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ABSTRACT
A CONSTRUCT VALIDATION STUDY OF PIAGET'S EQUILIBRATION PROCESS
PATRICIA BRODSKY

Despite the large number of studies related to Piaget's theory there
is little agreement as to the nature of his primary theoretical construct
equilibration.

A review of the literature was done, contrasting Piaget's definition
of equilibration and experimenters operational definitions of equilibration.
Brainerd and the Genevan both use verbal conflict responses, differing as
to which is the most appropriate verbal measure, judgments only or judgments,
explanation and counter-suggestion. Piaget defines equilibration as a
biological autoregulatory process which utilizes the energy of the organism.

Since activation theory and neurophysiologicgl theories of attention
conceptualize changes in psychophysiological arousal as reflecting utiliza-
tion of energy by the organism it was hypothesized that a direct test of
Piaget's hypothetical construct, equilibration would involve both a measure
of change in arousal as well as verbal conflict.

The present study was designed to determine whether the Brainerd or
Genevan or arousal criteria for transition, or non-transition were more
predictiye of subjects' performances on post-tests of number after training.
The criterion for whether a child was transitional or non-transitional was
the child's performance on the post-tests.

Five main hypotheses and two methodological hypotheses were tested

in this study.
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Fifty-seven nursery and kindergarten children were used as subjects.
The Genevan criteria contains within it Brainerd's criteria. Therefore,
all the children were given both criteria while their galvanic skin response
was monitored during the pre-tests.

The pre-tests were adapted from Inhelder et al.l1974 and they were
class inclusion, seriation and number.

The subjects were then given five training sessions on a number task
adapted from Halford and Fullerton.

Two weeks after training ended the subjects were post-tested for class
inclusion and on two tests of number conserxvation.

The hypotheses were tested by four stepwise multiple regression
analyses, canonical correlation analysis, by chi-sgquare analysis, and
Pearson Product Moment correlations.

Four out of five of the major hypotheses of this study were confirmed
by the results of the study. The two methodological hypotheses were con-
firmed.

. The major hypothesis that increased arousal would reflect accommodation
by transitional subjects and no increase would reflect assimilation by non-
transitional subjects was confirmed by all the analyses done. The related
hypotheses that the Genevan criteria for transition or non-transition would
be more predictive of subjects post-test performance than the Brainerd
criteria was also confirmed by the canonical correlation analyses and the
chi-sguare analyses.

Two unanticipated results were that training was best predicted by

the Genevan criteria and age, and that arousal level during pre-test class
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inclusion best predicted performance on post-test class inclusion and the
number post-tests, despite the fact that none of the verbal pre—test class
inclusion measures nor the post-test class inclusion performances were
related to post—test number performance.

Two methodological hypotheses concerned with measurement of the GSR
were also confirmed. Deflections (changes in ohms resistance) of the GSR
correlation with base level resistance were essentially zero, thus dis-
confirming Wilder's Law of Initial Values as being relevant for the measure-
ment of GSR deflections. Finally, conductance scores which correct for
base level did not reach significance in any of the data analyses whereas
the Arousal Interval Scale scores which did not correct for base level
accounted for significantly more variance than any other pre-test measure.
Use of conductance scores as a measure of arousal would have led one to
accept the null hypothesis in this study when it was false.

The results of this study were interpreted as validation of Piaget's

hypothetical construct, equilibration.
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CHAPTER I

1. Introduction and Literature Review

Despite the large number of studies related to Piaget's theory

which have been conducted in recent years there is little agreement as
/to the nature of his primary theoretical construct, egquilibration
(Larsen, 1977, Miller, 1976).

Equilibration, defined by Piaget (1971a) as an autoregulatory
process operating on all levels of functioning of the organism, consists
of two subordinate processes; assimilation and accommodation. Assimi-
lation is defined as the basic adaptational process of the organism.
Accommodation occurs so that the organism may assimilate environmental
elements while maintaining its basic biological integrity. Assimilation
has occurred when external elements are integrated with previous struc—
tures which remain unaffected structurally. Accommodation is when
external elements are integrated with previous structures which are
modified to a greater or lesser degree by the integration. However,
there is no break of continuity with the previous state (Piaget, 197la).

Equilibration is a motivating force of all biological organisms
in that its goal is the obverse of entropy. It is a force that
maintains and increases the hierarchical organization of biological
organisms (Piaget, 1971a, Mischel, 1971, wvon Bertlanffy, 1968, Wadding-
ton, 1962).

Investigators of the determinants of equilibration have typically

investigated only the cognitive aspect of Piaget's equilibration con-
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struct as reflected in the child's verbal behavior during the perform-
ance of a Piagetian task (Brainerd, 1977, Larsen, 1977, Miller, 1976).

This study is designed to investigate the motivational aspect of
Piaget's equilibration conétruct. Motivation utilizes energy and Piaget
{1971a) has clearly stated that though the starting point for motivation
is cognitive, the resulting process for cognitive change utilizes the
energy resources of the organism (Piaget, 197la, Mischel, 1971).

The following section examines the motivational aspect of Piaget's
equilibration construct in detail. The presently used operational
definitions of equilibration are examined in terms of their being
appropriate measures of cognitive equilibration, as Piaget (1960, 1964,
1971a,b,1972) has defined it. The framework for the analysis of equili-
bration's theocretical definition and its operational definition is done
from the point of view of construct validation of an hypothetical
construct (Carnap, 1949, MacCorquodale and Meehl, 1956; Marx,

Cronbach and Meehl, 1966; Campbell and Fiske, 1966).

la. Piaget's Definition of Equilibration

The primary theoretical construct in Piaget's theory of cognitive
development is the process of equilibration. The function éf the pro-
cess of equilibration is the maintenance of equilibrium or the integrity
of the organism both physical and intellectual (Piaget, 197la). A major
problem in the cognitive developmental literature has been the operational
definition of equilibration (Larsen, 1977, Miller, 1976; Overton and
Reese 1973; Brainerd, 1973a, 1977). Since equilibration is the "cause"
of cognitive development and it is supposedly involved in every cogni-

tive "act", it is critical that experimenters be able to determine when



it is operating and be able to measure it. Before one can develop
measures of a construct it is necessary to define the construct {Carnap,
1949; Cronbach and Meehl, 1966; MacCorquodale and Meehl, 1956; Campbell
and Fiske, 1966; Marx, 1964). At present, equilibration is operation-
ally defined in terms of the child's verbal conflict responses, i.e.,
judgments and/or explanations and responses to challenging questions,
when he is doing a cognitive task (Brainerd, 1977; Larsen, 1977). There
may be no agreement among the various experimenters as to the method

of analyzing and eliciting the child's verbal conflict responses, but
all use the verbal conflict response as their basic measure of cognitive
conflict, i.e., equilibration (Inhelder, Sinclair, and Bouvet, 1977;
Brainerd, 1973a, 1977; Gelman, 1972; Larsen, 1977). The same class.of
responses are also used in measures of "surprise" or affective conflict
(Gelman, 1972; Langer, 1969).

Larsen (1977) in an analytical review of the various methods df
defining and measuring equilibration concludes that the quantitative
approaches to analyzing verbal conflict scores (re Brainerd) have not
shown themselves clearly superior to the qualitative dialectical approach
of the Genevan school (p. 1165). When there is a problem in the oper-
ational definition of a construct there are several ways of conceptual-
izing the difficulty, but first one must examine the theoretical
construct to determine whether the operational definitions are in fact
measuring what the theorist in question meant by the construct.
Analytically, the failure to "identify" the equilibration process
experimentally may be due to 1)its non-existence, 2) inadequate defin-

ition by the theorist, or 3) inappropriate or inadequate measurement



of the theoretical definition (Carnap, 1949; Campbell and Fiske, 1966;
Cronbach and Meehl, 1966; MacCorquodale and Meehl, 1956; Marx, 1964).
Discussion in the literature has focused on the first and last alterna-
tives (Larsen, 1977). The folloQing review of the literature will

focus on an examination of Piaget's definition and the measurement of

it by researchers. It cannot be determined whether equilibration exists
if it is not defined and measured appropriately.

Piaget (197la) defines equilibration as autoregulation (p.10,
1971a), which means that it is a self-regulatory process of the organ-
ism (i.e., it is an intrinsic pProcess that arises out of the structure
of the organism).

"...thus cognitive schemata are derived step by step from the pre-
-ceding one, and in the last analysis they always depend upon coordination
of the nervous system and the organic system, in such a way that know-
ledge is necessarily interdependent on the living organism as a whole.

"...they constitute a special part of vast regulator systems by means of
which the organism as a whole preserves 1its autonomy and at the same
time, resists entropic decay (Piaget, 1971la, Pp.13)."

Cognitive development takes place because the process of equili-
bration is an intrinsic function of a living organism that operates
on both the physical and intellectual levels (Piaget, 197la). His is
a biological interpretation of the acquisition of knowledge, and he
relies heavily on biological systems theories in his explication of
his theory of cognitive development. Piaget (197l1a) makes extensive
use of von Bertlanffy's (1968) General Systems theory and Waddington's
(1962) Epigenetic Systems theory, in defining biological adaptation as

an equilibrium between assimilation and accommodation (Piaget, 1971a,



p. 172).

Assimilation and accommodation are the dual processes of biolog-
ical adaptation. Assimilation has occurred when external elements are
integrated with previous structures which remain unaffected. There is no
break of continuity with the former state. Accommodation is when
external elements are integrated with previous structures which are
modified to a greater or lesser degree by the integration. However,
there is no break of continuity with the former state. Accommodation
cannot, therefore, occur without assimilation (Piaget, 197la, pp. 4,
172-173). "In fact, in biological terms, accommodation can be nothing
but the accommodation of an organized structure, and so it can only be
produced, under the influence of some external factor or element,
according to whether there is temporary or lasting assimilation of such
element or of its extension within the structure that 1t modifies
(Piaget, 1971a, p. 173)."

Equilibration is the autoregulatory process of adaptation or the
process of integrating external elements into the ongoing structure of
the organism, either without altering structure (assimilation) or with
alteration of structure (accommodation), but with no break of continu-
ity with the former state of the organism. Therefore, equilibration is
an intrinsic motivational process, motivating the organism at all times
and at all levels of functioning (Piaget, 1971a). "...surely this means
that the whole range of assimilatory processes which are physiologically
typical of metabolism and material exchanges with the environment muét
also include a classificatery system (p-161)." Thus, eguilibration is

autoregulation, an intrinsic motivational force, and it utilizes physical



energy.

As Mischel (1971) points out, this concept of motivation is
radically different from need or drive theories of motivation, or
reinforcement theories (Hull, 1943; Skinner, 1953; Spence, 1956;

Amsel 1958, 1977; Berlyne, 1965). Motivation is included in the
global concept of equilibration: “So understood, cognitive conflict
(that is, "awareness of a momentary disequilibrium" in the system of
schemas), the "need" for establishing cognitive consistency ("equili-
bration") between the schemas one has and the novel feature that induced
disequilibrium would be the motivation for cognitive activities
(Mischel, 1971, p.331)."

Piaget's theory is an analogy with biological open systems theory.
Only Bowlby (1969), Werner (1957) and Piageﬁ (1971a) among psychological
theorists conceptualize the development of the organism in biological
terms (Mischel, 1971; Langer, 1969b); Ainsworth, 1973). Hence, the
biological conceptualization of energy source and utilization. The
biological system mobilizes energy in terms of its needs which are
ultimately determined by its need to maintain its structure and resist
entropy (Mischel, 1971, von Bertlanffy, 1962).

Piaget's analogy leads him to the proposition that just as the
physical organism ”need;" to be internally consistent, i.e., maintain
its integrity, the cognitive structure "needs" to be internally consistent
(Flavell, 1963;Mischel, 1971; Piaget, 197l1a). Energy is mobilized as
the child is motivated to accommodate his schemas because his internal
logical structure is not internally (logically) consistent until the
formal operational stage is reached (Flavell, 1963; Langer, 1969a;

Mischel, 1971; Inhelder and Piaget, 1958; Piaget, 1971la).



Another clear implication of Piaget's (1971a) biological inter-
pretation of cognitive development is that his hypothesized cognitive
structure on the level of thought and behavior (action) is isomorphic
with central nervous system organization. The child at birth has sen-
sorimotor schemas which are built into his central nervous system
(Flavell, 1963; Mischel, 1971; Piaget, 197la). These schemas are
modified by his actions on the environment. Discrepancies or "ailments"
to his sensory motor schemas result in restructuring of these schemas.
Clearly, what is being organized at the physical level is the central
nervous system. Such a hypothesis, while untested, is clearly tenable
in light of the findings on the plasticity and growth of infants and
young children's central nervous system (Sperry, 1975; Kinsbourne, 1978;
Walsh and Cummings, 1975; Denenberg, Garbanati, Sherman, Yutzey, and
Kaplan, 1978). Piaget (1971a) apparently holds that the nature of the
possible organization of the schematic structure is limited by the
possible organization of the brain during development. He states that
the sequence and type of schemas possible are invariant. They are
ultimately limited by the organization of adult logical structure and
by implication adult brain structure(Piaget, 197la; Mischel, 1971;
Inhelder and Piaget, 1958; Inhelder, et al., 1974). Piaget does not
deal extensively with motivation because he assumes energy utilization
would be determined by the needs of the cognitive structure. Therefore,
when a child is developmentally able to attend to an "ailment” to his
schema (a conflict between his schema and reality) energy would auto-
matically be utilized and the motivation would be cognitive arising from
cognitive values or the parallel cognitive affective system (Mischel,

