been remaved). |

After the studéqtihas given his answef, the teacher
says,.""How do you know?" or "Why do you Ehink so?" All
explanétions are ree@%ded. ¢
, TheIWater is -returned to the container and the beakers
to' the box. .

On the foﬁrth item of Pretest Ii, the stiudent is ShOWnV
two  identical clay balls. The teacher says, ‘‘There are two
balls; they are the same size, and they both have the same.
émounts bf clay in them",

After the student aéknowlpdges that the tﬁo ident%cal
balls contain the same amounts of clay;;fhe teacher flattens
one of the balls into a pancake.

The teacher asks, " (student's_hime),'do you think
this one (indicating the.pgncake) has the same amount of clay,
moré clay, or not as much clay as this one?" (indicating the
ream{ning ball). ‘ |

After the student has givep his answer, the teacher
says, "How do you know?" or "Why do you think $0?" All ex-
planations are recorded. |

On the fifth item of Pretest II, the student is shown’
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the same two identical cla? balls. The teacher says, SThere
(?re_twoﬁballs; they ére the same size and they both have the
same amounts of élay in them". |

After the student acknowledges fhat the two identical
balls contain the same amounts. of clay, the‘tgachef t}ans—;.
forﬁs one of the balls-into a-cfbss.

The teacher asks; " CStddeﬁt's name), do ydu
think this one (indicating the cross) has the same amount of
clay; more tlay, or not as mich clay as this one?" (indi-
cating the remaining ball)-

‘After the student has given his answer, the teacher says,
"How do you know?" or "Why do you think so?"™ All explanations

are recorded. o
On the sixth item of Pretest iI,‘the student is shown’
the same two identical clay balls. After the student's |
 acknowledgment, one of the balls is transformed into a bowl.
The gfandard questions are asked and explanations are recordéd.
On the seventh item of Pretest II, the student is shown
the same two identical clay balls. After the student's
acknowledgment, one of the balls is transformed into a snake.
The standard questions are asked, the explanations are reéorded.
- The iast item of Prefest IT is to transform the snake -
into a necklace. . The standard questions are asked and the

explanatlons are recorded ke
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?osttest Procedure

Posttest I

R -
Procedure is. the same as_in Pretest II but using dif-

a

ferent test materials. Sand is used for items one to three,

b

and ptasticine is used for items four to eight. —

Py

Posttest I1 o

Procedure is thé same as Posttest i,using identical
-materials fof:itéms one to.eight. "\~ _

Ori the ninth item, the student is shown two piles of 10
poker chips one inch apart. The teacher says, "There are two
.:piles of chips. They are the same size and have the same
© amounts of chips". | | |

A%tér the student's acknowledgment that such is the casé,
the teac@g@lsays, "Watch what I do", and knocks down the pile
of poke&lchips on his right. The teacher asks, " hg (stu-
dent's name), do you thiﬁg this pile (pointing to the pile
which has just been knocked down) has the same amount of
chips, more chips or not as mény Ehips as this pile" (pointing
to the pile remaininé standing).

After the student has giveﬁ‘his answer, the teacher says,
“How do you know?" or "Why do you think SO?", All explana-
tions are recorded. | .

On the tenth ifem, the student is shown two piles of 10
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pennies “one inch apart; The teacher says, "There'arg two
piles‘of penniés;‘\They are the same size and have the same
amounts of pennies’. .

After the student's acknowledgment, the teacher says,
"Watch wha£ I do" and knocks down the pile of pénhies on his
right, The tea;her asks, "___ (student's name), do -you
think this pile (pointing fo‘fﬁe‘pile ﬁhiéh has just beeq
knbckéd.down) has the same amdﬁnt of pennies, more-peﬁnies
or not as mény pennieg as this pile?" (pointing to the pile
remaining standiﬂg).

After the student has given his answer, the teacher
says, "How do you know?" or "Why do you think so?" All

s

explanations are recorded.
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Name o Date of Birth
School Age Sex:
Items Rs Explanations
Pretest 11 f Date
-Liquid, y
(orange colour) 1 //
2
c1dy . '
5
6
7
-8
Total correct Rs r=
Posttest I Date
Sand 1
2
3
Plasticine 4
5
6
' 7
8
Total correct Rs i
Posttest II Date

Sand 1
2z

3

Plasticine 4
y 5

b

7

8

Poker chips 9
Pennies 10

Total correct Rs
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Fay C. F. Tang
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'Manual-For ‘ :

Substance Conservatigp Training

This manual is designed for teacher§ to cdnd&ct substance
conservation training through the application of continuous
positive reinforcement to students for the advancement of
cognitive operation. Cognitive operation here is limited to
Piaget's conservation of substance. Conservation is defined
as the ability to recognize constant quantitative relation—.
‘ships in spite of changing information produced by perceptual
variations. According to Piaget, conservation is necessary
for rational behavior and for adaptation in tﬁe environment.

