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SHORT ABSTRACT

45 normal and 45 EMR elementary school children, of whom 15
normal and 15 EMR Ss received perceptual/attentional consexrvation
training, were tested on 4 Piagetian conservation tasks (number,
length, continuous quantity-solid and liquid) and two conservation
violation tasks (number and length). EM and psychophysiological
("surprise reaction") data were collected from the point at which
the transformation outcome became apparent, and verbal response
data at completion of tasks and after 3 weeks, Comparisons were
made between conservers and nonconservers, and between trained
and untrained nonconservers. EM and "surprise reaction"™ data
clearly differentiated normal consexvers and nonconservers, and
to a lesser extent, EMR conservers and nonconservers. Trained and
untrained nonconservers in both normal and EMR samples showed
similar but not as strong differences, while verbal response differ-
ences were still apparent after 3 weeks. Conserver-nonconserver
differences were discussed in terms of: Piaget's theroetical
position, 2 "performance~competence" distinction and possible

cognitive structural differences between normal and EMR children.



ABSTRACT

The present study examined the possibility of accelérating
intellectual development, as defined by Piaget in terxms of conser-
vation acquisition, in normal and EMR children. A rationale was
developed for incorporating verbal responses, EMs and psycho-
physiological ("surprise reaction") data as indices of cognitive
structural development. An attempt was also made to differentiate
between "performance" and "competence" conservation responses using
the above indices.

Ninety elementary school children (45 normal and 45 EMR) were
classified as conservers and nonconservers on the basis of number
and length pretests. Half of the normal and half of the EMR non-
conservers were given two perceptual/attentional training sessions.
All Ss were presented with four conservation tasks (number, length,
continuous quantity solid, and continuous quantity liquid) and two
conservation violation items (number and length). The tasks were
presented on lémm. movie and with taped verbal instructions. EMs
and "surprise reaction" data were recorded during the period
immediately following the point at which the stimulus transformation
outcome became apparent, whereas verbal response data were cbtained
at the completion of each task. Three weeks after the initial movie
presentation, trained and untrained nonconservers were retested at
their schools on the conservation tasks.:

EMs and "surprise reactions" clearly differentiated normal

conservers and nonconservers (Study 1) and to a lesser extent EMR



conservers and nonconservers (Study 3). Similar although not as
strong differences were obtained between trained and untrained non-
conservers in both normal (Study 2) and EMR Ss (Study 4).

Tt was concluded that EM and "surprise reaction" data had
provided useful evidence to supplement verbal response data in the
assessment of cognitive structural development, and that training
was effective with both normal and EMR Ss. The analyses of EM
patterns in terms of general and centrative perceptual activity,
and of "surprise reactions", supported Piaget's position with regard
to differences between conservers and nonconservers. The conserva-
tion acceleration findings were supportive of previous investigations
which have shown increases in intelligence test scores following
special educational programs. The results were discussed in terms
of a "performance-competence" distinction, and in terms of possible

cognitive structural differences between normal and EMR children.
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CHAPTER 1

Introduction

The present investigation wae concerned with the effects of a
specific training procedure on the intellectual development of EMR
children., Piaget's (1947) theory of intelligence, specifically the
acquisition of conservation, provided the focus. According to
Piaget's theory, successful acceleration of the acquisition of
conservation is indicative of an acceleration of intellectual devel-
opment, The majority of studies in this area have used traditional
intelligence tests based on interindividual comparisons as indices
of intellectual development, and the results are difficult to inter-
pret, Studies of changes in intellectual development in particular
individuals appear to call for intraindividual comparisons, and since
Piaget's theory is based on such comparisons (Elkind, 1969) and is
concerned with the actual nature of the development of intelligence,
it seemed a more promising approach.

Piaget (1964a) has suggested several basic criteria which need
to be considered in attempting to determine whether or not, training
has resulted in cognitive structural changes. Three of these criteria
which seemed of central importance, were permanence and generaliz-
ability of behavioral changes, and the specification of the nature of
cognitive structural changes. While several studies in this area
appear to have successfully incorporated the first two of these

criteria, attempts to use the third criterion have almost always been



restricted to inferences based on verbal data.

The complex relationship between language and cognitive func-
tioning has proven difficult to disentangle' (Berlyne, 1965), and
moreover, a number of researchers have tended to unjustifiably equate
the two. Considerable disagreement has arisen regarding the effec-
tiveness of various training procedures as evidenced by cognitive
structural changes (Braine, 1962; Bruner, 1966a; Piaget, 1967), and
most of this dissent seems attributable to the ambiguity of verbal
data. Thus, what seems to be required are additional nonverbal data
on cognitive structural changes.

Although cognitive structural changes presumably have-a
neurophysiological and chemical basis, biochemical and neurological .
analyses of cortical tissue are quite impossible with present methods
of analysis. Consequently, a study of ongoing psychophy;iological
functioning appears to be the most practicable approach for investi-
gating the nature of cognitive structural changes. If distinct
differences in psychophysiological activity are apparent at various
stages of conservation development, these measures should provide
useful evidence to supplement verbal data in the assessment of
structural changes. Supplementary evidence of this nature should
thus permit a more adequate evaluation of attempts to accelerate the
acquisition of conservation.

Quite clearly, some aspects of psychophysiological functioning
are more useful than others. Within Piaget's theory, the development

of cognitive structures are accompanied by a number of changes in



perceptual activity and attentional behavior. Consequently, psycho-
physiological indices of perceptual activity and attentional behavior
would seem to be likely sources of potentially useful data. Eye-
movements (EMs) are one source of data which is closely related to
attentional behavior and perceptual activity. In this connection,
O'Bryan & Boersma (1970) have shown a variety of distinct differences
between conservers and nonconsexvers in terms of EM patterns. It was
predicted that similar differences would be cbtained in the present
study between normal or EMR conservers and nonconservers, andG if
training was effective, betweep trained and untrained nonconservers.
Charlesworth (1962, 1964b, 1266) has obtained considerable
support for his contention that Ss who understand a rule or principle,
will show surprise reactions when confronted with its apparent viola-
tion, whereas Ss who do not understand the rule or principle will not.
He maintains (Charlesworth, 1969) that his findings could have consid-
erable significance for developmental psychology, since they may lead
to the formulation of nonverbal estimqﬁes of cognitive structural
development. Presumably, surprise reactions would most likely occur
under the following conditions: when the relevant cues are attended
to, when the relevant concept or principle is understood (i.e, the
requisite cognitive structures are developed),.and when prior
expectancies regarding the outcome of the rule or principle in
question are violated. Conversely it seems probable, that the occur-
rence of a surprise reaction following a violation of conservation,

is an indication that the cognitive structural changes which Piaget



(1947). claims accompany conservation acquisition, have taken place.

Iewis & Goldberg (1969) have adopted a rationale similar to
that of Charlesworth (1969). Moreover they have shown that several
components of the orientation reaction (OR) are elicited in young
children following the violationvof an expectancy. It seems likely
that the occurrence of an OR following the violation of an expectancy,
reflects the signific&nce of the violated relationship (level of
cognitive structural development) for the Ss who show the OR (Lewis
& Harwitz, 1969).

A considerable amount of research evidence on the OR has
accumulated in the USSR (Sokolov, 1958, 1963; Berlyne, 1960; Razran,
1961; Lynn, 1966; Gray, 1966) and in the West (Graham & Clifton,
1966; Maltzman, 1967; Reese & Lipsitt, 1970). On the basis of this
research, GSR, vaso-motor activity and cardiac responses seem prom-
ising indices for evaluating the effects of apparent violations of
expectancies during conservation tasks. It was surmised that
conservers would expect that quantities do not change following
spatial transformations, whereas nonconservers would expect that
they do. Consequently, it was predicted that surprise reactions
would be elicited by conservers, but not by nonconservers, in
response to apparent violations of conservation.

The possibility that there is a link between mental retardation
and attentional problems has been recognized for many years (Crosby &
Blatt, 1968)., More recently, the work of Zeaman & House (1963) has

underlined this possibility. A similar position has been adopted by



Luria (1963) who argued, on the basis of his research with Russian
children, that an OR deficit is a definitive characteristic of
"oligophrenia" or mental retardation. The likelihood of attentional
problems in mentally retarded persons can also be derived from
Piaget's theoretical position (thlwiil, 1966) . A number of studies
(e.g., Inhelder, 1963; Woodward, 1963) have indicated that mentally
retarded Ss, in comparison with normals, progress through Piagetian
developmental stages in the same sequence, but at a much slower rate,
and do not reach the level of formal operations. Within Piaget's
(1947) theoretical scheme, the decentering of attention is a critical
prerequisite for cognitive development. Thus, it seems highly prob-
able that the relatively slow cognitive development of mentally
retarded Ss may be a function of difficulties in attentional
decentration.

Gelman's (1969) research seems particularly relevant to the
present investigation, She contended that nonconservers fail to
conserve because they do not attend to relevant cues, and that train-
ing can shape appropriate attentional behavior. If her training
procedure can shape attentional behavior which is necessary for
conservation acquisition, it should be particularly appropriate for
mentally retarded Ss, and the major purpose of the present investi=-
gation involved an examination of this possibility.

The present study thus involved an investigation of the extent
to which cognitive structural changes can be assessed on the basis of

verbal, EM and psychophysiological (surprise reaction) data, following



natural and accelerated conservation acquisition in EMR and normal .
children. If the 'acceleration of conservation acquisition as
evidenced by cognitive structural changes can be accomplished in
EMR children, it would appear within Piaget's theoretical framework,
that the intellectual development of EMR children at this particular

stage, can be accelerated.



CHAPTER 2

Review of Literature

Acceleration of Intellectual Development

The possibility of accelerating the intellectual develcpment
of mentally retarded persons has been debated for many years. While
; number of writers concerned with the education of the mentally
retarded, have expressed degrees of optimism regarding this issue
(Itard, 1806; Seguin, 1866; Montessori, 1912; and notably Binet,
1909), a long-standiné air of pessimism has also been apparent (Kirk,
1964). This is probably attributable to factors such as the wide-
spread belief in the concept of a.fixed intelligence (Hunt, 1961,
1969); the work of Goddard (1914), which seemed to imply that mental
retardation reflected the influence of unalterable gené;ié‘féctofs;
and Doll's (1941) widely accepted definition of mental retardation,
which included and emphasized a criterion of essential incurability.
While this issue seems to be of basic methodological importance for
psychology, it is by no means esoteric.

A recent study (Rosenthal & Jacobsen, 1968), has shown that a
teacher's expectations regarding normal children's potential intel-
lectual ability can have a Profound effect upon their subsequent
intellectual development. Similar expectations on the part of
parents, teachers, employers and institutional personnel are also
likely to have a powerful influence upon the cognitive development

of mentally retarded children. If this is so, it is critical that



these expectations should be optimistic, thus tending to facilitate
rather than impede their cognitive development. Unless optimistic
expectations have solid scientific support however, they are unlikely
to gain wider acceptance or to persist. Consequently, it seems
important to find out whether or not -the intellectual development.of
mentally retarded children can be accelerated by training or
education.

A number of étudies'have indicated significant gains in IQ
test scores on the part of mentally retarded children,. following their
participation in special educational programs (e.g., Skeels & Dye,
1939; Kirk, 1958; and Spicker, Hodges & McCandless, 1966). A number
of complex sampling and methodological prcblems are involved in
research of this nature, however (MacNemar, 1940). Furthermore, even
when scores on the best available IQ tests (e.g., Stanford-Binet,
WISC, etc.) are used as indices of intellectual development, several
measurement difficulties arise; e.g., changes in the factorial struc-
ture of tests at different age-levels (Guilford, 1967); the consider-
able socioeconomic bias of test items (Elley, 1961), which is likely
to be a highly potent confounding factor when undifferentiated EMR
children are involved (McCandless, 1964); and most significantly, the
wide array of definitions of intelligence which underlie current

intelligence tests (Robinson & Robinson, 1965).

What is Intelligence?

The concept of intelligence has a long.history (Peterson,

1925), but the. development of mental-testing by Galton, Cattell and



others in the late nineteenth century, probably marks the dawn of
modern psychological theorizing with respect to intelligence. Most
contemporary theoretical approaches to intelligence have emerged from
various factor-analytic viewpoints (Goodenough, 1954), which can be
classified into two broad groups. Firstly, intelligence has been
interpreted as a general factor (process) which enters into all
aspects of cognitive behavior. This view has tended to be most
popular with British psychologists. The position was derived from
the work of Spearman (1904) and has been revised and refined by Burt
(1956) and Vernon (1961). A second approach, the multi-factor view,
is based on the postulate that intelligence is the sum of a large
nunber of specific abilities. This view was developed by Thorndike
(1921) and later Kelley (1928), and has subsequently been expanded
and reformulated by Thurstone (1938) and Guilford (1967).

Despite the present statistical sophistication of general and
multi-factor approaches in defining intelligence, they have tended to
provide descriptions of children's performances on particular tasks
which have been chosen at particular age-levels for pragmatic reasons,
rather than because they constitute a part of any theoretical sequance
of intellectual development. Consequently, although the measurement
of intelligence can be undertaken with considerable reliability across
a wide age range, the nature of the process of intelligence itself,
and the way in which it changes across the developmental span, are
still obscure. Clearly, such a state of affairs has tended to

restrict examinations of intellectual development parameters, e.g.,
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the inconclusive findings on the much researched heredity -

environment question (Anastasi, 1958; Jensen, 1969).

Jean Piaget's View

Since the early 1920's, Jean Piaget, a Swiss psychologist has
been studying developmental changes in children's cognitive func-
tioning. A large amount of data on these changes has been collected
by Piaget and his collaborators, and in the many books -and articles
which have been published by them, a theory of intellectual develop-
ment which has a number of affinities with the seminal notions of
Binet & Simon .(1908) , has emerged. This theory has received consid-
erable empirical support.in recent years. While there are simi-
larities between Piaget's view of intelligence and traditional
psychometric approaches, there are also major differences. One such
difference lies in the fact that psychometric .approaches have been
concerned with interindividual differences, whereas Piaget's view is
most concerned with intraindividual differences (Elkind, 1969).
Since attempts to accelerate the intellectual development of mentally-
retarded children, are probably most ' concerned with intraindividual
differences, Piaget's view seems a more.appropriate -theoretical
basis for the present study.

According to Piaget (1947), intelligence is an organized
adaptive process which an individual manifests in striving to attain
equilibrium between his behavior and the demands of his environment.

The process is organized, in that intellectual acts are never isolated,
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but are always related to the totality of the individual's adaptive
behavioral repertoire. He distinguishes between two complementary
processes which are involved in adaptation, viz., assimilation -
which refers to the interpretation or manipulation of neéw environ-
mental objects or events, on the basis of previously acquired

responses or concepts; and acaommodation - a process which arises

when existing responses or concepts are inadequate, and the
individual is motivated to acquire new cognitive or motor responses,
to meet the demands of the situation. Because adaptation to
environmental demands and organization of intellectual acts are
functional characteristics of intellectual development which endure
throughout the individual's lifetime, they are referred to as

"functional invariants." The raw material of intellectual adaptation

consists of the actions which are performed by the child. Initially
these are slow and overt; but gradually they become internalized and
increasingly abstract. A basic underlying assumption in Piaget's
theory, is that the acquisition of new responses, reflects changes
in the individual's mode of functioning. Piaget refers to such
changes as "structures," and it is specifically with the changes in
these structures or “"schemata," as a function of cognitive develop-
ment, that Piaget and his followers are most‘concerned.

In discussing the parameters of intellectual development,
Piaget (1964a) avoids the traditional heredity-environment issue. He
argues that four factors operating in combination are important for

the development of intelligence, viz., ‘maturation, ‘experience

(physical environmental experience) , social transmission (linguistic
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transmission, education, etc.), and "equilibration"' (self reguf;tion
of the first three factors). Furthermore, Piaget argues that none of
these factors are sufficient in themselves.

At birth and during infancy, i.e., until approximately two

years of age, the child is said to be functioning at the sensori-motor

level of intellectual development. With subsequent development,
sensori-motor schemata become gradually co-ordinated and progressively
internalized to form cognitive structures, which in turn gradually
become organized into increasingly complex and integrated systems of
actions known as "ogerations." This period of development, which is

known as the preoperational stage, normally lasts from approximately

two to seven years of age. During the preoperational stage, opera-
tions have not yet acquired "reversibility,” and as a consequence,
concepts of conservation or invariance of quantities, are lacking.
One of the most significant features of this period, is the fact that
during this time, the child begins to use language. The development
of operations continues during the period from seven to approximately

eleven years of age, i.e., during the period of concrete operations.

During this time, the child develops the ability to carry out simple
logical operations on actual concrete objects. But-it is not until

the child has reached the stage of formal operations, roughly from

eleven to twelve years of age and upwards, that abstract propositional
reasoning becomes. possible.
The - gradual development of operations during intellectual

development, is also reflected in a number of changes in attention
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behavior (Piaget, 1947, .1959). Initially, attention is centered on
one member of a class; or on one dimension of a stimulus at a time.
Gradually however, because of operational development,.the child
becomes able to perceive and simultanegusly to attend and accommodate
to several characteristics of the stimulus situation. At this stage,
the child's operations have acquired reversibility, and he is able .to
understand,.e.g.,=that spatially transformed objects can be restored

to their original forms.

Conservation Acquisition

The acquisition of the principle of invariance or conservation,

i.e., the realization that quantities remain invariant despite any
spatial transformations theylmay undergo, has been extensively dis-
cussed by Piaget and his collaborators (e.g., Piaget, 1947; Piaget &
Szeminska, 1941; Piaget & Inhelder, 1962, 1966). He regards the
acquisition of this principle as a significant indicator of intel-
lectual development (Piaget, 1964a, p. 9), and a reflection of.the
transition from preoperational to concrete operational. thinking.
Consequently, within this view of intellectual development, if a

particular teaching strategy results in "successful" acceleration of

conservation, the acceleration of intellectual development may be

presumed, However, can conservation acquisition really be acceler-
ated? Although there is much research which seems to indicate that
this is possible, there is an enduring controversy regarding the .

nature of the conservation principle (Gruen, 1966), and this research
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has received a somewhat mixed reception (e.g., Bruner, 1966a; Piaget,
1967).

Piaget (1962) maintains. that nonconservation is the surest
evidence of preoperational thinking, .and that the nonconserving child
is reasoning from configurations,-i.e., estimating quantity from the
most . salient perceptual cues which are very often unrelated to
quantity. Furthermore, he argues (Piaget, 1963a, pp. 80-8l) that the
nonconserver's reasoning lacks reversibility, and hence he is able to
reason only about states of stimuli at any given time, and not.about
their transformations. Piaget maintains that this arises, because
the child at this level centrates on these salient perceptual
characteristics, and is not able to decenter to other less salient,
but more significant and relevant cues.

The transition from nonconservation to conservation according
to Piaget (1947, 1959), follows three broad stages. Initially,
attention is focussed on, and reasoning is based on, changes in a
single dimension, or in the general shape of the array. Later,
attention shifts to, and reasoning is based on, changes in the
complementary dimension, and finally systematic scanning of both
dimensions, together with an understanding of the principles of
compensation, reversibility, and identity, becomes apparent.

Some variation is apparent with respecf to the average ages
at which particular concepts are attained (e.g., conservation of
number -- 6% to 7 years; conservation of length -- 7 to 8 years;

conservation of continuous quantity (solids and liquids -- 7 to 8
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years; and conservation of volume =-- 11 to 12 years). Piaget (1955)
has described this variation in the ages at which various task
solutions apparently mediated by the same cognitive structures take
place. He refers to this variation as "decalages horizontales"
(horizontal differentials), but as Wohlwill (1966) observes, this
notion is essentially of the ad hoc variety and has not yet been
adequately incorporated into Piaget's general theoretical position.
An alternative point of view on the development of conserva-
tion has been offered by Bruner. (1964, 1966a), who describes the
course of cognitive growth in terms of the gradual acquisition of
three systems of representation. In early childhood, where objects
and events are defined in terms of actions taken towards them,
representation is said to be enactive. Later ikonic representation,
a system based on perceptual organization, becomes available, and
finally symbolic representation, i.e., words and language is attained.
The conservatién problems involve several abstract concepts, e.d.,

more, same, less, etc., and thus require rather more than perceptual-

organization. Consequently, from Bruner's point of view, it is only
when the child is able to extend beyond ikonic representation, that
he is able to solve these problems. Presumably, whether or not a
child,will be able to solve the conservation problems, will depend
on his particular level. of language development.

Several other interpretations of conservation acquisition have
been proposed. Wohlwill (1962) has suggested fxom a developmental

position, that the transition from perception to conception is
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characterized by an -increasing tolerance for irrelevant information,
which enables a child who has completed this transition,.to solve
conservation problems.. Staats & Staats (1963) from a mediational

S=-R point of view, have emphasized the conditioning of appropriate
cbject-verbal response pairings and Watson (1967) has presented
similar arguments from a Skinnerian non-mediational 'S-R point of view,
Berlyne (1965) has presented a Hullian analysis of conservation
acquisition, .in which the necessity for the development of trans-
formational habit-family hierarchies is given maximum emphasis. It
seems apparent that the emphases in particular strategies designed to
accelerate the acquisition of conservation will vary according to the

particular theoretical position which is adopted.