1971; Flavell, 1963). Some have thought that affect would be the motiva-



tion (Langer, 196%a), but Piaget (197la, 1954) has clearly said that
affects are determined by cognitive organization. Or in other words,
there is affective systematization paralleling the organization of
logical schemas (Flavell, 1963; Mischel, 1971; Piaget, 1954). “The
child's affects are not, so Piaget argues against Freudian notions of
libido, something "given" that can be cathected to different objects;
rather, the construction of objects makes possible new feelings connected
with these objects (Piaget, 1954, pp. 33-38) (Mischel 1974, p. 317)."
The undifferentiated feelings of the infant become systematized parallel
with cognitive structuring, and they also acquire an existence indepen-
dent of the affective situation as do objects (Piaget, 1954). Present
day theories of affect and emotions take a similar position. Indeed,
cognitive interpretation of a situation as the determiner of emotion
seems to be the only reasonable interpretation of the research results
(Brodsky and Brodsky, 1978; Hale and Strickland, 1976; Mandler, 1975;
Harris and Katkin, 1975; Schacter, 1964; Schacter and Singer, 1962;
Valins, 1970; Lindsley, 1970; Berlyne, 1960, 1965; Davidson, 1978).
Clearly, Piaget's (197la) definition of the equilibration process
includes the utilization of energy. That must be part of its definition
if it is an autoregulatory process (von Bertlanffy, 1968; Piaget, 1971a;
Mischel, 1971). At the organismic level metabolism measures the utiliza-—
tion of energy by organismic processes. At the cortical level increases
in "activation or arousal" reflect utilization of energy (Lindsley, 1970;
Milnexr, 1970; Teyler, 1975). When Activation theory was first proposed
reticulo-thalamo-cortical arousal was proposed as energizing, and arousal
increases were seen as reflecting energy utilization (Duffy 1962;

Lindsley, 1951; Malmo, 1959).
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None of the operational definitions of equilibration discussed by
Larsen (1977), Brainerd (1973), or Gelman (1969) and others include the
energy utilization or motivational aspect of Piaget's definitions of the
equilibration Process, and yet it is relatively €asy to measure arousal
changes of subjects doing cognitive tasks. Indeed such measures are !
often more informative about cognitive conflict than verbal reports (Bruner

and Postman, 1950) . Despite the extensive research since Bruner and Post-

indicated conflict when the subjects reported none, only Sroufe (1977) has
hypothesized that accommodation ig accompanied by an "optimal" increase in
arousal (Berlyne, 1960, 1965; Schacter, 1964; Lynn, 1966; Zelazo, 1972;
Harris and Katkin, 1975; Mandler, 1975; Hale and Strickland, 1976; Beatty
and Wagoner, 1978; Brodsky and Brodsky, 1978) . Walsh and Cummins (1975)
bPresented evidence in an extensive review of the literature that such

"optimal™ increases inp arousal arising from environmental stimulation directly

1b. Operational Definitions of Equilibration

Inhelder and Piaget's (1964) findings coOnfirming his theory that early
cognitive development Precedes language development. They found that

the young chilg could understand certain relationships which he could not
verbally express. Subsequent research found that the relationship

between language development and cognitive development is complex, in
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At three or thereabouts, the child's verbal abilily outstrips his cog-
nitive ability and he is able to express relationships verbgily which
he does not understand (Inhelder and Piaget, 1964;Bruner, 1966; Bloom,
1970, 1975; Inhelder et al., 1974; Miller, S., 1976).

Another problem related to the definition of equilibration is
found in the "training” or learning literature. It is the difficulty
in determining the child's developmental level or whether a child is,
for example, a conserver or in transition (e.g., in the process bf
reorganizing his schemas re: the concept) (Brainerd, 1973a, 1973b, 1974,
1977: Strauss, 1970, Strauss and Langer, 1972; Piaget, l9é4, i972;
Inhelder, et al., 1974; Larsen, 1977). There is great difficulty in
determining this transitional state using the child's verbal responses.
A frequency count is usually resorted to, i.e., frequency of conservation
statements or judgments during pre-testing (Brainerd, 1974, 1977; Cooley
1978; Gelman, 1972). The Genevans use vacillation in the child's
judgment ,explanations, and inconsistency in responding to challenging
questions, a gualitative measurement technique (Inhelder, et al., 1974).

This issue is important because presumably if Piaget's theory is
correct only children in transition will respond to training (Inhelder
et al., 1974). Both the qualitative and quantitative methodologies are
questionable, because both are based upon the child's verbal ability to
express relationships. Thus, some studies find "training" works (Gel-
man, 1969; Brainerd, 1973b, 1977), and others find that it does not work
(Millex, P., 1973; Miller, S., 1976; Reese and Schack, 1974:; Inhelder
et al., 1974; Cooley, 1978). Put succinctly Brainerd's (1977) issue of
false positives and false negatives is over the fact that the Genevan's

1

'...require rather strong evidence. With tests for concrete-operational
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concepts, for example, children must give both correct judgments and
logical explanations of these judgments. Tor some especially important
concepts {(e.g., conservation), further behavioral evidence (e.qg.,
résistance to counter suggestion) is sometimes regquired. Less orthodox
investigators will usually accept somewhat weaker evidence. With tests
for concrete-operational concepts, they frequently require only correct
judgments (Brainerd, 1977, p. 360)." The criteria for determining the
level of cognitive development must be stringent, i.e., reliable and
valid if the issue between 'learning' and cognitive development is to be
resolved. Without a reliable and valid method of discriminating trans-
itional children all trainingvstudies can be questioned (Inhelder, et al.
1974; Miller, 1976b). Brainerd (1977) argues for the use of judgment
only measures because "empirically" there are fewer false rejections of
sequences with judgments-only criteria than there are false acceptances
of sequences with judgments and explanations. Larsen (1977) who is
interested in determining if there is a "structure d'ensembles" (a
cognitive structure) replies: "All of this may be so, but considering
that error rate is determined by both false acceptance and false rejec-
tions (type I and type II error), it would seem that a better comparison
would Be in terms of both of these; and since it can be assumed that if
éne is high the other is low, they would add up abhout the same in each
case. Thus, there does not seem to be any purely psychometric argument
for one criterion over the other (p. 1162)." Brainerd (1973a, 1973b,
1977) has conceptualized the measurement of equilibration as a psycho-
metric problem. Indeed, any psychological measurement of behavior is
a psychometric problem. If cne takes Brainerd's analysis further psycho-

metric theory requires that a measure have construct validity (Anastasi,

7



1969) . 7The issue being discussed by Larsen (1977), Miller, $. (1976),

and others is the problem of construct validity. "Construct validation

is involved whenever a test is to be interpreted as a measure of some
attribute or quality which is not "operationally defined." ‘“Construct
validity must be investigated whenever no criterion or universe of

content is accepted as entirely adequate to define the quality to be
measured (Cronbach and Meehl, 1966, p.61)." Those using the Genevan
criteria for develbpmental level find two groups of children, those who
respond to training, and those who do not (Inhelder et al., 1974; ®iller, S.
1976; Larsen, 1977). Piaget's (1971b) theory would predict that there would
be a group of children who would not respond to training, because they were
not in transition. Some of those using Brainerd's (1977) criteria find that
a statistically significaht number of children respond to training. It is
highly likely that this group includes two groups of children, those in
transition and those who were falsely identified as being non-consexrvers
using judgments only criteria, who would be identified as two separate
groups using the Genevan criteria. Construct validity requires that the

pre-test measures of "cognitive developmental level"” be measurcs of the

hypothetical construct as defined by Piaget (1960, 1964, 1971a, 1971b, 1972).

The theoretical construct to be measured is transitional status. The
question is does Brainerd's (1977) Judgments-Only measure transitional
status better than the Genevan method. From the point of view of psycho-
metric theory and research the Genevan method would appear to be a better
measure because it takes a larger sample of the relevant behavior. Accord-
ing to psychometric theory and research the more items (or behaviors) in

a measure that measures the construct in question the higher validity will

be (Campbell 1957, Fishbein and Ajzen, 1974; Green, 1978; and Epstein,
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1980; Messick, 1980). It cannot be said that Brainerd (1977) meets
this criteria as adequately as the Genevan school from a psychometric
point of view. Further, since children in the age range used in the
training studies can express physical relationships verbally that they
do not understand (Bloom, 1975), then lack of consistency or confidence
as indicated by judgments, explanations and responses to challenge in
verbal responses meets the requirements of construct validity insofar
as the relationship between language and cognition does not confound the
determination of cognitive level by verbal means. Tt may require some
ingenuity to scale explanations and responses to challenge so that they
can be statistically analyzed but it has been done before in the
development of creativity tests (Razik, 1970).

Another group of researchers have attempted to explain away
cognitive developmental level taking another approach. "According to
this view what the child does (e.g., his judgment on a conservation task)
is determined by what he attends to (i.e., by what stimulates him)
(Larsen, 1977, p. 1164)." This "simplification" approach as Larsen
(1877) calls it has some of the same problems as the Brainerd (1977) and
Genevan approach in that conservation Jjudgments and/or explanations
(verbal) are used to define the transitional state (Miller, S., 1976).

Clearly, a child must attend to a relevant stimulus dimension
to notice a discrepancy with his schema if he is to accommodate his
cognitive schema (Piaget, 1952, 1962). Indeed, cognitive development
studies have utilized methods of inducing attention to relevant
stimulus dimensions in efforts to train children on a more advanced
schema than they had on pre-test (Gelman, 1969, 1972; Miller, P., 1973;

Henry, 1976).
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Henry (1976) assessed independently cardinal-ordinal abilitics
and attentional preferences of kindergarten conservers and non-
conservers, and third grade conservers of number. He used Judgments and
explanations to eliminate transitional subjects and to define conservers
and non-conservers. Henry (1976) found: "...that attentional prefer-
ences for number, as measured in this study (i.e., preference independent
of situations which specifically call for numerosity judgments) are
preceded by the acqguisition of number conservation (p.756)." Lawson,
Baron and Siegal (1974) found similar results in that their non-conserving
subjects responded to number infrequently and significantly less often
than did conservers cven when specifically asked about number. Pick,
Frankel, and Hess (1975) in a review of the determinants of children's
attention say: "However, fundamental to any investigation of attention
is the idea of selectivity in some aspect of cognitive functioning-
selective perception, selective memory, even selective thought (».370)."
"We also find that there are important changes in age in the way children
regulate and direct their own attention. One developmental trend is
toward greater effeciency in strategies of search and exploration (p.370).
Or, as Piaget (1952, 1962) would say, his attention becomes decentered,
and his is able to attend to two dimensions simultaneously when making
a judgment (e.g., height and width for volume conservation) .

In light of the above it would appear reasonable to conclude that
the present evidence seems to indicate that attention to relevant
stimulus dimensions is determined by the level of cognitive development.
Again, developmental level and attention are measured in all these
studies by verbal responses of children and as such are likely also to

reflect the imperfect relationship between language development and
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cognitiﬁe development.

None of thg investigators into the role attention plays in
equilibration have used psychophysiological measures of attention despite
the extensive body of research and theory on the psychological and
neurophysiological determinants of attention (Lynn, 1966; Berlyne, 1960;
Lindsley, 1970; Gardner, 1974; Kinsbourne, 1970, 1973, 1977; Milner, 1970;
Kahneman, 1972; Wolff, 1965; Teyler, 1975).

In conclusion, this review of the research literature has found that
equlibration is operationally defined as a child's verbal conflict response,
which imperfectly reflects cognitive conflict because language development
is not isomorphic with cognitive developmeht. This leads inevitably to the
conclusion that judgments, explanations, and response to challenges be
used as a more reliable and valid measure of equilibration on the verbal
level than judgments alone. Further, cognitive development level appears
to determine how many and which stimulus dimensions a child will attend to
in a conservation task as Piaget (1952, 1962) has predicted.

lc. Arousal Proposed as a Measure of Equilibration

An examination of Piaget's (1971) definition of equilibration
finds that he includes more in his construct than the present operational
definitions of it. Equilibration is a motivational process on at least
two levels of organization of the organism. On the cognitive le?el it
operates as a '"'need for internal consistency or logical consistency,"

and on the neurophysiological level it utilizes energy, A '"need for

logical consistency" is not easily measured operationally as it is not
observable or at least it would be hard to get agreement as to an opera-
tional definition. One could conclude that the literature reviewed in

this paper has so little agreement because they.are attempting to measure



the "need for logical consistency."

Equilibration is clearly a hypothetical construct, i.e., it
involves the supposition of entities or processes not among the observed
(MacCorquodale and Mechl, 1956). The process of validating a hypothetical
construct is by the building of a nomological net (Cronbach and Mechl,
1960) . A nomological net is an interlocking set of laws which constitute
a theory. The laws may relate "... {(a) observable broperties or quanti-
ties to each other; or (b) theoretical constructs to observables; or (c)
different theoretical constructs to one another." Learning more about "a
theoretical construct is a matter of elaborating the nomological network
in which it occurs, or of increasing the definiteness of the components. "
"We can say that "operations" which are qualitatively different "overlap"
or "measure the same thing” if their positions in the nomological net tie
them to the same construct variable (Cronbach and Meehl, 1966, p.77)."

It follows from the above that adequate measurement of a hypothetical
construct depends upon measuring more than one of its defining attributes
(Cronbach and Meehl, 1966; Campbell and Fiske, 1966). Given that the usual
measure of cognitive equilibration, verbal responses is based upon two non-
isomorphic developmental systems it is proposed that measurement of arousal
changes might better reflect equilibration. The justification for using
arousal changes is based upon (b) above, and the statement that we can say
that qﬁalitatively different operations measure the same thing if their
positions in the nomologibal net tie them to the same construct variable
(Cronbach and Meehl, 1966). Piaget's (197la) definition of equilibration
as a biological autoregulatory process clearly implies that the process of
equilibration when operating on the cognitive level utilizes energy at the

neurophsyiological level (Piaget, 1971a, Mischel, 1971, FPlavell, 1963).
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It also follows from Piaget's (1971a) definition of the dual pro-
cesses subsumed under equilibration, assimilation and accommodation involve
the utilization of different amounts of energy. Accommodation is when
external elements are integrated (assimilated) with previous structures which
are modified to a greater or lesser degree. Assimilation occurs when
external elements are integrated with previous structures which remain
unaffected. Accommodation involves restructuring so that the external
elements can be assimilated (Piaget, 1971la). Therefore, it appears that
accommodation, involving both restructuring and assimilation would utilize
more energy than assimilation alone.