Results from studies condlicted with mentally retarded
children indicate that training‘for a particular conservation
operation accelerates dognitive development. It is therefdre .
expected that if provided with proper training, mentally re-
tarded adolescents and adults will be able to acquire con-
servation operations which they do not currently manifest.
Conservation training shbuld enhance both their cognitive
development and intelligent behavior, which imﬁrovement will
be réflected in their academic performance in cu:riculﬁr

activities (i.e., arithmetics, fractions, etc.).

Selection Criteria

The students are selected acdprding to two pretest cri-

teria. The first stipulates that the individual student
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-understands the terminology‘of "same~auount"; YYmore than",
and "not as much". Another criteridén is that the student
does not have any substance conservation ability.

‘The students selected are at a mental age of approxlmately

six or siXx andfa half years. They must be able to communl-
?

cate verbally, posSEss adequate eye51ght and be with-

out severe perceptual and/or ‘emotional problems

) -
t

‘Training Progranm

("

The training program is a modified form of the method

- developed by Travis (1969) based on Piaget's substance con-
servation test, and behav1or15t1c pr1nc1p1es of positive rein-
'forcement. It consists of four phases,wlth 26 items in
phase I, and 24 items in phases II, III and IV. rTraining

v

is done on an individual basis. Each phase is presented to

a student in two sessions (A and B); one session in the '
morning, and another in the afternoon on the same day. Each
session takes approximately one half hour., It takes four

days to complete the entire training'procedure with a student:

(see appendix A Procedural Chart),
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- Training Materials

Beakers N

&éoups Inner diameter Height No. of beakers

‘ AN 7/8" B 4

; R

C 11/4" 2 11/16'™ 3

T p 1 1/2" 2 5/8" 3

- 1 3/4" 2 1/2" 3

F.

. 2" 2 3/8" 3
I ' . -
Coloured-Liquid

Four containers of coloured liouid of red (R), blue (B),’

green (G) and yéellow (Y).

‘Training Booklet

Reinforcer g ° o $~

Marshmailows, cookies, peanuts, and money.

*

(enclosed) (same booklet as "appendix 6)

S
Record Form

(see appendix B).

Training Procedure
'_The teacher and student are seated comfortably at a desk.
facing each other. The teacher has' the beakers four con-
tainers of coloured liquid and reinforcers on a low table or
stool be51de him. He also has the training booklet, Tecord

\ .

L



3}

Ay

APPENDIX 5 S M 113

~ form and pencils on the desk. The teacher attempts to es-

tablish a good rapport with the student before .the trainingﬁ
procedure starts. The teacher maintains a pleasant and pur-
posive manner throughout the session. ..

1 .

-

Ohce ‘rapport is established, thé teacher says, "Now we'

EN

are going to play with some of these things (pointing to the

beakers and containers). I am g01ng to ask you what youar

think about some of'them.l You.will ﬁﬁve to watch very care-
fully. When you answer some questions you will gef somei
 (pointing to’the reinforcers). Now don't forget
that-yoﬁ-must watch very cafefulLy and remember what you
begin with each timed. .
On the first training item (Phase I,_Session A, No. 1),

the student is ‘shown two cylindrical beakers (F) approximately

one inch apart, containing the same amounts of red liquid

- (shown in training booklet). The teacher says, "There ate

two glasses; they are the same size and they both have the
same amounts of water in them".

After the student aékﬁowledges that the two identical
beakers contain the same amounts of liquid, the teacher in-
troduces the third beaker (F) pIéced‘approximately two inches
from tﬁe pair. The teacher says, "There is another glass™.
Then”says! "Watch ﬁhat I th, and pours thelcontents of one
beaker (one in the pair that is close to the third beaker)

into the empty third beaker (shown in training booklet).
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—

(The ﬁewly emptied beaker is placed at the far end of the
taglé.)' The teacher asks E" (student's name), do you
think this glass (1nd1cat1ng the beaker into which liquid
has been transferred) has the same amount of water, more
water, or not as much;water as this one?" (indicating the
beaker whose conténtsfhave not been removed)}.