Conservation Acceleration Attempts and Their Evaluation

A large body of research has accumulated since Flavell's
cautious 1963 review, which seems to support the contention that the
acquisition of conservation of number, length, and continuous quantity
(solid and liquid) can be accelerated through training. Of these,
Winer (1968) and Wallace (1968) e.g., reported successful acceleration
of nunber conservation. Gruen (1965) and Kingsley & Hall (1967) e.g.,
achieved similar results with length conservation. Sigel, Hooper &
Roeper (1966), Lefrancois (1966) and Towler (1967) claimed to have
accelerated conservation of continuous:quantities. Gelman.(1969)
reported successful acceleration of number, length'and continuous

quantity conservation in five year old children as a function of a

single training program.
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has received a somewhat mixed reception (e.g., Bruner, 1966a; Piaget,
1967).

Piaget (1962) maintains. that nonconservation is the surest
evidence of preoperational thinking, and that the nonconserving child
is reasoning from configurations, i.e., estimating quantity from the
most salient perceptual cues which are very often unrelated to
quantity. - Furthermore, he argues (Piaget, 1963a, pp. 80-81) that the
nonconserver's reasoning lacks. reversibility, and hence he is able to
reason only about states of stimuli at any given time, and not.about
their transformations. Piaget.maintains that this arises, because
the child at this level centrates on these salient perceptual
characteristics, and is not able to decenter to other less salient,
but more significant and relevant cues.

The transition from nonconservation to conservation according
to Piaget (1947, 1959), follows three broad stages. Initially,
attention is focussed on, and reasoning is based on, changes in a
single dimension, . or in the general shape of the array. Later,
attention shifts to, and reasoning is based on, changes in the
complementary dimension, and finally systematic scanning of both
dimensions, together with an understanding of the principles of
compensation, reversibility, and identity, becomes apparent.

Some variation is apparent with respec£ to the average ages
at which particular concepts are attained (e.g., conservation of
number -- 6% to 7 years; conservation of length ---7 to 8 years;

conservation of continuous quantity (solids and liquids -- 7 to 8
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years; and conservation of volume =-- 1l to 12 years). Piaget (1955)
has described this variation in the ages at which various task
solutions apparently mediated by the same cognitive structures. take
place. He refers to this variation as. "decalages horizontales"
(horizontal differentials), but as Wohlwill (1966) observes, this
notion is essentially of the ad hoc variety and has not yet been
adequately incorporated into Piaget's .general theoretical position.
An alternative point of view on the development of conserva-
tion has been offered by Bruner (1964, 1966a), who describes the
course of cognitive growth in terms of the gradual acquisition of
three systems of representation. In early childhood, where objects
and events are defined in terms of actions taken towards them,
representation is said to be enactive. Later ikoaic representation,
a system based on perceptual organization, becomes available, and
finally symbolic representation, i.e., words and language is attained.
The conservation problems involve several abstract concepts, e.qg.,

more, same, less, etc., and thus require rather more than perceptual-

organization. Consequently, from Bruner's point of view, it is only
when the child is able to extend beyond ikonic .representation, that
he is able to solve these problems. Presumably, whether or not a
childeill be able to solve the conservation problems, will depend
on his particular level.of language development. -

Several other interpretations of conservation acquisition have
been proposed. Wohlwill (1962) has suggested from a developmental

position, that the transition from perception to conception is
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characterized by an increasing tolerance for irrelevant information,
which enables a child who has completed this transition, to solve
conservation problems.. Staats & Staats (1963) from a mediational
S-R point of view, have emphasized-the conditioning of appropriate
object-verbal response pairings and Watson (1967) has presented
similar arguments from a Skinnerian non-mediational "S-R point of view.
Berlyne (1965) has presented a Hullian analysis of conservation
acquisition, .in which the necessity for the development of trans-
formational habit-family hierarchies is given maximum emphasis. It
seems apparent that the emphases in particular strategies designed to
accelerate the acquisition of conservation will vary according to the

particular theorefical position which is adopted.

Conservation Acceleration Attempts and Their Evaluation

A large body of research has accumulated since Flavell's
cautious 1963 review, which seems to support the contention that the
acquisition of conservation of. number, length, and continuous quantity
(solid and liquid) can be accelerated through training, Of these,
Winer (1968) and Wallace (1968) e,g., reported successful acceleration
of number conservation. Gruen (1965) and Kingsley & Hall (1967) e.q.,
achieved similar results with length conservation. Sigel, Hooper &
Roeper (1966), Lefrancois (1966) and Towler (1967) claimed to have
accelerated conservation of continuous:quantities., Gelman.(1969)
reported successful acceleration of number, length and continuous

quantity conservation in five year old children as a function of a

single training program.
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Notwithstanding these results. however, Piaget and his
followers have argued that apparently successful training results
maybe, and likely are,; misleading, in that in many cases what has
probably eventuated is a "gseudo-conservation‘resEnse'.' (cf.,
Inhelder, Bovet, Sinclair & Smock, 1966; Piaget, 1967) . Piaget has
drawn a careful distinction between "pseudo" and "true" conservation.
A child may be able to answer conservation questions correctly, and
still not be a "true" conserver in Piaget's sense of the temm
(Piaget, 1964b, p. 25). He argued that it is necessary to establish
that a child has the necessary logical structures, e.gd., ‘reversibility,
compensation, etc., before he is described as a "true" conserver. A
similar point of view hag been developed by Smedslund (1961).

Bruner (1964, 1966a, 1966b, 1966c), on the other hand, is
primarily interested in finding out whether or not. the child has the
ability "to recognize invariance of magnitude across transformations
in the appearance of things" (1966b, p. 13). He suspects that a child
may have the necessary symbolic representation (words and language) to
handle conservation problems, but may be misled by irrelevant percep-
tual cues. This point of view is consistent with that of Braine
(1959). Braine maintained that the five year old child may have
reached the stage of cognitive development which is necessary to
handle conservation problems, but may be unable to demonstrate evi-
dence of this development because he cannot determine the precise
meaning of the experimenter's question. Braine suspects that the
child who shows the usual patterns of language acquisition and usage,

will rarely be able to do this before the age of seven years.
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It is noticeable that while Braine (1959) and Bruner (1966a) ,
using modified Piagetian assessment techniques, have both estimated
that conservation behavior begins at approximately five years of age,
it has been consistently jocated around the seven year age-level by
pPiaget and his followers. aAs Gruen (1966) has observed, these

differences essentially involve neither age-norms nor assessment

procedures, but rather seem to arise out of different definitions of
the term "conservation." The position of Piaget and his followers
| involves a series of qualitative distinctions between examples of
cognitive behavior, based on the presence OX absence of other
behavior, and these distinctions may or may not be useful. Since
the concept has arisen out of Piaget's theoretical framework however,
and since the present investigation was within this framework,
Piaget's definitional criteria seemed most meaningful for the present
study.

pPiaget (1964a) has enumerated several criteria which may be
used to evaluate training procedures and assess cognitive structural
change. These are: durability or retention - the relative permanence
of any changes which occur; generalizabilitz or transfer - the extent

to which training generalizes to new situations; and specification of

structural-changes - speci fication of the nature of cognitive struc-

tural changes which have occurred as a result of training.

One of the most successful of the various methods which have
been employed to accelerate conservation acquisition, was developed

by Gelman (1969). Her method was based on the premise that five-year
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0ld children fail to conserve primarily because they are attending and
responding, to task-irrelevant cues. The method, which was developed
from Trabasso & Bower's (1968) theory'of-learﬂing of relevant-
redundant cues, utilized a series of oddity learning problems in which .
number and length were relevant cues on alternate problems. On this
basis, a set to respond to number cues.on number prcblems, and to
length cues on length problems, was developed. Almost all of the
five-year old Ss acquired conservation of number and length, and over
60% showed conservation of quantity (solid and liquid) on subsequent
transfer tasks. Furthermore, very little "fade" was evident in these
results over a three-week retention test interval. A pilot study
undertaken by the present investigator, has indicated that the method
is effective with EMR Ss.

The use of Gelman's (1969) method in the present context,
seemed indicated for several reasons. It seemed to be the most
successful of those published to date in terms of results attained,
according to Piaget's criteria of permanence and generalizability.
Furthermore, the method was based on the assumption that in order for
a nonconserving child to become a conserver, some modification in
attentional behavior is required. In view of the central place of
decentration i.e., the shifting of the concentration of attention,
in Piaget's (1947) view of cognitive development, such an assumption
appeared sound. Furthermore, this consideration seemed particularly
pertinent with respect to mentally retarded Ss.

Most comparative studies of learning indicate that mentally-

retarded Ss require more trials to learn a task than do normal Ss of:
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equivalent CA or MA (Lipman, 1963; Denny, 1964; Baumeister, 1967).
Among the various theoretical attempts. which have been made to explain
this difference (Zigler, 1966), the notion that attentional difficul-
ties may play a significant role has received considerable emphasis
and much empirical support. Furthermore, such a notion is not new.
The idea seems to have been implied in the emphasis given to sense-
training by Itard (1806), Seguin (1866), Decroly (Descoeudres, 1928),
Montessori (1912), and others, in their educational programs for the
mentally-retarded. Kuhlmann (1904), stated the notion explicitly
following a series of discrimination learning studies with mentally-
retarded children. Subsequently, similar proposals have been made by
Strauss & Werner (1941), Lindsley (1957), O'Connor & Hermelin (1963),
Luria (1963), and Zeaman & House (1963). Consequently, if Gelman's
procedure really does achieve a modification of attention behavior,
as was claimed, it seemed very likely that the procedure would be
successful (effective) with EMR chilaren. This possibility is by no
means inconsistent with Piaget's theoretical position, a point which
Wohlwill (1966) has noted.

A nunber of findings are available which suggest that mentally
retarded persons show similar progressions in the acquisition of
operations to those of normals (Woodward, 1959, 1963; Hood, 1962;
Inhelder, 1963), although the respective developmental stages were
reached at later chronological age levels and the mentally retarded
do not reach the formal operational stage. To the author's knowledge

however, only one examination has been made of conservation
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acceleration with mentally-retarded children. Here, Brison and
Bereiter (1967), attempted to accelerate conservation of volume and
substance, but it is difficult to evaluate the results. Although
Piaget's criteria were used in defining pretraining rionconservers,
they were not used to define conservers following training. Training
effects were evaluated using frequency of conservation responses
("same" - following transformation) on conservation posttest tasks.
Although no differences between normals, gifted and educable mentally
retarded (EMR) children, in terms of frequency of conservation
reponses were found, either on posttest or transfer (within same
dimension) tasks, it is possible, and indeed likely that substantial
intergroup posttraining differences may have existed. Some empirical
support for this contention was provided by the authors, in that EMR
Ss did show a weak but significant trend in the direction of more
rapid extinction of conservation responses following the presentation
of evidence which apparently conflicted with the invariance
(conservation) principle. Quite clearly, a rather more detailed

investigation of this issue was required.

The Structural Change Problem

In order to make assessments of structural changes on the basis
of Piaget's third criterion, data on such changes need to be obtained,
Verbal responses (i.e., changes in word meanings, language pattems,
etc.) have been the traditional source of this data. The relationship

between language and cognitive functioning however, has proven
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extremely difficult to unravel. (Vygotsky, 1956; Piaget, 1959; Berlyne,
1965, 1970b; Furth, 1966). At the same time, verbal behavior seems to
be highly responsive to experimenter cuing (Rosenthal, 1966, Kingsley
& Hall, 1968), and sdme recent Russian research suggests that language
and thinking are differentially related in mentally retarded and
normal children (Shif, 1969).

Consequently, it would appear that some data in addition to
changes in verbal behavior are required, if less equivocal evidence of
structural changes is to be cbtained. Psychophysiological responses
appear to be one possible source of such additional. data, and one
probably less responsive than verbal data, to experimenter cuing
(0'Bryan & Boersma,. 1970). Although biochemical and neurological .
analyses of brain cell structures would undoubtedly provide valuable
data in this respect, a point which has been discussed by Piaget’
(1949, 1969), its use given existing methods, is not possible.
Furthermore, since Piaget's usage of the term "structure" implies a
continually modifying entity, there seems to be good reason to suppose
that an examination of changes in ongoing central nervous system
activity is a prudent starting place.

A large array of psychophysiological activity is available,
and clearly some selection has to be made. Russian and Western
research in this area had indicated several variables which seemed
promising indicators of cognitive activity, viz., exploratory eye-
movements (EMs), galvanic skin resp&nse (GSR) , vaso~motor activity

and heart rate (Berlyne, 1960, 1963, 1970a; Lynn, 1966; Creelman, 1966;
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1966; Gray, 1966; Graham & Clifton, 1966; Reese and Lipsitt, 1970)..
wWhile Piaget's work is well known .in the USSR, particularly his
earlier studies of language development (Vygotsky, 1956; Elkonin,
1968; Luria, 1968; Sokolov, 1968), and although the psycho-
physiological methods used by Soviet researchers seem admirably
suited for investigations into some of the questions which arise
from Piaget's theoretical position (Wright, 1963; Jeffery, 1968),
to the author's knowledge no such research has yet been reported.
According to Piaget's theoretical scheme a decrease in percep-
tual and cognitive centration is a critical prerequisite for the
transition from preoperational to operational thinking. Consequently,
since there should be substantial differences in the cognitive func-
tioning of conserving and nonconserving children, differential
perceptual activity should be evident. This possibility was confirmed
in a recent study in which corneally-reflected EMs were used as
indices of perceptual activities (O'Bryan & Boersma, 1970).. A further
possible source of relevant physiological data, arises from a sugges-
tion made by Charlesworth (1964a, 1969), viz., that when confronted
with an apparent violation of a concept, law or principle, a child
who has really acquired the relationship in guestion, would show more
evidence of surprise, than a child who has not. Some empirical
support for the use of surprise-reactions as indices of cognitive
structural development, has been obtained (Charlesworth, 1962, 1964b,
1966) , and their use as supplementary nonverbal indices of cognitive

structural development in relation to conservation acquisition, seems

promising,
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In recent years, a large amount of Russian and Western psycho-
physiological research has been directed at a complex of physiological
reactions, known collectively as the ‘"orientation reaction," or OR
(sokolov, 1958; Berlyne, 196Q, 1963; Razranm, 1961; Lynn, 1966; Gray,
1966; Graham & Clifton, 1966; Reese & Lipsitt, 1970). A priori there
would seem to be much in common between the concept of surprise
reactions and that of the OR., Both involve centrally determined
reactions to stimulus change, and both should occur, as Charlesworth
(1969) argues, following a discrepancy between predicted (expected)
and actual sensory input (Berlyne, 1960, .1967; Sokolov, 1958). Lewis
& Harwitz (1969) maintain that the differential occurrence of
orientation reactions closely reflects the cognitive salience . (level
of cognitive structural development) which environmental dimensions
(concepts) or events involving dimensions have for particular
organisms. Some evidence (Lewis & Goldberg, 1969) has been presented
which strongly indicates that components of the orientation reaction
are elicited in young children, following the violation of an
expectancy. Consequently, there would seem to be considerable justi-
fication in using a combination of well established components of the
orientation reaction as a psychophysiological index of surprise.

In order for a discrepancy between predicted and (expected)
and actual sensory input to arise, some expectation will need to have
developed on the basis of past experience. Presumably, with
conservers, the expectancy which has developed is that quantities do

not change following spatial transformations. On the other hand, by
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definition no such expectancy should occur in nonconservers. Thus if
cognitive activity in -conserving and nonconserving children is
qualitatively different, there should be significant differences
between the surprise reactions of each group following apparent
violations of the conservation principle.

In summary, the following considerations seem pertinent to the
present investigation. Firstly, within Piaget's theory, intellectualA
development is mirrored by a number of substantial changes in atten=~
tional behavior with a resulting trend towards decentration of
thinking. Secondly, a number of studies have documented the slower
rate of cognitive development of mentally retarded persons with
respect to Piagetian stages (e.g., Inhelder, 1962; Woodward, 1962).
The association of attentional difficulties with mentally retarded
persons has had a long history outside of the Piagetian theoretical
framework (Crosby & Blatt, 1968), and since attentional behavioral
change .is a critical component of cognitive development within
Piaget's scheme, it seems highly likely that attentional difficulties
are strongly related to the slower rate of cognitive development in
the mentally retarded.

Gelman's (1969) training program is based on the contention
that for nonconservers to become conservers, modifications in atten-
tional behavior in the direction of maximum attention to task relevant
cues needs to be produced. If modifications of this nature are
possible, and from a Piagetian theoretical position this is by no

means unlikely (Wohlwill, 1966), a training program of this nature
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should be highly effective with mentally retarded as well as normal
children., Furthermore, if such modifications in attentional behavior
can be produced, they would seem to be strongly supportive evidence-
of cognitive structural changes, in view of the critical relationship
between attentional changes and cognitive development. Perceptual
activity and surprise reactions appear to offer a promising source

of data on this question and should provide a valuable supplement to
verbal data for assessing cognitive structural changes. The use of
these measures should thus permit a more adequate examination of the
possibility of accelerating conservation acquisition in EMR and normal
children. If conservation acquisition can be accelerated in EMR
children, within Piaget's (1947) theoretical framework it would

appear that the intellectual development of such children can be

accelerated.



CHAPTER - 3

Rationale; Postulates and Hypotheses-
Rationale

The emergence of Piaget's theory of intellectual developmenf
has permitted a new approach to the study of an old prcblem, viz.,
whether or not the intellectual development of mentally retarded.
persons can be accelerated by training or education. Moreover, a
nunber of attempts to accelerate the acquisition of the principle of
conservation (an event which Piaget.claims closely reflects intel-
lectual development) with normal.children, and one study with EMR
children, appear to have had some success.

However, because of the differential criteria which have been
used, both in defining conservation and in evaluating the effective-
ness of training, a large amount of controversy still clouds the
issue. Since Piaget's theory provides the rationale for the principle
of conservation classification in relation to intellectual development,
it seemed most meaningful to wuse his criteria for defining conservation
and for evaluating training within the present context.

While two of Piaget's criteria for examining khe effectiveness
of training in inducing cognitive structural changes (permanence and
generalizability of behavioral changeé) do not seem to present major
methodological problems, a third (specification of cognitive struc-
tural changes) has proved to be extremely difficult to investigate.

Most previous studies in this area have used verbal response. changes
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as data on the third criterion.  Language and thought are complexly
related however (Berlyne, 1965) and there seemed to be a need for
supplementary data to reduce the apparent ambiguity of verbal .evi=-
dence. Centrally determined psychophysiological responses appear to
be a promising source of such supplementary data. A wide array of
psychophysiological responses have been identified as components of
the orientation reaction and of these, exploratory EMs, GSR, vaso-
motor activity and heart rate changes seem to be important. ' The:
exploratory EMs of conserving and nonconserving Ss have already been
shown to differ significantly (O'Bryan & Boersma, 1970). Moreover,
it seems reasonable to expect that Ss who have -acquired consexrvation
would show more evidence of surprise reactions (changes in psycho-
physiological activity), following presentation of apparent violations
of the conservation principle. .

Consequently, it seems feasible -that a study which incorporates
changes in the above aspects of psychophysiclogical functioning as
supplementary -evidence of cognitive structural changes, .should permit
a more adequate evaluation of. any attempts to accelerate the intel-
lectual development of EMR children, especially within Piaget's

thercetical framework.

Specific Cbjectives

An attempt was made, using Piaget's definitional and training
criteria, to examine the possibility of accelerating conservation

acquisition in EMR children. Before this could be undertaken however,
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an adequate examination of this possibility as it related to normal
children, as well as clear evidence of cognitive structural differ-
ences between natural (untrained) conservers and nonconservers, in
both normal and EMR populations, seemed to be required. Data on
noxmal children seemed to be necessary because certain specific prob-
lems are likely to be associated with the OR in mentally retarded.
children., Luria (1963) speaks of an OR . deficit as a characteristic -
of the mentally retarded child, and although USSR classifications are
based primarily on physiological rather than psychometric data, there
is sufficient similarity between Luria's -claim and several Western
points of view, to indicate the need for a cautious approach -in this
area (cf., House & Zeaman, 1963; O'Connor & Hermelin, 1963).
Therefore, before examining the question of whether or not -the
acquisition of conservation in mentally retarded children could be
accelerated by training, several areas required investigation. An
examination needed to be made of the conserver/nonconserver dichotomy
in normal and EMR children and of the effectiveness of a.conservation
acceleration procedure, in terms of cognitive structural differences
in normal children. These investigations were undertaken using
estimates of general and centrative perceptual activity and surprise
reactions, during the solution of conservation and "apparent

conservation violation" tasks.

The term "general perceptual activity" was used to describe

the level of activity of perceptual behavior. Piaget (1947) maintains

that this activity tends to increase with age and it seems likely that
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conservers and nonconservers would show differential activity levels.,
General perceptual activity was- examined through between group
analyses of frequency and duration of eye-movement shifts.,

"Centrative perceptual activity" refers to a trend described

by Piaget (1947), whexeby perceptual and cognitive activity become
"decentered" and with the onset of operational thinking (indicated
by the acquisition of conservation) are no longer "centered" on
particular states or dimensions of stimuli. It was thus expected
that conservers and nonconservers would show marked differences with
respect to this trend. Centrative perceptual activity was described
in terms of within group analyses of the ratios of transformed
element-directed and nontransformed element-directed EM activity.