There are further grounds to believe that the theoretical constructs
of psychophysioclogical arousal and equilibration should logically be related
to each other. ([c] Cronbach and Meehl, 1966). These grounds come from the
theory and research that defines the nomological net of the hypothetical
construct arousal or activation. Arousal or activation is a hypothetical
construct whose construct validity is based upon an extensive nomological
network of empirical studies relating arousal to behavior, and arousal
measures to the functioning of the reticulo-thalamo-cortical (RTC) brain
system (Lindsley, 1970; Lynn, 1966; Malmo, 1959; Duffy, 1962; Berlyne, 1960;
Lacey, 1967; Venables and Christie, 1973; Walsh and Cumming, 1975).

Changes in arousal as measured by peripheral or central nervous
system measures of RTC activity have an ubiquitous relationship to stimulus
change. Any change in a stimulus dimension results in a change in these
measures, 1if the subject attends to the change (Milner, 1970;Lynn, 1966) .

It is for this reason that psychophysiological arousal is conceptualized
as reflecting energizing of the organism (Lindsley, 1970; Woodworth and

Schlossberg, 1954; Walsh and Cummins, 1975).
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The relationship between attention and disinhibition of the reti-

cular formation by the cortex is accounted for by the structure and function
of the RTC (Brazier, 1968; Lindsley, 1970; Lynn, 1966; Netter, 1962).
Theorists attempting to account for inhibition and disinhibition of the
"orientation reaction" all accept the role of the “cortical analyzer in
evoking or maintaining inhibition of the reticular formation (Gastaut, 1957;
Grastyan, 1959; Hernandez-Peon, Sharpless and Jasper, 1956; Jouvet, 1961;
Moruzzi, 1960; Sokolov, 1960). These thcorists differ only as regards the
subordinate role of lower inhibitdry centers in the "orientation reaction"
(Lynn, 1966). The "cortical analyzer's" role is to select the stimuli that
will or will not be attended to, and thus will or will not evoke activation
of the reticular formation (Lynn, 1966; Sokolov, 1960). Therefore, cortical
or cognitive mediation determines whether a subject will behave, as well as
exhibit a change in level of arousal (Beatty and Wagoner, 1978; Berlyne,
1960; Brodsky and Brodsky, 1975; Davidson, 1978; Hale and Strickland, 1976;
Harris and Katkin,.l975; Lindsley, 1970; Lynn, 1966; Mandler, 1975;
Schacter, 1964; Schacter and Singer, 1962; Sokolov, 1960; Valins, 1970;
Zelazo, 1972). Even in neonates it has been found that swaddled
infants give the same degree of arousal response to a change in
intensity of a stimulus as when they are free to be active (Lipton,
Stoneschneider and Richmond, 1960). Lipton et al. (1960) concluded
from their study that both arousal and activity in neonates are con-
trolled by a central process. In a recent study of the relationship
between activation and cognitive difficulty of the task in adults Beatty
and Wagoner (1978) found that hierarchically organized cognitive pPro-
cessing varies to the degree to which CNS activation is mobilized during

execution. Orx, in other words, arousal lovel varied according Lo task



difficulty. Different levels of arousal occurred depending upon the
amount of higher order cognitive processing the task required.

Therefore, given the structure and function of the RTC and
Piaget's definition of equilibration as autoregulation, utilizing
energy; and his differential definition of accommodation and assimila-
tion which implies differential utilization of energy, it is hypothesized
that peripheral and central measures of arousal should differentially
reflect accommodation and assimilation during a cognitive task even when
verbal measures do not reflect said processes.

The overall hypothesis of the present study is that the motiva-
tional aspect of cognitive equilibration will be differentially
reflected by changes in psychphysiological arousal. TIf the above analy-
sis of the relationship between the two hypothetical constructs,
equilibration and arousal, is correct then accommodation should be
reflected by a greater increase in arousal than would be reflected when

assimilation occurs alone.
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2. Hypotheses

Piaget's (1964, 1972) theory predicts that subjects inafransition,
(in the process of reorganizing their schema re: a concept) would
accommodate their schema given training that presents a conflict between
their schema and reality (Brainerd, 1973a, 1973b, 1974, 1977; Strauss,
1970; Strauss and Langer, 1972; Inhelder, et al., 1974; Larsen, 1977):

The presen£ study was designed to test whether an increase in .
arousal reflects accommodation by transitional subjects and minimal or
no increase in arousal reflects assimilation by non—transipional
Subjeéts, when Eofh groups of subjects are given training that presents
them with a conflict between their schema and reality. The criterion
for whether a childwas transitional or non-transitional was his or
her performance on post-tests of the concept.

The study was also designed to determine whether the Brainerd
{1977) criteria or the Genevan (Inhelder et al., 1974) criteria forv
transition, non-transition (developmental level) were more predictive of
subjects' performance on post-tests of a concept.

Hypothesis 1: Subjects who perform as conservers on post-toests

\

of number conservation after training will have significantly higher
arousal scores during pre-testing, than subjects who 'do not benefit

from training.

Hypothesis 2: Transitional subjects selected by Genevan criteria

will have a significantly higher arousal level during the pre-testing
than Genevan non-transitional subjects. Both the transitional and non-
transitional subjects selected by Brainerd's criteria will be lowest in

arousal.
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Hypothesis 3: Subjects identified as transitional by the Genevan

criteria and the Brainerd criteria should have higher arousal scores
than Brainerd's non-transitional subjects followed by the Genevan non-
transitional subjects who should have the lowest arousal scores.

Hypothesis 4: During pre-testing there will be a higher degree

of correlation between the developmental level scores of the Genevan
selected subjects and their arousal scores than a correlation between the
judgment scores of the Brainerd selected subjects and their arousal scores.

”Hypothesis 5: The number of false positives and false negatives

identified by the three measures of disequilibrium will be lowest for the
arousal scores followed by the Genevan criteria. The Brainerd criteria
will result in the highest number of false negatives and false positives.

2a. Additional Hypotheses

Wilder's Law of Initial Values (LIV): It is possible within this

study to test two hypotheses proposed by Brodsky and Brodsky (1978).
That the GSR (Galvanic Skin Response ) did not conform to Wilder's
Law of Initial values (LIV). "The LIV, an empirical-statistical
rule, claims that the following is a general rule for the guantitative
rule of response and stimulus. Given a standard dose of stimulus and a
standard period of measurement the response that is the change from the
initial (pre-stimulus) level, will tend to be smaller when the initial
value (IV) is higher (p.1211)." Or, in other words, the correlation
between GSR (deflections) and base level should be negative and large.
Brodsky and Brodsky (1978) also hypothesized that GSR scoring
methods which correct for base level would, in any given experiment,

increase the probability of accepting the null hypothesis when it is, in
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fact, false. If the GSR is not correlated with base level, then
including a correction for the presumed influence of base level would
in effect be adding error variance and variance due to individual
differences to the variance due to the experimental effect (Brodsky and

Brodsky, 1978).

Hypothesis la: The correlations between base level resistance and

the GSR (deflections) resistance during class inclusion, seriation and
number conservation pre-tests will be small and not significant.

Hypothesis 2a : The correction of change in GSR scores for the

presumed relationship of change to base level (LIV) increases the

probability of accepting the null hypothesis in any given experiment.



CHAPTER II
Method

The experiment was composed of three sessions, pre~-testing, train-
ing, and post-tests. Post-testing was done two weeks after training.
The pre-tests were Piagetian tests of cognitive developmental level;
class inclusion, seriation, and number conservation. They were adapted
from Inhelder et al. (1974). FEach subject's GSR was monitored during
the pre-tests.

The Galvanic Skin Reponse (GSR) was used as the measure of
arousal. ‘The operational definition of a specific measure of arousal
within a specific experimental context depends upon the degree of correla-
tion thatmeasure has with the nomological network defining the hypo-
thetical construct arousal. In the case of the GSR this correlation
has been found by a number of investigators to be better than other
measures of psychophysiological arousal (Lacey and Lacey, 1962; Lacey,
Kagan, Lacey and Moss, 1963; Lacey, 1967; Lindsley, 1951; Woodworth &
Schlosberg, 1954; Lynn, 1966).

During the second session all the subjects were trained on a
conservation of number task adapted from Halford and Fullerton (1970)
which they used in a study which resulted in a significant number of
subjects achieving number conservation on post-test. The training method
was a prediction-outcome method of inducing discrimination or cognitive
conflict according to Brainerd's (1973) criteria for training methods.

Two weeks after training ended three post-tests were given, two
for number conservation and one for class inclusion. One of the number
post-tests was the conservation of number test given during the pre-

testing, and the other was adapted from the number post-test used by
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Halford and Fullerton (1970). The post-test for class inclusion was
included because none of the 57 subjects passed the pre-test for class
inclusion. Langexr's (1969) class inclusion task was used. Performance
on the post-tests was scored using the Genevan criteria.

1. Subjects

Fifty-seven nursery school and kindergarten Childrenl were used
as subjects. Parental permission was obtained for all the children in
the nursery and kindergarten. Children, who indicated they did not wish
to serve as subjects, were dropped. Nine nursery and three kindergarten
children refusea. One child was dropped because of prolonged absence
from school due to illness.

| The mean age was 5 years old; the standard deviation was 5.39 and
the range 22 months (4 years and 3 months to 6 years and 1 month).

There were 29 boys and 28 girls. None of the analyses found any
differences due to sex.

All 57 subjects were in all parts of the study. Six subjects who
had a perfect score on the pre-test for seriation and number, and perfect
scores on both post-tests for number were not used in the statistical
analyses of the results of this study as they were classified as having
attained number conservation before the study began.

All the subjects were given both the Brainerd (1974) selection
criteria and the Genevan selection criteria (Inhelder et al., 1974).

The Genevan selection criteria has three levels that are admin-

istered to the child: Judgments, explanations, and counter-suggestion

1 . . L
The children attended Talmud Torah School in Winnipeg,
Manitoba.



(Inhelder et al., 1974). Brainerd's (1974) selection criteria uses only
the child's response to the first level of the Genevan criteria,
judgments. Thus, the Genevan method contains within it the Brainerd
selection criteria.

There were four female experimenters who served during the course
of this study. One experimenter did all the pre-testing, post-testing;
and trained half the subjects. While the first experimenter did the
pre-testing another experimenter ran the psychogalvonometer. Two
experimenters served in this capacity. The fourth experimenter trained
the other half of the subjects. The two-week spring break made it
necessary to use this last experimenter when the first half of the
subjects were ready for post-testing. There were no differences in the
training performances of the two groups who were trained by different
experimenters.

2. Pre-Tests

2a. Apparatus

Class inclusion: A bunch of ten vellow daisies and three red

roses [artificial flowers)] (Inhelder et al., 1974).

Seriation: Ten little sticks ranging from 16 to 10.6 cm in length
each differing in length from the next by 0.6 cm. and a screen (Inhelder
et al., 1974).

Elementary number conservation: 10 red chips and 10 black chips

(Inheldexr et al., 1974).
A portable Lafayette Psychogalvonometer (model 7609A) was used to
continually record the subjects' GSR while they were performing the

pre-tests. The electrode used was a Palmer-Dorsal electrode with two
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cups, one at either end. The cups have a silver electrode at the bottom.
The cups were filled with Grass Electrode paste which is non-toxic and
is in common use in all hospitals. The electrode can be attached to the
child's non-preferred hand so that the cups are in contact with the top
and palm of the hand. This arrangement is comfortable for the child and
allows freedom of movement.
2Db. Procedure

The experiment was run in an empty classroom at the school. The
subject and the experimenter sat across from each other at a table. The
table and chairs were a size appropriate for four or five year old
children. Only the materials for the specific skill being dealt with
were on the table at any one time. The remaining materials were kept out
of sight. The psychogalvonometer was on a table next to the table the
subject was seated at.

The GSR electrode and equipment was explained to the child before
the electrode was placed on the child's non-preferred hand. Handedness
was tested by "Which hand do you color with?" Before beginning with the
session proper, a resting base level was obtained, a parallel or declin-
ing recording. The GSR was continuously recorded. An event marker on
the psychogalvonometer recorded when the subject was responding to the
examiner's gquestions or statements.

Pre-tests: (Adapted from Inhelder et al., 1974). Class
Inclusion: The experimenter named the flowers. To make sure the child
knew the class name she asked: "Are the daisies flowers? . . . Are the
roses flowers? . . . Do you know the names of some other Fflowers?

which ones?" Then the task began.



27

Trial 1. The experimenter made a bunch out of the flowers and
asked: "Are there more daisies or more flowers in this bunch?" The
child gave a judgment respcnse. The experimenter asked for an explana-
tion: "How do you know?" The child gave an explanation, if necessary
the experimenter asked: "More than what?" Then a countersuggestion was
given to the c¢hild's original judgment statement.

Trial 2. The experimenter put all the flowers together and said:
"I am going to make up a bunch with all the daisies and you are going to
make a bunch with all the flowers. Who will have the bigger bunch? The
child responded with a judgment response. The experimenter asked for an
explanation "How do you know?" The child gave an explanation. Then a'
countersuggestion was given to the child's original judgment statement.

Seriation: The experimenter asked the child, "Are all the sticks

the same size or are they different sizes?" To make sure that the child
knew that the sticks were of different sizes he or she was asked: "Hand
me the biggest (or smallest) stick." Then the task began.

Trial 1: The experimenter asked the child, "Can you make a pretty
staircase with all these sticks by putting them in order like this?" The
experimenter put three in order. The child gave a judgment response.

The experimenter then told the child, "you finish the staircase.” After
the child finished the experimenter asked, "Why is that the right order
for a staircase?" The child gave an explanation, if the child had put
them in the right order and had given a seriation response the experi-
menter moved a stick in the order and made a counter-suggestion
simultaneously. "If I move this stick here won't the staircase be a

better staircase?"



deial 20 The experimenter placed a cardboard scereen belween herse Ll and

the child and said: "This time I am going to make a staircase, hand me the
sticks one by one . . . in the right order for me to make a staircase."
After doing this the child was asked for a judgment: "Is this the right order

for a staircase?” and then an explanation, "Why is this the right order?" If
the child had given a correct seriation explanation a counter-suggestion was
posed: The experimenter removed the screen showing the staircase and said,

"If I move this stick here wouldn't it make a better staircase?” while mov-

ing the stick out of order.

