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ABSTRACT

The purpose of this study was to determine the
relationship of method of presentation, grade level, sex, and
achievement within grade and sex to the various bases upon which
children of low socioeconomic background classify geometric concepts.
Two tasks were administered to 96 subjects in the fifth, eighth, and
eleventh grades--32 at each grade level. Task I was an equivalence
task comprised of a sequential presentation of eight geometric
concept cards. Half the subjects were given a verbal presentation
while the other half were given a pictorial presentation. Sub jects
were asked to explain likenesses and differences between stimuli.
Task II was a free sorting exercise. Subjects were presented with a
26-item picture array, asked to select from the array cards which
were alike, and to explain the bases of their groupings. Task I
responses were classified into Perceptible, Nominal, and Subject-Fiat
categories; for Task II responses, only Perceptible, Attribute, and
Nominal categories were used. This study found, contrary to
expectation, that low SES children in grades 5, 8, and 11 do not vary
significantly from one another in their bases of classifying
geometric figures. .Achievement, method of presentation, and sex were
also found not to be a significant influence on bases of
classification. (Author/AG)
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STATEMENT OF FOCUS

The Wisconsin Research and Development Center for Cognitive
Learning focuses on contributing to a better understanding of

‘cognitive learning by children and youth and to the improvement

of related educational practices. The strategy for research and
development is comprehensive. It includes basic research to gen-
erate new knowledge about the conditious and processes of learn—
ing and about the processes of instruction, and the subsequent
development of research-based instructional materials, many of
which are designed for use by teachers and others for use by stu-
dents. These materials are tested and refined in school settings
Throughout these operations behavioral scientists, curriculum ex-
perts, academic scholars, and school people interact, insuring
that the results of Center activities are based soundly on knowl-
edge of subject matter and cognitive learning and that they are
applied to the improvement of educational practice.

This Technical Report is from the Project on Variables and
Processes in Cognitive Learning in Frogram 1, Conditions and Pro-
cesses of Learning. General objectives of the Program are to
generate knowledge and develop general taxonomies, models, or
theories of cognitive learning, and to utilize the knowledge in
the development of curriculum materials and procedurcs. Contrib-
uting to these Program objectives, this project has these objec-—
tives: to ascertain the important variables in cognitive learn-
ing and to apply relevant knowledge to the development of instruc-
tional materials and to the programming of instruction for indi-
vidual students; to clarify the basic processes and abilities
involved in concept learning; and to develop a system of indi-
vidually guided motivation for use in the elementary school.
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ABSTRACT

The purpose of this study was to determine the relationship of
method of presentation, grade level, sex, and achievement within grade
and sex to the various bases upon which children of low socioeconomic
background classify geometric concepts. This study was designed as
a replication of a recent experiment (Wiviott, 1970) carried out with
high socioeconomic status children. Two tasks were administered to
96 subjects in the fifth, eighth, and eleventh grades--32 at each grade
level. Task I was an equivalence task comprised of a sequential
presentation of eight geometric concept cards. Half the Ss were
given a verbal presentation while the other half were given a picto-
rial presentation. Ss were asked to explain likenesses and differences
between stimuli., Task II was a free sorting exercise., Ss were pre-
sented with a 26-item picture array, asked to select from the array
cards which were alike, and to explain the bases of their groupings.
Task I responses were classified into Perceptible, Attribute, Nominal,
and Subject-Fiat categories; for Task II responses, only Perceptible,
Attribute, and Nominal categories were used.

This study found, contrary to expectation, that low SES children
in grades 5, 8, and 11 do not vary significantly from one another in
their bases of classifying geometric figures. Achievement, method
of presentation, and sex were also found not to be a significant
influence on bases of classification. Low SES Ss gave more Perceptible
responses and fewer Nominal responses than high SES Ss in Wiviott's
study. '

xi
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Chapter 1

INTRODUCTION

In recent years, there has been a burgeoning collecticn of
research evidence indicating that children and adults learn about
their environment by rendering things equivalent. For man to under-
stand the world around him, and subsequentiy to be able to cope effec-
tively with all the complexities and multiformities of life, he must
learn to group objects on the basis of relevant properties.

This sorting process, referred to as ''classificatory behavior" or

"equivalence formation," cannot be undervalued. Differentiating among

objects according to their properties anc generalizing to new instances
is a preliminary step toward the development of conceptual thinking
behavior.

With children, the ability to form equivalence has attracted
considerable attention. Studies have demonstrat;ed rather persuasively
that this is a learned achievement manifested in varying degrees
depending upon the level. of cognitive growth (.‘éruner, Olver, Greenfield,

et al., 1966). Not all children exhibit the same level of classifi-

catory behavior; some school children, in fact, show deficiency in




versatile classification of objects and rely upon an early acquired

way to do their grouping.

The present study was designed as a replication of features of
previous investigations, particularly the:study of Wiviott (1970),
on the development of classificatory behavior among school children.
In her study, Wiviott extended the conclusions of Jerome Bruner and
his co-workers (Brumer, et al., 1966) to the classroom setting. To
continue in the same spirit, it was hoped that this study could
inspire new directions for instructional practices.

Operationally, classification is simply the process whereby
one groups at least two objects together because they are alike in
some way. Piagetian theory holds that "classification implies a rela-
tion of resemblance between members of the same class, and one of
dissimilarity between members of different classes" [Inhelder & Piaget,
1964, p. 5]. Proficiency at making equivalence judgments on a higher
operational plane ensues only tﬁrough cognitive growth and experience.

Equivalence formation is also an important construct in
the cognitive theory of Bruner (1964). His three "modes of repre-
sentation"--enactive, ikonic, and symbolic--are means of represent-
ing the information which human beings encounter in their complex
environment. In the enactive stage of representation, the young child
attempts to unravel the mysteries of the world through his repertory
of motor activity; after a tiine he relies increasingly upon the organi-

zation of selected images from his perceptual field (ikonic); and

12+
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still later, the child slowly starts translating his actions and

images into language (symbolic). This last stage ranks highest in

the internal representation of experience. Together these modes enable
the child to better understand, to "know,'" and to interact with his
surroundings.

Representational growth "is reflected in the changing ways that
children have for imposing equivalence on things of their world" [Bruner,
et al., 1966, p. 68]. Bruner theorized that enactive, ikonic, and sym-
bolic representation, for instance, might each accentuate diftferent
features of the environment, resulting in different bases of classifica-
tion. For enactive representation, equivalence might be formed on
the basis of some action frequently performed on certain objects,
while with ikonic representation things might be brought together for
their perceptual affinity. And grouping under symbolic representation
might be regulated by the conventional categories and the structure
of one's language.

The purpose of this study was to determine the relationship
of method of presentation, grade level, séx, and achievement level
within grade and sex to the various bases by which children of low
socioeconomic background classify geometric éoncepts. In addition,
results of the experiment can bé compared with the findings of Wiviott
(1970) , whose sample conéisted of high sbcioeéonomic status (SES)

subjects.




Hypotheses: This study tested the following propositions:

(1) Low SES children in grades S5, 8, and 11 differ in their bases of
classifying geometric figures. Children in the lower grade levels
categorize more on perceptible bases than children in the upper
grades. Conversely, children in the upper grade levels categorize
more upon attribute and nominal bases than children in the lower
grades.

(11) Low SES children of high and iow achievement differ in their bases
of classifying geometric figures. Low achievers give more percep-
tible responses than high achievers, while high achievers give a

greater predominance of attribuie and nominal responses than low

A AP b Ay Tan e

achievers.

(111) Low SES boys and girls do not differ in their bases of classify-
ing geometric figures.

(1v) Verbal and pictorial methods of presentation have a significant
effect on the bases of classifying geometric figures among low st

h children. A pictorial presentation elicits more perceptible

responses than a verbal presentation.

TR R

(v) The total number of correct classifications differs only as a

function of achievement level. High achievers give more correct

responses than low achievers.

A total of 96 students from a low SES urban population served

B T T o T e ey

as subjects for this experiment. Three grade levels were used: fifth,

eighth, and eleventh grades. At each grade level, the population of low

I
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SES children was stratlfied according to sex and mathematics achievement
level within grade and sex. Subjects were randomly selected from the
stratified population and then randomly assigned to either a verbal or
pictorial treatment group for the first task.

Two tasks were administered consecutively to each subject under
individual testing conditions. The first was an equivalence task con-
sisting of eight geometric concept cards presented in a fixed order.

The array was comprised of the concepts square, rectangle, rhombus,

parallelogram, quadrilateral, triangle, circle, and cube. Half of the

subjects (Ss) received cards having the concept name printed on them
(verbal group); the other half received cards with the appropriate
geometric figures drawn on them (pictorial group). Each S was presented
with the first two cards and asked to explain how they were alike.
Next, the third concept card was presented and the S was asked how it
differed from the first two and how all three were alike. This pro-
cedure continued until all cards had been presented with cube, the last
card, representing the contrast item.

The second task was a free-sort entailing 26 geometric concept
examples printed on individual cards. The concepts were the same as
in the first task (except cube was eliminated), but examples varied
along the irrelevant dimensions of size and orientation. The S was
asked to construct groups of pictures by selecting those figures that
appeared alike to him in some way and to tell the basis for his grouping.