"Surprise reactions" were defined in terms of OR components

(Charlesworth, 1969) as the simultaneous occurrence of a GSR con-
ductance increase, . a cephzi’. i lood volume increase and a decrease
in heart-rate. It was expected that following apparent violations of
conservation, conservers would show surprise reactions, whereas non-
conservers would not. Between group comparisons:of surprise reactions:
and verbal responses, and within group analyses of EM activity were
made following apparent violations of conservation.
The present study was thus designed to investigate:
1. the usefulness of general and centrative perceptual activity
and surprise reactions in conjunction with verbal response
data for assessing the nature of cognitive structural

differences between normal conservers and normal nonconservers

(STUDY 1);
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)

2. the effectiveness of a conservation acceleration training
procedure adopting Piaget's training criteria and using
general and centrative perceptual activity and surprise
reactions in conjunction with verbal data for assessing
the nature of cognitive structural differences between
trained normal nonconservers and normal nonconservers
(STUDY 2);

3. the usefulness of general and centrative perceptual activity
and surprise reactions in conjunction with verbal data for
assessing the nature of cognitive structural differences
between EMR conservers and EMR nonconservers (STUDY 3); and

4. the effectiveness of a conservation acceleration training
procedure adopting Piaget's training criteria and using
general and perceptual activity and surprise reactions in
conjunction with verbal data, for assessing the nature of
cognitive structural differences between trained EMR non-
conservers and EMR nonconservers.

The fourth study was however the prime concern of the present

investigation, and should result in a more adequate examination of the

feasibility of accelerating intellectual development in EMR children,

than has heretofore been attempted.
Definitions:

Conservation

Element. - one of the two components (row of counters, stick,

beaker of water, etc.) of a conservation task.



Centration. - the centering of attention on a particular
stimulus element.

Decentration.. - the equal displacement of attention about
the stimulus elements.

Transformed element (TE). - the particular element of the

stimulus which is changed by the experimenter
during a conservation task, in contrast to the
nontransformed stimulus element (NTE).

Greater element (GE). - the particular element of a stimulus

array in a conservation task, which following
stimulus transformation, is reported by a S =
(nonconserver) to be greater in quantity,
length or amount, than the lesser element (LE) .
Logical conservation response (LR). - a verbal response.to
any specified conservation problem in which a
logical justification of the type described
by Piaget (1947) is included.

Intuitive conservation response (IR). - a verbal response to

any specified conservation problem in which an
intuitive justification of the type described
by Piaget (1947) is included.

Nonconservation response.(NCR). - a verbal response to any

specified conservation problem which fails to
meet the criteria for logical or intuitive
conservation responses.

Task I. - the filmed or actual presentation of number

32



Task II, -

Periods

33

and length conservation problems, These
problems were used for pretests, and laboratory
and retention tests.

the filmed or actual presentation of solid

and liquid continuous quantity conservation
problems,

the filmed number and length conservation

violation problems.

Pre-Film Period (PFP). - the 5 second period immediately

preceding the presentation of the movie,

Stimulus Transformation Period. - the period of time varying

from 7.0 seconds to 13.5 seconds during which

the filmed stimulus transformation was presented.

Trans formation Outcome Period (TOP). - the period of time vary-

ing from 6,5 seconds to 9.0 seconds from the
point at which the outcome of the stimulus
trans formation becomes visible, until 5 seconds
after the completion of the transformation.

This period varied with tasks, but was constant

across subjects.

Decision Period, - the period of time from the onset of TOP to

the S's decision response to a particular
conservation or conservation violation problem.

The stimulus transformation outcome was visible

during this period,
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Eye Movement Data

Fixation. - one or more successive corneal reflections,
recorded at a rate of 10 frames per second,
within the same circular area subtended by
15 minutes of arc in the stimulus field.
Specifically, the point on which the §
concentrates his gaze for a minimum period
of one-tenth of a second while EMs are being
recorded.

Run. - two or more consecutive fixations of at least
one-tenth second duration, exclusively on one
or the other stimulus elements.

Shift. - a movement in fixation from one point to
another which is greater than the diameter of
a circle subtended by 15 minutes of arc.

Coupling. - a shift in fixation from one stimulus element
to the other, i.e., where a comparison is
going on between the elements.

First 30 Frames (3 seconds). - the first 30 frames of EM data

recorded at the rate of 10 frames per second,

on any task.

Psychophysiological Measures

Log Conductance Units. - a natural logarithmic transformation

of the reciprocal of the skin resistance value

at the point of electrode attachment.
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Conductance Level (CL). - any point on the GSR record (See

Figure 1).

Conductance Change (CC). - a continuous rise in CL expressed

as the difference between onset CL and peak CL.
GSR Onset. - that point during the TOP on the GSR record at

which the greatest CC commences (See Figure 1).
GSR Peak. - that point on the GSR record at which the peak

of the greatest CC is reached (See.Figure 1).

Plethysmograph Baseline. - an arbitrary baseline on the

plethysmograph record which yielded positive

BV readings only.

Blood Volume (BV). - an approximate relative index of the

amount of blood at.the systolic peak in the
surface blood vessels at the mounting point
of the photo-plethysmograph transducer
defined as mean BV reading in mm. from the
baseline to the systolic peak (See Figure 1),
during a specified time interval (Brown,
1967, p. 64).

Blood Volume Pulse (BVP). - an approximate relative index of

amount of continuous change in blood flow in

the surface blood vessels at the point of trans-
ducer mounting (Lader, 1967, p. 165) defined as
the mean BVP reading in mm. from the diastolic
trough to the systolic peak (See Figure 1) during

a specified time interval (Brown, 1967, p. 64).
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Heart Rate (HR). - the frequency of heart beats during any

specified time interval,  This estimate was
obtained from the.photo-electric plethysmograph
output by counting the number of systolic peaks
during the specified time interval.

Surprise reaction. - There appeared to be considerable justification

for using OR components as indices of surprise reactions (Charlesworth,
1969). At the same time, the OR is usually defined (e.g., Reese &
Lipsett, 1970) as a complex of motor and psychophysiological responses
which occur together during a specified time interval. Consequently,
any single motor or psychophysiological response. measure would.prob-
ably not.be an adequate OR index, and some conmbination of measures
seemed necessary. The GSR, vasodilation, and heart-rate components
appeared to be well documented (e.g., Sokolov, 1958; Berlyne, 1960;
Lynn, 1966; Gray, 1966; Graham & Clifton, 1966) and seemed appropriate
for the present investigation., On this basis, the following defi-
nition of a surprise reaction was formulated in terms of OR components:
A surprise reaction shall be defined as the simultaneous
occurrence during TOP, of a GSR conductance change, a

positive mean BV change and a negative mean heart rate

difference.

Dependent Variables

Performance data

Latency to decision. = the time in seconds, between the onset

of TOP and the S's decision relative to the



particular task.

Frequency of unscorable frames. - the summated total of one:

tenth second frames of EM data, which because
of eye-blinks, head-movements or fixations on
nonstimulus material, were not scorable.

Percentage of logical conservation responses. - the

percentage of logical conservation responses

obtained on Tasks I and II.

Eye Movements

Frequency of couplings. = the total number of couplings

observed during Tasks I, II or III, during the

specified time interval.

Frequency of runs. - the total number of runs made on the TE,

NTE, or over both (total) elements, during the
specified time interval.

Frequency of fixations. - the total number of shifts in

fixation plus one fixation on TE, NTE or over
both (total) elements, during the specified
time interval.

Mean length of run, - the ratio of the summated number of

one-tenth second fixation points, in all runs,
to the summated number of runs made on the TE,
NTE or over both (total) elements during the

specified time interval.
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Mean length of fixation. - the ratio of the summated number of

one~-tenth second fixation points, to the summated
total number of fixations, on the TE, NTE or over
both (total) during the specified time interval.

Examination time, - the summated total number of one-tenth

second fixation points, on either the TE or the
NTE, during the specified time interval. -

Psychophysiological Measures

Pre-film conductance level. - the average minimum conductance

level during the PFP expressed in log conductance
units.,

Maximum conductance.change. - the greatest change in CL during

TOP, expressed as the difference in log conduc-
tance units between CL at GSR onset, and CL at
GSR peak.

Conductance difference. - the difference between the pre-film

CL and the maximum CL during TOP, expressed in
log conductance units.

Latency to GSR onset. - the time in seconds from the beginning

of TOP and the GSR onset.

Latency to GSR peak, - the time in seconds from the beginning

of TOP and the GSR peak.

Mean blood volume (BV) change. - the difference between the

mean of the single BV readings during PFP  and
TOP, expressed as a percentage of the mean PFP

reading.
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Mean blood volume pulse (BVP) change. - the difference between

the means of the single BVP readings during PFP and
and TOP, expressed as a percentage of the mean

PFP reading.-

Mean heart rate (HR) difference, - the mean difference in

beats per minute, between HR during the PFP and
that observed during the TOP.

Percentage of surprise reactions. - the percentage of surprise

reactions obtained during TOP on number and

length violation items.

Theoretical Postulates and Experimental Hypotheses

Piaget (1947) has argued that whereas operational thought is
decentered and able to accommodate the various spatial transforma-
tions which an object may undergo, -the distinguishing characteristic
of precperational thought is that it is centered on a particular
state of the object. The centrated nature of preoperational cognition
is reflected in several distinct characteristics of perceptual
activity which should be apparent during conservation problem solving.
According to Piaget (1947) the preoperational child tends to concen-
trate his perceptual activity on a particular dimension of the
elements of a conservation problem, and to a greater extent (Piaget,
1947, 1961) on the element judged to be greater along that
dimension. His perception tends to be global (Piaget, 1961) and

perceptual activity tends to be at a minimum,
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One previous study using a similar procedure to that employed
in the present investigation (O'Bryan & Boersma, 1970) has indicated
that meaningful distinctions may be made between the EM patterns of -
normal conservers and nonconservers. Movie tasks involving conser-
vation of length, area and continuous'quantity (solid and liq;ié)
were used and it was found that fixation positions, number of
couplings and runs, and mean length of run both shortly after
stimulus transformation and during the total solution period differ-
entiated the performance of the two groups. bﬂ éhe basis of the‘ |
above theoretical notions and research findings, Postulate 1 was
thus proposed:

Postulate 1: Normal and EMR children who show nonconservation
responses on tasks involving number, length or
continuous quantity (solid or liquid) will,
during the solution of these tasks:

a. show a minimum of general perceptual activity
in terms of couplings, runs, and fixations
between the elements of the stimulus field;

b, show maximum centrative perceptual activity
in terms of frequency and duration of runs
and fixations, and percentage of examination
time on the particular stimulus array or
element, reported to be more in number,

longer or more in substance.
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On the basis of Postulate la, the following between group hypotheses

were formulated:

Hypothesis lA.l: Nonconserving children, whether normal or EMR,

will show during the first 3 seconds of the decision period,
fewer couplings than conservers or trained nonconservers.

Hypothesis 1A,2: Nonconserving children, whether normal or EMR,

will show during the first 3 seconds of the decision period,
fewer total runs over both elements, than conservers or trained

nonconservers.

Hypothesis 1A.3: Nonconserving children whether normal or EMR,

will show during the first 3 seconds of the decision period,
greater total mean length of run over both elements, than
conservers or trained nonconservers.

Hypothesis 1A.4: Nonconserving children whether normal or EMR,

will show during the first 3 seconds of the decision period,
fewer total fixations over both elements, than conservers or
trained nonconservers,

Hypothesis 1A.5: Nonconservers, whether normal or EMR, will

show during the first 3 seconds of the decision period, a
greater total mean length of fixation over both elements,
than conservers or traiped nonconservers.

On the basis of Postulate lb the following within group hypotheses

were formulated:

Hypothesis 1B,1: Nonconserving children whether normal or EMR,

will show during the first 3 seconds of the decision period
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more runs on the stimulus element they nominate as being

greater (GE).

Hypothesis 1B.2: Nonconserving children, whether normal or

EMR, will show during the first 3 seconds of the decision
period, a greater mean length of run on the stimulus element

they nominate as being greater (GE).

Hypothesis 1B.2: Nonconserving children, whether normal or

EMR, will show during the first 3 seconds of the decision

period, more fixations on the stimulus element they nominate

as being greater (GE).

Hypothesis 1B.4: Nonconserving children, whether normal or

EMR, will show during the first 3 seconds of the decision
period, a greater mean length of fixation on the stimulus
element they nominate as being greater (GE).

Hypothesis 1B.5: . Nonconserving children, whether normal or

EMR, will spend, during the first 3 seconds of the decision
period, a greater amount (percentage) of time looking at the

stimulus element they nominate as being greater (GE).

With the acquisition of conservation however, operational
thought characterised by decentration becomes possible. Formerly,
perceptual and cognitive activity were concentrated on particular
states and dimensions of stimuli, whereas they now tend to be more
evenly distributed between the transformed and the nontransformed

elements. Furthermore, perceptual behavior has become more active
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than it was previously. According to Piaget, (1960) it is partly as
a function of these attentional changes that the child comes
eventually to understand the relationship between dimgnsions and
quantities. At this stage cognitive activity 'no longer issues from
a particular viewpoint of the subject, but coordinates all the
different viewpoints in a system of objective reciprocities (Piaget,
1947, p. 142).' Consequently, with the acquisition of conservation,
marked changes should be evident with respect to general and
centrative perceptual activity. Postulate 2 was thus proposed:
Postulate 2: Normal or EMR children who acquire conservation
naturally or as a function of training, as determined
by the presence of logical justifications of conser-
vation (Piaget, 1947) on tasks involving aumber,
length or continuous quantity (solid or liquid) will,
during the solution of these tasks:

a. show a maximum of general perceptual activity
in terms of couplings, runs and fixations
between the elements of the stimulus field;

b. show minimum centrative perceptual activity in
terms of the frequency and duration of runs
and fixations, and percentage of examination
time on the transformed element.

The following between group hypotheses were formulated on the basis

of Postulate 2a:



Hypothesis 23,1: Normal or EMR conservers and trained non-

conservers will show during the first 3 seconds of the
decision period, more couplings than nonconservers.

Hypothesis 2A,2: Normal or EMR conservers and trained non-

conservers will show during the first 3 seconds of the

decision period, more total runs over both elements than

nonconservers.

Hypothesis 2A,3: Normal or EMR conservers and trained non-

conservers will show during the first 3 seconds of the
decision period, a shorter total mean length of run over
both elements, than nonconservers.

Hypothesis 2A.4: Normal or EMR conservers and trained non-

conservers will show during the first 3 seconds of the

decision period, more total fixations over both elements,

than nonconservers,

Hypothesis 2A.5: Normal or EMR conservers and trained non-

conservers will show during the first 3 seconds of the
decision period, a shorter total mean length of fixation

over both elements, than nonconservers.

The following within group hypotheses were derived from Postulate

2b

Hypothesis 2B.1: Normal or EMR conservers and trained non-

conservers will demonstrate, during the first 3 seconds of
the decision period, .a similar frequency of runs on both

stimulus elements.

45
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Hypothesis 2B.2: Normal or EMR conservers and trained non-

conservera,willudempnstnate,Tduring the first 3 seconds of
the decision period, a similar mean length of run on both

stimulus elements.

Hypothesis 2B, 3: Normal or EMR conservers and trained non-

conservers will demonstrate, during the first.3 seconds of

the decision period, a similar frequency of fixations on

both stimulus elements.

Hypothesis 2B.4: Normal or EMR conservers and trained non-

conservers will demonstrate, during the first 3 seconds of-
the decision period, a similar mean length of fixation on

both stimulus elements.

Hypothesis 2B,.5: Normal or EMR conservers and trained non-

conservers will demonstrate, during the first 3 seconds of
the decision period, a similar percentage of time spent

locking at both stimulus elements.

Charlesworth (1962, 1964a, 1964b) has provided some evidence to
support his contention that Ss who have acquired a concept or principle
will tend to show surprise reactions when confronted with an apparent
violation of that concept or principle, whereas children who have not.
acquired the relationship, will not. Lewis & Harwitz (1969) have
argued that the cognitive salience which environmental dimensions
(concepts) or events involving dimensions have for particular
organisms, will be reflected in the differential occurrence of

orientation reactions (ORs). Furthermore, some evidence (Lewis &
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Goldberg, 1969) has been presented which strongly indicates that an
apparent violation of an expectancy tends to elicit components of. the
OR in young children., Presumably with conservers, the expectancy is
that quantities do not change despite amy spatial transformations:
they have have undergone. On the other hand, no such expectancies
should arise with nonconservers. Thus when an- apparent violation of
conservation occurs, surprise (Charlesworth, 1969) or orientation
reactions (Lewis & Harwitz, 1969) should arise in conservers but not
in nonconservers. The following postulate was therefore proposed:
Postulate 3: Normal and EMR children who acquire conservation
naturally, or as a function of conservation training,
as determined by the presence of logical justifica-
tions of conservation (Piaget, 1947) on conservation
tasks will, when confronted with an apparent viola-
tion of the principles of conservation, show more
evidence of surprise or orientation reactions in
terms of changes in psychophysiological and
perceptual activity, than will nonconservers.
On the basis of Postulate 3 the following between group hypotheses

were formulated:

Hypothesis 3a,]1: Normal or EMR conservers and trained non-

conservers will show, following the presentation of Task
III more verbal responses attributing the apparent

violations of conservation to some legerdemain.



Hypothesis -3A.2: Normal or EMR conservers and trained non-

conservers will show, during the transformation outcome.

period (TOP), more surprise reactions than nonconservers.

The following within group hypotheses were derived from Postulate 3:

Hypothesis 3B,1: Nonconservers, whether normal or EMR, will

show during the first 3 seconds of the decision period on
Task III, a ratio of frequency of runs on the elements they
nominate as greater (GE) and lesser (LE) similar to that
shown during the equivalent time intervals on Tasks I and
II, whereas conservers and trained nonconservers will show
an increase in this ratio.

Hypothesis 3B,2:¢ Nonconservers, whether normal or EMR, will

show during the first 3 seconds of the decision period on
Task III, a ratio of mean lengths of run on the elements
they nominate as greater (GE) and lesser (LE) similar to
that shown during the equivalent time intervals on Tasks I
and II, whereas conservers and trained nonconservers will
show an increase in this ratio.

Hzgothesissaa3; Nonconservers whether normal or EMR, will
show during the first 3 seconds of the decision period on
Task III, a ratio of frequency of fixations on the elements
they nominate as greater (GE) and lesser (LE) similar to
that shown during the equiv;lent time intervals on Tasks I
and II, whereas conservers and trained nonconservers will

show an increase in this ratio.
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Hypothesis 3B.4:; Nonconservers , whether normal or EMR, will
show during the first 3 seconds of the decision period on
Task III, a ratio of mean lengths of fixation on the elements
they nominate as greater (GE) and lesser (LE) similar to that
shown during the equivalent time intervals on Tagks I and 1I,
whereas conservers and trained nonconservers will show an
increase in this ratio.

Hypothesis 3B.5: Nonconservers, whether normal or EMR, will

show during the first 3 seconds.of the decision period on
Task III, a ratio of percentage of time spent looking at the
elements they nominate as greater (GE) and lesser (LE)
similar to that shown during the. equivalent time intervals
on Tasks I and II, whereas conservers and trained non-

conservers will show an increase 'in this ratio.



CHAPTER 4

Method

Subjects

Two populations were involved in the proposed investigation,
viz., EMR and normal children. EMR Ss were defined here as those
children enrolled in opportunity classrooms within the Edmonton
Public School System, who scored within the 50-85 range on the
Wechsler Intelligence Scale for Children (Wechsler, 1949); who were
without known organic (neurological) defects, and who showed no
evidence of either sensory or emotional difficulties. Normal Ss
were defined from a random sample of children attending regular
first or second grade classes within the Edmonton Public School
System, who showed no evidence of sensory, emotional or organic
difficulties., These Ss were also administered the WISC., IQ and
CA data are presented in Table 1.

In addition, all children were given standard Piagetian pre-
tests of conservation of number and length at school. On the basis
of this pretesting, three groups were selected from the above popu-

lations: natural conservers (C); trained nonconservers (T), i.e.,

nonconservers who were trained; and nonconservers (NC). Ss were

required to give logical conservation responses on both tasks to be
classified as conservers, and conversely nonconservation responses
on both tasks to be classified as nonconservers. A total of 225 Ss

were administered the conservation pretest and 90 Ss (45 hormals and 45



51

Sv1-L8 T¥1-96 ¥¥1-86 96-¢L S6-2L 00T-SL abuey
08°LT GG°ST 80°€T €9°L €€°9 86°8 °as's
08° 911 Ly 6TT €€°€2T €€°28 €6°6L 0C° 98 uesy
e3Rq (WD)
9by teoTboTOoUOIYD
6L-5S T8-€9 28-2¢9 6C¢T-16 9TT-16 €ET-86 abuey
8G°9 y8°S €LY E€ET°TT 90°L €C°0T °da°s
LO° 69 €G°€EL L8°€L 08°60T 0% °201 09°91T uesy
R
aTeos TINd DSIM
¥8-89 ¥8-%9 g8-L9 €ET-T6 STI-¥6 9€T-06 abuey
vS°L 96°9 €T°L 66°E€T 69°G 81°2T *ass
€EE°VL 09°LL €1°6L 09°T1IT 00°S0T Ov°STIT wesy
ejeq OI aTeos
SdURWIOITIDd DSIM
08-09 £8-09 T8-29 021-06 STT-06 SET-S6 abuey
6v°9 6L°9 TL®°S ¥Z°6 SC°6 CT 1T °da*s
LT 0L ov°vL 09°€L LZ°90T LT 66 LOPTT UesW
e3edq OI
STedS TeqIS2A DSIM
ON _& o) ON L o)
SS WA SS TeuxoN
sdnoxp Tejuswiaadxy XoF vleqg WD pue oI

T STqes



52

retardates — 15 in each of the three sub-groups) were selected at
random within each treatment group. An attempt was made to match
the groups (normal and EMR) as closely as possible on sex-ratios.
Each child's school records were examined for medical data and
children who deviated significantly from the standard 20/20 vision,
or who showed auditory difficulties (2.72% of the normal Ss and
26.71% of EMR Ss), were discarded from respective sample populations.
Since corneal reflection EM recording techniques will not tolerate
the reflective characteristics of glass, children requiring eye-

glasses or contact-lenses, were not included in the samples,
Apparatus

Eye-movements were recorded by a Polymetric Model V-1164 eye=-.
movement recorder. The recorder incorporates the use of corneal-
reflections superimposed upon a photograph of the stimulus material
(c£. Mackworth, 1967). The resultant corneally-reflected EMs were
filmed by a pathd "Professional” 16mm reflex camera (See Figure 2)
at a constant exposure rate of 10 frames per second.