Elementary Number Conscrvation: The experiment laid oubt two rows of
chips, one row of seven black chips and one row of seven red chips, equally
spaced. The experimenter asked the child, "Arec there as many black chips
in this row as there are red chips in this row?", pointing to the two rows
as she spoke. If the child said, "no" then the experimenter, if necessary,
paired the chips one by one making sure the chils appreciated the ogquiva-
lence of the two rows. Then the task began.

Trial 1. Preserving the layout of the two equally spaced rows the

experimenter modified the layout by increasing the spaces between the chips
of one row so that they formed a longer row. The experimenter then asked,
"Are there as many . . . the same number of black chips as red chips now . . .

or are there more?" The child gave a judgment response. The experimenter

asked for an explanation. "How do you know they are the same? or "How do

you know there are more (or less)?" Then a countersuggestion was given to
the child's original judgment statement.

Trial 2. The experimenter collected all the chips and made two equally
spaced circles, one of black chips and one of red chips. She asked, "Are

there as many red chips in this circle as black chips in this circle?
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pointing to each circle as she spoke. If the child said "no" the experimenter

paired off the chips as in the previous task until the child appreciated the

equivalence of the two circles. The experimenter then moved the chips in one
of the circles closer together and asked, "Are there as many . . . the same
number of black chips as red chips now . . . or are there more? The child gave
a judgment response. The experimenter asked for an explanation, “"How do you

know they are the same?" or "How do you know there are more (or less)?" Then a
countersuggestion was given to the child's original judgment statement.

The experimenter recorded all the subject's answers on a protocol sheet
that had on it the questions to be answered and a space for the child's answer.
2c.  Scoring

All the scoring of the pre-tests and the psychogalvanometer tapes
were done after all the children were post-tested.

The psychogalvanometer tapes were scored first. Two scoring methods
were used: the Arousal Interval Scale (AIS) developed by Brodsky and Brodsky
(1976), and conductance scores, recomnrended by Venables and Christie (1973).

The AIS score did not correct for the hypothetical correlation of GSR
(deflections) to base level (LIV). The theoretical and empirical rationale
for the ALS, and the procedure for correcting deflections on the recording
tape to AIS scores is to be found in Brodsky and Brodsky (1978). Three
AIS scores were recorded for class inclusion, seriation, and number.

Reliability coefficients have not been computed for the Arousal Interval
Scale (AIS), but it is a highly valid scale in that it has been significantly
related to the particular behavioral criterion in every study that has used
it (Brodsky and Brodsky, 1978). Therefore, it can be inferred that the scale
is reliable because an unreliable measure cannot be highly correlated with

a criterion {(Messick, 1980).



" The conductance scores were corrected for the hypothetical
correlation of GSR (deflections). The recorded deflcctions on the tape
were converted to ohms/resistance. This was done with a table provided
with the Lafayette psychogalvanometer. Conductance is the reciprocal of
resistance. All resistances were converted to conductances. The follow-

ing formula was used to correct each conductance score for cach subject,

for each pre-test. (Three log conductance scores.)
log X}___ + 10. >{i represents the number of ohms recorded
base
for the particular pre-test, for a single subject. Base, is the base level

also in ohms for the same subject. The constant 10 was added to remove
negative numbers from the distribution (Woodworth and Schlossberg, 1954;
Lykken and Venables, 1971; Venables and Christie (1973). Reliability co-
efficients are not given for the conductance scale (Venables and Christie,
1973) . Nor does the conductance scale have high validity (Brodsky and
Brodsky, 1978).
Pre-test protocols were scored first according to Brainerd's (1974)
method. Correct judgments received a 1, and incorrect judgments received a
zero. A subject could thus receive a top score of 2 for ecach pre-test (two
trials per pre-test), and a total possible score of 6 for threec pre-tests.
The pre-tests were then scored using an adaptation of Cooley's
(1978) Developmental Level Scale. A scoring method for the Genevan
selection criteria; judgment, explanation, and countersuggestion. 1In
this study a subject was given a 1 for a correct judgment or a zéro for
an incorrect judgment; a 1 for a conservation explanation or a zero for
a non-conservation explanation; a 1 for a conservation judgment not

changed under countersuggestion and a zero for a non-conservation judg-
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ment not changed under countersuggestion. Conversely, a zero for a
conservation judgment changed under countersuggestion and a 1 for a non-
conservation judgment which changed to a conservation judgment under
countersuggestion.

Cooley (1978) used percentages whereas this study used raw scores.

Conservation explanations were considerecd inadequate if they failed to meet
any of the following criteria adapted from Forsberg (1973).

Criteria for scoring explanations. Conservation explanations were

considered adequate if they met one or more of the following criteria:

1. Compensatory relations: the subject states that changes in
certain dimensions are compensated for by changes in other dimensions.

2. Reversibility: the subject states that the transformation
would be cancelled by an inverse transformation.

3. Addition/subtraction: the subject states that nothing has
been added oxr taken away.

4. Identical action: the subject states that the standard object
could be transformed in a similar manner to the comparison object.

5. Initial equality and/or irrelevant transformation: the subject
states that the two objects were initially equal and/or that the trans-
formation makes no difference to the property in question ({(these two
explanations generally occurred together).

6. Logical necessity: the subject states a general rule.

7. Quantitative equivalence based on another property.

The following conservation explanations were considered inadequate:

8. Irrelevant: included in this category are tautologies,
unclear responses, and irrelevant remarks.

9. No answer or 'don't know."




Thus, the total possible score for cach pre-test was 6 (3 for
each trial) and 18 was the total possible score for all three pre-tests.

Despite Brainerd's (1973a, b; 1977) extensive psychometric analysis
of verbal measures of transitional status, he at no time reportes reliability
coefficients for his judgments-only measure. Further, there are no reliabil-
ity coefficients listed for the Judgments-only measure in the "Tests and
Measurements in Child Development: Handbook II" (Johnson, 1976). On the
other hand, a number of reliability coefficients are given for Genevan measures
of transitional status. The split-half reliabilities, i.e., the internal con-
sistency of the content, range from .63 to .96 (Johnson, 1976).

The lowest split-half reliability, .63, was reported for class inclusion
content. The split-half reliability coefficients for seriation and number
range from .80 to .96 (Johnson, 1976). The only interscorer reliability
reported was for number tasks and that was .97 (Johnson, 1976). Cooiey (1978)
reports interrater reliabilities for the Development Level Scale used in this
study ranging from .83% to 100% agreement of two raters. It was, therefore,
thought to be unnecessary to use more than one rater in this study.

As was discussed in the introduction there is no agreement in the liter-
ature as to the construct and criterion validity of these measures of trans-
itional status. This study was designed to determine which pre-test measure
bests diagnosis transitional status and best predicts post-test performance
after training. Prediction and diagnosis are the two necessary characteristics
for criterion validity as discussed by Messick (1980). Using Messick's (1980)
analysis of characteristics of validity, ﬁhis study is also designed to invest-
igate the following aspects of construct validity, convergent coherence, dis-
criminate distinctiveness and nomological relatedness. The Genevan method

clearly has been found to be valid in terms of another of Messick's (1980)



characteristics of construct validity, namely, population generalizability.
The Piagetian developmental stages as measured by the Genevan method have

been verified cross-culturally (Dasen, 1972).

3. Training
3a. Apparatus
The apparatus was adapted from Halford and Fullerton (1970). There were

8 cardboard sheets, 60.96 x 50.8 cm. on which were placed either five or eight
rectangular pieces of felt, 2.5 x 3.5 cm. These felt rectangles represented
beds and were evenly spaced across the top third of the sheet. There were five
beds on seven of the sheets, and eight on the remaining one. On each bed was a
piece of colored cardboard, with a picture of a doll on it. This was the stan-
dard set of dolls. Each doll was backed with velcro, enabling it to be stuck
to the beds or stuck to velcro in a row beneath the beds.

On each sheet the spacing of ‘the beds and the standard set of dolls was
varied in the following way. The spacing of the dolls was either wider, less
than, or equal to, the spacing of the felt beds. A straight line below the
first row of velcro separated the first row of velcro from five other rows of
velcro. Five test series of dolls occupied these rows. At least one set of
the test dolls was equal in number, length, and spacing to the standard set
of deolls on the particular card. The four other test series of dolls on a
particular card were varied as to number, length, color and spacing from the
standard set of dolls on that card. Thus, the standard set could be used as
a cue to select the correct test series of dolls to match the beds.

The seven cards with five beds and the card with eight beds were varied
as to the order of presentation on each of the five days of training. The
color of the test set of dolls and the standard set of dolls on the eight

bed card was also varied on each of the five days of training.
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M3b. Procedure

The procedure was adapted from Halford and Fullerton (1970). The train-
ing procedure took place in one individual session per day over five consecu-
tive days. Each training session consisted of 8 cards. The training sheets
were placed a suitable distance away from the child. The child was given the
-following instructions. "On top of the sheet in front of you are some beds
and lots of sets of different colored dolls. Now some of the dolls are in the
beds and some are not. What is the color of the dolls in the beds? (This was
to ensure that the child correctly perceived the arrangement.) Now, I am going
to take the dolls out of the beds and put them underneath. Now, I want-you to
tell me which of the other sets of dolls will fit into the beds so that every
bed will have a doll in it and there will be no dolls left without a bed?"

The experimenter then pointed to each set of dolls in turn except the
standard set, and asked: "Will this set of dolls fit into the beds so that the
beds and dolls are the same?" In the case of a pos}tive response the experimenter
placed the dolls in the beds until the beds were filled or the dolls in the set
chosen were exhausted. The experimenter then asked: "Do all the dolls have
beds? Do all the beds have dolls?" In the case of an erroxr, the experimenter
pointed to the doll (or bed) which did not have a bed (or doll) and asked: "Has
this doll (or bed) have a bed (or doll)?" The child was not told whether or
not his response was correct.
3c. Scoring

There was one score per card, zero for selecting the incorrect set and 1
for selecting the correct set. The highest score possible per session was
eight. The highest possible score at the end of the five sessions was 40. The

training protocols were also scored after all the children were post-tested.



4. Post Tests

4a. BApparatus

Two tests of number conservation. One was a repeat of the number
conservation task given on pre-test, i.e., seven (7) black chips and
seven (7) red chips. The second test was 6 coins and a pool of candies.
The second number post-test was adapted from Halford and Fullerton's
(1970) post-tests.

The third post-test was another class inclusion test adapted from
Langer (1969%a). It consisted of 10 beads, three blue beads and seven red
beads, lined ;p in an open shallow cardboard box.
4b. Procedure

Two weeks after the training session ended the subjects were post -
tested for class inclusion and for number conservation. Class inclusion

was tested first.

Class inclusion. The experimenter pointed to the beads and asked:
"What are these?" If the child did not answer beads he or she was given
the correct name. Then the experimenter said: "They are round beads.

What color at these?" The experimenter pointed to the red beads. The
experimenter asked the question again pointing to the blue beads. The

children all knew the colors.

Trial 1. The experimenter then asked: "Are there more round
beads or mére red beads?"  The child gave a judgment response. The
experimenter asked for an explanation. "How do you know?" The child
gave an explanation. If necessary the experimenter asked: "More than
what?" Then a countersuggestion was given to the child's original

judgment statement.

Trial 2. The experimenter then asked: "Which will make the



longer necklace, the round beads or the red beads?"  The child gave a
judgment. The experimenter asked for an explanation, "How do you know?"
The child gave an explanation. Then a countersuggestion was given to

the child's original judgment statement.

Number Conservation 1

The subjects were post-tested for number conservation using the
same procedure as the pre-test for number. Using the black and red
chips: a judgment, an explanation, and a countersuggestion were all
elicited and recorded.

Number Conservation 2

The second post-test was adapted from the Halford and Fullerton

(1970) post-test. The experimenter placedsix coins in a row and the

candies in a pool in front of the subject. The experimenter asked the
child to: "Pick the same number of candies out of the bunch and make a
row of the same number of candies as there are coins.” If the number of

candies were incorrect the experimenter paired them off until the child
appreciated the eguivalence of the rows. Then the experimenter proceeded
with the same procedure as in post-test one. The words candies and coins
were substituted for black and red chips.

The children were allowed to take a piece of candy for themselves
at the end of this post-test.
4c. Scoring

All the post-tests were scored according to the Developmental
Level Scale previously described in the pre-test section., The highest
total score possible for a single post-test was 6. The highest total

score possible for all three post-tests was 18.



CHAPTER IIX

Results

There were five main hypotheses and two additional hypotheses
tested in this study. Of the five main hypotheses, 1, 2, 3, and 5 were
confirmed by the statistical analyses. Both the additional hypotheses
were also confirmed.

1. Data Analyses

The hypotheses of this study were tested by four stepwise
multiple regression analyses, canonical correlation analysis, by chi-
square analyses and simple Pearson Product Moment correlations.

The stepwise multiple regression technique provides measures of
the extent to which all the independent variables predict the dependent
variables, and the extent to which each independent variable is a unique
predictor of the dependent variables. It has a capacity to mirror com-
plex variables (Cohen and Cohen, 1975).

In the analyses done for this study, the first independent vari-
ables to be introduced into the regression equations were age and sex
then the remaining independent variables were selected in terms of
which of the independent variables at each stage had the largest semi-
partial correlation coefficient, and hence made the largest contribution
to the multiple correlation (R2). The stepwise procedure defined an
oxder based upon the relative unigueness of the independent variables
in the study.

The stepwise multiple regression procedure produces standardized
regression coefficients (Beta weights) for each independent variable.
The Beta weights values are partial regression coefficients and

represent the unique influence of each individual independent variable
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with the influence of all other independent variables removed. Given
that the multiple correlation coefficient (Rz) is significant, then a
statistically significant Beta weight associated with a specific inde-
pendent variable means that the variance associated with that indepen-
dent variable makes a statistically significant contribution in
accounting for the dependent variable (Cohen and Cohen, 1975).

The stepwise multiple regression analyses were chosen because
according to Cohen and Cohen (1975) it is the appropriate analysis when
the research goal is primarily predictive. One of the goals of this
study was to determine which pretest measure or measures best predicted
the performance on the dependent variables training and the post-tests.
Only those analyses which had both a significant multiple correlation R2
and significant Beta weights are presented here.