After completing a group, the S was asked to repeat the operation until)

15




seven groups had been formed, and each time the rationale for the classi-
fication was requested,

Responses from each S on Task I were categorized according to
four bases bf classification: Perceptible, Attribute, Nominal, and
Subject-Fiat. The responses given on Task II were categorized according
to only three bases of classification: Perceptible, Attribute, and
Nominal. The Perceptible basis of classification refers to items rendered
equivalent by specifying immediate phenomenal qualities, such as color or
size, The Attribute basis refers to items rendered equivalent by specifying
a particular attribute of the concept, Nominal basis refers to items rendered
equi\}alent by giving a name or label (supraordinate concept) appropriate to
the items, And, Subject-Fiat refers to items rendered equivalent without

providing any further information as to the basis of this grouping.

16
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Chapter II

RFVIEW OF RELATED RESEARCH

The Nature of Classificatory Behavior

The study of classificatory behavior has been pursued intermit-
tently for the past fifty years, although only in the last ten years
have we seen persistent attention given to this phenomenon of cognitive
development. Descoudres (1914), a French psychologist, conducted one
of the first developmental studies to ascertain how concepts of color,
form, and number evolve with age. Her early experiments were concerned
with the way abnormal children classify things; these experiments later
served as the impetus toward observing how classificatory behavior
unfurls in normal children. Using five tasks which required subjects
to choose between form and color, number and color, and number and
form, given geometric and familiar household items, Descoudres found
that children 3-6 years of age preferred color over both form and
number as a basis for grouping objects together. While this was the
case in early childhood, children in the 7-8 age group were noted to
desire form over both color and number, a preference which continued

through adulthood.

17
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Brian and Goodenough (1929) obtained results similar to those of

Descoudres when the same age~group comparisons were made. In addition,
they discovered that children below three years of age show a striking
preference for grouping on the basis of form rather than color. Despite
a transient preference for classifying with color from about ages 3'—6,
form preference once again reappears by age six and remains as the most
salient basis of classification,

While there have been :aany investigations dealing with color and
form preference in young children--including Kagan and Lemkin (1961)
and Harris, Schaller, and Mitler (1970) among others--most of these
confirm the general finding that young children prefer color matchings
and older children prefer form matchings. Where these studies differ
is usually witl respect to the exact transition period. Suchman and
Trabasso (1966) suggest that the "critical transition age' varies for
individuals and that studies of the present kind are unlikely to dis-
cern a distinct transition age.

Reichard, Schneider, and Rapaport (1944) utilizing Weigl Color-
Form and Sorting tests discovered a steady increase with age in the
ability to match objects which belong together. Their study led to
a tentative set of norms for the development of conceptual abilities.
Three levels of conceptual development were identified: concretis-
tic, functional, and conceptual. The first level (concretistic),
typically found in children 5-6 years of age, is characterized by
classifications made on the basis of noncritical extraneous features
of the objects. In the second level of concept formation (functional),
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most prevalent in children 8-9 years of age, classifications are based
upon the use or function of objects. Finally, in the last level of
development (conceptual) classifications are constructed on the basis of
abstract properties or relations between objects.

Valuablé investigations of classificatory phenomena have also
been carried out by the famous Swiss genetic epistemologist, Jean
Piaget. Because of his contributions as a penetrating observer and
prolific writer of child development, he is generally acclaimed as the
most outstanding theorist in the field of cognitive development.

Classificatory behavior, according to Piaget (1954), commences
during the first two years of childhood. Beginning with the use of
reflexes and his first acquired associations, the child succeeds in
constructing a system of schemes for making unlimited combinations of .
things. This behavior manifests itself as a part of the child's
"gsensorimotor intelligence" (0-2 years) and presages the development of
logical concepts and relations. In the last phase of their development,
these sqhgmes can permit certain spontaneous and internal regroupings
which are equivalent to mental deductions and construction. Eventually,
a coherent universe emerges from the chaos of initial egoceatric per-
ceptions when objects, causality, space, and time become elaborated.

The formative years of the child's classificatory developmeut
occur during the preoperational period (2-7 years). At this time, the
child first becomes capable of classifying two objects together on the
basis of one attribute, and later he is able to group tﬁore objects

together with multiple attributes.

4




Subsequently, the child can move from groupings based on observable

characteristics to groupings made according to unseen or inferred at-
tributes. The ability to make valid inferences about class membership
and class inclusion requires the further development of cognitive tools
that come only when the child approaches the stage of concrete opera-
tions. At this point, the child's thinking includes objects and classes
of objects that are not placed before hiﬁ.

Inhelder and Piaget (1959) described eleven partially ordered
steps in the development of classificatory behavior. The process begins
when the child groups two objects together because they appear alike
to him in some way (resemblance sorting). Soon thé child enlarges
the scope of his classificatory activity by grouping more than two
objects (consistent sorting), while some time later he becomes capable
of grouping all objects that can be considered alike in some respect
(exhaustive sorting).

The child also learns what bases for classification are acceptable.
Physical proximity is preferred less as a means of grouping since the
resultant groupings are temporal (cpnservation). The ability to form
successive and simultaneous classifications and to understand class
inclusion is acquired with experience in constructing one class at a
time. The child eventually will recognize that objects can be assigned
to more than one category (multiple class membership); he practices
with various attributes as the basis for grouping (horizontal classifi-

cation). The method for selecting criteria becomes more complex as the
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child's logical abilities develop. Successive classes are constructed
by single attributes and then by combinations-of attributes (hierarchica
classification). By the use of these combinations the child finally
learns to form classes that stand in an inclusion relatioﬁship to

each other; Class inclusion is therefore the product of these experi-
ences of dealing with diverse attributes and diverse schemes of at-
tribute combination.

When children achieve the understanding that objects fit into -
more than single class and that classes tend to overlap, they start
using terms like "some" and "all." In addition, with the acquisition
of important verbal tools fof comparison, they can join subclasses to
form superordinate classes (A + A' = B), divide superordinate classes
into component parts (B — A' = A), and make transformations (B > A).
This is understood to be the course of classificatory growth in Piageti.
terms. -

Kofsky (1966) utilized the technique of scalogram analysis to test
Piaget's eleven sequentially ordered steps in the attainment of classi-
ficatory concepts. According'to Piagetian theory, children acquire the
concept of '"class inclusion” by building upon rudimentary equivalence
formations via these eleven steps. Kofsky translated these steps of
classificatory development into eleven experimental tasks designed to
determine whether the level of difficulty coincided with the develoﬁ-
mental sequence outlired by Piaget and to ascertain vhether Ss who
had mastered a particular rule had also mastered all the simpler pre-

requisite rules.

) £, 2
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In her experiment, 122 preschool and elementary school children
between the ages 4-9 were required to demonstrate their understanding
of each of the eleven classificatory operations. This entailed the
correct manipulation of a set of geometric blocks administered in a
random order to each subject. Results revealed that the order of
difficulty of the eleven tasks coincided with Piaget's predicted order,
but no set order of mastery prevailed such that facility with the more
difficult items implied the same success with easier items.

Allen (1970) replicated Kofsky's study again using scalogram
analysis. The general findings in this experiment indicated that the
eleven items do not constitute an ordered seduence as hypothesized by
Piaget, where passage of one task necessarily implies passage on all
lower rank items. Allen concluded'that an order of task emergence
does exist for these eleven items, although theré tends to be consider-
able overlapping fofl many of the stages. Nevertheless, the general
order of emergence is clear: children acquire grouping skills first
and class inclusion skills last.

Lowery and Allen (19€7) explored the lowest level of Piaget's
classification hierarchy, resemblance sorting, with the use of visual
stiﬁmlus material. Their procedure consisted of presenting 120 first
grade cﬁildren the Visual Résemblance Sorting Test (VRST), a test of
35 geometric and non-geometric drawings to be classified along three

dimensions: size, shape, pattern or a combination of these dimensions.
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Ss were required to match or differentiate the figures on the basis of

one, two, or three of the attributes, and their responses were scored
as either correct or incorrect. The investigators found that shape was
easier for children to use as a basis of sorting than pattern, and
pattern was easier than size. . 1In addition, a single attribute was
easier to deal with than a combination of attributes. Geometric
figures were sorted with greater ease than non-geometric figures.
Another study uéing Piagetian tasks was carried out by Wei (1967)
who compared the classificatory behavior of socially disadvantaged
children with that of middle class children in kindergarten and second
grade. Tasks related to "changing criteria," "object classification,”
"class-inclusion," and "matrices" were administered to 20 disadvantaged
and 20 middle class children at each grade level. The results sup-

ported Piaget's theory of a sequential stage development for these

classification tasks. While the a'bility to classify improved with
ége in both groups, the disadva;ltaged group of children .advanced more
slowly in classificatory development than children in the middle-
class group.