A Grass Model 5 Polygraph, integrating a Model 5E DC driver-
amplifier and Models 5P1 and 5P3 low-level DC preamplifiers, was .used
to obtain both GSR and plethysmographic recordings. For GSR measure-
ment, zinc electrodes of 0.34" in diameter were attached, using a
zinc-sulphate paste, one to the central whorl on the distal-phalanx
of the S's thumb on the non-dominant hand, and the other to a lightly

sanded area of skin on the volar surface of the S's forearm
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(nondominant side), approximately 2" from the wrist (cf. Lykken,
1959). Plethysmographic recordings were obtained by means of a Grass
Model RPT-1 (light reflected) photoelectric transducer, of the type

described by Weinman (1967), which was attached to the center of the

S's forehead approximately 2" above the nose.

A 16mm L-W Photo-Optical Data Analyser Model 224-A was used
for presentation of the laboratory stimulus material. This projector
permits considerable adjustment in presentétion speed, and allows
presentation of "stop-action" stimulus material, together with
appropriate control frames, without interruption of the testing
‘sequence.

Task instructions were tape-recorded and presented at a

constant volume through head phones attached to a Sony 4 track tape

recoxrder.

Stimulus Materials

Two rows of six 14" diameter (i.e., 6 red and 6 blue) plasﬁic
poker chips were used for the number conservation pretest while two
9"::§Q" strips of black cardboard were used for the length aonservaf
tion pretest. Spatial transformations of these materials and those
used in Tasks I and II were undertaken in the manner described by

Piaget (1947).

Laboratory testing involved the movie presentation of conserva-

tion tasks. A previous study (O'Bryan & Boersma, 1971) has indicated

that essentially equivalent results can be expected from movie and
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traditional presentations of conservation tasks. The stimulus movie
had three parts. First, the standard number and length conservation
problems on which training has been given were shown (Task I); then
followed two transfer items continuous-quantity solid and liquid.
(Task II). Finally, a series of numbexr and length conservation -
problems which appeared to "magically" violate the principle of
conservation, together with appropriate control tasks, were
presented (Task III).

Task items Ia (number conservation) and Ib (length conserva-
tion) were identical to the pretest items, except for their
presentation via movie. The solid continuous quantity item, involved
the presentation of two balls of plasticine of 2" diameter, one of
which was rolled to form a sausage. In the liquid.continuous-
quantity item, two 8 oz. clear glass beakers each half filled with
water were presented and the water in one of the beakers was poured
into a higher and narrower 6 oz clear glass beaker.

The final section of .the film (Task III) presented a series of
situations in which the principle of conservation, as it relates to
number (chips) and length (black cardboard strips) problems, appeared
to be violated. In number conservation problems the number of chips
increased in one of the rows when it was spread out, and in the
length problems one of the cardboard strips lengthened as it was moved.

The assuumption was made that conserving Ss would have strong
expectations of conservation prior to a transformational sequence.

However the possibility existed that because of these strong
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expectations, a number of Ss might have failed to perceive the
conservation violations on their initial occurrence. Consequeitly,
repeated presentation of these items seemed to be required. In an
attempt to avoid the occurrence of a set on the part of Ss towards
an expectation of change in the quantity of the transformed stimulus,
several control items in which the quantity did not change (i.e., no
deception was attempted) were included. .

It seemed necessary to control for several factors in the task
presentation order; viz., it needed to begin with violation instances
of both number and length conservation; a violation instance needed to
occur at the end of the series since a control item would have been
unable to serve any purpose in this position; and the sequential
occurrence of a long series of length or number items was to be
avoided. The following presentation order was designed with these

factors in mind: 1. Number conservation violation (2 rows of 6,

changed to a row of 6 and a row of 8); 2. Length conservation -

violation (2 nine-inch strips of card were presented, and one of these
became 12" long when it was moved); 3. Control item (length); 4.

Number conservation violation; 5. Control item (number); 6.

Control item (length); 7. Length conservation violation; 8.

Control item (number); 9. ‘Length conservation violation; 10. Number

conservation violation. Data analyses were carried out on the first

scorable number and length violation items in which inequality of the
TE and NTE was reported. Table 2 presents an outline of violation
tasks used in the analyses. Inspection of this table reveals that

more than 85% of the analyses involved the first presented item,
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Table 2

Freqﬁency of Ss in each Group, According to Particular
Violation Tasks Used in Analyses of EM
and Psychophysiological (Psy.) Data

-

Normal Ss EMR Ss
N=-C N-T N=-NC BPC R=-T R=NC

Items Used N L N L N L N L N L N L
First EM 13 14 12 14 13 14 7 15 11 12 13 13
presented Psy. 13 15 13 15 15 15 10 15 11 14 15 15
Second EM 2 == 2 = ae a- 5 == 4 1 == --
presented, .

because Py, 2 == 2 == == == E == 4 1 == ==
equality

perceived

on lst
Second ~ EM -1 == 1 2 1 2 == == 1 2 2
presented '
because PSY. == == == == == o= - == e e me ==
first

unscorable
Third EM “e == ] == = .- l e« == ] == -
presented

because PSY:. == == == o= == - - e e e e ==
first and

second

unscorable
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The three-week retention tests involved the nonmovie presenta-

tion .of Tasks I and II.

Testing Procedure

After initial individual pretesting, the children were trans-
ported (4 per day) to the University. In the laboratory, the Ss were
tested individually. They were seated comfortably, fitted with a
bite-bar to minimize head-movements during EM photography, and the
GSR electrodes and photoelectric transducer were attached. The eye-
movement recorder was then positioned and calibrated and Tasks I, II
and ITI were administered. In Studies 2 and 4, Ss were individually
readministered Tasks I and II at school, approximately 3 weeks after
their laboratory session.

Tasks I, II and III were presented on 16 mm black and white
movie film, which was rear-projected on to a 7.8" x 7.8" stimulus
viewing screen. The screen was ‘positioned on a horizontal plane
approximately 24" in front of the S's eyes.

In an attempt to standardize presentation techniques, control
for experimenter interaction, and facilitate filming EMs and collec-
tion of GSR and plethysmographic data, the movie presentations were
synchronized with taped verbal instructions. In addition, before any
data was collected, a series of 35 mm slides of Stanford-Binet
Picture Absurdity Tasks (Terman & Merrill, 1960) was presented and

Ss were trained to close their eyes, when they had solved each

problem.
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Because pilot investigations had indicated consistently strong
surprise reactions to taped verbal instructions in both normal and EMR
Ss, and because the present study was additionally concerned with the
presence or absence of surprise reactions as a function of the various
stimulus transformations, a minor modification in the questioning
procedure of O'Bryan and Boersma (1970) was necessary. Whereas in
their study the conservation question was asked immediately following
the stimulus transformation, in the present study Ss were questioned
prior to stimulus transformation. Thirty Ss were selected at random
from the experimental population, and a check was made for retention
across the question - decision interval. No fade was apparent in any
of the treatment groups.

Within Task I, the number conservation problem (Item Ia) was
followed by the length problem (Item Ib)., The Ss were asked each
conservation question prior to the stimulus transformation period and
were instructed to close their eyes when they had reached a post
transformation decision. During the decision-period, the S's EMs in
relation to the stimulus display, wefe_filmed. After the Ss had made
a decision, photography of EMs ceased and the S's verbal responses
were tape-recorded. The same procedure was followed during the
presentation of Task II, with the solid and liquid continuous quantity
tasks presented in that order. EM, psychophysiological and verbal
data were recorded as outlined above during the presentation of Task
III. Control psychophysiological data, were collected during the

presentation of Task I.
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Scoring Procedure

EM data was scored according to the positionlof each fixation
point in relation to the TE and the NTE. However a nuimber of frames
were present in which the corneal reflection was indefinable, blurred,
or not apparent (e.g., as a result of a blink, or a very rapid EN).
The scoring of these frames was estimated as follows:

All fixation points in the first half of a sequence of frames.

(X) which was to be interpolated, were estimated as being in-

the same area as the fixation point immediately preceding X.

All fixation points in the latter half of X were estimated

as being in the same area as the fixation point immediately

following X. Where X was an odd number of frames, the extra

frame was added to the second half of X.

It was decided that any S who showed more than 10% interpolated
data on any task would be eliminated from the study. No Ss were
eliminated on this basis. A random sample of 20 EM records were

analysed by two independent observers, and over 95% agreement was

obtained.

Psychophysiological data was scored in terms of the definitions

listed in Chapter 3.

General Design

The present investigation consisted of a series of four

comparative studies of perceptual activity and surprise reactions,

viz., l. comparison between normal conservers and normal nonconservers;
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2. comparison between trained normal nonconservers and normal non-
conservers; 3.. comparison between EMR conservers and EMR non-
conservers; 4. comparison between trained EMR nonconservers and EMR
nonconservers (see Figure 3)., Studies 1 and 3 were comparative
investigations, while Studies 2 and 4 were experiments which incor-
porated the Pretest-Posttest Control Group Design (Campbell &
Stanley, 1963).

As previously mentioned, Ss were pretested in the schools and
three normal and three EMR groups were selected. The T groups
received two training sessions on two consecutive mornings at school.
In the afternoon, following the second training session, they were
transported to the University where the experimental tasks were
presented, and verbal and psychophysiological response data collected.
Data from the C and‘the NC ‘groups were also collected during this
time, but none of these groups received any training beforehand
except the eye-closing conditioning sessions.

An attempt was made to control for variations in intrasession
history (Campbell & Stanley, 1963). Each of the six experimental
groups was divided into two subgroups which contained approximately
half of the Ss in each group. The resulting twelve subgroups were run
in a counterbalanced order as follows: 1. Normal Conservers—Subgroup
1l; 2. Normal Nonconservers~Subgroup 1l; 3. EMR Conservers-Subgroup
1l; 4. EMR Nonconser&ers-Subg&oup l; 5. Normal Trained Nonconservers-
Subgroup 1; 6. EMR Trained Nonconservers-Subgroup l1; 7. EMR Trained

Nonconservers-Subgroup 2; 8. Normal Trained Nonconservers-Subgroup 2;



62

PRETESTING (TASKI) AND WISC TESTING IN SCHOOLS

STUDY 1 STUDY 2 STUDY 3 STUDY 4
n =30 n=30 n=30 n =30
NORMAL | NORMAL NORMAL [NORMAL EMR EMR EMR EMR
CONSER-| NON- TRAINED | NON- CONSER-| NON- TRAINED] NON-
VERS |CONSER- NON-~- |[CONSER- VERS [CONSER- NON- JCONSER
(NC) -] VERS CONSER-1 VERS (RC) VERS CONSER-| VERS
(N-NC) VERS {N-NC) (R-NC) VERS (R-NC)
(N-T) (R-T)
n=15 n=15 n=15 n=15 nz=15 n=15 n=15 n=15
TRAINING TRAINING
DAY 1 DAY /
TRAINING TRAINING
DAY 2 DAY 2
Y v Y

Py

Y

TESTING AT UNIVERSITY (FILMED)

TASK I NUMBER AND LENGTH TESTS
TASK I SOLID AND LIQUID CONTINUOUS QUANTITY TESTS

TASK I NUMBER AND LENGTH VIOLATION TESTS

THREE WEEK RETENTION
TESTING IN SCHOOLS ON
TASKS T AND I

rig. 3. OUTLINE OF EXPERIMENTAL PROCEDURE
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9. EMR Nonconservers-Subgroup 2; 10. EMR Conservers-Subgroup 2;
11. Normal Nonconservers-Subgroup 2; 12. Normal Conservers-
Subgroup 2. Two weeks after their laboratory visit, the T and the NC
groups were readministered the posttests (number and length) and the
transfer tests (solid and liquid - continuous quantity) at school.

Figure 3 presents an outline of the experimental procedure.

Statistical Analyses

Preliminary between-group comparisons were made for each study
on several types of performance data. Latency to decision data was
analysed using t tests for independent samples (Winer, 1962, pp. 30-
33). Homogeneity of variance was tested using the F test for variances
from independent samples (Ferguson; 1966, pp. 181-182). Where the
assumption of homogeneity of variance appeared untenable, Welch's t!'
(Welch, 1947) was calculated. 2analyses of frequency of unscorable
frames of EM data were undertaken using a 2 X 3 analysis of variance
design with repeated measures on the second factor. Groups (conserver,
trained nonconserver or nonconserver - depending on the study) was the
non-repeated factor and Tasks (I, II and I11) were the repeated
measures. Since homogeneity of covariance is a critical assumption
in repeated measures designs, and since this requirement is seldom
met, the Greenhouse and Geisser procedure for degrees of freedom
adjustment was following in testing all main and interaction effects
involving repeated measures (Winer, 1962, pp. 305-6) . In Studies 2

and 4, frequency of logical conservation responses on Tasks I and II,
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in both the laboratory tests and 3 week retention tests, were compared
using the z test for independent proportions (Ferguson, 1966, p. 177).

Between group hypotheses were tested using a 2 X 2 analysis of
variance design with repeated measures on the second factor, As'above,
Groups (conserver, trained nonconserver or nonconserver - dependiné on
the study) was the nbnrepeated factor,, and Tasks (I and II for
Hypotheses 1lA.l - 2A.5) were the repeated measures. The z test for
independent proportions (Ferguson, 1966, p. 177) was used for testing
Hypotheses 3A.1 and 3a,2,.1

A number of additional exploratory between-group analyses were
also undertaken, in an attempt to examine the performance of the
groups in more detail with respect to the TE and the NTE. These
analyses also involved a 2 (Groups) X 2 (Tasks) analysis of variance
design with repeated measures on the second factor as specified above.
The following variables were analysed in this way: frequency of runs
on the TE, frequency of runs on the NTE, mean length of run on the TE,
mean length of run on the NTE, frequency of fixations on the TE,
frequency of fixations on the NTE, mean length of fixation on the TE,
mean length of fixation on the NTE, examination time on the TE, and
examination time on the NTE. These variables were also analysed for
Tasks I and III, and in addition exploratory analyses were undertaken
on frequency of couplings, total runs over both elements, total mean
length of run over both elements, total fixations over both elements,

total mean length of fixation over both elements, prefilm conductance

1211 t and z tests of experimental hypotheses involved one-
tailed values, whereas two-tailed tests were used for exploratory

analyses,
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level, maximum conductance change, conductance ‘difference, latency
to GSR onset, latency to dsr peak, mean blood volume change, mean
blood volume pulse change and mean heart rate change.

Within group Hypotheses 1B.l - 3B,5 were tested using the t

test for correlated samples (Winer, 1962, pp. 39-42).



CHAPTER 5

Results and Discussion

: Aggendi ces

EQEendix A

In an attempt to achieve maximum clarif;y and parsimony in tpe
presentation of the experimental results, the means for each dependent
variable measure of EM, psychophysiological and performance data are
presented in Tables A (normal Ss) and B (EMR Ss). Means are listed
for each task item (i.e., Ia, Ib, IIa, IIb, IlIa, and IIIb) and for
each task, i.e., I/2, II/2 and III/2. Task means were obtained by
summing over each pair of items for each task and dividing by two.

The .analyses reported in Chapter 5 and in Appendix B are based on task
means, and row and column means associated with 2 X 2 analysis of
variance designs may be obtained from Table A and B values, by summing

ovér the two tasks involved and dividing by two.

éggendix B

In addition to the analyses reported in Chapter 5, a number of
exploratory analyses (no hypotheses were formulated) were undertaken.
It was suspected that these analyses would yield similar results to
those for which hypotheses were formulated. This appeared to be the
case. Consequently to avoid redundancy the results of these analyses
are reported in dialogue form in Appendix B, énd findings which appear
to have relevance for a particular study are incorporated into.the

results section of each study.
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Performance 'and Training Data

Latency to task solution data in seconds is presented in Tables
A and B (Appendix A). Norxmal conservers (N-C) took significantly
longer to reach task decisions than normal nonconservers (N-NC) on
Task I (Mpc = 19.30, Mpnc = 11.18; t' = 3.34, df = 28, p < ,01) and
Task III (Mpc = 15.97, Mpne = 7.82; t' = 3.18, df = 28, p < .01 L,
 similar but nonsignificant intergroup differences were obtained on
Task II. Normal trained nonconservers (N-T) showed a significantly
longer latency to decision on Task I thar normal nonconservers
(Mpt = 18,03, Mpgne = 11.18; t' = 2.22, &f = 28, p < .05), but inter-
group differences on Tasks II and III, although in the same direction,

were nonsignificant,

EMR conservers (R-C) tended to take longer in reaching task
decisions than EMR nonconservers (R-NC) on all three tasks, but none
of these differences between the groups on Tasks were significant.

EMR trained nonconservers (R-T) showed longer decision latencies than
EMR nonconservers on Task II (M, = 14.61, My = 8.74; t' = 2,51,

df = 28, p < .05), but differences between the groups on Tasks I and
III, while in the same direction, were nonsignificant. In general,

it is evident that conservers and trained nonconservers in both normal
and EMR groups, tended to spend longer reaching a decision on the

tasks, than nonconservers.

lror ease of presentation of means, lower case letters without
hyphens are used to denote groups. '
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Since there were considerable differences between.the groups
in terms of task decision laténcies, any'interéroup differences there
may be in EM dependent variables taken over total solution time, would.
have been confounded.with decision latency. ' Consequently, analyses on
the data in terms of a constant time ihterval rather than the total .
solution period, seemed indicated. The first three :seconds of the
decision period seemed.the best available time .interval.for this
purpose on the basis of previous research (Boersma, Muir, Wilton &
Barham, ‘1969; O!'Bryan & Boersma, 1970).

Analyses of data on frequency of unscorable frames as a func-
tion .of studies during the first ﬁhree,seconds of the .decision period
revealed no significant differences between experimental groups
(see Tables A and B). ' Furthermore, in no case did the percentage of
missing data arising from short decision latencies, exceed. four
percent per gfoup.. Thus, the first three seconds of the decision
period yielded a high proportion of .scorable data for each group, and
consequently it was decided to-adopt this unit as the . .constant .time .
interval.for the analyses of .the EM data.

An evaluation of the conservation acceleration training proce-
dure in terms of verbal data was also made. Percentages of logicél
conservation responses on Tasks.I and II for studies 2 and 4 were
accordingly analysed. On the laboratory,tests,-trainea noxmal non-
consexvers showed a significantly higher proportion of logical
conservation responses than normal nonconservers (Task I: N-T.= 80%,
N-NC =.0.00%, z = 7.8l, p < .0001; Task II: N-T.= 47%, N=NC = 0,00%,

z = 4,87, p < .0001) and trained.EMR nenconservers showed more:
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logical conservation responses than EMR nonconservers (Task I:
R-T = 100%, R-NC = 0.00%, z = 7.81; p <.0001) Task II: R-T = 57%,
R-NC = 0.00%, z = 4.89, p < .0001).

A similar pattern was evident on the three week retention tests.
Here trained normal nonconservers showed more logical conservation
responses than normal nonconservers (Task I: N-T = 77%, N-NC = 3%,
z=5,79, p <.0001; Task II: N-T = 53%, N~NC =.0,00%, z = 4,61,

p < .0001), and trained EMR nonconservers showed significantly more
logical conservation responses than EMR nonconservers (Task I:

R-T = 97%, R-NC = 10%, z = 6.71, p < ,0001; Task II: R-T = 80%,

R-NC = 7%, z = 5.78, p <.0001), It was thus concluded that the
training procedure had been effective with respect to Piaget's three
training criteria (permanence and generalizability of behavioral
changes, and apparent cognitive structural changes) in terms of verbal
response data in both normal and EMR nonconservers, and analyses of EM
and psychophysiological data for Studies 2 and 4 seemed meaningful and
were undertaken.