The first analysis consisted of the individual pre-test scores
for each measure. They were judgments only: «class inclusion, (JocC),
seriation (JOS), and number (JON). Developmental level: class inclusion
{(DLC), seriation (DLS), and number (DLN) . Arousal interval scores:
class inclusion (ARC), seriation (ARS), and number (ARN). Conductance
scores: class inclusion (CONC), seriation (CONS), and number (CONN).

The dependent variable was the total score for each of the post-
tests class inclusion, number 1, plus number 2 (POT). (Table i). This
analysis was done to determine which of all the independent variables
predicted post-test performance on class inclusion and the two number
post-tests. The results of this analysis are presented in Table 1.

As can be seen the only significant Beta weight was for the

arousal interval scale scores for class inclusion. The multiple R for



for this analysis was .87 and significant beyond the .00l level. The
analysis accounted for the most variance of any of the analysces done
76%.

The second analysis was done to determine which of the indivi-
dual pre-test independent variables, as listed above, best predicted
post-test performance on the post-test class inclusion task (POC). The
results of this analysis are presented in Table 2.

As can be seen there are three significant Beta weights. Arousal
interval scores for class inclusion (ARC) was significant beyond
the .01 level whereas arousal interval scores fér seriation ARS and the
developmental level scores for class inclusion were significant beyond
the .05 level. The multiple R, .727 was significant at beyond the .05
level and 53% of the variance was accounted for.

The third analysis was done to determine which of the total
scores of the four pre-test measures best predicted the total score on
the three post-tests: c¢lass inclusion, number test 1 and number test 2
(POT). The pre-test total scores used as the independent variables were:
judgments-only seriation plus number (JOSN), judgments-only class
inclusion, seriation plus number (JOT), Developmental level seriation
plus number (DLSN), Developmental level class inclusion, seriation rlus
number (DLT). Arousal Interval Scale scores for seriation plus number
(ARSN) Arousal Interval Scale scores for class inclusion, seriation plus
number (ART), Conductance scores for seriation plus number (COSN) and
Conductance scores for class inclusion, seriation and number (CONT). The
results of this analysis are presented in Table 3.

As can be seen there is only one significant Beta weight Arousal
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Interval scale total scores for class inclusion, seriation and number
(ART). The multiple R is significant beyond the .00l level and 64% of
the variance is accounted for.

None of the multiple regression analyses that used the two number
posttests as the dependent variable contained significant Beta weights
despite highly significant multiple correlations.

The fourth analysis was done to determine which of the total
scores of the four pretest measures best predicted the total scores for
training. The pretest total scores used as the independent variables
were the same as those used in the third analysis. The results of this
analysis are presented in Table 4.

As can be seen there are three significant Beta weights; Age,
at beyond the .001 level, Developmental level scores for seriation plus
number (DLSN) and Developmental ievel scores for class inclusion, seria-
tion and number (DLT) were significant at beyond the .05 level. The
multiple R, .642 was significant at beyond the .05 level and 41% of the
variance was accounted for.

To further delineate the relationship between the independent
variables, the pretest measures, and the dependent variables training
and the three posttests a Cannonical correlation analysis was done. For
this analysis the dependent variables were posttests: class inclusion
(POC), number test 1 (PON) number test 2 (POP), and training (TRAIN).
The independent variables were judgments-only; class inclusion (JOC);
seriation (J0OS), number (JON), Developmental level: class inclusion (DLC)
seriation (DLS), number (DLN); Arousal Interval Scale: class inclusion

(ARC), seriation {(ARS), number (ARN); and Conductance: class inclusion
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(CONC), seriation (CONS), number (CONN).

This study had four dependent variables: Training; Posttest class
inclusion, Posttest number 1 and posttest number 2. The stepwise multi-
ple regression analyses could determine which pretest measure or measures
best predicted either training or the individual posttests or the total
posttest score. However, it could not determine whether the dependent
variables were related to each other and/or whether the independent vari-
ables which were significantly related to the individual dependent
variables were alsc related significantly to all or some of the dependent
variables. Cannonical correlation analysis provides for a multiplicity
of dependent variables as well as multiple independent variables (Cohen
and Cohen, 1975; Tatsuoka, 1971). It identifies the components of one
set of variables that are most highly related (linearily) to components
of the other set of variables. Canonical correlation analysis also in-
cludes a measure of the extent to which variables within a set are
redundant. It was expected that the pretest measures would be redundant
because the Developmental level measure included within it the Judgment-
only measure. Thus, it differed only in that it required an explanation
and a counter suggestion as well as an initial judgment. Similarly, the
Conductance measure and the Arousal Interval Scale measure differ only as
to the mathematical treatment of the same psychophysiological response.
The Conductance score corrects for base level resistance whereas the
Arousal Interval Scale score does not. Canonical correlation analyses
produces a set of redundancy coefficients which are the squared multiple

correlations of each set with every other variable in the set. Thus =-the =

extent to which all of the pretest measures are measuring the s
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can be evaluated (Cohen and Cohen, 1975).

If the learning theory explanation of cognitive development is
correct the dependent measures should also be redundant. That is, pre-
sumably training for the number concept should be related to posttest
performance of the number concept.

If Piaget's theory that only children who experience disequili-
brium or show evidence of accommodation will respond to training then
one would not expect training performance to be related highly to post-
test number concept performance. If class inclusién is necessary for
understanding of the number concept then the posttest class inclusion
test should be highly related to the number tests. Table § presents
the redundancy coefficients for each independent variable with every
other independent variable in the set. It also presents the redundancy
coefficients of each dependent variable with every other dependent
variable in the set.

As 1s apparent the pretest measures are highly redundant; the R
squares range from .80 to .915. However, the dependent variables present
a different picture. Training shares very little variance with either of
the number tests which have the highest R squares. Class inclusion is
essentially unrelated to the other three dependent variables.

The simple correlations between the independent variables
expected to be redundant support the results reported in Table 6. Table
6 gives the simple correlation coefficients for the verbal pretest
measures Developmental level and Judgment-only with each other for the
individual pretests and for the total scores. Tt also gives the corre-

lations for the two arousal measures; Conductance and Arousal Interval



Interval scores, with each other. The correlations for the verbal
measures range from .89 to .93 wherecas the arousal measures range from
.56 to .64. Table 7 reports the correlations of the pretest measures
and the posttest measures with training. It also presents the correla—
tions of the three posttests with cach other. The only correlation that
is high enough to be meaningful is that of the two number posttests
(number 1 and number 2 with each other, .85. The rest of the signifi~
cant correlations here are so low that they share very littleAvariance
with training.

Canonical correlation analysis also yields pairs of canonical
variates for each set. The first paly represents the linear composite
of the independent variables which are maximally correlated with a
linear composite of the dependent variables. The subsequent pairs arc
a linear composite of the residual left after each variate has been
extracted. The subsequent variates account for less and less of the
shared variance and are othogonal to each other and the first canonical
variate pair (Cohen and Cohen, 1975).;

The analysis yielded two significant canonical variates for each
set (Table 8). The first pair of canonical variates (1) was highly
significant, and accounts for 75% of the variance. The second pair of
canonical variates (2) was significant and accounted for 47% of the
variance. Canonical variates are best interpreted by means of the
structure coefficients, which are zero order correlations of the variate
with its constituent variables (Cohen and Cohen, 1975; Tatsuoka, 1971).
The standardized coefficients (loadings) for each set of significant

canonical variates are presented in Table 9. Table 10 contains the



structure coefficients for each set of canonical variates. Comparing
the structure coefficients for each independent and dependent variable
(Table 10), with its corresponding canonical variate loading (Table 9),
the first pair of canonical variates appears to have most of its vari-
ance accounted for on the independent variable side by the AR Arousal
Interval Scale scores and the DI Developmental T.evel scores. (ARC)
Intexrval Scale class inclusion was the largest structure coefficient of
the arousal measures (Table 10), and the largest loading of all the
independent variables (Table 9), appears to be accounting for more of
the variance than what it apparently shares with Arousal Interval Scale
(ARS and ARN) for seriation and number in this analysis. The simple
correlation of Arousal Interval Scale score (ARC) with the total arousal
Interval Scale scores (ART) is .91 and with the Arousal Interval Scale
scores for seriation and number (ARSN), .82, whereas the correlations
with Arousal Interval Scale scores (ARS and ARN) for number and seriation
are .84 and .79, respectively.

Given the high correlation between Arousal Interval Scale scores
for class inclusion (ARC and ART) the total Arousal Interval Scale scores
for all three pretests (ART) are almost interchangeable. The difference
between them could be accounted for by Arousal class inclusion (ARC)
relationship with posttest class inclusion (POC) which is a member of
the other half of this canonical variate pair. The other members of the
dependent variables are the posttest for number test 1 (PON) and number
test 2 (POP). Training is essentially independent of the first canonical
variate pair. Indeed, the structure coefficients (Table 10) indicate that

Training is part of the second pair of significant canonical variates
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(Table 9). The dependent variables thal appear to be accounting for most
of the variance of the second pair of canonical variates, from an
examination of the structure coefficients in Table 10 are training and
posttest class inclusion (POC). The latter is negatively correlated with
this variate. Post test class inclusions, lack of relationship with train-
ing is confirmed by the low simple correlation between it and training
r = .018 and again by it's redundancy coefficient, .07 (Table 5). This
leaves the relationship between (POP) the sccond number post test and
TRAIN. The simple correlation herelis .38. This side of the second
canonical variate is essentially composed of training performances and
its relationship to performance on the seccond number test (POP) .

On the independent variable side the negative correlation among
the structure coefficients (Table 10) can be accounted for by the negative
or non-existent relationship between class inclusion measures and train-
ing. The correlation coefficients of training with developmental level
class inclusion (DILC) and judgment-only class inclusion (JoC) are -.14
and -.06, respectively. If one considers coefficients below .30 as not
significant, as is customary, this leaves Arousal Interval Scale number
(ARN) with .486 and Conductance number (CONN) with .452 (Table 10) as
accounting for most of the relationship with training. However, this
relationship is not confirmed by either the correlation coefficients
(Table 7), or the stepwise multiple regression analysis (Table 4). The
Beta weights of the stepwise multiple regression analyses of the indi-~
vidual pretest measures with training as the dependent variable did not
reach significance. Training is not highly correlated with either the

pretests or the posttests (Table 7). Training also has a low redundancy
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coefficient with the other dependent variables (Table 5). The stepwise
multiple regression analysis in Table 4 indicates that only 41% of the
variance in training is accounted for by all the variables listed. Of
the variables listed, only three reach significance: Age, DLSN, and
DLT, of which age is clearly the most important.

Canonical correlation analysis maximizes the relationship between
two sets of variables (Cohen’and Cohen, 1975) and in this case in the
absence of age as a variable in this analysis, it appcars to have
capitalized on the variance left. Thus, it is safest to conclude, that
despite the significance reached by the second canonical variake pair,
the relationship, though interpretable, is really not meaningful
because of the small amount of variance involved. The stepwise multiple
regression analysis and the simple correlations also do not confirm the
variable relationships delineated by the second canonical variate pair.

The chi-square analyses were done to determine which pre-test
measure had the lowest overall error in predicting which subjects would
pass or fail the two number post-tests (PONP) . According to Brainard
(1977), "...The appropriate response criterion is the one with the lowest
error rate (p.365)." The criterion used for the post-tests was a score
of 10 or better out of a possible score of 12. Conservative cut off
points were used for each pre-test. Figures 1, 2, and 3, present the
scatter plots of cach pre-test measure with the total score for the two
number tests (PONP). The cut off points used for the chi-square analy-
s1s are indicated on the scatter plots. The results of the chi-square

analyses are presented in Table 11. Table 11 also gives the number of
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subjects correctly identified and incorrectly identified as transitional
and non-transitional, the error rates, the cut off points for the pre-tests
and post~tests and the chi-squares for each pre-test's ability to correctly
identify a subject.

The Arousal Interval Scale scores had the lowest overall error rate
(24%), and their ability to discriminate transitional and non-transitional
states was significant at beyond the .00l level. The developmental level
scores had the next lowest error rate (31%) and the ability to discriminate
was significant beyond the .01 level. The judgments-only scores had the
highest error rate (41%) and the chi~sguare for discrimination of transitional
and non-transitional states was not significant.
2. Arousal as a Measure of Accommodation and Assimilation

Each analysis consistently found that arousal as measured by the
Arousal Interval Scale during pre-testing predicted subjects’ post-test per-
formance on the two number tests and post-test class inclusion. In the
multiple regression analysis of the individual pre-test measures as the
independent variables and the total scores of the post-tests only the
unique variance associated with arousal during class inclusion pre-
testing (the Beta weight) reached significance (Table 1). Again, in
the multiple regression analyses with the individual pre~-test measures
as the independent variable and post-test class inclusion as the
dependent variable, two arcusal pre-test measures reached significance:
arousal interval scores during pre-testing for seriation and class inclusion
(Table 2). In the multiple regression analysis with the total scores

for each pre-test measure as the independent variables and the total



post-test scores as the dependent variable, only the total Arousal
Iﬁterval scores for all three pre-tests had a significant Beta welght
(Pable 3). The chi-square analyses of the number of subjects correctly
and incorrectly identified as transitional and non-transitional found
that the total Arousal Interval Scale score during pre-testing
discriminated at beyond the .00l level of significance, and the total
Arousal Interval Scale score during pre-testing for seriation and number
discriminated at beyond .0l level of significance, which subjects

would and would not pass the post-tests for number (Table 11).

Finally, the results of the canonical correlation analyses are
best summarized as the total Arousal Interval Scale scores during pre-
testing and the total developmental level scores during pre-testing
account for .866 of the variance in the relationship of the pre-tests
to performance on the post-tests for number (Tables 8, 9, and 10) .
Figure 4 diagrams the relationship that best describes the first pair
of canonical variates listed in Table 8 as significant beyond the
.001 level with a canonical correlation of .866 and accounting for 75%
of the total variance; as interpreted by assessing the loadings of the
two sets of variables loading on the first canonical variate pair
(Table 9) by each variable correlation with the canonical variate
(Table 10).