Raven (1970) developed instructional materials to teach the
classification skills postulated by Piaget. The exercises utilized a
deductive~generalization method to present the 8kills to second and
third graders. These exercises were contained in bookiets which were

comprised of geometric frames, transfer frames, and test frat;}es. Ss

were divided into three groups: treatment group 1l received classification

g3
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books 1-12 covering rules for simple grouping classes and rules for
hierarchical classification; treatment group 2 performed on booklets
6=-12 which entailed only rules for hierarchical classification; and
group 3, the control group, was given colored pictures to draw. Treat-—
ment group training occupied 15 minutes of a student's time each day

for 24 days of instruction. Results showed that the experimental treat-—
ment groups performed significantly better on the posttest than the
control group. However, no differences existed between the two treat-
ment groups on the classification test total score.

Aside from theée investigations of classificatory behavior related
to Plagetian theory, the research of Bruner and his co-workers, Olver
and Rigney, merit special attention. Their findings (Bruner, Goodnow,
& Austin, 1956; Bruner& Olver, 1963; Bruner, Olver, & Greenfield,

1966; Olver, 1961; Olver & Rigney, 1966; Rigney, 1962) will be
reviewed im greater detai_l because of the meaningful role they play in
the present study.

Olver (196l1) traced the development of equivalence formation in
children ages 6-19 using verbal materials. She devised two word
arrays for which her 60 Ss were to tell how the items were alike and
different. The two arrays consisted of the following words:

1. Banana, peach, potato, meat, milk, water, air, germs (inges-
tible items) and stone.

2. Bell, horn, telephone, radio, newspaper, book, painting, educa-

tion (message items) and confusion.
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Each child was presented the words banana and peach typéd on small

cards, one word per card. The S was then asked "How are banana and

peach alike?" Potato was then similarly presented for the child and he

was asked, "How is potato different from banana and peach?” And then,

"How are banana, peach, and potato all alike?" This procedure was

followed until all items of the two arrays were administered. The last

items in each group were included only for contrast with the other .
words. For instance, "How is stone different from banana, peach, potato,

meat, milk, water, air, germs?' The task items become more diverse

and increasingly more difficult as words are added. Table 1 lists the

various bases on which the items were judged to be alike.

The results indicated that younger children (six years of age)
grouped items more frequently according to perteptible properties than
did the older children. There was a steady incline with age toward the
use of the intvinsic functional basis of classification and less use of
the perceptible bases of grouping. Hence Olver's study supports the
theory that equivalence making develops with age. Young children are
immediately preoccupied with making associations on the basis of percep-
tion while later, through growth, they begin to link things more by
functional properties.

In another experiment, Rigney (1962) studied clgssificatory behav- -
ior lusing an ’array of 42 common pictures. Besides the use cf picto-
rial rather than verbal material, her experiment differed from Olver's

test in that the Ss (90 suburban school boys 6-11 years of age) were

o
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Table 1

Bases of Classification Used in the Olver Study

Perceptible: The child may render the items equivalent on the
basis of immediate phenomenal qualities such as color, size, shape,
or on the basis of position in time or space.

Perceptible Intrinsic They are . (X:adjective: ",
' both yellow.")
They have . (Xeinoun: ", . .
writing on them.')
Perceptible Extrinsic They are (preposition) . (X:posi-
tion in time or space: '". . . all in a
house.")

Functional: The child may base equivalence on the use or function

of the items, considering either what they do or what can be done
to them.

Functior:al Intrinsic They . (X:verb: ". . . make noise.")

Functional Extrinsic You them. (X:verb: ". . . can
turn them on.")

Affective: The child may render the items equivalent on the basis
of the emotion they arouse or of his evaluation of them.

Affective You them. (X:value or internal state:
", . . like them both.")
They are . (X:adjective indicating value:

", . . very important.")

Nominal: The child may group the items by giving a name that exists
ready-made in the language. ’

Nominal They are (or are not) . (X:noun: ". . . both
fruit.")

Fiat Equivalence: The child may merely state that the items are
alike or are the same without giving any further information as to
the basis of his grouping, even when he is prodded.

Fiat Equivalence "A" 1is (or is not) "B." (X:like,

similar to, the same as, and so forth: '"They are
the same thing, really.'')

Source: Bruner, Olver, Greenfield, et al., 1966, pp. 71-72. -
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asked to select for themselves pictures that were "a1ike in some way"
and to form a group. The drawings were illustrations. of common objects
such as scissors, a doll, a garage, clothing, etc. Ss were allowed to
form their groups in any way at all and asked to state how the pictures
that they chose were similar. The pictures were replaced into their
original positions and new groups were then constructed, repeating this
task ten times.

Rigney hypothesized that because of the use of pictures a greater
inclination toward perceptible attributes would be observed while few
classifications based on functional characteristics would occur. True
enough, the Ss responded with considerably more perceptible responses
than Olver's.subjects; however, the use of perceptible properties as
a basis for classifying declined with age--a trend which paralleled
that found by Olver., Six-year-olds gave the greatest number of percep-
tible responses, while the older age groups used functional attributes
and nominally based equivalence more often than younger children.

Regardless of whether the stimuli consisted of pictorial or verbal
material, the studies of Olver and Rigney reaffirm the position that
equivalence formation is a developmental process. Classificatory be-
havior for younger children largely reflects the imagery in their re-
presentation of experience. Children ostensibly depend less upon this
single mede of response when the ability to make symbolic repreeenta-
tions achieves maturation; higher-ofder bases of equivalence such as

the functional intrinsic then predominate.
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Mmd finally, Wiviott (1970), who picked up the research of Olver
and Rigney, furnishes us with some additional information on the nature
of equivalence making. In her study the effects of subject character-
istiés and the kind of materials used by Olver and Rigney were of crucial
concern., Specifically she wanted to determine the relationship of
method of presentation, grade level, achievement level, and sex to the
various bases on which students classify geometric concepts. Five
questions were posed in the experiment:

1. Do children in grades 5, 8, and 11 differ in their bases of .
classifying geometric figures?

2. Do children of high and low mathematical achievement differ
in their bases of classifying geometric figures?

3. Do boys and girls differ in their bases of classifying geometric
figures?

4, What are the effects of a verbal presentation and a pictorial

presentation on the bases of classifying geometric figures?

5. Does the degree of correctness of the responses differ between

grade levels, achievement levels, sexes and methods of presentation?

Utilizing geometric concepts for the sake of explicitness and
their indigenous role in the classroom, Wiviott reascned that this
approach might yield vital information on how children group perti-
nent classroom concepts,

Two tasks were devised for this é.xperiment. The first consisted

of a sequential presentation of eight geometric concept cards resembling
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Olver's word arrays. The array included square, rectangle, rhombus,

parallelogram, quadrilateral, triangle, circle and cube. Ss were

divided into two treatment groups, one group which was presented cards
with a picture of a concept example printed on it and the other group
which was presented cards with the name of the concept printed instead
of a picture. The concept cards used in this task are depicted in

Table 2, The S was introduced to the first two items, square and rec—

tangle, and asked how they were aiike., Next rhombus was presented and
the S was then asked how this differed from the first two items and
how they were all alike. This continued until all items were admin-
istered, with cube representing the contrast item.

Rigney's experiment served as a prototype for the second task.
The concepts here were the same as in the first task (with the ex-
ception of cube which was deleted), but a 26-picture array was con-
structed by using examples varying in size and orientationm. Materials
for the second task are shown in Table 3. .The S constructed groups
of pictures by selecting those figures that aﬁpeared alike to him in
some way. After completing a group and having explained the rationale
underlying the arrangement, the pictures were replaced in their _original
array s.o that anoi:her group could be formed. This process contihued
until ;he S had formed seven groups of plctures.

Responses on TasksI and II were placed into categories resembling
Olver's five bases of classification with some modification. The

Perceptible, Nominal aﬁd Fiat categories were retained, while an

Moo
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Table 2

20
Stimuli Used in Task I
PICTORIAL STIMULI
- < s
VERBAL STIMULI
SQUARE RECTANGLE RHOMBUS
PARALLELOGRAM QUADRILATERAL : - TRIANGLE
CIRCLE CUBE Source: Wiviott, 1970, p. 115.:
|
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Table 3

Stimuli Used in Task II

\\
>

1970, p. 116,

Wiviott

Source
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Attribute category was inserted in place of Functional, The Affective
category was dropped altogether., Table 4.describes the criteria for
judging responses and gives some examples, Ninety-six subjects were
used for the experiment with equal numbers froﬁ the fifth, eighth and
eleventh grades.

The results revgaled that grade level, achievement level and
method of presentation had a significant effect on bases of classifi-
cation. On both tasks, an increase in grade level was accompanied by a
decrease in the use of perceptible-~type responses, with attribute and
nominal bases increasingly being relied upon. Higher achievers made
fewer perceptible responses than low achievers, and Ss who were presented
the pictorial stimuli gave more perceptible responses than those who
were given the verbal material, The effect of sex on the bases of
classification proved negligible, In addition, the percentage of
correct responses was affected only by the achievement level; high
achievers answered more correctly than did their counterpart low
achievers. These differences, however, were small,

Thus, Wiviott's results accorded with her expectations that the
development of classificatory behavior would follow an orderly pattern.
The study substantiated findings of Olver and Rigney énd the Bruner
formulation with introduction of geométric material, Valuable infor-

mation was also gained about the three stratifying variables,
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Table 4

A System for Categorizing Task I and Task II Responses

Perceptible: The child may render the items equivalent on the
basis of immediate phenomenal qualities, such as color, size,
shape, or on the basis of position in time or space.