Table 3 presents a summary of the percentages of Ss in each
group who recognized the comservation violations. It is apparent in
both normal and EMR Ss that a relatively high percentage of conservers
and trained nonconservers, and a relatively low percentage of non-
conservers, recognized the violations of .conservation., Moreover, as
expected, the first presented number and length violation items seemed
to differentiate the groups most clearly. In the light of these

cbservations, more detailed analyses of verbal responses and



Percentage of ‘Ss

. Table 3

Recognizing

Conservation Violations

70

Normal Ss EMR Ss
(o} T NC C T NC
Violations
of Number
Conservation
Task III.1l 1.00 0.60 0.20 0.60 0.60 0.06
Task III.4 1.00 0.66 0,43 0.80 0.79 0.28
Task III.1lO 1.00 0.70 0.46 0.86 0.79 0.28
Violations
of Length
Conservation
Task III.2 1.00 0.80 0,13 0.86  0.72 0:33
Task III.7 1.00 0.80 0.21 0,92 0.86 0.43
Task III.9 1.00 0.80 0.23 1.00 0.92 0.50
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"surprise-reactions" following the first recognized number and'length

conservation violations seemed indicated and were made.

Study l: Perceptual Activity and Surprise Reactions

in Normal Conservers and Normal Nonconservers

Results

Conservation Tasks, A Tasks (I and II) by Groups (N-C and N-NC)

analysis of variance with repeated measures on Tasks, was used for
"between group analyses of general perceptual activity. The following
results were obtained. Conservers, in comparison with nonconservers,
showed more couplings (Myc = 3.42, Mppnc = 1.79; F = 15,373, df = 1/28,
p < .001), more runs over both elements (Mpc = 2.14, Mppc = 1.697 |
F = 4,516, df = 1/28, p < .05), and a longer mean length of run in one
tenth second units, over both elements (Mpc = 12.83, Mpnc=18.33;

F = 10.491, df = 1/28, p < .01) , more fixations over both elements
(Mne = 10.87, Mppnc = 8.15; F = 12,329, d4f = 1/28, p < .01l) and a
shorter mean length of fixation in one tenth second units, over both
elements (Mpe = 3.11, Mpnc = 4.19; F = 10.491, df = 1/28, p < .01).

No significant Task or interaction effects were obtained. Thus
Hypotheses IA.1 ~ 1A.5 (which refer to NNC), and Hypotheses 2A.1 -
2A.5 (which refer to NC) are supported, and a clear differentiation
between normal conservers and normal nonconservers in terms of

general perceptual activity seems indicated.
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Within group differences in task performance in relation to.the
TE and NTE on Tasks I and II were analysed using correlated t tests.,
For each S; data was ‘surmed. over task items (i.e., over items Ia, Ib,
ITa and IIb) and divided by,four..‘ These scores were then used as "raw
scores" from which group means for the correlated t tests were calcu-
lated. Table 4 summarizes these :r:esults‘..2 More specifically these
analyses revealed that nonconservers made significantly mo\re runs on
the GE (t = 2.34, df = 14, p < .05), had a shorter mean length of run
in one tenth second units on the GE (t = 1,97, df = 14, p < .05), made
significéntly more fixations on the GE (t = 2.59, 4f = 14, p < .05),
had a longer mean length of fixation in.one tenth second units on the
GE (t = 1,85, df = 14, p <.05) and spent a significantly larger
amount of examination time (tenths of seconds) on the GE (t = 2.28,
atf = 14, P < ,05), Similar analyses for conservers failed to yield
significant differences. These results provide support for Hypotheses
1B.1 - 1B.5 and 2B,1 - 2B.5, thus suggesting that conserving and non=-
conserving Ss showed clearly different patterns of centrative

perceptual activity.

Exploratory ‘analyses of perceptual activity were undertaken.
using the Tasks by Groups analysis of variance design. Appendix B -
Study 1 presents the results in detail. Specifically, it appears that

conservers showed more.active perceptual behdvior and did not "center"

215 Tables 4 and 6, the terms GE and LE are ‘used to denote  the
elements erroneously perceived by the nonconservers as greater and
lesser in quantity (2 normal and 2 EMR nonconservers perceived the

NTE as greater).
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on a particular element., These results are similar to those discussed

above and probably reflect similar aspects of perceptual behavior.

Violation Tasks. Analyses of these data are presented in three sections:

a) in terms of the variables which seem most crucial to this aspect of
the study, namely, verbal reports and "surprise reactions"; b) in terms
of within group analyses of EM data, i.e., inter-element comparisons;
and c) in terms of exploratory between group (N-C vs N-NC) comparisons
of specific psychophysiological and EM measures (Appendix B - Study 1).

A comparison between the N-C and N-NC groups on verbal responses
to violation items, revealed that 100% of the conservers attributed
the apparent conservation violations to some legerdemain, whereas only
16% of the nonconservers responded in this way (z = 6.56, p £ .0001),
thus providing strong support for Hypothesis 3A. 1.

A substantially higher percentage of "surprise reactions" (the
simultaneous occurrence during the TOP of a GSR conductance change, a
cephalic blood volume increase and a heart rate decrease) was obtained
from conservers (N-C = 53%, N=NC = 17%; z = 2.98, p ¢ .005) than from
nonconservers. Strong support was thus gained for Hypothesis 3A.2,
and in view of the intergroup differences on verbal responses, it
would appear that the occurrence of "surprise reactions" closely
reflects the recognition of conservation violations.

Table 5 presents within group analyses of EM data on Task III.
The results indicate with respect to the TE and NTE, that conservers
made more runs on the TE (t = 3.68, df = 14, p € .01), had a signifi-
cantly longer mean length of run in one tenth second units, on the TE

(t = 2.93, df = 14, p ¢ .01), made more fixations on the TE (t = 5.13,
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df = 14, p < .001), had a longer mean length of fixation in one.tenth
second units on the TE (t = 1,96, &f = ‘14, p < .05), and spent a
greater amount of examination time (tenths of seconds) on the TE

(t = 3,70, df = 14, p < .01).  Nonconservers showed a significantly
shorter mean length of run in one tenth second units on the TE

(t = 1,95, df = 14, p < .05), and more fixations on the TE (t = 1.94,

df = 14, p < .05), but none of the other differences were significant.

Inspection of Table 4 in conjunction with Table 5 reveals that non-
conservers tend to centrate on the TE in both cases with the strongest
effect being associated with Table 4. More interesting however is the
marked contrast evident in the case of conservers., Here for Task III,
all dependent variables showed significant effects, whereas noné were
significant on Table 4. Thus support was cbtained for Hypotheses

3B.1 - 3B.5, indicating that in comparison with nonconservers,
conservers showed greater changes in centrative perceptual activity on
the violation tasks.

Exploratory analyses of violation task EM and psychphysiological
data are presented in Appendix B =~ Study 1. The analyses of individual
psychophysiological dependent variables for all practical purposes
revealed no consistent intergroup differences. The only significant -
finding was associated with mean BVP change and this was probably a
chance . occurrence.

One finding which émerged from exploratory analyses of general
perceptual activity during violation tasks, was that conservers showed
more couplings on Tasks I and III than nonconservers. A more inter-

esting and probably more important finding however, was that conservers
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showed é,significant-decrease‘in couplings during the conservation
violation tasks. Specifically, they tended to spend more time exam-
ining the legerdermain element, thus suggesting that both groups were
now focussing on the TE, although probably for different reasons.
Conservers over both tasks, also showed more fixations, which seems to
indicate that their perceptual activity, at least in terms of fixations,
was greater than that of nonconservers. Conservers compared with non-
conservers, also showed greater increases in frequency of fixations,
mean length of run and amount of examination time, on the TE, during
Task III, In addition a task effect, with violation tasks eliciting
more perceptual activity in-terms of fixations for both groups was
evident., In short, conservers showed fewer couplings on violation
tasksj it would appear that exploration of the TE had increased for
Ss who noticed the violation,  Actual statistical data is presented
in Appendix B - Study 1. These results are consistent with the
results of within group analyses reported above. |

In short, the following results emerged from Study 1l.
Conservers in comparison with nonconservers, showed predicted differ-
ences in general and centrative perceptual activity on conservation
tasks. Predicted intergroup differences in verbal and "surprise
reactions" to conservation violations were also ocbtained, and in
conservers these reactions were accompanied by predicted changes in

centrative perceptual activity.
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‘Discussion

The results of between and within group analyses of Task I and
II EM data provided strong support for Hypotheses 1A.l1 - 1A,5 and
2A.1 - 2A.5, and for Hypotheses 1B.1 - 1B.5 and 2B,1 - 2B.5. These
findings appear to indicate that in terms of corneally reflected EMs,
the general perceptual behavior of conservers is considerably more .
active than that of nonconservers, and that the lesser perceptual
activity of nonconserving 'Ss is accompanied by a tendency on . their
part to "center" or fixate significantly longer and more often on the
element judged to be greater following transformation. It is thus
concluded that Postulates Ia, Ib, IIa, and IIb are tenable. These
results seem consistent with Piaget's (1947, 1970) distinctions
between the perceptual/attentional concomitants of preoperational and
operational thinking, and replicate the findings of O'Bryan and
Boersma (1970).

The conservation violation tasks also differentiated the groups
in the predicted direction. The marked differences between the groups
in terms éf their verbal responses to the apparent violations of
conservation, suggest that the expectancies of the conservers and non-
conservers with respect to the possible transformation outcome, were
very different prior to the completion of the transformation. All of
the conservers reported that something "wrong" had occurred, and they
attributed the violation té legerdemain. On the other hand, almost
all of the nonconservers gave the usual nonconservation response and

rationale (c.f,, Table A).
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The differences between the groups in terms of "surprise
reactions"s indicate that during the TOP on conservation violation
tasks, psychophysiological activity differentiated conserving and non-
conserving Ss. With respect to EMs, the within group analyses of Task
III data revealed a number of marked changes in the conservers'
centrative perceptual activity, whereas little or no change was
apparent in nonconservers. As predicted, the changes in conservers'
centrative perceptual activity involved substantial increases in the
duration and frequency of fixations and runs on the TE (i.e., the
element which was manipulated to appear greater), and in the per-
centage of time spent looking at the TE. Although the centrative
perceptual activity of conservers on Task III appeared to be similar
to that shown by nonconservers, there were prcbably very different
reasons for each group's performance. Nonconservers probably showed
more perceptual activity on the TE because as in conservation tasks,
this element appeared to be greater (Piaget, 1961) following trans-
formation. In the case of conservers however, the increase in
perceptual activity on the TE was prcbably a function of their
recognition of conservation violation. Alternatively, since the

violation tasks required "accommodation" on the part of conservers,

and since any conservation task requires "accommodation" on the part

of nonconservers, the obtained result may be reflective of accom-
modative perceptual activity. The results of exploratory analyses in
terms of general perceptual activity and of additional EM data on
Tasks I and III also reflect these changes noted in centrative

perceptual activity. It is thus concluded that Postulate III is



80

tenable; The obtained result provides considerable support for
Charlesworth's (1964a, 1969) and Lewis and Harwitz's (1969) conten=-
tions regarding the utility of surprise and orientation reactions as
nonverbal indices of cognitive structural change. .

Piaget's (1947, 1962, 1970) position is also strongly sup-
ported in that there appear to be marked differences in the cognitive
functioning of conserving and nonconserving Ss following apparent
conservation violations. Presumably, surprise reactions are mediated
by cortical activity and it seems highly likely that the occurrence of
such reactions closely reflects the cognitive structural changes
which, according to Piaget (1947), accompany the acquisition of
conservation.

It would appear that the individual psychophysiological
dependent variables did not differentiate the groups, except in the
case of mean BVP change. If mean BVP change was an index of surprise,
a greater mean BVP would be predicted from conservers and from both
groups on Task III. The obtained results were however in the reverse
direction. In view of the minimal differences which were obtained on
all other individual psychophysiological dependent variables, it is
suggested that these results are probably a chance finding, and hence
of little theoretical significance. The occurrence of intergroup
differences in "surprise reactions" in the absence of similar differ-
ences in individual psychophysiological dependent variables, is not
inconsistent with the general direction of Western and Russian

research on the OR, which has tended to underline the importance of
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multiple related psychophysiological,indices, rather than single
isolated psychophysiological reactions.

General and centrative perceptual activity and “"surprise
reactions" thus seem to be useful supplementary indicators of
cognitive structural development and, when accompanied by verbal

data, they should lead to more adequate evaluations of conservation

acceleration attempts.

Study 2: Perceptual Activity and Surprise Reactions'in

Trained Normal Nonconservers and Normal Nonconservers

Results

Conservation Tasks. A two way (Groups by Tasks) analysis of variance

with repeated measures on Tasks (I & II), was used for between group
analyses of EM data, and the following results were obtained. 1In
comparison with normal nonconservers (N=-NC), the trained normal non--
conservers (N-T) showed more couplings (Mpt = 2.90, Mpnc = 1.79;
F = 9,493, df = 1/28, p <.0l), more runs over both elements

(Mnt = 2.17, Mync = 1.69; F = 6,316, df = 1/28, p < .05), a shorter
mean length of run in one tenth second units, (Mnt = 13.10,

Mane = 18.33; F = 10,555, df = 1/28, p <.0l1), more fixations over
both elements (Mpt = 10,55, Mpne = 8.15; F = 7.404, df = 1/28,

p < .05), and a shorter mean length of fixation in one tenth second
units over both elements (Mnpt = 3.27, Mpne = 4.19; F = 6.462,

df = 1/28, p < .05). Both groups showed more fixations on Task I

(Mr = 9.98, Mr1 = 8.72] F = 4.301, df = 1/28, p < .05)., No other
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Task or interaction effects were significant. For all practical.
purposes, N-T Ss showed the same type of general perceptual activity
as that of N-C Ss in Study 1. Consequently, Hypotheses 1a.1 - 1A.5
(which refer to N-NC Ss) and Hypotheses 2A.1 - 2A.5 (which refer to
N-T Ss) are supported, and marked differences between N-T and N-NC
§g.with respect to general perceptual activity, are apparent.
Correlated t-tests were used for within (TE vs. NTE) group
analyses of EM data in relation to the TE and NTE, on Tasks I and II,
For each S data was summed over tasks (i.e., items Ia, Ib, IIa and IIb)
and divided by four as in Study 1. These results are summarized in
Table 4 (page 73). As in Study 1, N-NC Ss showed more runs on the GE
(t = 2.34, df = 14, p < .05), had a shorter mean length of run in one
tenth second units on the GE (t = 1.97, af = 14, p < .05), made
significantly more fixations on the GE (t = 2.59, df = 14, p <.05),
had a shorter mean length of fixation in one tenth second units on the
GE (t = 1.85, df = 14, p < .05) and spent a significantly larger amount
of examination time (tenths of seconds) on the GE (t = 2.28, df = 14,
p < .05).3 In the case of N-T §§;however, none of the TE-NTE differ-
ences were significant. Thus Hypotheses 1B.1l - 1B.5 and 2B.1 - 2B.5
are supported, and distinct N-T and N-NC intergroup differences in
centrative perceptual activity are evident. The more interesting
finding however, is that centrative perceptual activity of N-T and
N-C Ss is very similar, thus indicating that EM patterns of trained

nonconservers closely resemble those of natural conservers.

3The results reported for N-NC Ss are identical to those
reported in Study 1 since they involve " the same Ss.
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The above mentioned Groups by Tasks analysis of variance design
was used for exploratory analyses of perceptual activity. These
analyses which are reported in Appendix B - Study 2, indicated differ-
ential perceptual activity on the part of N-T and N-NC Ss,
Specifically, it appears that N-T Ss showed more active perceptual
behavior and were not centering on a particular element. These
results seem consistent with those obtained from the above analyses,
and are probably reflective of similar aspects of perceptual behavior.
At the same time, the obtained results are very similar to those
obtained in Study 1, thereby indicating that the perceptual activity

of N-T Ss, closely resembled that of N-C Ss,

Violation Tasks. The presentation of the results of violation task

data will follow the format adopted for Study 1l.

Verbal responses to violation items clearly differentiated the
groups. Significantly more N-T than N-NC Ss attributed the apparent
conservation violations to legerdemain (Mnt = 73%, Mnnc = 16%;

z = 4,41, p < .0001). Thus considerable support is provided for
Hypothesis 3A.1.

N-T Ss showed significantly more "surprise reactions" than N-NC
Ss (N-T = 43%, N-NC = 16%; z = 2.25, p < ,025), thus supporting
Hypothesis 3A,2. A similar trend to that obtained in Study 1 seems
evident. The occurrence of "surprise reactions" again appears to be

closely related to conservation violation recognition.



84

Within group analyses of Task III EM data in terms of the TE
and NTE, which involved the use of correlated t tests, are summarized
in Table 5 (page 75). N-T:§é showed more fixations on the TE
(t = 1.81, 4f = 14, .p'< .05) , an effect which was not noticeable for
Task I and II (see Table 4). For N-NC Ss on Task III,ta centration .
effect similar to that observed in the analyses of Task I and II EM
data was evident. Inspection of Tables 4 and 5 shows that although.
only two inter-element differences are significant in Table 5, the
larger mean measure of centrative perceptual activity in all cases is
associated with the GE in both tables. None of the other inter-
element differences for the N-T.group was significant. The results
for N-NC Ss are identical to those discussed in Study 1, since the
same Ss were involved. Thus Hypothesis 3B.3 is supported in that N-T
Ss showed an increase in the TE-NTE. fixation ratio whereas N-NC Ss
did not. The fact however, that the remaining 3B hypotheses were not
supported suggests that the fixation finding should be inteipreted
with reservations.

Individual psychophysiological dependent variables as in Study.
1, did not differentiate the groups, and again these findings seem to
bear very little relationship to the Task III intergroup verbal -
response . and "surprise reaction" differences reported in study 2 (see
Table A for specific mean values).

In comparison with Task I and II results, N=T Ss on Task III
showed several changes in perceptual activity in relation to the TE

and the NTE. Specifically, they no longer made more runs on the NTE,
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nor did they continue to have a shorter mean length of run, fixation
and examination ‘time period on the TE:' Thus it appears that N-T Ss
noticed the conservation violation and modified their perceptual
behavior accordingly, whereupon-their perceptual activity became very
similar to that shown by the-N-NC'ég. Mean length of fixation over
both elements decreased for N-NC Ss and increased for N-T Ss during
Task III. This result suggests that during Task III the perceptual
activity of N-NC Ss may at that stage have been more variable in terms
of foveation whereas it seems likely that N-T Ss had increased their
perceptual activity on the TE. This contention receives considerable
support from the previously discussed within group and exploratory
between group analyses of EM data on Task III. Moreover these results
seem consistent with those reported in Study 1.

In summarizing the results of Study 2, the following points
seem important. Trained and untrained normal nonconservers showed
predicted differences in general and centrative perceptual activity on
conservation tasks. On conservation violation tasks, predicted inter-
group differences in verbal and "surprise reactions" were also obtained,
and in trained normal nonconservers these reactions were accompanied
by one predicted change in centrative perceptual activity and by

several changes in general perceptual activity.

Discussion

Strong support was obtained for Hypotheses lA.l - 1A.5, and 2A.l1-

27,5 and for Hypotheses 1B.l - 1B,5 and 2B,1 - 2B.5, from between and

within group analyses of EM data on Tasks I and II, Consequently, in



terms of corneally reflected EM indices, general and centrative
perceptual activity clearly differentiated the groups. N-T Ss showed
more active general perceptual behavior than N-NC Ss, and while N-NC
Ss showed a marked tendency to"'gﬁ" more often and for longer
periods, on the element judged to be greater following the transfor-
mation, such a trend was not apparent with respect to either element,
in N-T Ss. Postulates Ia, Ib, IIa and IIb thus appear to be tenable.
Therefore, in addition to verbal response data, analyses of general
and centrative perceptual activity during Tasks I and II, seem to.
provide considerable support for the contention that the conservation
acceleration procedure had been effective in inducing a degree of.
cognitive structural change in the N-T Ss,

The predicted intergroup differences in verbal and "surprise
reactions" to apparent conservation violations, which were obtained,
provided strong support for Hypotheses 3A.l and 3A.,2, and for the
effectiveness of the conservation acceleration procedure in terms of
cognitive structural changes. Significantly more N-T than N-NC Ss
recognized the apparent conservation violations; thus suggesting that
prior to the transformation completion, the expectancies of N-T and
N-NC Ss with respect to the transformation outcome, were very
different. N-T Ss showed significantly more "surprise reactions" than
N=NC, Ss, and it seems very likely that this differential reflects a
higher percentage of perceived violations of pretransformation
expectancies on the part of N-T 'is;_ .

Within group analyses of Task III EM data provided support for

Hypothesis 3B.3. In comparison with Task I and II frequencies, N-T Ss
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showed an increase in fixations on the TE, but no such change was
observed in N-NC Ss. This trend was also noted in exploratory
analyses of general perceptual activity, and of perceptual activity
in relation to the TE and the NTE. These results provide further
supplementary evidence in support of the contention that the
conservation acceleration training procedure was effective in terms
of inducing cognitive structural changes.