Aftgr each answe}, the teacher says, "That's right”, or
"That's wrong", accorﬁing to whether the answeTr 1s correct
or incorrect. The student's fesponsglis to be recorded on
the record form, Iféthe response is right, the teacher
writes "R"; if the reSponse is wrong, writes '"W'". .The rein-
forcer is to be given to the student upon delivering a rtight
response. 'The water is returned to the container and the
bégkers are returﬁed_io the hox. _

On the second trainiﬁg item (Phase I, Session A, No. 2),
the sthdent is shown the same two cylindrical-beakers (F)
(as Phase I, Session A,~No. 1) one inch apart. But this time
the two beakers contain different amounts of red liquid (shown
in training booklet). The teacher says, ''There are two
glasses; they are thé same size but they have different
amounts of water in them"

After the student acknowledges that the two identical
beakers contain different amounts of liquid, the teacher in-

troduces the third beaker (F) placed two inches from the pair.

The teacher says, "There is another glass'. Then says, "Watch
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what I do', and pours the contents of that beaker
which contains less liquid into the empty third beaker (shown
in training booklet). (The newly emptied beaker is placed at
the far end of the table.) The teacher asks fhe same stan-
dard question, ".  (student's ﬁame), do you think this
glass (indicating the beaker into which‘liquid_haé been tranzir;
ferred) has the same amount of water, more ﬁater, or not as
much water as this one?" (indicating the beaker whose contents
have not been removed). The teacher gives the appropriate
verbal comment, "That's right'", or "That's wrong”, according
to whether the answer is correct or incorrect. Response is’
to be recorded on the¢ record form with "R" for right, and "W"
for wrong. The;right response is followed by the reinforcer.
Water is returned to the container,;nd béakers to the box.

The teacher proceeds with the training items” as iiéted
in the training b;;ilet. Again the standard question is
asked, a verbal comment is given, and the respomse~is recorded
and reinforced if correct. The training items iﬁ‘each phase

must be completed in a single session without interruption,

The teacher is provided with a card which restates the
standard question, the appropriate verbal comment, and re-
. cording procedures (see appendix C).

The same format is repeated for each item.
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Pretests I and II (Approximately 20 minutes)

Exﬁerimental Group

‘Training

ession
Phase 1
session

session
Phase II ' ]
session

. session
Phase III ]
session

session

Phase 1V <:Sessi0n

W > ® O @ o E >

Control Group

Each session
¢— approx. 30"}
duration -

Discrimination
Tasks

FQ\ Total _~7

contact time
approx. 240"

Posttest I
approx. 30"

) 4

Posttest II
approx. 30"
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SUBSTANCE CONSERVATION TRAINING RECORD FORM

Name Date of Birth Age

Date: _ : B
Phase I Phase I1I Phase III Phase 1V
School ) ' _ Sex: 1;

Code: R - right response - reinforce
W - wrong response

Phase I Phase TI Phase III Phase 1V

A B A B CA B A B
Lo 1. 1. .
2. _ 20 202
- P - O S
R SO SO S
5. S s, 5.
6. - 6. ___ 6. e,
s e e
8. _ 8 ___ 8. 8.
9. 8. e, 9.
0. 1e. __10. .
. 1. o1, o1,
12. 2. 12 iz, -
5.~ s, s oas. T
W, 4. 14,140
s, 1s. ___1s. ______1s.
6. _  _ 16. . 16. _ . 16. ___
17. 7. 17. ___ ___17.
8. __  __ 18. ____ 18. 18,
9. 19, 19, 1.,
20, 20,0 20, o20.
21. 2l 2. 2.
22 220 220 g2,

23, 23, 23, a3,
24, . 24, 7 7 P
25. __________ Total  _~ Total _  Total
26, ' Time __ Time ____ Time -

Total

Time _
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Appendix C

Geﬂeral Introduction

"Now we are going-té_play with some of these things
(pointing to the beakers and containers). I am going to ask
youﬂwhat you think about .some of fhémf You will have to
watch very carefully. When you answer some‘questions you
will get some . (pointing to the'reinfdrcers). Now,
don't forget that you must watch very carefully and remember

what you begin with each time." '

Item Introduction

"There are two glasses; they are the same (or different)
size and they béth have the same (or diffe:?nt) amounts of
water in them."