Example: They are alike because they are both black figures on
white cards.
They are both printed in black ink.
The lines are straight, not slanted.
They are tilted to the right.
This one is round.
One is longer than the other.
They are diamond-shaped.

Attribute: The child renders the items equivalent or diverse by
naming a specific attribute of the concept.

Example: They all have four sides.
They are closed figures.
They are plane figures.
They are made of line segments.

Nominal: The child may group items by giving a name that exists
ready-made in the language. A supraordinate concept name is used
as the basis of grouping.

Example: They are all parallelograms.
They are diamonds. _
Both the square and the rectangle are rectangles.
They are all geometric figures. '

Subject-Fiat: The child may merely state that the items are alike
or are the same without giving any further information as to the
basis of his grouping, even when he is prodded.

Example: They are alike.
They are just different.

Source: Wiviott, 1970, p. 47.
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Cultural Differences and Conceptual Development

The studies recounted above implicitly suggest that classificatory
behavior develops in stages with some degree of universality. Here-
tofore, this review has not dealt with the impact of culture upon the
growth of cognitive abilities, particularly with respect to classifi-
catory behavior. it would certainly be naive to accept the notion

that children from different cultures uniformly shift from color to

form, from resemblance sorting to hierarchical classification,' or from

a perceptible basis to a functional basis of ‘classification. Bruner's
statement about the "impact of culture" ought to serve as a premonition
in approaching cognitive phenomena.

It goes without saying that different cultures provide dif-
ferent 'amplifiers,' at different times in a child's life.
One need not expect the course of cognitive growth to run
parallel in different cultures, for there are bound to be
different emphases, different deformations. But many of the
universals of growth are also attributable to uniformities
in human culture. Cultural differences are not all that is
produced by human culture. Cognitive growth, whether diver-
gent or uniform across cultures, is inconceivable without
participation in a culture and its linguistic community.
[Bruner, et al., 1966, p. 2]

Thus, it is important to look at classificatory behavior in cultures

other than our own to make inferences concerning the impact of culture.
One such study of classificatory behavior in another culture was

carried out by Suchman (1966) who investigated the color-form preference

of Moslem Hausa children in Zaria, Nigeria, West Africa, By adminis-

tering three nonverbal sorting tasks requiring classification of




abstract forms with instructions given in the native language, Suchman

examined the developmental transition from color to form preference in
Ss of ages 3-15. The results indicated that there was no develop-
mental shift within the age span investigated, which suggested that the
concept of a universal maturational process in color-form preference.
must be modified or abandoned.

Maccoby and Modiano (1966) investigated the hypothesis that cul-
tural traits affect the kinds of attributes preferred for equivalence
grouping, They assigned classification tasks much like those developed
by Olver (1961) to rural and urban Mexican children. Results showed
that more than twice as many urﬁan as rural children succeeded at the
equivalance task. Urban Ss relied upon fewer perceptible attributes
and resorted to more intrinsic funétional and nominal bases of classi-
fication. The authors asserted that the explanation for this superi-
ority of the urbaﬁ child, who is more sophisticated linguistically
and more abstract, lies in his urban surroundings. The urban school
child is more inclined to manipulate concepts and to use his knowledge
beyond the parameters of the school curriculum,

Greenfield, Reich, and Olver (1966) tested the generality of the
urban-rural contrast with Alaskan Eskimos and Wolof Bush School children
in Senegal. In Senegal, differences were found between the responses
of rural and urban children which were parallel to the discoveries

made by Maccoby and Modiano (1966) for Mexican children. City-living
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Eskimos in Anchorage, on the other hand, showed continuity with other
urban children studied. The dissimilarity between urban and rural
children's performance was found to be analogous to a larger difference

that divaricates children who have attended school and those who have

not, The authors believed that, in the final analysis, the cause of
poor performance in both cases was due to a severely limited exposure
to problem solving and communication situations. Rural life, it
seemed, was less conducive to the development of higher cognitive
abilities. Results from unschooled Wolof children in the bush led the
same authors to conclude also that an alleged '"universal stage in con-
ceptual development, complexive grouping, is less than universal and
may be produced by school learning" [Greenfield, Reiéh, & Olver, 1966,
p. 315]. Little variability in equivalence making emerges with un-
schooled children.

In another study, Evans and Segall (1969) gave Ss from urban,
semiurban, and rural sections of Ganda two sorting tasks in which they
were to group things alike on the basis of physical appearance and
function. Both adults and children participated in these experiments,
some of whom were gschooled and others of whom were unschooled. The |
schooled children outperformed the unschooled children in learning to
sort by function., Learning to sort in this manner was found to be
most difficult for rural children and easiest for urban children.

On the other hand, no differences between schooled children and un-

schooled children were revealed in learning to classify by color.
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suggested that the experience factor, particularly with

The authors
regard to years of schooling and to a lesser extent with urbanization,

was the critical one influencing classificatory ability,

Schmidt and Nzimande (1970) confirmed the significance of the
experiential factor in classificatory behavior. Using children and

adults Ss from Zululand in South Africa, they obtained significant
differences between children in school and those not attending school,
between literate and illiterate urban workers, and between illiterate
urban and farm workers--favoring the foﬁer in each instance. Schooled

children provided more classifications based on form, size, and number
- than did the unschooled children. Urban Zulu workers, particularly
those who were literate (i.e., approximately 4-6 years of schooling),

and rural Zulu children with schooling showed a distinct shift from
Schmidt and Nzimande stressed

color preference toward alternatives,
the need in making cross-cultural comparisons to focus specific atten-

tion on the impact of the Western-type school in these countries.

Regardless of the fact that these schools tend to be poorly equipped

with teachers who have no more than 8-10 years of schooling them-
selves, they still present a cogent force in influencing the course of
human cognitive development,
Based on the research affirming the critical influence of edu-
cational experience underlying conceptual development, Okonji (1970)
attempted to train classification skills in 20 Nigerian Ibo children.

The Ss, 11-12 years of age, were matched with a control group for age,
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years at school, SES, qmd pretest performance. The‘training con-
sisted of four 40-minute sessions per week for four weeks. Ss were
trained in classification with a color-form-size sorting task and were
tested on a transfer task of animal sorting. The abilitylof the
trained group to make more shifts than the control group in the sorting
task was established as the success criterion since it was believed
that "shifting" one's basis of grouping is indicative of the level of
classificatory ability. A shift was considered to have occurred during
the sorting tasks when a S formed new groupings unlike preceding ones
using a different basis of classification. Okonji found that trained
children made lafger gains from pretest to posttest than untrained
children, using more superordinate concepts in defining the basis for
their grouping. However, no positive transfer was detected on the Kohs
Blocks test which served as a supplementary remote transfer task.

The studies cited above seemingly dispel with some tenability the
notilon that classificatory behavior develops uniformly across cultures.
Though a purely maturational position appears tenuous on the basis of

these studies, the last cross-cult‘:ural investigation to be reported here ~

presents results supporting such a position.

Price-Williams (1962) administered a number of tasks which involved
classifying locai plants and animals to children, 6 1/2 to 11 1/2 years
of age, of the Tiv tribe in Nigeria. He found that both schooled
and unschooléd Nigerian children followed the developmental trends
set forth l;y Inhelder and Piaget, although they attained the various

stages at slightly later ages than European children,
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In summary, the studies relating culture to classificatory be-

havior reviewed in this section point out that something more than
chronological age underlies conceptual development., The research
sugges.t:‘s that some minimal degree of schooling is essential for moving
from a rudimentary basis of classification to the higher-~order bases.
The implication for this study is that environmental factors as well
as maturation level may determine the level and growth rate of classi-

ficatory skills among low socioeconomic children.

Age Differences and Conceptual Development

" In the literature reviewed in the first section of this chapter,
we found some evidence of a relationship between age and classificatory
development., These studies have frequently indicated that American
children change from concrete and perceptible bases of grouping to
functional bases at about the age of six, To extend this discussion of
age a¢ a factor in the development of equivalence formation, several
additional studies will be reported.

Vinacke (1952) summarized a substantial number of early findings

on concept formation in The Psychology of Thinking and concluded that

children's concepts change with increasing age. He believed, however,
that the change occurred in the pattern of a gradual progression rather
than in sudden definite stages. Conceptualizing ability appears to
develop from simple to complex levels, and the greatest difference
between the concepts of children and those of adults results from the

wider experience and knowledge of adults.
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Goldman and Levine (1963) inquired into the development of modes

of concept formation when the stimuli to be conceptualized were familiar
objects. Their study concentrated on two important features of con-
ceptual development, individuation and hierarchic integration, Male
Ss ranging widely in age and educational experience were drawn from
kindergarten, first, second, fourth, sixth, and ninth grades, éollege
and scientific backgrounds. All Ss were asked to perform the Goldstein-
Scheerer Object Sorting Test which is divided into two parts: "active
sorting" and "passive sorting.," Three scores are derived from the test:
(a) Part-whole Relationships (determines whether or not the concept
offered by the S éncompasses all or part of the stimulus objects),
(b) Concepts (refers to the rationale provided for the sorting), and
(c) Formal Characteristics (considers multiple criteria, repetitions, and
number of objects sorted). Results showed developmental changes in
part-whole scores and in types of concepts used. These changes sug-
gested a shift from classifications based upon an immediate, experi-
ential link to the environment to conceptual bases‘ transcending per-
ceptual links.