With reference to Study 1 (Tasks I & II), general and centrative
perceptual activity in N-T and N-C Ss appear essentially equivalent,
and both contrast with that shown by N-NC Ss. 'In addition, verbal and
"gurprise reaction" frequencies were very sim&lar in consexvers and
trained nonconservers, and again these frequencies were substantially
giaater than those shown by nonconservers. Conservers and trained |
nonconservers also showed somewhat similar EM patterns during Task III,
The similarities were not as pronounced however, as those observed on
Tasks I and II. Consequently, although cognitive structural develop-
ment seems to have occurred as a function of conservation training,
the levels attained by conservers and trained nonconservers were
prabably not equivalent. This supposition is also supported by the
fact that only 80% of the N-T Ss attained conservation status on the
tasks for which they received training, and only 47% attained
conservation on the transfer tasks. Thus although training was
effective, it clearly did not result in equivalent levels of cogni-
tive functioning in N-C and N-T groups. It would appear then, that

the natural acquisition of conservation could involve aspects of
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cogriitive ‘structural development not.achieved by the present
conservation acceleration training procedure.

The results of this study seem to have at least one clearv
implication for Piaget's.(1947; 1970) theoretical position. It would
appear that in terms of cognitive structural changes, the development
of intelligence as evidenced by the acquisition of conservation, can
be accelerated to.a substantial degree in normal children. 1In the.
present study however, the levels of qognitive functioning reached by
natural conservers and trained noncgnservers were not .entirely.
equivalent. A logical next step would be to investigate EMs and.
"surprise reactions" in Ss who actually attain conservation, .
generalize it in transfer tasks and retain it over a period of time.
The present study examined the behavior of groups, and within the
N=T -group ‘there were several'gg_who clearly did not respond to train-
ing and this fact may have suppressed the overall effect of training
in terms of the N-T mean values on the various EM and "surprise
reaction" dependent variables. The extent to which the effectiveness
of training might vary according to maturational level (cognitive
development) , and the extent to which it can be improved by a refine-
ment and an extension of training procedures, require further investi-
gation.  In this connection, it is suggested that EMs and "surprise
reactions" could provide useful supplementary evidence on cognitive

structural development for such investigations.
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Study '3:" Perceptual ‘Activity ‘and Surprise Reactions

in EMR Conservers and EMR Nonconservers

Results

Conservation"l‘as_ks. ' The following results of between group analyses
of general perceptual activity involved. the use of a Groups (R~-C vs.
R-NC) by Tasks (I & II) analysis of variance with repeated measures on
Tasks. R-C in comparison with R=NC Ss, showed more runs (Mrc = 2,40,
M = 1.70; F = 11,594, df = 1/28, p < ,01), more fixations

(Myo = 12.00, My, = 8.20; F = 27.814, df = 1/28, p < .001) and a
shorter mean length of fixation in one tenth second units, over both
elements (M., = 2.69, M, = 3.73; F = 18.953, df = 1/28, p < .001)
and both groups showed more fixations on Task I (M; = 10,80,

My = 9.40; F = 10.559, df ='1/28, p < .01). All other main and
interaction effects were nonsignificant., Thus Hypotheses 1A.2, 1A.4
and 1A.5 and Hypotheses 2A.2, 2A.4 and 2A.5 are supported, indicating
as with normai Ss that there were also di fferences between retarded
conservers and nonconservers in terms of general perceptual activity,
It should be pointed out however that these findings were not as
strong as those reported for normal 88, specifically since significant
couplings and mean length of run effects were not observed. Table 6
presents mean values for Tasks I and II (calculated as in Studies 1
and 2) and correlated t tests. These within group analyses reveal
that on the GE, R-NC'Ss had more runs (t = 3,14, df = 14, p < .01), a

greater mean length of run (t = 3,53, 4f = 14, p <.01), more fixations
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(t = 3.60, df = 14, p € ,01), a shorter mean length of fixation

14, p < .01) and spent a greater amount of examination

(t = 3.28, df

time in tenths of seconds (t = 3.82, df = 14, p <.00l). At the same
time, R-C Ss showed a greater frequency of runs (t = 2.38, df = 14,
p < .05) and more examination time, on the TE (t = 2.08, 4f = 14,
p <€ .05). All other inter-element differences were nonsignificant.
Consequently, Hypotheses 1B.1 - 1B.5 and 2B.2 - 2B.4 are supported,
and it appears that centrative perceptual activity differentiates R-C
and R-NC Ss, although not to the extent it did in normal Ss where as
predicted there were also no inter-element differences on frequency
of runs and amount of examination time, |

Exploratory analyses of perceptual activity which involved the
Tasks by Groups analysis of variance design, were made. These results
are presented in detail in Appendix B - Study 3. 1In brief it appears
that conservers in general showed more perceptual activity in terms of
fixations on the TE and NTE, and that théir perceptual activity was
directed at the TE to a lesser extent than was the case with non-
conservers who tended to focus their attention on the GE., These find~
ings are supportive of the between and within group analyses discussed
above, In addition, these results are in agreement with those
obtained from normal Ss in Study 1, although the present findings are

not as consistent over all EM variables reported.
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Violation Tasks. The apparent violations of conservation were attrib~-

uted to legerdemain by more R-C than R-NC Ss (R-C = 97%, R=NC = 20%;
z = 5,98, p < .001l). "Surprise reactions" also differentiated the
groups (R-C - 40%, R-NC = 13%; z = 2,34, p <,01). Hypotheses 3A.l1
and 3A.2 were thus supported, Therefore as in Studies 1 and 2, the
occurrence of surprise reactions seems to reflect conservation
violation recognition.

The following results, summarized in Table 7, were obtained
from within group analyses (using correlated t tests) of Task III
centrative perceptual activity. Comparisons between elements for
conservers revealed that these Ss had more runs (t = 3.60, 4df = 14,
p < .01), a greater mean length of run (t = 2.49, df = 14, p <.05),
more fixations (t = 3.27, df = 14, p <.0l) and spent more examina-
tion time (t = 3.46, df = 14, p <.01), on the TE., Nonconservers on
the other hand made more runs on the TE (t = 2,30, df = 14, p < .05)
and showed a significantly longer mean length of fixation in one
tenth second units on the TE (t = 1.79, df = 14, p <.05). None of
the remaining inter-element differences were significant for either
group, although all were in the predicted direction. Hypotheses
3B.2 and 3B.3 are thus supported. Thus for conservers, four of the
five inter-element differences on Table 5 were -significant, whereas
only two were significant on Table 6. Increases in the TE=-NTE ratio
were observed on mean length of run and frequency of fixations on the
part of R-C Ss, but R-NC Ss showed no such increases. This finding
suggests that the conserver-nonconserver differences in EMR Ss are

consistent with, but not as strong as those observed in normal Ss.
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No intergroup differences were obtained from the analysis of
individual psychophysiological dependent variables (see Appendix A -
Table B). Consequently, as in Studies 1 and 2, these findings do not
seem to reflect the recognition of conservation violations,

Statistical data on general and inter-element perceptual
activity during Task III are reported in Appendix B - Study 3. These‘
data showed similar results to those obtained on Tasks I and II.
Again, the data suggest that R-C §§_shdwed more perceptual activity
than R-NC Ss. These findings are thus in agreement with those
obtained from normal conservers and nonconservers. Conserver-non-
conserver differences do not seem to be as strong in EMR Ss as they
were in normal Ss however, in that fewer significant intergroup
differences were obtained. Specifically it appears that although EMR
Ss in Study 3 have similar conserver-nonconserver classifications to
normals, their EM data may be reflecting differential cognitive
activity.

In summary, EMR conservers in comparison with EMR nonconservers
showed a number of predicted differences in general and centrative
perceptual activity on conservation tasks. Predicted intergroup
differences were obtained in verbal and "surprise reactions" to
conservation violations, and in EMR conservers a predicted change in
centrative perceptual activity and several changes in general

perceptual activity, accompanied these reactions.,
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Discussion

Hypotheses 1A.2, 1A.4, 1A.5, 2A.2, 2A.4, and 2A.5 and
Hypotheses 1B.l - 1B,5 and 2B.2 - 2B.5 received strong support from
between and within group analyses of Task I and II EM data. A series
of distinct intergroup differences in general and centrative percep-
tual activity thus seems to be indilcated° The generai perceptual
behavior of EMR conservers is considerably more active than that
shown by EMR nonconservers. While a clear tendency to "center" more
often and for longer periods on the element judged to be greater
following transformation was apparent in R-NC Ss during Tasks I and
II, this trend was observed only with respect to two dependent
variables (frequency of runs and amount of examination time) in R-C
§§,. Consequently it is concluded that Postulates Ia, Ib, IIa and IIb
are tenable, although the findings are not as strong as in Study 1.

Verbal and "surprise reactions" to apparent violations of
conservation, also differentiated the groups in the predicted direc-
tion and provided support for Hypotheses 3A.l and 3A.2. The inter-
group verbal response differences were in agreement with the
contention that the transformation outcome expectancies of R-C and
R=-NC §§_prior to the transformation completion, were very different.
Furthermore, it seems highly likely that the intergroup "surprise
reaction" differences which were obtained, arose from the fact that
a greater percentage of these expectancies were violated for R-C Ss.

Support was also obtained for Hypotheses 3B.2 and 3B.3. In

comparison with mean length of run and fixation frequency ratios TE -
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NTE ratios obtained on Tasks I and II, R-C Ss showed increases during
Task III but R-NC Ss. did not; Several changes in the R-C Ss general
perceptual activity which were consistent with the ;bove results, were
also obtained (see Appendix B - Study 3).

In short, verbal responses indicate the presence of distinct
cognitive structural differences between R-C-and R-NC Ss, Supplemen-
tary evidence from the analyses of perceptual activity and "surprise
reactions" during the decision period on conservation and conservation
violation tasks, also point towards R-C and R-NC differences. Thus it
is concluded that Postulate III is tenable.

Study 1 (N-C and N-NC'§§l.and the present study seem to have
resulted in the documentation of a number of similar intergroup differ-
ences, which presumably reflect differential (conserver—nonconservei)
levels of cognitive structural development. Similar patterns of
conserver-nonconserver verbal response differences were obtained from
both normal and EMR Ss. Likewise, perceptual activity and "surprise
reactions" from normal and ZMR Ss clearly differentiated conservers
from nonconservers., At the same time, while similar conserver-non-
conserver perceptual activity differences were observed in normal and
EMR Ss, they were not as strong in EMR Ss, Specifically, frequency
of couplings, which clearly differentiated the general perceptual
activity of normal conservers and nonconservers, and frequency of rums,
which clearly differentiated the centrative perceptual activity of
normal conservers and nonconservers, did not differentiate EMR

conservers and nonconservers, Conserver-nonconserver differences in
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EM activity during conservation violation tasks were also not equiva-
lent in normal and EMR Ss. Whereas normal conservers showed marked
changes in all measures of centrative perceptual activity during Task
III, a similar change was observed on only two of these dependent
variables with EMR conservers.

The inconsistencies in general and centrative perceptual activ-
ity results discussed above, may be due to a number of factors. They
could be attributable to the fact that EMR Ss were considerably older
than the normals, and this may have tended to reduce conserver-
nonconserver general and centrative perceptual activity differences.
Another possibility is that the above mentioned inconsistencies were
reflecting an underlying normal - EMR attentional differential of
the type postulated by House & Zeaman, 1963 and O'Connor & Hermelin,
1963. Finally a possibly more interesting supposition would be that
the cognitive structural development of the EMR Ss had not reached a
level eguivalent to that shown by normal Ss. This supposition is
in accord with an cbservation made by Inhelder (1963) who suggested
that the closure of an operational system in mentally retarded
children is of a different type from that found in normal children.
While these latter possibilities are consistent with much previous
research into learning and cognition with mentally retarded Ss, they
are nevertheless speculative and further research is clearly

necessary to disentangle the above-noted inconsistencies.
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Study 4: Perceptual Activity and Surprise Reactions

in Trained EMR Nonconservers and EMR Nonconservers

Results

Conservation Tasks., Between group analyses of Task I and II general

perceptual activity were undertaken using a Groups (Trained EMR non-
conservers and EMR nonconservers) by Tasks ( I & II) analysis of
variance with repeated measures on Tasks, and the following results
were obtained. In comparison with EMR nonconservers (R-NC), the
trained EMR nonconservers (R-T) showed over both elements more runs
(Mpy = 2,20, My, = 1.70; F = 4,805, df = 1/28, p < .05), more
fixations (M, = 11,24, My, . = 2.80; F = 11.336, df = 1/28, p < ,01)
and a shorter mean length of fixation in one tenth second units,

(M. = 2,95, My = 3.73; F = 7.205, df = 1/28, p <.05). Both

groups showed, over both elements on Task I, more runs (MI = 2,25,
My; = 1.65; F = 18,705, df = 1/28, p < ,001), more fixations
(M; = 10.75, My; = 8.69; F = 17,394, df = 1/28, p < ,001) and a

shorter mean length of fixation, (M; = 3.00, My; = 3.68; F = 11.901,
df = 1/28, p < .01). All remaining analyses of general perceptual
activity in terms of main and interaction effects were nonsiqnificant.
Hypotheses 1A.2, 1A.4 and 1A.5 (which refer to R-NC Ss_ and
Hypotheses 2A.2, 2A.4 and 2A.5 (which refer to R~-T Ss) were thus
supported, while Hypotheses 1A.l, 1A.3, 2A.1 and 2A.3 were not.
These results suggest that there are a number of differences between
the groups with respect to general perceptual activity.

Within group analyses of Task I and II centrative perceptual
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activity were undertaken using correlated t tests and the following
results were cbtained (see Table 6, page 90). R~NC Ss showed more
runs (t = 3,14, df = 14, p < .0l), a greater mean length of run

(t = 3.53, df = 14, p < .0l1), more fixations (t = 3.60, df = 14,

p < .0l), a greater mean length of fixation (t = 3.28, df = 14,

p < .0l) and a greater amount of examination time (t = 3,82, df =

14, p .001), on the GE, R-T Ss showed a greater mean length of

run (t = 1,77, df = 14, p < ,05), a greater mean length of fixation

(t = 5.06, &f = 14, p < .001) and spent a greater amount of examina-
tion time (t = 1.97, df = 14, p < .05) on the TE, All other differ-
ences were nonsignificant. Support was thus obtained for Hypotheses
1B.1 ~ 1B.5, 2B.1 and 2B.3, but not Hypotheses 2B.2, 2B.4 and 2B.5.
Although Hypothesis 2B.l received support in R-T Ss, no such support
was obtained with R-C Ss in Study 3. Consequently, this result should
be interpreted with reservations. These results indicate differential
centrative perceptual activity in R-T and R-NC Ss.

Exploratory analyses discussed in Appendix B - Study 4, of EM
data revealed that R-T Ss did not focus their perceptual activity on
the TE to the extent shown by R-NC Ss. These findings are in partial
agreement with the within group analyses discussed above and those

reported for similar analyses in Study 2.

Violation Tasks. R-T and R-NC Ss were differentiated on the basis of

their verbal responses to conservation violation items. Whereas 73%
of R-T Ss attributed the apparent conservation violations to

legerdemain, only 20% of the R-NC Ss responded in this way (z = 5.41,
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p < .001)., Hypothesis 3A.l was thus supported. A similar trend was
obtained with "surprise reactions", A significantly greater per-.
centage of "surprise reactions" were shown by R-T Ss following the
conservation violations (R-T =.36%, R-NC = 13%; z = 2,09, p < .025),
Therefore Hypothesis 3A,2 was supported and as in Studies 1, 2 and
3, the occurrence of "surprise reactions" appears to reflect
conservation violation recognition.

Within group analyses of Task III centrative perceptual activ-
ity indicated that R-NC Ss showed with respect to the TE and the NIE,
more runs (t = 2.30, df = 14, p < .,0l1) and a greater mean length of
fixation (t = 1.79, df = 14, p< .05) on the TE., Whereas these
results may not appear to be in complete agreement with those cbtained
from similar analyses of Task I and II data, they are nevertheless
consistent with, but not as strong as those findings. Tasks I and II
analyses for R-NC Ss resulted in significant GE~LE differences in
favor of the GE, on all dependent variables. On Task III two of these
differences were still significant, two were marginally significant
and on the remaining dependent variable, the TE mean was higher than
that of the NTE mean. None of the TE=NTE differences were significant
for R-T Ss. These results provide no support for Hypotheses 3B.1l -
3B.5, since the perceptual activity of R-T Ss did not appear to
increase on the TE as a function of the conservation violations. The
above results are consistent with, but not as strong as those obtained
on Study 2 with normal Ss.

The results of analyses of individual psychophysiological

dependent variables failed to reveal any significant main or
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interaction effects (see Table B for mean values), Thus, psycho~-
physiological activity during Task III, as in Studies 1, 2 and 3,
does not appear to be related to Task III verbal response data.

Exploratory -analyses of general perceptual activity sﬁggested
that R-T Ss were perceptually more active in terms of fixations than
R-NC Ss. These results are consistent with those obtained on Tasks
I and II, and did not.seem to be a function of conservation violation
recognition on the part of R-T Ss.

Further analyses of perceptual activity in relation to the TE
and the NTE revealed results which were at variance with those
reported for normal Ss. Whereas N-T Ss showed a tendency to increase
perceptual activity on-the TE following the conservation violations,
the perceptual activity of the R-T Ss showed increases on the NTE,
thus suggesting that N-T and R-T:Ss may be reflecting differential
cognitive activity/structural development. These results seem
consistent with those obtained in Study 3, where a similar distinc-
tion between normal and EMR conservers was suggested by the data.

In summary, trained EMR nonconservers in comparison with EMR
nonconservers, showed a number of predicted differences in general
and centrative perceptual activity on conservation tasks. Predicted
intergroup differences in verbal responses and "surprise reaction”.
to conservation violationé, were also obtained, but predicted changes
in centrative perceptual activity on the part of R-T Ss, were not,
Thus while training appeared to induce a degree of cognitive struc-
tural development, it did not seem to be as effective with these Ss

as it had been in Study 2 with normals.
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Discussion

The between and within group analyses of Task I and II EM data
clearly differentiated R=-T and RrNC'géj and provided strong support
for Hypotheses 1A.2, 1A.4, 1lA.5, ZAQZ;'ZA,4 and 23,5, and for
Hypotheses 1B.l - 1B.5 and 2B.l and 2B.3. Specifically it was found
that in terms of corneally reflected EMs, R-T Ss showed more general
perceptual activity, whereas R-NC Ss "centered" more often and for
longer periods, on the element judged to be greater following trans-
formation. It is thus concluded that Postulates Ia, Ib and IIa are
tenable. Postulate IIb seems tenable with trained EMR nonconservers,
but to a somewhat lesser extent than it was with normal conservers
and trained nonconservers., Therefore, in addition to verbal response -
data, general and centrative perceptual activity during Tasks I and
II, appear to offer considerable support for the contention that the
conservation acceleration procedure had successfully induced a degree
of cognitive structural change.

Analyses of verbal and “surprise reactions” during conservation
violation tasks also yielded predicted intergroup differences, and
accordingly provide support for Hypotheses 3A.l1l and 3A,2., These
results suggest that pretransformation expectancies with respect to
the transformation outcome were very different in R-T and R-NC Ss.
Indeed, it would appear that prior to the transformations, more R-T
Ss than R-NC Ss had expected that quantity or length would remain
invariant despite stimulus transformation. The fact that this trans-

formation outcome was violated, seems likely to have led to the
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intergroup "surprise reaction" differences which were obtained.
Support for Hypotheses 3B.l - 3B.5 was not obtained however. There-
fore Postulate III was supported for verbal responses and "surprise
reactions," but not in terms of EM data.

At the same time, verbal and "surprise reaction" data during
conservation violation tasks, seems to strengthen the claim that the
conservation acceleration procedure had been effective in inducing
cognitive structural change in EMR nonconservers. Thus from the
standpoint of Piaget's (1947, 1970) theoretical position, it would
appear that the development of intelligence as evidenced by the
acquisition of conservation, can be accelerated to a substantial
degree, in preoperational EMR children. This result is consistent
with that cbtained by Brison & Bereiter (1967), and with the findings
of previous studies which have examined, using traditional intel-
ligence tests, attempts to accelerate the intellectual development of
mentally retarded Ss (e.g., Skeels & Dye, 1939; Kirk, 1958; spicker,
Hodges & McCandless, 1966).

These results may be somewhat conservative since the training
was relatively ineffective for several of the R-T Ss. The present
study examined the behavior of the group who received training, and
as in Study 2 the data from 'Ss who did not acquire conservation as a
function of training may have tended to attenuate trained-untrained
nonconserver differences. With respect to the Ss who received
conservation training, 80% of the normals and 100% of the EMR Ss

showed logical conservation responses on Task I (the task on which
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they were trained), while only 47% of the normals and 57% of the EMR
Ss showed logical conservation responses on Task II (transfer task).
Since Task II requires actual conservation fcompetence" and since
there was a considerable reduction in logical conservation responses
from Task I to Task II in both normal and EMR Ss, it would appear
that for a number of Ss, Task I behavior was reflecting "performance"
rather than “competence" (Flavell & Wohlwill, 1969), If this is the
case, research should be undertaken in which an attempt is made to
examine the usefulness of EMs and "surprise reactions" in only those
Ss who show conservation "competence."

In summary, perceptual activity during conservation tasks, and
"surprise reactions" during conservation violation tasks, appear to
have yielded strong evidence, which is consistent with and therefore
a useful supplement to verbal response data, in indicating that the
conservation acceleration procedure had successfully induced a
degree of cognitive structural change in EMR nonconservers who
received the training. The results of Studies 1 and 3 indicated that
conserver/nonconserver differences were not equivalent in normal and
EMR Ss, Studies 2 and 4 suggest that trained-untrained nonconserver
differences were also not equivalent in normal and EMR Ss. Moreover,
differences between normal and EMR Ss seemed somewhat greater than

those reported in Studies 1 and 3.