"There is another glass."

"Watch what I do." ’

Standard Question

" (student's name), do you think this glass has
_(or these glasses all together have) (indicating the beaker
into which liquid has been transferred) the same amount of
water, more water, or not as much water as this one?" (indi-

cating the beaker whose contents have not been removed).
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Appropriate Verbal Comment

"That's right", or "That's wrong", according to whether -

the answer is correct or incorrect. =

Recording Procedures

Y]

Write- "R", if the response is right--the reinforcer is
to be given to the student.
Write "W", if the response is wrong.

The same format is repeated for each item.
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Phase II - Training
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PRETEST AND POSTTEST RECORD FORM



PRETEST AND POSTTEST RECORD FORM

Name

Date of Birth

‘School

137

Age

Sex:

Items

Rs

Explanations

Pretest II
Liquid
(orange colour) 1

Clay

Total correct Rs

Date

00 ~3 v U o o N

Posttest I
Sand

Plasticiﬁe

00 ~1 O U ot N

Total correct Rs

Date

Posttest II

Sand 1
2
3
'Plasticine 4
5
6
7
8
Poker chips 9
Pennies 10

Total correct Rs

Date . -
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SUBSTANCE CONSERVATION TRAINING RECORD FORM

Name ‘ Date of-Birfh Age
Date: : ' o 7
Phase I .. Phase II _Phase III . Phase 1V
School ' | Sex: II:I
Code: R - right response - relnforce
- W - wrong response
Phase I Phase II° ' .Phase III Phase IV
A B A B A B A B
1. 1. .
2. _ 2. 2._______(%}_ 2
e 3. 3. s,
e e S T
S. _______ 5 __ S5 _ 5
6. 6. 6. 6. .
e o Te - Te 1.
8. 8 ___ o e___ 8
O 9. e. 9.
. 0. __ - 10.______10.
. . __ 1. 1. .
2. 2. 12. 12, =
3. . 13, _ 13, 13,
4. 140 4. Co1as
5. __ o 1s. . 15, 1s, .
6. 1. _  __ 16. ___ ___ 16.
LA ¢ A & A S
18, .. 18 __ _ 18. 18, .
9. 1. 18, T ooas.
Y20 zo. _ _ ao. __zo.
21, 2l. -2, a1,
22, 2. 22. 220 o
23, ____‘_} 23. 23, ___ 230
2. 7 24, 24, 24,
25, Total_____  Total ___ __ Total -
26, ____ ___ Time ____ __ Time ____ ____ Time __
Total '

Time
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~ ABSTRACT OF

Cognitive Advancement in

Mentally Retarded Adolescents and Adults1

The purpose of the preseht §tﬁdy was to accelerate the
conservation of substaan (as described by Piaget) in men-
tally retarded adolescents and adults®. It was hypothesized
that a greater .proportion of experimental group subjects >
would become conservers éfter'traininé than the control group
subjects.- It was further hYpothesized that the experimental
group subjects would give a g?eateriproportion of conservatioﬂ
responseé after training”thanlthe'céntfol group subjects.

Thé gubjecfs wefe‘4§'nqn-conserving mentally retarded
adolescents aﬂd adu1t§ who were residents of two institutions
in the provincé;of Ontario;; These subjects were divided into
an experimental group (N = 25) é;d a control group (N = 23).

The experimental grdup_subjects

=

féée given eight half-hour
individual training sessions of conservation of substance in
four consecutive daysiﬁith two sessions daily. “Correct re-
sponses were reinforced immediafely'with edible goodies or
monef. The control group subjétté.received no training. How-
ever they were seen individuélly fdr an equal nhmber éf ses-

sions for exercises of discrimination task. They were also

+

1 Fay C. F. Tang, doctoral thesis presented to the School
of Graduate Studies of the University of Ottawa, Ontario, 1979,
ix-142 p.
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o reinforced'in-random fashion with the same number of rein-

,
forcers glven to the experlmental group subJects.

All of the subjects were posttested individually one
week and four weeks after the tralnlng. They were reinforced
after each posttest session,

Data were analysed by using a normal approximatien to
the binomial test and a corrected y2 technlque

The results support the hypotheses. Twenty-eight per~
cent of the experimental g;;up subjects attained the con-
servatlon operation; none of the control group subjects
‘did so. The experlmental.group Subjects gave 43.4% of the

total posttests maximum conservatlon responses and the con-

trol group subjects gave Only 4. 2%