Investigating developmental trends in the abstraction ability of
children, Sigel (1953) tested 60 white lower-middle class children
aged 7, 9, and 11 years, Five test situations were administered to
each child which included familiar toy objects, pictures of these

toys, and the names of these toys, His data revealed that regardless

of the stimulus used, perceptual bases of classification declined with
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age and conceptual bases increased. Seven-year—old children grouped
predominantly on thematic bases, nine-year-old children on perceptual
and conceptual bases with some miscellaneous categories, and eleven-
year-old children primarily on conceptual bases. Sigel's findings
supported the hypothesis that classificatory behavior changes with
age. Similar developmental changes may be likely to occur in the
present study. Low SES Ss are expected to shift from a perceptual

basis of classification to a more conceptual basis with increasing age.

Sex Differences and Conceptual Development
A compendious review of the research dealing with sex differences
in cognitive functioning has been presented by Anastasi (1958). While
females generally are observed to be superior to males on tasks re-

quiring rapid perception of details, males excel in spatial orientation.

In verbal functioning, girls tend to speak earlier than boys and
have larger vocabularies during the preschool years. This trend con-—
tinues throughout the elementary and high school level in other as-
pects of verbal ability as well--in reading speed, understanding of
analogies, sentence completion, and dissected sentences. More recent
studies using multiple-factof batteries indicate that in word fiuency
and language usage girls are favored, but findings tend to be neéligible
and inconsistent where verbal comprehension and verbal reasoning tests
are concerned. Anastasi posits two hypotheses to explain female verbal

pre-eminence: the precocious physical development of girls might

account for their rapid advancement in articulation; and, the nature




and extent of their contact with the mother, who plays an instru-
mental role in language training in the home, migh.t aid in this
verbal developmeat.

Girls also tend to be superior on memory tests, but the findings
do not signify a difference of the same magnitude as for verbal
functioning,

Tests of numerical aptitude show a male superiority which begins

to appear only when children are well into elementary school, Males
perform consistently better on numerical reasoning tests, whereas
females excel over males on tests measuring speed and accuracy in
computation,

And lastly, Anastasi summarizes discoveries related to school

achievement tests which disclose a male predominance in science, social

science, and érithmetic reasoning; and a female edge in spelling, lan-
guage usage, and arithmetic computation,

Sex differences in conceptual behavior- have been reported, but
are inconsistent, Honkavaara (1958) cited evidence that in children
7-11 years of age, girls make more use of form for classifying stimuli
than boys. In a replication of this same experime.nt with younger
children, ranging in age from 3 1/2 to 8 1/2 years, Kagan and Lemkin
(1961) obtained similar findings. Presenting paper cutouts of geo-
metric figures which differed in color, shape, and size, they found no

significant overall sex differences. However, when subjects were

divided into older and younger age groups, sex differences were apparent
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for the older group only; the older boys showed a preference for color,
while the older girls showed a preference for form. Kagan and Lemkin
suggested that this sex difference might be attributed to the early
development of verbal skills in young girls, since the language labels
for the geometric forms (square, triangle, circle) were used more often
by girls than boys.

In another study, Lowery and Allen (1970) conducted an experiment
with children at the first grade level to examine their performance
on several dimensions of "resemblance sorting,” the lowest level of
Piaget's classificatory scheme. Their Ss were divided into three SES
levels: upper, average and lower. Applying the Visual Resemblance
Sorting Test (VRST) as the criterion measure, females for the most
part showed higher mean scores than males.

Harris, Schaller, and Mitler (1970), however, found no evidence
of sex differences in sorting behavior. Performance on a color-form
sorting task did not differ between boys and girls in any of the age
groups studied--kindergarten, first grade, and third grade. Harris,
Schaller, and Mitler suggested that girls would have an advantage
in performing classificatory tasks only when those tasks required
significant language skill.

As noted earlier, Wiviott (1970) also failed to detect differences
in bases of classification as a function of sex. The lack of sex dif-
ferentiation in her study might have been the consequence of using
older Ss and using tasks drawing on language usuage and spatial orientation,

one ability more prevalent in females, the other in males.
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Generally speaking, females demonstrate greater proficiency in
perception of details, verbal functioning, language usage, and arith-
metic computation, whereas males do better in spatial orientation,
arithmetic reasoning, and science. These cognitive abilities may make
differential contributions to performance on classificatory tasks,
depending on the nature of the specific task, Since Wiviott's study
was one of the few which failed to detect sex differences in classi-
ficatory behavior, it is important to determine whether this ‘result

can be replicated,

Achievement Level and Conceptual Development
The role which intelligence plays in conceptual thinking abilities
has always been difficult to appraise, While some investigators have
emphasized that intelligence and concept formation are closely linked,
there has been very little evidence put forth to verify this assumption.

Osler (Osler & Fivel, 1961; Osler & Trautman, 1961) carried out

several investigations to determine the relationships between in-
telligence level and concept attainment. In one study, (Osler &
Fivel, 1961) Osler found that when children worked on the ac-
quisition of concepts of animals and living things, higher IQ Ss
(mean IQ= 121) made a smaller mean number of errors in attaining
criterion than the normal IQ Ss (mean IQ = 102). There were

also more Ss in the high IQ group reaching criterion than in the
low IQ group. Thus, intelligence was found to be significantly
related to number of errors to criterion and number of successful

Ss.
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In another study (Osler & Traﬁtman, 1961), Osler hypothesized
that Ss of superior intelligence attain concepts through hypothesis -
testing, while Ss of normal intelligence rely upon S-R associative
learning to attain concepts. Testing the validity of this assumption,
an experiment was devised where Ss in high (mean IQ = 120) and h
normal (mean IQ = 101) IQ groups were examined on a concept atﬁain-
ment task. The concept studied was the number "two"." Half of the
Ss within each IQ group were presented complex exemplars, and the
other half were presented simple exemplars. Since the complex stimuli
would generate more hypotheses than the simple ones, it was believed
that they would slow down the superior group's performance without
affecting the normal group.

The results indicated that Ss of superior IQ encountered more
difficulty with the complex exemplars than the simple ones, while the ‘
Ss of normal IQ had equal difficulty with both types of stimuli. The
prediction was therefore confirmed. The investigators concluded
that the superior Ss lost all advantage of high intelligence with the

complex stimuli,

Williams and Blake (1969) examined intellectual differences
among retarded, normal, and superior groups of children utilizing

verbal classification material. All tasks were administered orally

to Ss in small groups of 4-10 children. When the retarded, normal,
and superior Ss were equated for mental age (MA), their performances did
not differ appreciably from one another on classification tasks dealing

with the grouping of items by initial letter. Some differences
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occurred among the three groups when equated for chronological age

(CA). The superior intelligence group responded more accurately in
clasgification than the normal and retarded groups, while the normal
and retarded intelligence groups responded with similar accuracy.

In a study of multiple-categorization ability, Edwards (1969)
investigated the effects of intellectual ability as measured by the
Pintner-Cunningham Primary Test on categorizing of objects. He
found that first grade male Ss of different IQ levels did not differ
significantly in the frequency of their use of relational or analytic
concepts. However, the higher IQ Ss made significantly more cate-
gorizations than either the moderate or low IQ subjects, and the high
IQ Ss made significantly greater use of inferential-categorical concepts
as the basis for grouping the test stimuli than the low IQ subjects,

Freyberg (1966) looked at the relationship between children's
level of concept development and their school achievement in the areas
of arithmetic computation, arithmetic problem-solving, and spelling.
151 children, ages 6-9 years, were given a 72-item objective test of
concept development which included tests of conservation, numerical
correspondence, and concepts of position in space, speed, age, kinship,
and causal relationships. I( scores (Primary Mental Abilities) for
Ss ranged from 77-133 with a mean of 104,

Freyberg found the correlation between concept scores and mental
age (.52) to be greater than that with chronological age (.12). The
results demonstrated that conceptual development is more intimately
intertwined with general intellectual ability than with chronological

age. However, it also appeared that children's school performance is

GPO 823-074-4
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a concomitant of concept learning in ways not adequately assessed
by traditional intelligence tests.

In summary, there are some aspects of intelligence ostensibly
connected with conceptual thinking. The use of conventional apprailsal
instruments for IQ have not, however, sufficiently explained or identi-
fied the phenomenological character of conceptuali development. Perhaps
by differentiating between high and low achievement groups in the
present study some additional information about these differences may
be gained. It is conceivable that high achievers shift from concrete

to abstract bases of classification at an earlier age than low achilevers,

Socioeconomic Status and Conceptual Development

This section reports a number of studies probing the role of
social class in cognitive growth. Not all of these studies concur in
th;ir c;;mclusions, but the majority indicate that high SES children
are better at problem solving than low SES children.