CHAPTER 6
Integration, Conclusions and Implications
~~Integration

The results of Study 1 revealed a number of differences in
EMs, verbal responses and "surprise reactions," between N=C and
N-NC Ss. Table 8 summarizes the results of tests of between group
hypotheses relating to general perceptual activity during conser=
vation tasks. Inspection of this table with respect. to Studies 1
and 3, reveals that more conserver-nonconserver differences were
obtained from normal than from EMR Ss. These results suggest that
although conserver-nonconserver differences were similar in normal
and EMR Ss, they were not as strong in EMR Ss.

A summary of within group analyses of centrative perceptual
activity during conservation tasks is presented in Table 9, An
identical centration effect on the GE was apparent in both normal
and EMR nonconservers (Hypoﬁheses 1B,1 - 1B.5). With respect to
Hypotheses 2B.l1 - 2B.5, no significant inter-element differences were
observed in normal Ss, but significant differences were observed in
two out of five cases with EMR conservers. These results also suggest
that conserver-nonconserver differences are not equivalent in normal
and EMR Ss.

Analyses of verbal responses and "surprise reactions" during
violation tasks, the two types of variables which seemed more crucial

for identifying structural development, resulted in similar conserver-
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Table 8

Summary of Tests of Hypotheses Involving Between Group
Comparisons of Conservation Task Performance

Hypotheses Studies

No Description 1 2 3 4

1
1a,1/2A.1 N-C Ss will show fewer couplings S S N N
than Cor T Ss

1A.2/2A.2 N-C Ss will show fewer runs than S S ] (]
Cotr T S_s_

1A.3/2A.3 N-C Ss will show a greater X s s N N
length of run than C or T Ss

1a,4/23. 4 N-C Ss will show a greater X s S s S
length of fixation than C
or T §_s_

1A.5/2A.5 N-C Ss will show more fixations S s S S
than C or T Ss

S Hypothesis supported at .05 level, or beyond

NS Hypothesis not supported at .05 level

1 Hypotheses 2A.1 - 2A.5 are the converse of

1a,1 - 1A.5
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Table 9

Summary of Tests of Hypotheses Involving Within Group
Comparisons of Conservation Task Performance

Hypotheses Studies
No Description 1 2 3 4
lB.,ll N-C Ss will show more runs on GE s 8 s s
1B.2 N-C Ss will show greater X length run on GE S 8§ § S
1B.3 N-C Ss will show more fixations on GE S 8§ S§ s
1B.4 N-C Ss will show greater'§ length s S8 S s
fixation on GE
1B,5 N-C Ss will show a greater amount of s & 8§ s
time on GE
2B.1 Cor T Ss will show similar frequency of s 8§ N S

runs on both elements

2B.2 Cor T $s will show similar X length s 8§ 8 N
run on both elements

2B,3 Cor T Ss will show similar frequency of s S§ S8 s
fixations on both elements

2B.4 C or T Ss will show similar ﬁ'length S § S N
fixation on both elements

2B.5 Cor T §§'will show similar amount of S S N N
time on both elements

lrests of Hypotheses 1B,1 - 1B.5 were identical in Studies
1 and 2 and Studies 3 and 4 since the same Ss were involved

S Hypothesis supported at .05 level, or beyond

NS Hypothesis not supported at .05 level
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nonconserver differences in normal and EMR Ss, Specifically,
conservers made more verbal responses attributing conservation viola-
tions to legerdemain, and showed a greater percentage of "surprise
reactions" during such tasks. The analyses of EM behavior on viola-
tion tasks, revealed in terms of centrative perceptual activity, more
conserver-nonconserver differences associated with normal than EMR
Ss (see Table 10). Again these results suggest differences between
conservers and nonconservers in both normal and EMR Ss, with the
stronger results associated with normal Ss.

In summary, the analyses of conservation task general and
centrative perceptual activity, and of verbal responses, "surprise
reactions" and centrative perceptual activity during violation tasks,
showed clear conserver-nonconserver differences in both normal and
EMR Ss. At the same time, these differences did not seem to be as
strong in EMR Ss. The EM findings for normal Ss are in agreement with
those reported by O'Bryan &Boersma (1970) despite the fact that the
conservation question was asked prior to the transformation, and EM
recording was undertaken as soon as the transformation outcome became
observable.

Several factors could account for the observed variations in
normal and EMR findings. The EMR Ss were considerably oldexr than the
normals (see Table 1, p. 51) and since perceptual activity changes
are to some extent related to CA development (Piaget, 1956), the
differential CA levels may have attenuated conserver-nonconserver

perceptual activity differences on the part of EMR Ss. Since general
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Table 10

Summary of Tests Involving Between and Within Group
Comparisons of Violation Task Performance

Hypotheses Studies

No. Description 1.2 3 4

3A.1 More C or T Ss than N-C Ss will attribute appar-
ent conservation violations to legerdemain S § § S

32,2 More C or T Ss than N-C Ss will show surprise
reactions durlng TOP on conservation
violation items S § s S

3B.1 N~C Ss will show similar inter-element run
frequency ratios on Task III & Tasks I & II,
whereas C or T Ss will show an increase during

Task III S N N N

38,2 N-C Ss will show similar inter-element X length
run ratios on Task III & Tasks I & II, whereas
Cor T Ss will show an increase during Task III S N S N

3B,3 N-C Ss will show similar inter-element fixation
frequency ratios on Task III & Tasks I & II,
whereas C or T SS will show an increase during
Task III S [ S N

3B.4 N-C Ss will show similar inter-element X length
fixation ratios on Task III & Tasks I & II,
whereas C or T Ss will show an increase during
Task III S N N N

3B.5 N-C §§_will show similar interx-element amount
of examination time ratios on Task III & Tasks
I & II, whereas C or T Ss will show an increase
during Task III S N S N

s hypothesis supported at .05 level, or beyond

NS  hypothesis not supported at .05 level
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and centrative perceptual activity also seem to be related to cognitive
functioning however, it seems equally and probably more likely that the
above-mentioned variations could indicate differential levels of
cognitive structural development in normal and EMR Ss, even though
both groups gave similar verbal responses. The possibility of differ-
ential cognitive structural development on the part of normal and EMR
Ss, has also been raised by Inhelder (1963) . She has suggested that
the EMR S does not proceed beyond the level of concrete operations,

and that his cognitive activity reflects the acquisition of a “ceiling"
rather than a “closure" of operational structures. An alternative,

and equally interestiné possibility, is that the EMR results may
reflect a basic retardate attentional deficit of the type described

by Zeaman & House (1963) , O'Connor & Hermelin (1963) and Luria (1963).
Since no formal evidence of organic impairment was obtained, the
possibility of organicity effects can not be discounted. Quite

clearly further research into these possibilities is necessary.

A number of EM, verbal response and "surprise reaction"
differences between trained and untrained normal nonconservers were
obtained in Study 2. While the training procedure seemed to be
effective, with similar results obtained on the above~mentioned
variables in both normal and EMR Ss, the findings were not as strong
as those observed for natural conservers.

A summary of between group analyses of general perceptual
activity during conservation tasks is presented in Table 8 (p. 106).

It is apparent that more trained-untrained nonconserver differences

were obtained from normal Ss (Study 2) than EMR Ss (Study 4). At the
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same time, a comparison of Studies 1 and 2 with 3 and 4 reveals that
the results for conservers and trained nonconservers in both normal.
and EMR Ss were identical, Consequently,'it appears that in both
normal and EMR'§§_the conservation training procedure resulted in
pattems of general perceptual activity which were very similar to
those observed in natural conserxvers.

Table 9 (p. 107) presents a summary of within group analyses
of centrative perceptual activity. Normal and EMR nonconservers
(Hypotheses 1B,1 - 1B,.5) showed similar effects on the GE and as in
studies 1 and 3, normal trained nonconservers showed more nonsignifi-
cant inter-element effects than the EMR trained nonconservers
(Hypotheses 2B,1 - 2B.5). In addition a comparison of Studies 1 and
2 with 3 and 4, reveals that whereas the results for N=-T §§_closely
parallel those for N-C Ss, the consistency of findings is not as
great for R-T and R-C Ss.

Analyses associated with violation tasks are summarized in
Table 10. A comparison of verbal responses and "surprise reactions"
obtained in Studies 2 and 4 reveals similar patternms of conserver-
nonconserver differences in normal and EMR Ss. Specifically, a
significantly greater percentage of conservers and trained non-
conservers attributed the conservation violations to legerdemain and
showed "surprise reactions". BAnalyses of EM behavior during viola-
tion tasks in Studies 2 and 4 produced similar trained-untrained
nonconserver differences in normal and EMR Ss. Here for all

practical purposes, none of the hypotheses were supported.
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Comparison of Studies 1 and 2 with 3 and 4 suggests that
there are more conserver-nonconserver differences in both normal and
EMR Ss. Furthermore, discrepancies between conservers and trained
nonconservers in both normal and EMR Ss indicate that levels of
cognitive structural development in natural conservers and trained
nonconservers may not be equivalent. As discussed previously, the
results of Studies 2 and 4 may be somewhat conservative,.since
approximately 50% of the trained nonconservers in both normal and
EMR groups showed on transfer tasks, responses reflective of
"performance" rather than "competence" (Flavell & Wohlwill, 1969).
A logical next step would be to examine EM and "surprise reaction"

data in only those Ss who show conservation generalization following

training.

Limitations of the Present Study

Psychological research on cognitive functioning is necessarily
concerned with factors which at present are still "inside the black
box" and are not directly obsexrvable. Psychophysiological research
seems however to offer an interesting means for further investigating
such phenomena, even though interpretation of such results in relation
to cognitive functioning is not without its limitations or
difficulties.

The present investigation used corneally reflected EMs and
found as did the study of O'Bryan & Boersma (1970) that these measures

closely reflected conservation status in normal children. Similar
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although not as strong findings were obtained with EMR children. The .
exact significance of EMs in cognitive functioning however, is not
yet clear, The present research showed concomitance between certain
patterns of verbal behavior and EM patterns., It was also observed
that this relationship held in normal and EMR trained and untrained
nonconservers, On the basis of Piaget's emphasis on the transition
from centration to decentration, which he claims accompanies cogni=-
tive development, it was suspected that such differences would be
apparent. It is realized that by centration on a stimulus, Piaget
means more than merely looking at a particular stimulus (Piaget,
1961). Until more is known about the processes of visual search and
cognition, however, it would appear that attempts to detect an
isomorphism between EMs and cognitive functioning will need to be
postponed.

The usage of OR components to define a "surprise reaction"
following the violation tasks, deviates considerably from the more
usual experimental situation in which ORs are studied. It was for
this reason that the term "surprise reaction" was used throughout
this study. At the same time, the study of ORs in such a context.
does have some precedent (Lewis & Harwitz, 1969; Charlesworth, 1969).

The verbal (legerdemain) responses and "surprise feactions“
also clearly differentiated conservers and nonconservers, and trained
and untraineﬁ nonconservers, and considerable agreement between the
two measures was apparent. The fact that several nonconservers gave

legerdemain responses and showed "surprise reactions” is somewhat
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puzzling., It seems highly likely that these Ss were functioning at a
different level from other nonconservers, and +that notwithstanding
their verbal responses on conservation tasks, they may have "acquired
conservation"., If this is the case, violation tasks may not only be
useful supplementary data, but may also provide a new means for
assessing cognitive structural development. At the same time, the
exact relationship between such psychophysiological data and
cognitive functioning, is not completely clear,

Since children normally acquire conservation around seven years
of age, it may be desirable to examine EM behavior and the effective-
ness of the present training procedure with younger children. The
nature of the EM recording equipment used in the present study, how-
ever necessitated the use of children of at least six years of age,
and consequently conclusions regarding EM behavior and the effective-
ness of training can only be generalized to similar samples. On the
other hand, it is also likely that conserver-nonconserver differences
would have been stronger if younger nonconservers had been used as Ss.

The major limitation of the present study is associated with
the analysis of data from the Ss who received training. Here for both
normal and EMR Ss the total sample per group was used to evaluate
training effects, even though in both normal and EMR groups there were
several Ss who did not show conservation behavior on transfer tasks.
The suggestion was made that for these Ss, training probably resulted
in conservation "performance" rather than "competence" (Flavell &

Wohlwill, 1969)., It seems clear that the data from these Ss could
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have attenuated the trained-untrained nonconserver differences, and a
logical next step would be to examine the training data for only those
Ss who show conservation "competence" following training.

In summary, conservation training seemed to be effective in
both normal and EMR Ss. Consequently, from a Piagetian theoretical
position, it appears that intellectual development in terms of conser-
vation acquisition, can be accelerated in preoperational normal Ss
within the six to eight years age range, and in undifferentiated EMR
Ss within the eight to twelve years age rangeé. Further research will
be necessary to establish whether or not acceleration of conservation
can be achieved in younger children, and whether earlier or later

stages of intellectual development can also be accelerated.

Implications for Piaget's Theoretical Position

To the extent that a clear distinction was obtained between
conservers and nonconservers in EMs, verbal (legerdemain) responses
and "surprise reactions", the results of Studies 1 and 3 provide
considerable support for Piaget'’s (1947, 1970) distinctions between
precperational and operational cognitive functioning. Study 1 EM
results were highly consistent with those obtained by O'Bryan &
Boersma (1970) despite several methodological differences. Analyses
of "surprise reaction" data tended to be in agreement with the EM
findings and appeared to strengthen the evidence for differential
cognitive structural development on the part of conservers and non-
conservers. Thus conservation acquisition as Piaget (1947, 1970)

has emphasized, appears to involve more than verbal response changes,
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and since psychophysiological responses are presumably mediated by
cortical functioning, differential cognitive activity on the part of
conservers and nonconservers seems indicated. These results there-
fore appear to be strongly supportive of Piaget's theoretical
position.

The EM and "surprise reaction" data from EMR Ss (Study 3) also
clearly differentiated conservers and nonconservers. Intergroup
differences were not as strong, however, as those shown by normal Ss.
These data support Piaget's theoretical position with respect to EMR
Ss and also support Inhelder's (1963) observation that operational
structures in EMR and nommal Ss may show differential characteristics.
She maintains that these differences may arise because the stage of
concrete operations in normal Ss is a foundation for later development
twu&thumL@uammlEWLWmeinMjomeMMW&
ment of concrete operations represents a ceiling of cognitive develop-
ment,

Trained and untrained normal (Study 2) and EMR (Study 4) non-
conservers showed intergroup EM and “surprise reaction" differences
which were similar to those observed between conservers and non-
conservers. At the same time, it was also noted that a number of Ss
in both normal and EMR groups failed to show conservation behavior on
transfer tasks. It was suggested that for these Ss, conservation
training probably resulted in conservation "performance" rather than
"competence" (Flavell & Wohlwill, 1969). Consequently the effects of

training in terms of group means, may have been somewhat attenuated
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by the inclusion of data from these Ss. The present findings suggest
that intellectual development as evidenced by the acquisition of
canservation, can be accelerated in normal and EMR preoperational Ss.
These results are consistent with those obtained by Gelman (1969)

with normal Ss. Since the present training procedure was not success=
ful with all experimental Ss however, it seems likely that Ss had
entered the study with differential levels of cognitive structural
development. Further research is needed to determine whether or not
the effectiveness of the training procedure used in the present study
can be increased with respect to those Ss who appeared to show

conservation "performance" responses.

Implications for Mental Retardation

A comparison of Studies 1 and 3 indicates that conserver-
nonconserver differences in EMR Ss were similar although not as con=-
sistent as those shown by normal Ss. Inhelder (1963) argued that
because EMR Ss do not proceed beyond the level of concrete operations,
their structural development tends to be characterized by a different
type of closure of operational structures. She maintains that whereas
the normal child's structural development is characterized by

-
"closure" in that elements become integrated into a coordinated
operational system which later undergoes further modifications leading
eventually to the level of formal operations, the structural develop-
ment of the EMR child reflects the attainment of a "ceiling" in

cognitive development. The close similarity of verbal responses

together with the inconsistencies noted in EM and "surprise reaction"
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data between normal and EMR Ss is also supportive of Shif's (1969)
contention that language and thinking are differentially related in
normal and EMR Ss.

Normal and EMR conservation comparisons are difficult to inter-
pret however, since they may be a function of uncontrolled factors.
For example, there are wide differences between normal and EMR Ss with
respect to the ages at which Piagetian stages are reached (Inhelder,
1963; Woodward, 1963); furthermore, since the "intelligence" measure
of most interest in conservation research is conservation status,
neither CA nor MA matching seems a suitable procedure. Thus although
conservation status provides an index of intellectual development,
albeit a dichotomous one, wide variation within the "conserver" and
"nonconserver" groups is likely.

1f there are normal - EMR cognitive structural differences, as
Inhelder (1963) and Shif (1969) have argued and the present findings
suggest, a number of basic questions arise. For example, "why do such
differences occur?", "what is the nature of such differences?", and
"to what extent can these differences be eliminated by appropriate
learning experiences?"

The conservation training procedure seemed to Be effective in
accelerating conservation acquisition in the normal and EMR Ss.
Trained and untrained EMR nonconservers showed similar differences to
those observed between natural conservers and nonconservers. Conse-
quently, in terms of Piaget's theoretical position, it would appear
that intellectual development in terms of conservation acquisition,

can be accelerated in preoperational EMR Ss.



119

Clearly, if intellectual development can be accelerated, it can
also be depressed by unfavorable environmental factors. It thus seems
important to determine the extent of environmental contributions to
intellectual development in undifferentiated (non-organic) EMR chil-
dren. McCandless, (1964) has surveyed research in this area and has
argued that such a contribution would probably be substantial. Much
more needs to be known about the process of intellectual development
in both normal and EMR Ss, however, before any definitive answers are
possible. At the same time, if environmental factors do have a
significant influence on the intellectual development of undiffer-
_entiated EMR Ss, as seems likely, their influence prcbably begins very
early in life. Consequently, it seems equally important to examine
the nature of the environmental experiences of EMR infants, e,qg.,
mother-child and family verbal and nonverbal interactions, manipu-
lative play activities, etc. Information from studies such as these,
may lead to a more adequate understanding of the process of intellec-
tual development in EMR Ss, and contribute to the development of more

powerful means of accelerating such development.

Egplications for Education

The extent to which the present findings may be regarded as
having significant educational implications, must rest on the propo-
sition that Piaget's theoretical position itself has important
educational implications. Although intellectual development is of
basic concern to educators, particularly those responsible for the

education of the mentally retarded, relatively little empirical data
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on the process is available. The woxk of Piaget and his collaborators:
has resulted in a theoretical and methodological framework which
appears likely to lead to substantial increases in psychological
understanding of intellectual development, and thus seems at least
potentially capable of making a sizable impact on educational theory
and practice,

The findings of the present investigation provide considerable
support for Piaget's theory of intelligence, and indicate that the
acquisition of conservation (or the onset of operational thinking) can
be accelerated in preoperational normal and EMR children. If the
validity of Piaget's theoretical position is acceptable, it would
appear that the intellectual development of EMR children can be accel-
erated through perceptual/attentional training. The acceleration
findings are thus in agreement with the results of a number of investi-
gations which have shown increases in traditional intelligence test
scores on the part of EMR children following special education pro-
gram participation (Kirk, 1964). One important question which was not
answered by the present investigation, concerns the extent to which
the acceleration of intellectual development is possible in EMR
children (see Bayley, 1970, for further discussion of this point).

At the same time, the present investigation offers a research
strategy which could lead to a more adequate answer to this question

than has heretofore been obtained.



CHAPTER 7
Ssummary

The present investigation was concerned with the question of
whether or not the intellectual development, as defined by Piaget
(1947), of mentally retarded children can be accelerated by training.
Previous attempts to examine this question have involved the use of
traditional intelligence tests, which are relative measures based on
interindividual comparisons, and the findings are difficult to inter-
pret (Jones, 1954; Kirk, 1964; Clarke & Clarke, 1965; Reese & Lipsett,
1970) . Since investigations of this nature are probably more con-
cerned, especially on the part of EMR children, with changes within
a given child, Piaget's theory of intelligence which is concerned with
intraindividual intellectual development (Elkind, 1969) seems a more
promising approach.

Within Piaget's (1947) theory, successful acceleration of
conservation acquisition implies an acceleration of intellectual
development (Piaget, 1953). The present investigation addressed
itself to an examination of the effectiveness of a conservation
acceleration procedure in EMR and normal §§ .

A number of previous studies with normal Ss, and at least one
with EMR Ss, have attempted to accelerate the acquisition of
conservation. Despite the fact that several ‘.of these studies have
successfully incorporated two of Piaget's (1964a) criteria for

evaluating training (permanence and generalizability:' of behavioral
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changes), attempts to use a third criterion (specification of
cognitive structural changes) have been differentially interpreted
and much controversy still surrounds the issue (Beilin, 1969;

Reese & Lipsitt, 1970). Attempts to specify cognitive structural
changes have usually involved the use of verbal responses, and since
there is considerable disagreement among psychologists regarding the
relationships between language and thinking (Berlyne, 1965), the
above mentioned controversy is not surprising. Consequently, it
seemed necessary to supplement verbal evidence of cognitive
structural development with relevant nonverbal data,

Considerable research evidence is available which suggests
that eye movement patterns and "surprise reactions" are useful non-
verbal indices of cognitive functioning (e.g., Reese & Lipsitt, 1970;
Charlesworth, 1969). In view of the importance of attentional
behavior within Piaget's theoretical position (piaget, 1936, 1947),
these indices seemed particularly pertinent to the present investi-
gation. Moreover, one previous study (O'Bryan & Boersma, 1970) has
documented a variety of clear differences in terms of EM patterns
between conservers and nonconservers.