Given these results the following hypotheses can be said to be
confirmed by these results: Hypothesis 1, subjects who performed as
conservers on post-tests of number conservation after training did
have significantly higher arousal scores during pre-~testing, than the

subjects who did not benefit from training. Or, in other words, high
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levels of arousal reflected the equilibration process of accommodation
of transitional subjccts during pre-testing and low levels of arcusal
reflected the equilibration process of assimilation by non-transitional
subjects during pre-testing thus predicting with a high level of
accuracy which subjects would pass post-tests of number and which
would not (Table 11).

However, it is the combination of the total developmental level
scores with the total Arousal Interval scores during the pre-test
which best predicts the performance of subjects on the two number post-
tésts. The first canonical variate pair is composed of just these
variables and accounts for 75% of the variance in the relationship
between pre-testing training and post-test number performance. Another
way to account for the orthogonality of the developmental level scores
and the Arousal Interval scores is that the arousal interval scores are
extremely accurate in classifying transitional subjects whereas the
developmental level scores tend to err on classifying transitional subjects
as non-transitional (Table 11). They both have the same rate for
classifying non-transitional subjects as transitional. Pigures 1 and 2
give the scatter plots of the Arousal Interval scale total pre-test
scores (ART) with the total scores for the two number post-tests and
the total developmental level scores for the pre—-tests with the two
number post-tests. These scatter plots demonstrate why 1t is that the
developmental level scores and Arousal Interval Scale scores are
uncorrelated with each other but do combine together to give the best

relationship to the post-tests of any of the other pre-test measures.
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A number of children with low developmental level scores had very high
Arousal Interval Scale scores and high post-test scores. Transitional
subjects had higher Arcusal Interval Scale scores whether or not they
had high developmental level scores or judgments-only scores. Hypo-
thesis 4 was not confirmed because of the orthogonality of the
Genevan and arousal measure. Thus, there was essentially a zero
order correlation between the Genevan developmental level scores, the
Brainerd judgments-only scores and the Arousal Interval Scale scores.

Hypothesis 5. The number of false positives and false negatives
(exror rate) identified by the three measurcs of disequilibrium were
lowest for the arousal scores followed by the Genevan criteria. The
Brainerd criteria did result in the highest (error rate) false negatives
and false positives. This hypothesis was clearly confirmed by the
results summarized in Table 11. The chi-square analysis of subjects
correctly and incorrectly identified by the three pre-test measures.

3. Class Inclusion

As previously mentioned the post-test class inclusion POC task
was added to the post-testing during the running of the experiment
because it was noted that even children who achieved a perfect score on
the pre-tests, seriation and number, were not passing class inclusion.
Of the six children who achieved perfect scores on seriation and nunber,
as well as perfect scores on post-tests of number, who were not used in
the statistical analysis because they were considered to have the number
concept, all of them received a zero score on pre-test class inclusion.

All but two received a zero score on post-test class inclusion. The



various analyscs performed confirmed that the pre-test verbal class
inclusion measures were not correlated with the post-test number Lests.
The correlation of the pre-test development level class inclusion
scores (DLC) plus the post-test class inclusion scores (POC) with the
post-test scores for post-test numbers 1 and 2 (PONP) was .186.

Stepwise multiple regression analysis of the individual pre-test
measures for class inclusion, seriation, and number were done with post-
test class inclusion and total post-test scores as the independent
variables (Tables 1 and 2). Table 2 shows that (ARC) arousal class
inclusion, (ARS) arousal seriation, and (DLC) developmental level class
inclusion account for a significant amount of the variance in the
relationship between post-test class inclusion and the independent
variables. The redundancy coefficient (Table 5) for post-test class
inclusion (POC), .07, indicates that it is also not related to the post-
tests of number. '

However, arousal (ARC) scores during pre-testing for class
inclusion are highly related to both post-test class inclusion and the
total post-test scores (POT) (Tables 1 and 2). Arousal class inclusion
(ARC) 1is also highly correlated with the total (ART) arousal score,
r = .91, and with the total arousal score for seriation and number
(ARSN) , r = .82. Thus, the inclusion.of the variance associated with
arousal class inclusion (ARC) results in the total arousal score ART
being a better predictor of the total post-tests scores (POT) than the
total arousal score for the seriation and number (ARSN) . The total

arousal scorxe (ART) classifies better than the total arousal score for



seriation and number (ARSN) as well (Table 11). Indeed, the multiple

R of the regression analysis of Table 1 is higher than that of

Table 3. The multiple R for total pre-test scores against total post-
test scores (Table 3) is .80 which is significant beyond the .01 level,
whereas the multiple R for individual pre-test scores against total
post-test scores (Table 1) is .87 which is significant beyond the .001
level. 1In both cases the arousal (AR) scores account for a significant
amount of_variance, but as it can be seen in Table 1, it is ARC alcne
which accounts for a significant amount of variance.

Therefore, it must be concluded that arousal increascs during
pre-testing for class inclusion are highly related to post-test perfor-
mance on number and class inclusion, whercas performance on verbal
measures of class inclusion pre-test or Post-test are not related to
post-test performance of number.

4. Training

If any of the independent variables predict training performance
the most accurate ones found in this study are first, age, then, total
developmental level score (DLT), followed by DLSN, the total score for
seriation and number (Table 4) .

A less comfortable conclusion to be drawn from these results is
that training has very little effect upon post-test results for number.
The simple correlations account for very little variance (Table 7).
Both the redundancy coefficients and the structure coefficients (Tables
5 and 10) confirm the conclusion that training has very little effect

upon post-test results for number. As for its effect upon post-tests



results for class inclusion, training appears to have either no influ-
ence or a negative influence (Tables 7, 9, and 10) .
5. Methodological Issues

It is apparent that the Genevan developmental level measure is
a more accurate predictor of post-test performance than the Brainerd
judgments-only measure despite the high correlations between the
measures. The correlations are: class inclusion, .89; seriation,

.89; number, .93; total scores for class inclusion, seriation, and
number, .89; and total scores for seriation and number, .93. Despite
the fact that these correlations are so high the developmental level
scores classify transitional and non-transitional subjects significantly
better than the judgments-only scores (Table 11) . Since the judgments-
only measure was the first question in the three item developmental
level measure in this study it can be concluded in that it is the extra
items in the developmental level measure, explanations and counter-
suggestions which cause the developmental level measure to discriminate
significantly better and have a lower overall error rate.

Brainerd (1977) presented a mathematical model "proving" that the
false negative rate, for such a measure as the developmental level used
in this study would be higher than the falsc positive error rate for
judgments-only. In this study the false negative rate for develop-
mental level is 6, the false positive rate for judgments-only is 18
(Table 11). Thus, in terms of overall error rate and Brainerd's (1977)
mathematical hypothesis, the Genevan developmental level measure is the

best verbal response criterion (Table 11).



Finally, it should be noted that the judgments-only measure is
particularly inappropriatce for class inclusion tests. Time and again
subjects in this study gave the judgment that there were more flowers
on pre-test and that there were more round beads on post-test thus
receiving a correct judgment score. However, the explanations revealed
that they equated daisies with flowers and they equated round Qith red
beads. They had reduced the inclusive category to one of its sub-
categories, rather than subsuming the sub-categories within the inclu-
sive class. The judgments-only measure cannoi reflect this
phenomenon.

As was proposed previously it was possible within this study to
test two additional methodological hypotheses related to the measurcment
of the galvanic skin response (GSR) . Hypothesis la: was that correl-~
ations between base level resistance and GSR (deflections) resist-—
ance during class inclusion, seriation and number conservation pre-
tests will be small and not significant. This hypothesis is a test of
Wilder's Law of Initial Values which holds that GSR deflections are
correlated highly with base level resistance. The correlations between
base level (ohms resistance) and deflections (ohms resistance) for ecach
pre-test were class inclusion, r = .09, seriation, r = .07, and number
r = .16. The number of subjects was 57.

The second hypothesis (2a) that could be tested was that correc—
tion of change in GSR scores for the presumed relationship of change to
base level would increase the probability of accepting the null hypothe-
sis in a given experiment, because including a correction for base level

in the change scores would essentially be adding error variance if Lhe
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degree of change was not related to base level resistance. The conduc-
tance scores (CON) used in this experiment correct for base level
resistance/conductance as recommended by Venables and Christie (1973).

These conductance scores (CON) aia not reach significance level
in any of the analyses done despite a reasonably good correlation with
the arousal interval scores (Table 6) . The arousal interval scores
reached significance many times, in fact, the results indicate that
arousal as measured by the Arousal TInterval Scale accounts for more of
the variance associated with post-test results than any other pre-test
measure. Thus, it can be concluded that in this study the corrxelations
with the base level of changes in resistance under stimulation were
cssentially zero, and that tho conductance scores which corrected for
base level resistance would have led one to accept the null hypothesis
when it was false.

6. Summary

Four out of five of the major hypotheses of this study were
confirmed by the results of the study. Two additional methodological
hypotheses were confirmed.

The major hypothesis that increases in arousal would reflect
accommodation by transitional subjects and no increase in arousal would
reflect assimilation by non-transitional subjects was confirmed by all
the analyses done. The related hypotheses that the Genevan developmental
level (Inhelder et al., 1974) criteria for transition or non-transition
would be more predictive of subjects post-test performance than the
Brainerd (1977) criteria was also confirmed by the canonical correlation

analyses and the chi-square analyses.



Two unanticipated results werc that training was best predicted
by Developmental level measures and age, and that arousal level during
class inclusion best predicted performance on post-test class inclusion
and the number post-tests despite the Facl il none of the verbal
pre-~test class inclusion measures nor the post-test class inclusion
performance were related to post-test number performance.

The two additional hypotheses concerned with the measurement of
the GSR were also confirmed. The deflections (changes in ohms
resistance) of the GSR correlations with base level resistance were
esentially zero thus disconfirming Wilder's Law of Initial Values as
being relevant for the measurement of GSR deflections. Finally, con-
ductance scores which correct for base level did not reach significance
in any of the data analyses whereas the Arousal Interval Scale scores
which did not correct for base level accounted for significantly more
variance than any other pre-test measure. Use of conductance scores
as a measure of arousal wouldxhave led one to accept the null hypothesis

in this study when it was false.



CHAPTER IV
Discussion

This study tested five hypotheses all of which were derived from
a hypothetical integration of Piaget's (1971a) hypothetical construct,
equilibration, and Arousal theory (Duffy, 1962; Lindsley, 1951; Malmo,
1959) . Hypotheses 1, 2, 3, and 5 received strong confirmation from the
results of the analyses performed.

This section will discuss the results in terms of the theoretical
implications of the non-confirmed hypothesis, number 4, and the confirmed
hypotheses. Additional findings that will be discussed in terms of
their theoretical implications are the relationship of training and
class inclusion to the post-test results.

1. Arousal as a Measure of EBquilibration

Hypothesis 1: The results of this study provided strong confir-
mation that subjects who performed as conservers on post-tests of number
conservation after training, did have significantly higher arousal
scores during pre-testing than subjects who did not benefit from train-
ing. This hypothesis was deduced from Piaget's (1971a) definition of
equilibration as a biological autoregulatory process, which clearly
implied that the process of equilibration at the cognitive level
utilizes energy at the neurophysiological level (Piaget, 1971a; Mischel,
1971; Flavell, 1963). It also followed that the dual processes
subsumed under equilibration, assimilation, and accommodation, would
involve the utilization of different amounts of energy. Piaget (1971la)
defines aécommodation as involving a restructuring of a schema so that

external elements can be assimilated. Thus, accommodation would involve
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the utilization of more energy than assimilation.

By definition, subjects are understood to have accommodated their
schemas, if they do not pass pre-tests for number (class inclusion,
seriation and number), but do receive high scores on post-tests of
number after training.

In this study, high pre~test arousal scores were highly associated
with high scores on number post-tests. Conversely, low arousal scores
during bPre-test were associated with low scores on number post-tests.
The arousal scores classifieq subjects who had accommodated (transi-
tional subjects) and subjects who had assimilated (non-transitional
subjects) with a lower error rate than either verbal measure of accommo-
dation and assimilation. This finding replicates the results of a study
done by Brodsky and Brodsky (1979). That study also found that the
arousal measure predicted accommodation and assimilation at a highly
significant level on a conflict inducing class inclusion task.

As further evidence that the increase in arousal recorded in
this study reflected accommodation, and assimilation there were six
subjects dropped from the statistical analysis in this study because
they achieved perfect pre-test and post-test scores. 'These children
would have been predicted to have shown little or no increase in arousal
during pre-test because they would be assimilating the pre-test tasks
to their schema for number invariance. Their mean Arousal Interval
Scale scores for the three pre-tests was 4.33, range 2-6. The median
Arousal Interval Scale score used to classify transitional and non-

transitional subjects was 10.56. These subjects would have been classi-



fied as non-transitional which in fact they were. They already had the
number schema in their repetoire.

Thus, it can be concluded that arousal as measured by the Arousal
Interval Scale (AIS) while the subject is performing a Piagetian cogni-
tive task will reflect to a high degree of accuracy, accommodation and
assimilation as well as transitional and non-transitional status.

Hypothesis 4: The results which did not confirm hypothesis 4
are particularly relevant here. Hypothesis 4 proposed that there would
be a high corrclation between the Genevan developmental Level scores and
arousal scores. The results indicated that arousal was probably
orthogonal to both verbal pre-test measures.

This can be interpreted to mean that the "cortical analyscer®
(Sokolov, 1960) controls both the arousal response and the verbal
response. The verbal response does not have to reflect the cognitive
recognition of a discrepancy between the subject's schema and the task
requirements. However, if there is internal cognitive accommodation
the arousal response must reflect it (Beatty and Wagoner, 1978; Bloom,
1970; 1975; Brodsky and Brodsky, 1978; Bruner, 1966; Hale and Strick-
land, 1976; Harris énd Katkin, 1975; Inhelder et al., 1974; Inhelder
and Piaget, 1964; Lynn, 1966; Mandler, 1975; Miller, S., 1976;

Schacter, 1964; Schacter and Singer, 1962; Sokolov, 1960; Valins, 1970).
The findings that the developmental level measure misidentifies more
transitional subjects than the arousal measurc supports Chis interpre-
tation of the probable internal occurrences. Support also comes from
the many studies that have found that arousal measures reflect discrim-—

ination even when the subject gives no behavioral evidence that he has
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made a discrimination (Beatty and Wagoner, 1978; Berlyne, 1960, 1965;
Jrodsky and Brodsky, 1979; Bruncer and Postman, 1950; lale and Strick-
land, 1976; Harris and Katkin, 1975; Lynn, 1966; Mandler, 1975).