Siller (1957, 1958) compared the conceptual abilities of white
middle class and white lower class urban school children by examining
two variables: form of symbolism and proneness to abstract. His
sixth-grade Ss were comprised of a group of middle class children from
a middle class school and a group of lower class children from a
lower class school. Socioeconomic status was determined by free lunch
data and a questionnaire filled out by the parents. Tests of classi-
fication, analogies, and abstract-concrete similarities were used for
evaluating conceptual level.

The test results showed that higher socioeconomic children performed

better than lower socioeconomic children on all of the conceptual ability
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tests,with greatest differences being evinced on the verbal material.

When high and low socioeconomic Ss were matched according to non-verbal
scores and compared on the verbal tests, the high SES Ss excelled over
the low SES subjects. Moreover, high SES Ss still outperformed the

low SES Ss on non-verbal tests when the two groups were matched on the

‘basis of verbal scores. Siller found considerable overlapping in his

two groups, however, and observed that only a small number of Ss in
the low SES group accounted for the observed differences.

Burnes (1970) tested black and white boys from lower class and
upper-middle class homes on the WISC in order to ascertain group patterns
of intellectual abilities. Her sample was composed of the following
groups: (1) 18 upper-middle class blacks, (2) 20 upper-middle class
whites, (3) 20 lower class blacks, and (4) 20 lower class whites. No
differences were observed between the two racial groups; but significatnt
verbal IQ, performance IQ, and full-scale IQ differences were found
between socioeconomic levels.

The interaction between family social status and selected Piagetian
science concepts was studied by Lepper (1967). Four subscores
(source of income, occupation, education, and religious affiliation) of
the McGuire-White index were related to conservation task performance
of black and white first graders, The tasks were designed after those
developed by Plaget and his co-workers. It was found that differences
existed between the black and white subjects on the science-related
concepts. Lepper asserted that these differences were due to the dis-
similarity in the Ss' backgrounds rather than innate racial differences.
On the experience-based tasks of number, length, and area, white

children were superior to black children in their performance;
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nevertheless, both groups performed equally well on the less experience-

based tasks. It was concluded that the SES index employed was inutile
since the subjects were not matched on aspects of their backgrounds
important to the attainment of these conservation concepts.

Raven (1967) explored the development of classificatory abilities
in culturally disadvantaged children. Six classification tests
corresponding to the tasks of Inhelder and Piaget were given to middle
class and lower class children, ages 6, 8, and 10 years. The tests
consisted éf exhaustive sorting, dual class membership, whole is
sum of its parts, conservation of hierarchy, horizontal reclassifica-
tion, and quantitative inclusion.

Raven found differences between the middle and low socioeconomic
groups on the Piagetian tasks, and these differences increased with
age and degree of task complexity. Culturally disadvantaged children
performed less well than middle class children in operating with
categorical relationshijs. It was suggested that these differences
are attributable to perceptual and language disparities in the two
socioeconomic groups which might be attenuated through a training
program,

Findlay and McGuire (1957) hypothesized that if children of

dissimilar socioeconomic background were matched on IQ, lower class

children might do significantly better than middle class children on
sorting tasks. They hypothesized that the lower class child, whose
IQ is equivalent to the middle class child, might be "genetically"

brighter but his performance is hindered by the cultural bias of the

test. To test this proposition, low and middle SES children selected
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on the basis of the Index of Status characteristics (ISC) were examined
on block-sorting problems involving concepts of equal familiarity to the
two groups.

Despite the similarity of IQ (as measured by the California Test of
Mental Maturity), the middle SES Ss performed significantly better
than the low SES Ss, disaffirming the authors' hypothesis and suggest-
ing an effect due to social class independent of intellectual ability.

In another study which touched directly upon classificatory
behavior, Sigel, Anderson, and Shapiro (1966) compared black middle
class preschool children with black lower class preschool children on
sorting tasks of familiar items. Their results disclosed that middle
class children preferred physical attribute and use relationships in
their grouping, whereas the lower class group was inclined more toward
use and thematic relationships. Although differences existed between
the social class groups, there was considerable variability within each
of the social classes. The authors conjectured that other factors,
including sex differences and IQ, may play a role as well as the SES
factor.

As mentioned previously, however, not all studies have found a
significant relationship between SES and cognitive functioning. Estes
(1956), for example, tested 4, 5, and 6 year old children on Piagetian
problems dealing with mathematical and logical concepts and found
no differences between the performances of low and middle class Ss.

Karp, Silberman, and Winters (1969) evaluated the hypothesis
that field dependence and related cognitive abilities do not vary
with socioeconomic level. They administered six subtests of the
WISC (three verbal and three performance) to middle and lower class

boys, along with a measure of field dependence (Embedded Figures
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Test-- EFT) and a test of sophistication-of-body concept. Two male adult
groups given the EFT were included in a second study. The autiwrs'
hypothesis was generally upheld by both child and adult samples.

While middle class boys scored significantly higher than the lower

class boys on verbal comprehension subtests, which are unrelated to
differentiation, the other tests reflected no significant differences
between the two SES groups. The only exception was on Block Design,
where the means for the two social class groups were significantly
different.

Tagatz, Layman, and Needham (1970) looked for possible differences
in positive and negative information processing as a function of
vocloeconomic background. They found no differences in the per-
formance of high and low SES children at the third and fourth grade
levels. It was concluded that since Ss from both groups attended
the same school, initial differences among children from different
socloeconomic backgrounds may have vanished as a consequence of
continual interaction. If so, disadvantages due to low social
class might be compensated by exposure to peers who have profited
from broader experiences. The authors' speculation seems to have
enough plausibility to warrant further investigation along these
lines. Many SES comparative studies, for instance the one of
Siller (1957, 1958) cited above, have examined performance of
children from high SES schools with that of children from low
SES schools.

In summary, there is some disagreement in the literature concern-—
ing the effect of soclal class on cognitive learning. The weight

of the evidence seems to indicate that true dif ferences do exist.
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In the present experiment, it 1s expected that the change from
perceptible to attribute and nominal bases of classification

will occur at a later age than that noted by Wiviott (1970), since

the subjects will be of lower socloeconomic status.




Chapter 3

EXPERIMENTAL METHOD

The purpose of this experiment was to determine the re-
lationship of method of presentation, grade level, achievement
level, and sex to the various bases upon which children of low
socioeconomic background classify geometric concepts.

Hypotheses: This study tested the following propositions

based primarily on the findings of Wiviott (1970) ¢

(1) Low SES children in grades 5, 8, and 11 differ in their

bases of classifying geometric figures. At the lower
grade levels, children's categorizing involves more per-
ceptible responses than does children's categorizing

in the upper grades. Conversely, children in the upper

grades use more attribute and nominal responses than
children in the lower grades.
(11) Low SES children of high and low achievement differ in

their bases of classifying geometric figures. Low

achievers give more perceptible responses than high
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achievers, while high achievers give more attribute

and nominal responses than low achievers.
(111) Low SES boys and girls do not differ in their bases of
classifying geometric figures.

(iv) Verbal and pictorial methods of presentation have a
significant effect on the bases of classifying geometric
figures used by low SES_ children. A pictorial pre-~
sentation elicits more perceptible responses than a
verbal presentation.

(v) The total number of correct classifications differs
only as a function of achievement level. High achievers

give more correct responses than low achievers.

Subjects

Ninety-six disadvantaged students from the Beloit School
District in Wisconsin served as Ss in this study. They were
selected from the fifth, eighth, and eleventh grades--32 Ss at
each level. Fifth graders were drawn from six Title I schools,
eighth graders from an intermediate school, and eleventh graders
from a high school. All schools are situated within Beloit,
an urban industrial area of medium size (population 35,256).

Potential Ss were initially chosen by the respective school
principals with the assistance of school counselors. School
personnel identified between 60-80 children at each grade level

exemplifying characteristics believed to be reflective of a low
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socioeconomic background. Next, the head of household in the
homes of each of these children was rated on the Warner (1960)
7-point occupation scale. Occupation was the sole criterion

for SES since information concerning family income and education
level was uravailable. Students assigned ratings in the 6-7
category were judged to be suitable for the present study; the
few who received ratings below 6 were removed from consideration.
Thus, Ss in this study were from families in which the head of
the household was a semi-skilled worker, unskilled worker, or
unemployed.

Subjects were then stratified at each grade level by sex and
mathematics achievement level within sex. A high and low achievement
group was designated, based upon the median for each sex. Conse-
quently, male and female Ss who had scored above the median for
their sex were assigned to a high achievement group, and those who

had performed below the median were assigned to a low achievement group.

To determine mathematics achievement level, standardized
achievement test scores were obtained from the schools. The
Stanford Achievement Test (Kelley, Truman, Madden, Gardner &
Rudman, 1964) served for bifurcating students from the fifth
and eighth grades. Arithmetic Concept and Arithmetic Application scores
were averaged together for these students, For eleventh graders,

Quantitative Thinking scores were used from the Iowa Tests of Educatianal

Development (Lindquist & Feldt, 1963).




After the students were stratified according to sex and math-

ematics achievement level, eight Ss were randomly selected for

each achievement by sex cell, for a total of 32 Ss at each grade
level. Within each of the cells, Ss were randomly assigned to

one of two treatment groups: pictorial or verbal. Thus, there
were four Ss in each possible combination of achievement level,
sex, and method of presentation for fifth, eighth, and eleventh
grades. Table 5 gives the median mathematics achievement scores

for the Ss in each expetrimental group of the study.