The present investigation thus used eye movements (EMs),
verbal responses, and "surprise reactions" (the simultaneous occur-
rence of a GSR conductance increase, a cephalic blood volume increase
and a heart-rate decrease) as indices supposedly reflective of
cognitive structural development, It was hypothesized that differ-
ences would be obtained between conservers and nonconservers and

between trained and ﬁhtrained nonconservers, in both normal and EMR
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Ss, with respect to general and centrative perceptual activity during
conservation tasks, and verbal legerdemain responses (i.e.,
conservation violations are attributed to legerdemain) , "surprise
reaction" frequency and perceptual activity changes, during
conservation violation tasks.

A series of four studies were undertaken. The conserver/
nonconserver dichotomy (Study 1) and the effectiveness of the
conservation acceleration procedure (Study 2), were examined in
normal Ss, and subsequently, in EMR §§.(Studies 3 & 4).

On the basis of number and length conservation pretests, 90
elementary school children (45 normal and 45 EMR) attending regular
first and second grades and opportunity (special) classes in Edmonton
Public Schools,; were classified as consexvers (15 normal and 15 EMR)
and nonconservers (30 normal and 36 EMR). Nonconservers were assigned
at random to a training condition and were given, two training sessions
at school on consecutive days. All Ss were transported to the
University where conservation and conservation violation tasks were
presented in movie form. During the movie presentation, verbal
responses, EMs and "surprise reactions" were recorded.

EMs clearly differentiated normal conservers and nonconservers
(Study 1). During the conservation tasks, the general perceptual
behavior of nonconservers was considerably less active than that of
conservers, and whereas nonconservers showed a distinct tendency to
"center" on the element perceived as greater following transformation,

conservers did not. Conservers also gave more "surprise reactions"
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than nonconservers following apparent conservation violations. More-
over the occurrence of "surprise reactions" appeared to be a function
of violation recognition. Similar differences in EMé and "surprise
reactions" weée cbserved between normal nonconservers who received
the conservation acceleration procedure and those who did not (Study
2), and these differences seemed to closely parallel intergroup
verbal response differences. Verbal responses and EMs showed
similar patterns on both posttests and transfer tasks (Task I & Task
II), and intergroup verbal (conservation) response differences in
texrms of Task I and II were still apparent three weeks after training.
A clear trained-untrained nonconserver difference was also apparent
in terms of verbal responses and "surprise reactions" on violation
tasks. It was thus concluded that the conservation acceleration
procedure had been effective with normal children in terms of the
indices of cognitive structural changes which were used.

While clear conserver-nonconserver differences in EMs, verbal
(legerdemain) responses and "surprise reactions" were also cbtained
in EMR Ss (Study 3), they were not as consistently strong as those
shown by normals. These results suggested differential cognitive
structural development and/or attentional activity on the part of
the EMR Ss, At the same time, EMs and "surprise reactions" again
seemed a useful source of supplementary data on cognitive structural
development which could be used in evaluating conservation training.

EMR nonconservers who received training and those who did not

(Study 4), showed a pattern of differences which closely approximated
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those observed in EMR conservers and nonconservers. Verbal conserva-
tion and EM data was similar on both posttests and transfer tasks
(Tasks I & II) and Task III verbal (legerdemain) responses and
"surprise reactions" differentiated the trained and untrained non-
conservers and verbal (conservation) response differences in terms of
Tasks I and II were still apparent three weeks after training.
Accordingly it was concluded that training had resulted in successful
acceleration of conservation in the EMR Ss., Consequently, from
Piaget's (1947, 1970) theoretical standpoint, it would appear that
in terms of EM, verbal and "surprise reaction" indices of cognitive
structural changes, that intellectual development can be accelerated
in preoperational EMR Ss through perceptual/attentional training.-

In summary, the following points seem evident. Normal and EMR
conservers and nonconservers showed differences in general and
centrative perceptual actiwvity during conservation tasks, and during
violation tasks, differences in verbal (legerdemain) responses and
"surprise reactions". Conserver-nonconserver differences in EMR Ss
while similar to those observed in normal Ss, were not as strong.
Conservation training seemed effective in both normal and EMR Ss
although trained-untrained nonconserver differences were not as strong
as those observed between natural conservers and nonconservers. The
wide differenée in CA between the normal and the EMR Ss, and the
possibility of differential cognitive structural development and/or
attention behavior on the part of norﬁal and EMR Ss were suggested to
account for the apparent variation in the results which were obtained

from the normal and the EMR Ss. It was also noted that the apparent



126

effects of training may have been somewhat attenuated because of the
inclusion in the data from the training groups of several Ss who did
not show conservation behavior on transfer tasks. The suggestion was
made that for these Ss, training probably resulted in conservation
"performance" rather than "competence" (Flavell & Wohlwill, 1969)
and future research in which an examination is made of data from only
those Ss who show conservation "competence" following training, seems
necesary.

The present conservation acceleration findings appeared to
support previous studies which have shown increases in intelligence
test scores on the part of EMR children following their participation

in special educational programs (Kirk, 1964).
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; _APPENDIX A

Mean Dependent Variable Scores

Key to Tables A and B

EM Data (to 2 decimal places) 1

2a

6a

frequency of couplings:

frequency of runs on TE

frequency of: runs on NTE

frequency of runs over both elements
mean length of run on TE-

mean length of run on NTE

mean length of run over both elements
fréquency of fixations on TE
frequency of fixations on NTE

frequency of fixations over both
elements

mean length of fixation on TE
mean length of fixation on NTE-

mean length of fixation over both
elements.

amount. of examination time on.TE

amount of examination time on NTE

Psychophysiological Data (to 3 decimal places)

7

8

9

maximum conductance change
blood volume change (BV)

blood volume pulse change (BVP)
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10 heart rate change

11 prefilm conductance level
12 conductance difference

13 1latency to BSR onset

14 1latency to GSR peak

15 percentage of surprise-reactions

Performance Data (to 2 decimal glaces)

16 latency to task decision

17 frequency of unscorable frames

18a percentage of logical conservation
responses (laboratory)

b percentage of logical conservation
responses (3 week retention tests--
not applicable to conservers)

19 percentage of verbal responses
attributing conservation violation

to legerdemain
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APPENDIX B

Exploratory Analyses

'Sthdy 1 -

Conservation Tasks

The Tasks by Groups analysis of variance design used for
Analyses of general perceptual activity was used fbr exploratory
béetween group analyses of EM data in terms of the TE and the NTE
(see Appendix B - Study 1). The resulted indicated that conservers
in comparison with nonconservers made more runs on the NTE (M . = 1.02,
Mone = 0.67; F = 5.003, df = 1/28, p < .05), and had a shorter mean

length of run in one tenth second units on the TE (M, = 7.90,

12.183, df = 1/28, p < .01), showed more fixations

5.45, Mo

p <.0001), had a shorter mean length o ffixation in one tenth second

Mine = 14.12; F

on the NTE (M. 3,04; F = 16,828, 8= 1/28,

units on the TE (M, = 2.85, Mo = 4.00; F = 6.558, af = 1/28,

p < .05), énd spent less time (in one tenth seégﬁa units) examining
the TE (M, = 11.63, Mppe = 16.22, F = 5.473, df = 1/28, p < .05).
The remainder of the main and interaction effects from the. above
analyses were nonsignificant. All other analyses of EM dependent
variables failed to yield significant main or interaction effects.

These results suggested that the perceptual activity of conservers

and nonconserxvers differed in relation to the TE and the NTE.

violation Tasks

Analyses of data on individual psychophysiological dependent

variables involved a Group by Tasks (I and III) analysis of variance
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with repeated measures on Tasks (see Table A for individual means).
No significant main or interaction effects were obtained, except in
the case of mean BVP-chanée where a significantly greater change was
observed for nonconservers (Mnnc = 0.12, M, = 0.02; F = 4:;500,

df = 1/28, p <.05) and a greater change was cbtained on Task I

(M = 0.14, Myrp=-0.001; F = 5.526, df = 1/28, p < .05). Neither of
these results seems to be a function of violation recognition since
they are in the opposite direction to that predicted.

Exploratory between group analyses in terms of general
perceptual activity were undertaken using the Groups by Tasks analysis
of variance design described for individual psychophysiological
dependent variables. Significant interaction effects were cbtained on
the frequency of couplings (Task I: M,, = 4,13, My = 1.77; Task III:
Myo = 2.30, Mo = 1.77; F = 4,206, df = 1/28, p < .05) and on mean
length of run in one tenth second units over both elements (Task I:
Mo = 12.41, My, = 18.96; Task III: Myo = 17.02, My, = 17.59;

F = 4,212, df = 1/28, p < .05). Inspection of individual means
reveals that conservers showed a decrease in couplings and an

increase in mean length of run over both elements on Task III, whereas
nonconservers showed little or no changes,

Conservers in comparison with nonconservers (summed over Tasks I
and III) also showed more fixations (M,, = 11.63, My, = 9.00;

F = 10,630, df = 1/28, p <.0l) and a shorter mean length of fixation
in one tenth second units, over both elements (M, = 2.93, Mype = 3.62;
F=6.800, df = 1/28, p <.05). Task III in comparison with Task I

(summed over conservers and nonconservers) revealed over both elements
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more fixations (Mryy = 10.95; Mp = 9,68; F = 4,909, df = 1/28,
p <.05) and a shorter mean length of fixation on Task III
(Mpyr = 2.89, Mp = 3.66i F = 6.693, df = 1/28, p < .05). The
remaining main and interaction effects from these analyses were not
significant., The above analyses suggest that while the general
perceptual activity of conservers continued to show a number of the
characteristics which differentiated it from that of nonconservers
on Tasks I and II, several changes occurred during Task III.
Specifically, it appears that conservers showed less perceptual
activity on Task III.

additional exploratory between group analyses of EM data using
the Groups by Tasks analysis of variance described above revealed
several interaction effects. specifically, conservers in comparison
with nonconservers showed a significantly greater increase in fre-
quency of fixations on the TE from Task I to Task III (Task I:
Mpc = 5.17, Mpnc = 4.97; Task II: Mpc = 8.70, Mpnc = 6.10; F = 4,206,
df = 1/28, p < .05), a greater increase in mean length of run on the
TE from Task I to Task III (Task I: Mpc = 7.08, Manc = 13.11;
Task III: Mpc = 16.13, Mnnc = 14.81; F = 3.621, &f = 1/28, p = .06)
and a greater increase in amount of examination time on the TE
(Task It Mpc = 10.85, Mpnc = 15.10; Task III: Mne = 20.53,
Manc = 17.90; F = 3,594, df = 1/28, p = .06). In terms of main
effects conservers also showed more fixations on the NTE than non-
conservers (Mnc = 4.70, Mnnc = 3.47; F = 4,203, df = 1/28, p < .05).

A significant task effect was also observed with Task I eliciting
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more fixations on the NTE than Task III (Mrrr = 3.55, My = 4.70;

F = 4,621, df = 1/28; P <’;05); No other significant main or inter-
action effects were obtained. These results suggest in temms of the
TE and NTE, that the perceptual activity of conservers changed
markedly in comparison with that of nonconservers during Task III,
The changes noted here closely reflect those reported in Chapter 5
for within group comparisons of Task III EM data, Both sets of
analyses indicate that during Task III, conservers showed a

substantial increase in perceptual activity on the TE whereas non-

conservers did not. -
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Studx 2

Conservation Tasks:

The Groups by Tasks analysis of variapce design was used for
exploratory between group analyses of EM data in relation to the TE
and the NTE. These analyses. revealed that i, in comparison with N=NC
Ss, N-T Ss made more runs on the NTE (M, = 1.05, Mppo = 0.67; .

F = 6,519, 4f = 1/28, p < .05), had a shorter mean length of run in
one tenth second units on the TE (M4 = 9.52, My = 14,12; F = 7,348,
af = 1/28, p € .05), made more fixations on the NTE (M, = 4.99,

Mppc = 3.04; F = 9,977, 4f = 1/28, p < .0l), showed a marginally
shorter mean length of fixation, in one tenth second units, on ;:he TE
(Mpe = 3.04, My = 4.00; F = 3,873, df = 1/28, p = ,06) and spent a
marginally smaller amount of time (tenths of seconds) examining the
TE (Mpe = 12.67, My = 16.22; F = 3.772, 4f = 1/28, p = .06)., All
other analyses of EM dependent variables, and the remaining EM
dependent variables which were analysed, were nonsignificant. The
zbove results indicated differeﬂtial perceptual activity in terms of
the TE and the HTE, on the part of N-T and N-NC Ss. Again these

results are highly consistent with those obtained from N-C Ss.

Violation Tasks

Individual psychophysiological dependent variables were
analysed using the Groups by Tasks analysis of variance design. None
of the main or interaction effects from these exploratory analyses

were significant (see Table A for specific mean values), a result
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which is consistent with that obtained in Study 1. Thus in this study
differences in individual psychophysiological dependent variable
measures during TOP do not seem to be related to the acquisition of
conservation,

Exploratory between group analyses of general perceptual
activity were also undertaken., These involved the use of a Groups
(NT vs NCC) by Tasks (I & III) analysis of variance design with
repeated measures on Tasks, A significant interaction effect was
obtained from the analysis of mean length of fixation over both
elements (Task I: Mnt = 2.81, Mpne = 4.81; Task III: Mpt = 3,21,
Manc = 3.15; F = 9.246, df = 1/28, p < .0l). Inspection of these
means ‘reveals that whereas NNC.Ss showed a decrease in mean length
of fixation during Task III, an increase was observed on the part of
NT Ss. NT Ss also showed more couplings (Mpt = 2.70, Mpync = 1.77;
F=5,747, df = 1/28, p < .05) and more fixations over both elements
(Mpt = 10.97, Mync = 9.00; F = 5,241, df = 1/28, p < ,05), No other
main or interaction effects were significant., The above results on
Task III reveal that N-T and N-NC'Ss again showed several dIFferences
in general perceptual activity.

Additional exploratory analyses of EM data using the same
Groups by Tasks analysis of variance design indicated that N-T Ss
made more fixations irrespective of task on the NTE (Mpt = 4.80,
Mnne = 3.477 F = 4,755, 4f = 1/28, p £ .05). It was also found that
N-T and N-NC Ss had a shorter mean length of fixation on the NTE,
during Task III (My=2.68, Mrrr = 1.99; F = 5,325, 4f = 1/28,

p < .05), thus suggesting as in Study 1 that the perceptual activity
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of N-T'Ss during Task III now tended to be directed at the area in
which the violation occurred. All other exploratory analyses failed

to yield significant main or interaction effects.



150

:Study 3 '

Conservation ‘Tasks

The Groups by Tasks analysis of variance design mentioned in
Chapter 5 - Study 3 was also used for additional exploratory analyses
of EM behavior in terms of the TE and NTE, Here RC §§__in cqmparison
with RNC Ss showed more fixations on the TE (Myc = 6.87, Mmc = 5.23;
F = 4.812,. df = 1/28, p < .05), more fixations on the NTE (Myc = 5.14,
Mmc = 2.97; F = 14,532, df =1/28, p < .001), a shorter mean length
of fixation in one tenth second units on the TE (Myc = 2.57,

1/28, p < .01), more runs on the NIE

Mnc = 3.69; F = 12.772, &f

(Myc = 1.00, Mypc = 0.57; F = 6.519, df = 1/28, p < .05) and spent a
larger amount of time in one tenth second units, on the NTE

(Myc = 10.10, Mine = 6.20; F = 5,326, df = 1/28, p < .05). These
results suggest that R-C and R-NC Ss showed differential patterns of

perceptual activity in relation to the TE and the NTE.

Violation Tasks

Analyses were made of individual psychophysiological dependent
variables using the Groups by Tasks analysis of variance design. No
significant main or interaction effects resulted from these analyses
(see Table B for specific mean values). These results are consistent
with those obtained in Studies 1 and 2, and again differences in
individual psychophysiological dependent variables do not seem to
reflect conservation status.

A Groups (R-C & R-NC) by Tasks (I & III) analysis of variance
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with. repeated measures on Tasks , was used for exploratory analyses of
general perceptual activity, and the following results were cobtained.
R-C Ss in comparison with R-NC §_§ showed more fixations over both
elements (M, = 12,99, My, = 9.29; F = 21,016, df = 1/28, p < .001)
and a shorter mean length of fixation in one tenth second units, over
both elements (M, = 2.98, My, = 3.43; F = 32,173, df = 1/28,
p < .001), Both groups showed a shorter mean length of run over both
elements on Task I (M = 14.42, Myyp = 17.40; F = 5.741, df = 1/28,
p< .05). No other significant ;nain or interaction effects were
obtained. The above results suggest that although two aspects of
general perceptual activity )frequency and duration of fixations)
continued to differentiate the groups, three others (frequency of
couplings and frequency and duration of runs) did not,

The following results were obtained from additional exploratory
analysés of Task III EM data. R-C Ss 'showed more fixations on the TE

1/28, p < .05) and more

(Mypo=7.54, My = 5.85; F = 7,430, df
fixations on the NTE (M., = 5.45, Mo = 3.44; F = 10.615, df = 1/28,
p < .01). Both groups showed shorter mean length of fixation on the
NTE during Task III (Myyy = 1.86, My = 2.48; F = 7.796, df = 1/28,
p< .0l). These results seem consistent with those obtained from the
above exploratory analyses of Task I and II EM data in that conservers

appear to show generally more active perceptual behavior than non-

conservers.
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‘Study 4

Conservation Tasks

The Tasks by Groups analysis of variance design mentioned in
Chapter 5 - Study 4 was also used for additional exploratory analyses
of EM behavior in terms of the TE and NTE. These analyses indicated
that RT Ss made more fixations on the NTE (Myy = 5.06, Mme = 2.97;

1/28, p < .0l1) and more runs on the NTE (M = 1.05,

F = 12,636, df

8.234, df = 1/28, p <.01). Both groups showed more

Mrnc = 0,57; F
runs on the NTE during Task I (M; = 1.00, My = 0.62; F = 8,359,

df = 1/28, p < .01), but the remaining main and interaction effects
were nonsignificant. This Task effect was not observed in any of the
other studies and no explanation for the finding is apparent. All
other exploratory analyses failed to yield significant main or inter-

action effects, These results suggested that the perceptual activity

of RT and RNC §§'differed somewhat in relation to the TE and NTE.

Violation Tasks

The Groupsby Tasks analysis of variance design was used for
analyses of individual psychophysiological aependent variables. No
significant main or interaction effects were obtained from these
analyses (see Table B for specific mean values). These results seem
consistent with those obtained in Studies 1, 2, and 3, in that
differences on these dependent variables during TOP did not seem to
be related to conservation status.

Exploratory between group analyses of general perceptual
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activity, which involved a Groups (RT vs. RNC) by Tasks (I & III)
_analysis of variance, with repeated measures on Tasks, were under-
taken. A significant interaction effect was obtained on frequency

of fixations over both elements (Task I: Mrt = 12,40, Mrnc = 9,10;

= 10,33, Mrn = 9,47; F = 6,538, df = 1/28, p <.05).

Task III: M
r c

t
Examination of these means reveals that whereas R-T Ss showed a

decrease in frequency of fixations during Task III, a slight
increase was observed on the part of R-NC Ss. Though differential
R-T/R-NC general perceptual activity in terms of fixations is
evident here, the decrease in fixations shown by R-T Ss during Task
III, is less than the decrease shown by these Ss on Task II, Hence
the result does not seem to be conservation violation task specific.
Further exploratory analyses of general perceptual activity
indicated that R-T Ss, in comparison with R-NC Ss, made more runs

(M, = 2.44, Mrnc =1,90; F = 6.184, df = 1/28, p < .05) and showed a

rt
. shorter mean length of fixation (Mrt = 2,79, Mrnc = 3.43; F = 13.197,
df = 1/28, p < .0l) over both elements. These results are comparable
with those obtained on Task I and II analyses, in that they suggest
in terms of fixations .(over both elements) that R-T.Ss are perceptually
more active, o

The above-mentioned Groups by Tasks repeated measures analysis
of variance design was also used for additional exploratory analyses
of Task III perceptual activity in relation to the TE and NTE.

Whereas R-T Ss showed an increase in mean length of fixation (in one

tenth second units) on the NTE, R-NC Ss showed a decrease (Task I:
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My = 1.92, My = 2.805 Task IIT: Myt = .2.47, Mpc = 1.953; F= 7.056,
af = 1/28, p < .05). R-T'Ss also showed more fixations (Myt = 5.15,

1/28, p < .01) and more runs

Mpmc = 3.44; F = 12,719, df
9,521, df = 1/28, p <.01) on the NTE.

(Mrt = 1,17, Mync = 0.73; F

These results are similar to those obtained from exploratory analyses
of Task I and II EM data, but are not in agreement with those

reported during Task II for N-T'Ss who tended to show an increase in

perceptual activity on the TE,