Further support for this interpretation of the role of the
"cortical analyser" is the finding that the accuracy of predicting post-
test number scores is increased by using both the arousal measure and
the Genevan developmental level measure. Arousal does very well on its
own, but the combination of two of the hypothetical functions of the
"cortical analyser" gives the best prediction rate for post-tests, even
though these variables are apparently independent of cach other. The
performance on the post-tests was three weecks after pre-testing when the
arousal response was recorded. The post-test was also two weecks after
training. Therefore, the subjects had plenty of time and practice in
reorganizating their schema for number. It is assumed with some justi-
fication, that post-test results are a more reliable and valid measure
of the true state of a subject's knowledge than either pre-tests or
training performance (Hilgard and Marquis, 1968). Therefore, from a
traditional learning point of view, it could be said that the post-
tests reflect more accurately the "true" state of the schemas of the
"cortical analyser," and that is why both the arousal and developmental
level pre-test measures correlate highly with post-tests, but not with
each other.

The results also constitute considerable support for the con-
struct validity of Piaget's (1971a) hypothetical construct, the
eguilibration process. According to Cronbach and Meehl (1960) valida-

tion of a hypothetical construct is done by the process of building a
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nomological net. They define a nomological net as an interlocking set
ol laws. The laws may relate ... (a) obsorvab fe propoertics or quanti-
ties with each other; or (b) theoretical constructs to one another or
(¢) different theoretical constructs to one another (1966, p.77)."

(a) Three observable variables were found to be related to each
other as predicted from the theoretical integration of Arousal theory
and Piaget's (1971a) hypothetical construct, equilibration. Subjects'
post-test scores on number tasks were highly related to subjects'
developmental level scores and arousal (AIS) scores for the pre-tests.

(b) Piaget's (197la) theoretical conceptualization of the
relationship of cognitive motivation to energy utilization received
confirmation from the results of this study. Subjects who failed the
pre-tests and who had large increases in arousal during pre-tests were
found to perform significantly better on post-tests than subjects who
failed the pre-tests and evidenced little or no increasc in arousal
during pre-tests. Presumably, arousal increases reflecting accommoda-—
tion resulted in the high arousal subjects' "learning" during training.
Thus, there is support from these results that the "need for internal
consistency or logical, consistency (Mischel, 1971)," at the cognitive
level results in the mobilization of energy for "learning.™

(c} This study tested five hypotheses derived from a hypothet-
ical integration of Piaget's (1971a) hypothetical construct, equlibra-
tion and Arousal theory [another hypothetical construct] (Duffy, 1962;
Lindsley, 1951; Malmo, 1959). The hypothesized relationship of the
two hypothetical constructs from different theories received strong

support from the results of this study. Therefore, the results of this
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study can be said to meet all threce of Cronbach and Mechl's (1966)
criteria for construct validation.
2. Methodological Issues

Hypotheses 2 and 3 concerned the validity of the two verbal
response measures of transitional status. They hypothesized a closer
relationship between the more valid measure and arousal, and transitional
status as determined by post-testing. The Genevan developmental level
measure was hypothesized to be a more valid measure of transitional
status than the Brainerd Jjudgment-only measure. As stated previously,
Arousal and developmental level were together the most accurate predic-
tors of post-test scores. Also, as the results indicated, developmental
level scores reached significance alone in their ability to predict
post-test scores, whereas the indgments-only measure never reached
significance. Using Brainerd's (1977) criteria for the best response
measure, the overall error rate, i.e., the combined rate of false nega-
tives and false positives, the developmental level scores were clearly
better than judgments-only at classifying subjects as transitional and
non-transitional. Brainerd (1977) also presented a mathematical
hypothesis that the false negative rate, for such a measure as the
developmental score used in this study, would be higher than the false
positive error rate for judgments-only. 1In absoclute numbers the false
positive rate in this study for judgments-only was three times the
false negative rate of the developmental level scores.

In this study the same subject was rated on both measures. As
noted before, judgment is the first step of the Genevan method. The

problem with the judgment-only method is that one question per task is



not a large enough sample of the subjects' behavior. Tn this study

the guestion requiring a Jjudgment was asked twice for ecach task, and
even then, the judgment-only scores were not reliable or valid. The
developmental level mothod utilized six samples of vorbal behavior on
each task. From a psychometric point of view the larger the number of
items in a test that samples a behavioral domain of interest, the
greater the rcliability of the tost (Anastasi, 1968; Green, 1978) .
Validity in this case appears to turn on having a measure of the child's
ability to explain his judgment and resist countersuggestion. It was
the variance associated with explanations and countersuggestions that
discriminated between transitional and non-transitional status signifi-
cantly better than judgments-only by itself. During the experiment
time and again the judgments were correct, but often the child cither
could not explain or give a correct explanation. Not a single subject
gave an incorrect judgment with a correct explanation.

The developmental level scores do Lend to classify more children
as false negatives than either the arousal or the judgments-only
measure, but the difference was not great. Also false negatives dis-
criminate against the Genevan hypothesis, that only transitional sub-
Jects will respond to training, since false negatives are children who
are in fact transitional. In particular this tendency to have greater
false negatives would increase the probability of accepting the null
hyvothesis. 1In this study the Genevan developmental level measure did
sO well because it is extremely accurate in identifying non~transitional
subjects.

The problem of which method is appropriate for assessing trans-

itional status came about because of the controversy over whether
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children learn by accretion (the learning hypothesis) or whether they
learn because they have the appropriate cognitive schemas. to integrate
the information presented to them (Brainerd, 19732, 1973b, 1974, 1977;
Inhelder et al., 1974; Larsen, 1977). Thus, not only are the methods
different for assessing transitional status, but the criteria uscd for
determining whether the subject "lecarned" or not are different (Brain-
erd, 1977; Gelman, 1969; Halford and Fullerton, 1970; Henry, 1976;
Lawson et al., 1974). For example, this study used three post-tests
and scored them with the developmental level measure. Studies which
use judgment-only to assess transitional status typically use judgment-
only to score post-tests, the criterion performance.

The question is which verbal response method is a more valid
measure of the child's understanding of the number concept. Given the
present dichtomy of studies in the literature that question cannot be
answered. However, the results of this study can begin to answer that
question. Three methods of assessing transitional status were used in
this study. The most accurate measure was the arousal measure. Arousal
level during pre-testing was highly predictive of post-test performance
as measured by developmental level scores. If the developmental level
measure was not accurately assessing the child's understanding of the
number concept there is no reason why»arousal level during pre-testing
should be related to post-test results. Furthermore, the arousal level
during pre-testing did not correlate with developmental level scores
during pre-testing, but was correlated with developmental level scores
during post-testing. Therefore, the level of arousal during pre-testing
cannot be attributed to the differences between the two methods of

assessment during pre-testing.



Finally, arousal level during pre-testing predicted post-test
developmental level scores much more accurately than the pre-test
developmental level scores. Thus, it can be concluded that the devel~
opmental level measure is a more valid measure of the child's level of
knowledge both at pre-test and post-test, because arousal doecs not
reflect the cognitive content of cortical activity; it reflects an
increase in cortical activity, which signifies that the subject has
made an orientation reaction response, the meaning of which can only be
interpreted in terms of the content of the behavioral response and
the stimulus situation.

The results of this study comparing three measures of transitional
status strongly support the conclusion that of the two verbal measures
Brainerd's judgment-only and the Genevan developmental level; the
Genevan developmental level is a more reliable and valid measure of a
child's level of understanding of number.

3. Training

The results of this study found that age accounted for most of
the variance in training performance, followed by DLT, total develop-
mental level score and then DLSN total developmental level score for
seriation and number. However, none of these variables accounted for
very much variance as the highest simple correlation was .43 for DLSN
with training. Furthermore, training performance was found to bhe
essentially unrelated to post-test performance on the number post-tests.

It would be difficult to interpret the task as not teaching
number, as it is tested by Piagetian tasks for number conservation.
Indeed, half the subjects were asked at the end of the training, how

they were able to pick the right set of dolls. Every child who had
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achieved an errorless performance on training by the last day answered
by saying "you count." The children who did not achieve an errorless
performance usually gave as an answer, "You have to find the dolls that
fit in the beds;" a variation of the training directions. The only
exception was one little girl, who told the experimenter that to get
them right you must count, but to count was cheating! The other hall
that were not asked could be observed to he counting the sets of dolls,
usually out loud. Furthermore, the task was originally chosen because
it was used successfully to teach children number before (Halford and
Fullerton, 1970).

The only explanation that apparently can account for these
results is that in any learning experiment, even with learning to a
criterion, when retention is tested after a period of time a certain
proportion of subjects "forget" what they learned (Hilgard and Marquis,
1968) . To translate this into Piagetian terms, Piaget (1964) would
predict that children who were transitional would accommodate their
schemas, and if trained they would learn the new concept and retain it
over time. Children who were non-transitional could learn to count:,
and learn that counting was necessary to get the "“right" set of dolls.
However, what these subjects in this study obviously did not notice was
that spacing and length of the rows of the dolls was not related to how
many dolls there were in a row. The Inheldor et al. (1974) tasks for
number utilize spatial transformations of equal number rows or circles
of objects. The non-transitional subject interprets the spatial trans-
formations as changes in number.

Thus, transitional children as identified by the arousal measure
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and the developmental level measure learncd the concept of number
invariance, whereas the nen-transitional childran learned how Lo count
the dolls, but did not learn number invariance. Another small group of
children did not even learn to count the dolls. If the learning by
accretion hypothesis is correct there should have been a good correla-
tion between training and post-test performance. If the cognitive
learning hypothesis of the Genevan's is correct, there should have been
a low correlation between training and post-test performance. The
latter was the case in this study.

Finally, after age, the only pre-test measures to account for a
significant amount of total variance of the independent variables with
training, were the developmental level scores. These results indicate
that, even for training, the developmental level measure is a moro valid
measure than the judgment-only measure. Presumably, the developmental
level scores do better here because they are consistently better at
identifying non-transitional subjects than the judgment-only measure.

The results of this study support the hypothesis of the Genevans
that only children in transition will respond to training (Inhelder et
al., 1974; Piaget, 1971b).

4. Class Inclusion

"All that the operations constituting number, i.e., one to one
correspondence (with conservation of the resulting equivalence despite
differcnces in shape) or simple repetition of unity (1 + 1 = 2; 2 + |
= 3; etc.) require are the additive groupings of classification and the
serialization of asymetrical relations (ordering); but these are

blended into a single operational whole, so that unit 1 is simultancously
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an element in a class (1 included in 2, 2 in 3, cte.) and in a series
(first 1 preceding the second 1, etc.) (Piaget, 1960, p.144)."

In other words, the understanding of Piaget's number concept
depends upon the child's understanding of class inclusion and seriation.
The results of this study confirmed that the number concept tested was
related to seriation, but the verbal measurc (developmental level) of
class inclusion was not related to either seriation or number. Nor was
class inclusion related to the post-tests of number. Not one subject
out of the original 57 subjects passed class inclusion during pre-
testing. There were four subjects who received a passing score on post-
test class inclusion. Two of these subjects were dropped from the
statistical analysis because they had perfect scores on both pre-tests
seriation and number, and perfect scores on both number post-tests. The
other two were among the 19 transitional subjects. These subjects also
had perfect scores on the two number post-tests. The most frequent
score was zero for all subjects. Thirty-seven subjects out of 57 scored
zero on post-test class inclusion. A recent review of the research on
class inclusion concluded that relationship of class inclusion to bther
cognitive developmental schemas is unclear (Winer, 1980). The
unanticipated results of this study may shed some light on this problem.
Arousal level during pre-testing for class inclusion is the only pre-
test measure that ig significantly related to the total post-test
results. As mentioned in the results it is apparently the contribution
of arousal class inclusion (ARC) to the total score for total arousal
(ART) that results in the total arousal score (ART) classifying transi-

tional and non-transitional subjects on the two number tests better than



the total arousal score for seriation and number , ARSN (Table 11).
There are two possible explanations for this phenomenon. (1)
Piagetian number tests are inappropriate tests of Piaget's (1960, p.144)
number concept. This may be because as Piaget (1960) says: "Further-
more, as soon as these additive groupings are acquired multiplicative
groupings are immediately understood in the form of correspondence
(p.143)." The Inhelder et al., (1974) number tasks can be done if the

child only understands number invariance, i.e., that spatial transfor-

mations do not change number. TIn other words, only addition and sub-
traction need to be understood in order to do the task. The understand-
ing of the principle of multiplication is not necessary. However, it

is clear, from Piaget's above definition, that class inclusion is
necessary for the understanding of mulbtiplication. (2) 1The other
possibility is that the understanding of Piaget's full number concept
is dependent upon the child being in decalage for both class inclusion
and number invariance. If this is the case then attainment of the
full number concept as Piaget (1960) describes it, would be dependent
upon the understanding of seriation, followed by number invariance
(addition and subtraction), followed by class inclusion, and then the
full number concept (multiplication).

The results show that the subjects, who showed large increases in
arousal during pre-testing for class inclusion also showed increases in
arousal during pre-testing for seriation and number. These were the
subjects who understood the concept of number as defined by the two
number post-tests.

Thus, there are two questions which arise from this study that
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deserve further investigation. Are the Inhelder et al. (1974) tests

Lor nunber appropriale tousts for Plaget's (1V60) theoretical Lormula—
tion of the number concept? Does the attainment of class inclusion
occur before or after number invariance? The results of this study
tentatively indicate that class inclusion occurs after number invariance
and that the child who will learn number invariance is in decalage for
both class inclusion and number invariance. Given training for number

invariance such children in this study attained number invariance but

not class inclusion.