Experimental Materials
The matrrials used in this experiment were the same as in the
study of Wiviott (1970). The first task consisted of a sequential

presentation of eight geometric concept cards making up the array

of: square - rectangle - rhombus - parallelogram - quadrilateral -~
triangle - circle - cube. Half of the Ss were presented cards
with pictures showing instances of each concept (pictorial treat-
. ment). The other half (verbal treatment) received ohly the name,
of the concepts (e.g., "square," "rectangle," etc.) The cards
measured 4" x 6'" and were inscribed in black ink. The cards
used in Task I are portrayed in Table 2 {p age 20).
The second task required free sorting of concept examples.
A 26-picture array depicted geometric concept instances varying ‘!

along the irrelevant attributes of size and orientation. The ,
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Table 5

Median Mathematics Achievement Percentile Scores

for Subjects in Each E:xperimental Group
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Grade Achievement Sex Pictorial Verbal
High Male 29,50 24,50
g Female 20,75 17.75
5
L Male 8.0 6.25
ow Female 2,75 6.25
Acrogs Achievement & Sex 9,75 10.0
Male 41,0 49,50
High Female 32,50 36.0
8
Male 18.25 9,50
Low Female 28.50 12.50
Across Achievement & Sex 29,50 23,50
Male 59,50 56.0
High Female  40.0 51.50
11
Male 25,50 25,0
Low Female 13.50 18.0
Across Achievement & Sex 36.0 36.0
o7 )
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concepts were the same as in the first task with the exception of

cube. Again, 4" x 6" cards printed with black ink were used. The

26-card array employed in the second task is illustrated in Table !

3 (page 21).

Procedure
Tasks I and II were administered consecutively to each §
under individual testing conditions lasting about 15-30 minutes.
Testing was conducted in private rooms in each of the schools.
Responses of Ss in Task I were recorded on audiotape, while a

verbatim written record was kept in Task II of the cards selected

for each sort and the responses given regarding the basis for
gsorting. A copy of the instructions given to each S comprises
Appendix A,

Procedures for the first task were patterned after the
studies of Olver (1961) and Wiviott (1970). The first two cards
(square and rectangle) were placed on a table before the S, and
he was asked to explain how the two were alike. The third card
(rhombus) was then presented and the S was asked to explain how
it differed from the first two, and how they were all alike.
This procedure continued until all cards were administered with

cube functioning solely as a contrast item. In all, there were

six questions involving likenesses and six questions involving
differences between stimuli, For Ss in the verbal conditionm,

the names of concepts were routinely pronounced, but names of
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concept instances in the pictorial condition were withheld from
the Ss. Questions asking for clarification of the procedure were
answered.

Immediately following Task I, the 26-picture array for Task
II was given. The format of this free-sort exercise was modeled
after the studies of Rigney (1962) and Wiviott (1970). The cards
were laid out on a table before the S in the order shown in Table
3. Each S was directed to examine the cards closely, to form
a group of pictures which seemed alike in some way, and to tell
the basis for his grouping. After tHe résponse was recorded,
the S was requested to form another group, continuing the pro-
cedure until seven groups of pictures had been obtained. Ss
were not informed of how many of these groups were needed. If
a S stopped prematurely, he was asked to continue his selections
until completion of the task. Again, questions concerning the

procedure were answered.

Treatment of the Data
All responses were categorized using Wiviott's (1970) four
bases of classification: Perceptible, Attribute, Nominal, and
Subject-Fiat. The Fiat catégory wa3s used in the first task
only since Wiviott noted that it was rarely applied in a free
sort exercise. Table 4 (page 23) describes the criteria for
judging responses utilized in the present study.

In Task I, responses concerning similarities were tabulated

0d-

i .

£

-




pan o o e T B At e

B TR —

%,
-
:'{J
1Y
EL
&
a

50
separately from responses concerning differences. The total number

of correct responses for each task was also calculated. The »
experimenter made judgments as to the accuracy of classification

for each subject's response.

Experimental Design
Method of presentation (verbal or pictorial) was the
independent variable in this experiment. Grade level (5, 8, or 11), -
sex (male or female), and mathematics achievement level (high or low)
within grade level and sex were included as stratifying variables.

The resulting 2 x 3 x 2 x 2 nested design is illustrated in

Table 6.

Statistical Analysis

The total number of responses in each classification category
(Table 4, page 23) fo.r Tasks I and II and the total number of -
correct responses on these two tasks constituted the dependent
variables for this experiment.

To test hypotheses i, ii, iii, and iv, multivariate analyses
of variance (MANOVAs) were performed. The first analysis, a 2 x 3 x 2 x 2 ,
MANOVA, embodied method of presentation on Task I, grade level,
sex, and achievement within grade level and sex as factors. The
dependent variables for the analysis were two linear contrasts
among three of the original variables summed over likeness and
difference responses. The contrasts were as follows:

A. The number of perceptible responses minus the average
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| | Table 6

¢ Experimental Design of the Experiment
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number of attribute and nominal responses (P - m‘).

B. The number of attribute responses minus the number of
nominal responses (A-N).

The rationale for creating the first contrast was to determine any
differences in the use of the lower-order Perceptible category

the higher order Attribute and Nominal categories. The second
contrast was included so that differences in the use of the two
higher-order categories, Attribute and Nominal, could be scrutinized
more closely.

The contrasts which served as the dependent variables for the
second multivariate analysis compared interactions between like-
ness and difference in Task I as follows:

A. The number of perceptible difference, attribute and
nominal likeness responses minus the number of per-
ceptible likeness, attribute and nominal difference
responses (Interaction 1).

B. The number of attribute difference, nominal likeness
responses minus the number of attribute likeness, nom-
inal difference responses (Interaction 2).

The use of these contrasts as dependent variables enabled the test-
ing of interactions of the bases of classification with the inde-
pendent variable when likeness and difference responses were
considered.

A univariate analysis of variance with the orthogonal contrast

" of 1likeness minus differences for the Subject-Fiat category was
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carried out for Task I. The dependent variable for this analysis
was the number of Subject-Fiat responses elicited from Ss when they
were asked to describe similarities between stimuli minus the
nvmber of Subject-Fiat responses elicited when asked to describe
differences between stimuli (S Like-S Diff).

A multivariate analysis of variance with method of pre-
sentation, grade level, sex, and mathematics achievement level
within grades and sex as factors was also performed for Task II.
The dependent variables in this analysis were linear contrasts
among thréé of the original variables. The contrasts were as
follows:

A. The number of perceptible responses minus the average

number of a_ttribute and nominal responses (P - M) .

B. The aumber of attribute responses winus the number oOf

nominal responses (A - N).

To test hypothesis v, the total number of correct responses
was calculated for each subject on Tasks I and II and univariate
analyses of variance were carried out to determine the effects

of method of presentation, grade level, sex, and achievement

within grade and sex.




Chapter IV
RESULTS AND DISCUSSION
!

Results of the present study are reported in this chapter according
to task. The results and discussion of Task I are presented first,
including the analyses of bases of classification used and the total
number of correct responses made, An account of Task II immediately

follows with similar handling of the data. Lastly, findings of the

present study concerning grade level, achievement level, sex, and

method of presentation are compared to those of Wiviott (1970).

Task I
Each response given by a subject was categorized as Perceptible (P),
Attribute (A), Nominal (N) or Subject-Fiat (S). A total of twelve
responses was recorded for each S: six from questions involving

likenesses and six from questions involving differences between the

stimuli. To illustrate the scoring procedure for Task I, suppose an
attribute response was elicited when a S was asked about differences

between stimuli; that response would be marked as an Attribute Dif-=

ference (A Diff) response. Likewise, if a S made a perceptible response
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when questioned about likenesses among various stimuli, it would be
entered as a Perceptible Likeness (P Like) response.

An inter-rater reliability check was performed on a random sample
of twenty—-four protocols, one S from each cell. The protocols were
scored by an independent rater using the scoring format outlined
previously in Table 4 (p. 23). The percentage of agreement between
the two independent ratings was 88.2% for the response data on Task I.

The mean number of responses in each classification category as
a function of grade level, achievement level, and sex for the pic-
torial and verbal vresentation groups is shown in Table 7. The num-
ber of responses in each category for individual Ss can be found in
Appendix B.

For the first multivariate analysis of variance in Task I, the
Perceptible, Attribute, and Nominal categories describing likenesses
;md differences between stimuli were linearly combined into two ortho-
gonal contrasts. In the first contrast, the average number of res-
ponses in the Attribute and Nominal categories was subtracted from the
number of responses in the Perceptible category, resulting in the

dependent variableP - A + N.

The other contrast was formed by taking the difference between

the Attribute and Nominal categories, forming the dependent variable A-N.
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Utilizing contrasts as dependent variables permitted the testing of

jnteractions of the bases of classification with the independent

variables of grade level, achievement level, sex, and method of pre-
gentation.