5. Conclusion

The results of this study of the relationship of the hypotheti-
cal construct arousal to Piaget's (1971a) hypothetical construct,
equilibration, provide strong confirmation that arousal changes reflect
the different amount of energy utilization hypothesized for the dual
processes of equilibration, accommodation, and assimilation; during the
performance of a Piagetian cognitive task. These results were also
found to fulfill Cronbach and Meehl's (1966) criteria for construct
validation.

It was also found that the Genevan developmental level measure
was a more reliable and valid measure of transitional status than the
Brainerd (1977) judgment-only mecasure. The Genevan method met statis-
tical significance criteria, as well as Brainerd's (1977) criteria for
the best verbal response measure. The most accurate measure for class-
ifying transitional status was the arousal measurc.

Training was found to have a low correlation with post~-test
performance. It was concluded that this was because both transitional .
and non-transitional subjects performed well on the tralning task, but
the transitional subjects learned number invariance, and thus performed
well on the post-tests. However, the non-transitional children learned
only to count the dolls, thus doing poorly on the post-tests. As
further evidence for this interpretation it was found that only the
developmental level measure, which accurately classified non-
transitional subjects, predicted training performance.

Finally, the findings, that arousal during pre-test class

inclusion was highly predictive of post-test performance; whereas the
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verbal measure for both class inclusion tests were not; were inter-—
preted to mean: either the Inhelder et al. (1974) tests of number were
inappropriate measures of Piaget's (1960) number concept, or that class
inclusion occurs after number invariance. A hypothesis was proposed
integrating these two interpretations; that the development of Piaget's
(1960) number concept proceeds from understanding seriation, to number
invariance (addition and subtraction), followed by class inclusion and

then the full number concept (multiplication) .
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Table 5
Canonical Correlation Analysis: Redundancy Coefficients:
Sguared Multiple Correlations of Each Independent Variable With

Every Other Variable in the Set

Variable R Sqguared
Judgment-only class inclusion Joc .867
seriation JOS .836
number JON .913
Developmental Level class inclusion DLC .867
seriation DLS .831
number DIN .915
Conductance class inclusion CONC . 740
seriation CONS .806
number CONN .869
Arousal Interval Scale class inclusion ARC .876
seriation ARS .849
numbexr ARN .801

Squared Multiple Correlations of Each Dependent
Variable with Every Other Variable in the Set

Variable R Sguared
Training TRAIN .23
Post~tests class inclusion POC .07
first number test PON .75

second number test POP .78
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Table 6

Correlations of Redundant Independent Variables

Arousal Measures Verbal Measures

ARC CONC .64 DLC - JoC .89

ARS CONS .56 DLS - JOS .89

ARN CONN .61 DLN - JON .93

ARSN - COSN .61 DL.SN - JOSN .93

ART CONT .63 pLT -~ JOT .89

ARC = Arousal interval scale class inclusions scores.

ARS = Arousal interval scale seriation scores.

ARN = Arousal interval scale number scores.

ARSN Arousal interval scale total scores for seriation
and numbex.

ART = Arousal interval scale total scores for class
inclusion, seriation and number.

CONC = Conductance class inclusion scores.

CONS = Conductance seriation scores.

CONN = Conductance number scores. )

CONS = Conductance total scores for seriation and number.

CONT Conductance total scores for class inclusion,
seriation and number.

DLC = Developmental level class inclusion scores.

DLS = Developmental level seriation scores.

DLN = Developmental level number scores.

DLSN = Developmental level total scores for seriation and
number.

DLT = Developmental level total scores for class inclusion
seriation and number.

JOC = Judgments-only class inclusion scores.

JOS = Judgments-only seriation scores.

JON = Judgments-only number scores.

JOSN Judgments-only total scores for seriation and number.

JOT = Judgments-only total scores for class inclusion,

seriation and number.
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Table 7

Correlation of Pre-~Tests and Post-Tests with Training Scores

Pre-Tests

Judgments-Only
class inclusion
seriation
numbeXx

Developmental Level
class inclusion
seriation
number

Arousal Interval Scale
class inclusion
seriation
numbexr

Conductance
class inclusion
seriation
number

Pre-Tests

Judgments-0Only

seriation and number

class inclusion, seriation
Developmental Level

seriation and number

class inclusion, seriation
Arousal Interval Scale

seriation and number

class inclusion, seriation
Conductance

seriation and number

class inclusion, seriation

Correlation

Post-Tests

Class inclusion -
Class inclusion -

Number test 1. -

Post~-Tests

Class inclusion .01
-.06 Number test 1 .18
.24 Number test 2 .38%*
.33%

-.14
.29%*
L 32%

.14
.20
.22

.20 Age  .414%%

.14
.25
Post=Tests
Number tests 1 and 2 . 30%*
.40** Class inclusion,
and number .32% number tests 1 and 2 .273%
LA3F*

and number L37F*

.22
and number .20

.20 Age .414%*%*
and number .21

of Post-Tests with Each Other

Number test 1. .24
Number test 2. .26
Number test 2. .Bh*%*
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Table 8

Canonical Correlation Analysis Between Two Sets of Variables:
Pre-Test Measures (Indpendent Variables), and Dependent

Variables, Training and Post-Tests

Pair of Canonical Canonical Eigen Chi-
Variates Correlation Value Square df
1 . 866 . 750 107.98%*%* 48
2 697 .418 50.41% 33
3 .549 .301 23.42 20
4 .430 .185 8.52 9
*
p < .05
* %
p < .01
* k%

p < .001



Canonical Correlation Analysis:
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Standardized Coefficiernts (Loadings)

First Pair of Canonical Variates

Independent Variables

Judgments-only class inclusion (JOC) ~.544
Judgments-only seriation (JOS) . 428
Judgments-only number (JON) .186
Developmental Level élass inclusion (DLC) .647
Developmental Level seriation (DLS) -.410
Developmental Level number (DLN) .272
Conductance class inclusion (CONC) -.073
Conductance seriation (CONS) -.025
Conductance number (CONN) .385
Arousal Interval Scale class inclusion (ARC) . 857
Arousal Interval Scale seriation (ARS) -.566
Arousal Interval Scale number (ARN) .089

Second Pair of Canonical Variates

Independent Variables

Judgments-only class inclusion (JOC 1.445
Judgments-only seriation (JOS) -.172
Judgments-only number (JON) .613
Developmental Level class inclusion (DLC) —i.290
Developmental Level seriation (DLS) .193
Developmental Level number (DLN) -.273
Conductance class inclusion (CONC) .189
Conductance seriation (CONS) .164
Conductance number (CONN) . 202
Arousal Interval Scale classinclusion (ARC) -1.366
Arousal Interval Scale seriation (ARS) 1.069
Arousal Interval Scale number (ARN) .287

Dependent Variables

Training (TRAIN) ~-.051

Post-test class
inclusion (POC) .431

Post—-test 1 number
(PON) .401
Post-test 2 number

(POP) .438

R = .866°"
C

Variance accounted for 75%

Dependent Variables

Training (TRAIN) .366
Post~-test class

inclusion (POC) -.71¢9
Post~test 1 number

{PON) —-.442
Post-test 2 number

(POP) ‘ .895

*
R = .697
C

Variance accounted for 48%




Table

10

Canonical Correlation Analysis Structure Coefficients:

Correlation of Each Variable in a Set with its Canonical Variate

First Pair of Cancnical Variates

Dependent Variables

Judgments—-only class inclusion (JOC)
Judgments-only seriation (JOS)
Judgments-only number (JON)
Developmental Level class inclusion (DLC)
Developmental Level seriation (DLS)
Developmental Level number (DLN)
Conductance class inclusion (CONC)
Conductance seriation (CONS)

Conductance number (CONN)

-.069
.056
.639
.116
.020
.730
.651
.598
.621

Arousal Interval Scale class inclusion (ARC)

Arousal Interval Scale seriation (ARS)

Arousal Interval number (ARN)

Second Pair of Canonical Variates

.470
.567

o4

Independent Variables

Training (TRAIN)

Post—-test class
inclusion (POC)

Post-test 1 number
(PON)

Post~-test 2 number
(POP)

Dependent Variables

Judgments-only class inclusion (JOC)
Judgments-only seriation (JOS)
Judgments-only number (JON)
Developmental Level class inclusion (DLC)
Developmental Level seriation (DLS)
Developmental Level number (DLN)
Conductance class inclusion (CONC)
Conductance seriation (CONS)

Conductance number (CONN)

Arousal Interval Scale class inclusion (ARQC)

Arousal Interval Scale seriation (ARS)

Arousal Interval Scale number (ARN)

086

.051
.334
. 317
.192
.236
.140
. 327
.452
.118
.371
.486

Independent Variables

Training (TRAIN)

Post~test class
inclusion (POC)

Post-test 1 number
{PON)

Post-test 2 number

(POP)

.203

.644

.878

.868

.616

.605

. 480
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Table 12

The Correlation Coefficients of Arousal Scores (AR) with
Genevan Developmental Level Scores (DL) and with

Brainerd's Judgment-Only Scores (JO)

Jugments-Only Developmental Level

Pre-Tests
Class Inclusion

(C) Jgoc® -.1s DLC  -.13
Seriation

(S) JoSs -.08 DLS -.05
Number

(N) JON . 29% DLN .35%
C + S + N JOT -.08 DLT -.03
S + N JOSN .13 DLSN .13

*

P .05

aJOC, Judgments-only class inclusion; JOS, Judgments-—
only seriation; JON, Judgments-only number; JOT, Judgments-
only total score for class inclusion, seriation and number;
JOSN, Judgments only total score for seriation and number ;
DLC, Developmental Level class inclusion; DLS, Developmental Level
seriation; DLN, Developmental Level number; DLT, Developmental
Level total score for class inclusion, seriation and number; DLSN,
Developmental Level seriation and number



Table 13

Descriptive Statistics of the Independent Variables

and Dependent Variables

97

Independent Variables

Sex 1.
Age 60.

Judgments-Only

Class inclusion (JOC)
Seriation (JOS)

Number (JON)

Total score for seriation

and number (JOSN) 1.
Total score for class inclusion,
seriation and number (JOT) 2.

Developmental Level

Class inclusion (DLC)
Seriation (DLS) 2.
Number (DLN) 2

Total score seriation and

number (DLSN) 4
Total score for class inclusion,
seriation and number (DLT) 4.
Arousal Interval Scale
Class inclusion (ARC) 4
Seriation (ARS) 4
Number (ARN) 5
Total score for seriation and
number (ARSN) 9
Total score for class inclusion,
seriation and number (ART) 14.
Conductance Scale
Class inclusion (CONC) 12
Seriation (CONS) 12.
Number (CONN) 12
Total score for seriation
and number (COSN) 25.
Total score for class inclusion,
seriation and number (CONT) 38.

Standard
Deviation

Mean

491

491 months 5.
.439

.965

.807

772 1
211 1
.581

368 2
.018 2
.386 3
947 3
.951 4
.974 5
.012 4
.986 9
937 13.
. 765 1
930 1
.832 1
762 2
562 3

.504

386

.627
.801
.854
.310

.333

.887
.127
.303
.707

.642

.525
.107
.728

.A76
.351
.280
.525

.731

Continued...

Range

1
22

NN

=8

o O

12

12

17
21
19

40

53.

Ul U

15.

.000
.000

. 000
.000
.000
.000

.00

.000
.000
.000
.000

.000

.000
.000
.000
.000
500
,230
.840
.300

.000

210
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Table 13 (Continued)

Descriptive Statistics of the Independent Variables

and Dependent Variables

Standard
Mean Deviation Range
Dependent Variables
Training 23.912 11.397 35.000
Post-Tests

Class inclusion (POC) .789 1.820 6.000
Number test 1 (PON) 3.088 2.721 6.000
Number test 2 (POP) 3.351 2.761 6.000

Total score for number tests
1l and 2 (PONP) 6.439 5.288 12.000

Total score for class inclusion,
number tests 1 and 2 (POT) 7.228 6.077 18.000
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SCATTERGRAR OF {DO¥HN} PONP POSTTEST NOEBER TEST 1 ¢2 {ACROSS) ART AIS INCLUSION+SER&NINBER
2.25 6.75 11.25 15.75 20.25 2u.75 29,25 33.75 38.25 42.75

B T T R e T B e et e e R e e e

12.00 + 2 * 3 = & = 2 * = bt “+
I I

I I

I I

I I

10.80 + +
I I

I I

T hd ® T

T N I

9.60 + +
I I

I I

I - * I

I I

g.u0 + +
I I

I * 1

I 1

T I

7.20 + +
I = I

I 1

bs I

b 1

6.00 + * hd s +
I I

T I

1 T

I = I

4,80 + +
I I

1 1

I T

1 I

3.60 ¢ +
I I

I 1

I * I

I I

2,40 + +
I I

1 * = - 1

I T

1 I

1.20 ¢ +
I hd 4 I

b4 1

I 1

I I

0.0 ¢ s% % &= sar  J% = 2 “ X +
P T T e e T e e e R S et Tt b
0.0 4.50 9.09 13.50 18.02 22.50 27.00 31.s¢0 36,00 40,592 45,00

Figure 1

AIS Arousal Interval Scale

ART Arousal Interval Scale total scores for class inclusion,
seriation and number.

PONP Post~tests total score for number post-tests 1 and 2.
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SCATTERGRAB OF (DO¥ K} PONP POSTTEST HUHBER TEST 1 2 (ACRCSS) DLT DEVELOPHMTNTAL LEVEL INCLUSION+SE
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0.0 1.80 3.60 5.40 7.23 3.00 10.8C 12.60 19,47 16.27 18.09

Figure 2

DLT Developmental Level total score for Class Inclusion,
Seriation and Number.

PONP Post~tests total score for Number Post-tests 1 and 2.
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{DOWRN) POXKP POSTTEST NUHBER TEST 1 +2 {ACEOSS) JoT JUDGEHENTS INCLUSION+SERIATION+N
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Ffo
19 vre 33
JOoT Judgments Only total score for class inclusion, seriation
and number.
PONP Post-tests total score for number Post-tests 1 and 2
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Re .86b

FIRST PAIR OF
CANONICAL VARIATES

Figure 4

pDLT Developmental level total score for class inclusion, seriation and
number.

ART Arousal Interval Scale total score for class inclusion, seriation
and number.

PONP Post-tests total score for Number tests 1 and 2