The second multivariate analysis of variance also used two
linear contrasts as the dependent variables. However, in this analysis
likeness and difference scores were taken into account when examining
the interactions of the bases of classification with the independent
variables. The first dependent variable was derived by taking the
number of responses in the Perceptible Difference, Attribute and Nom-
inal Likeness categories minus the number of respcnses in the Per-
ceptible Likeness, Attribute and Nominal Difference categories (P Diff,
A, N-Like-P Like, A, N Diff, hereafter called Inter 1). The second
dependent variable was produced by taking the difference between the
Attribute Difference, Nominal Likeness categories and the Attribute

Likeness, Nominal Difference categories (A Diff, N Like-A Like, N

Diff, hereafter called Inter 2).

Lastly, a univariate analysis of variance was performed for the
Subject-Fiat category, using the linear contrast between likeness and

difference responses as the dependent variable (S Like-3S piff). This
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contrast was incorporated for the testing of differences between the
number of Subject-Fiat responses given omn the likeness and diffefence
subtasks as a function of grade, achievement, sex, and method of pre-
sentation. Essentially the same contrasts in each of the twaimulti-
variate analyses of variance and in the univariate analyses of

variance were of prime interest in the study of Wiviott (1970).

The multivariate and univariate analyses of varlance were performed
using a multivariate (Finn, 1968) computer program with a Type I error
rate established at .05 for each test of hypothesis. Univariate F
tests for the contrast items were fixed at ,025 as a means of con-
trolling the error rate of tests considered jointly, This alpha level
is determined by taking o /k where k is the number of tests being inter-
preted, a strategy advocated by Miller (1966) for maintaining the over-

all familywise error rate, which here i1s .05.

Analyses of Perceptible, Attribute, and Nominal Responses

The multivariate and univariate analyses of the bases of classi-
fication used by Ss on Task I are shown in Tables 8 and 9. The main
analyses are reported in Table 8, while the analyses of the interactions
between likeness and difference scores for the factors of grade level,
achievement level, sex, and method of presentation can be found in
Table 9.

Summing over Like and D1iff subtasks for all factors (tfeatment,

grade, sex, and achievement), there were significant differences in the
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kindsof responses elicited (p< .0001). The mean number of Attribute
responses (5.36) given by Ss was significantly higher than Perceptible
responses (4.12) which was in turn higher than Nominal responses (1.62).
In combining the two higher-order categories (A + N), it was also found
that Ss in this study use more higher-order responses than lower-
order (P) | responses.,

In examining Like and Diff subtasks, significant results were also

obtained for Inter 1 eud Inter 2 (p < .0001). Ss in this study showed

'a different profile when asked questions dealing with likenesses than

o

wﬁen asked questions dealing with differences. Relatively more Attribute
responses (3.34) as compared to Perceptible responses (1.22) were

given when questions of likeness were asked than when questions of
differences were asked (2,91 and 2.09 for A and P, respectively). The
riean number of Nominal responses was relatively the same whether Ss

were questioned about likenesses (.86) or differences (.76).

Comparing higher-order versus lower-order responses, it was dis-
covered that relatively more higher-order responses (A + N) were given
on the Like subtask than on the Diff subtask. Therefore, it seems
reasonable to conclude that questions involving differcnces between
stimuli were much harder to answer than questions involving like-
nesses between stimuli for subjects in this study.

Contrary to expectation, grade level did not prove to have a
significant effect on the kinds of responses. The multivariate F
test for the simple main eifect of achievement within grade and sex

was also non-significant. Little differentiation occurred in the bases




e ————— e T N R ST by ey

66

of classification as a function of either grade or achievement level-
within each grade level and sex group. Sex, as hypothesized, was not
a significant factor in performance on the first task. The bases of
classification used by males and females were quite similar.

The multivariate F test for the method of presentation revealed
a marginally significant effect (p <.08) in the first multivariate
analysis. Univariate F statistics were computed for the two ortho-
gonal contrasts and only the univariate F for the P - A + N contrast
was marginally significant (p < .07). Treatment had a significant
effect on the contrasts in the second multivariate analysis (p <.0006);
univariate F tests were significant for Inter 2 (p <.0002), but not
significant for Inter 1. Figure 1 shows the mean number of "Dif£" |
and "Like" responses in each of the three categories for pictorial
and verbal methods of presentation.

Difficulty is encountered when trying to account for the dis-
similarity among the pictorial and verbal treatment groups. Whereas
the pictorial group rendered more Attribute Likeness responses than
the verbal group, the majority of Attribute Difference responses
clearly came from the verbal group. Nominal responses must also be
interpreted according to "Like" and "Diff'" components because of
shifting differences. More Nominal Likeness responses stemmed from
the verbal group, but the verbal group was surpassed by the pictorial
group in the number of Nominal Difference responses.

Paradoxical as it may seem, one conclusion remains unequivocal.

The pictorial method of presentation in Task I did not serve as an

'I.'s 76
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Figure 1, Mean number of responses in Perceptible, Attribute, and
Nominal categories used by students in pictorial and verbal
treatment groups on Task I,
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effective stimulus for provoking significantly more perceptible re-
sponses. The pictorial condition seemed to give the best treatment in
that relatively more Attribute aﬁd Nominal responses were given and rel-
atively few perceptible responses were given as compared to the verbal
condition. These findings were in the opposite direction for the study

of Wiviott (1970).

A marginally significant finding in the first multivariate analysis
of variance (Table 8) was the two-way interaction between sex and
treatment (p < .06). However, the separate F tests for the two con-
trasts did not approach significance. Table 10 shows the mean num-
ber of responses in each category for the four possible sex x treat-
ment combinations in Task I. Looking at this table, one can observe

that the female pictorial and male verbal groups accrued more nominal

-

L
responses than the corresponding male pictorial and female verbal

groups. The mean number of perceptible and attribute responses for

these four groups was relatively equal.

Analysis of Subject-Fiat Responses

Subject-Fiat responses were analyzed separately from the other
responses and the results are reported here. This category was used
to designate Ss' responses which could not fit in one of the other
three categories., In practice, this meant some §s were unable to
explain the differences or l'kenesses among the stimulus objects,

and they would customarily respond with the words "I don't know.' This

kind of response would imply that the question was difficult to answer.

GPO B828-074-8
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Table 10

Mean Number of Responses in the Perceptible, Attribute, and
Nominal Categories Used by Students in Sex x Treatment
Groups on Task I
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Table 11

Univariate Analysis of Variance of Responses on Task I in the
Subject-Fiat Category Contrasting Likeness and Difference

- Subtasks
, Source df F Probability
1 Grade (G) 2,72 .30 < 7453
Sex (S) 1,72 .09 < .7706 '
Achievement (A/G+8)6,72 .60 < 7294
| Treatment (T) 1,72 5.95 < .0172%
S x G 2,72 .20 < .8192
TxG 2,72 «92 < 4017
TxS 1,72 .77 < .3827
GxSxT 2,72 1.40 < .2533
Tx A /GHS 7% 6,72 1.25 < .2927 '

*Significant at the indicated level.
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Table 11 gives the univariate analysis of Subject-Fiat responses
on Task I, contrasting likeness and difference subtasks. As may be
noted, method of presentation had a significant effect (p < ’02) on

the relative number of Subject-Fiat responses on the likeness and dif-
ference subtasks., The means on S Like and S Diff for each treatment

group are graphed in Figure 2. Subjects in the pictorial group found

the Diff subtask notably easier than the Like subtask, while the verbal

group found the two subtasks equally difficult. The total number of
Subject—Fiat responses given by the verbal group was greater than
that given by the pictorial group. This result was expected since the

absence of a picture increases the level of difficulty.

Number of Correct Classifications

Lastly, a univariate analysis was performed on the total number
of correct responses for Task I. The mean number of correct classi-
ficationsis shown in Table 12 for each of the experimental groups.

The results of the analysis of variance are presented in Table 13.

While the number of correct responses was found to increase from Grades '

5 to 8, and decrease again from Grades 8 to 11, the main effect of
grade was only marginally significant 6] <,08). Each gr_ade ievel
scored relatively high on the total number of correct classifications,
however, so differentiation bvetween gradgs was minimized,

Significant res‘ults» were also.not:ed for the grvalde x treatment
interaction' (p < .0006) and in the sex X treatment.iritefaction
(p < .05). The pictorial group made fewer correct classifications
moving from Grade 5 to 11 (11.25 in Grade 5, 11.23 in Grade 8,
and 10.44 in Grade 11). On the other hand, the verbal group made

more correct classifications moving f.f;im“)‘\(;rade 5 (9.81) to Grades 8

51
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Table 12

Means and Standard Deviations of the Total Number of Correct
Responses on Task T

Grade Achievement-. Sex Pictorial Verbal
Male 11.75 10.0
{(.50) (.82)
High
Female 11.25 10.25
(1.50) (1.71)
5
Male 11.0 9.75
( .82) (1.50)
Low
Female 11.0 9.25
( 1.15) (.96)
Fifth Grade Mean 10.53
Male 11.50 10.50
High (.58) (1.29)
Female 12.0 11.25
(0) (.50)
8 ~ Male 11.0 11.75
Low
Female 10.0 11.50
(.82) (.58)
Eighth Grade Mean 11.19

73
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Table 12 (continued)
Grade Achievement Sex Pj.ct:orial Verbal
Male 11.25 11.0
‘ (.50) (1.41)
High
Female 10.25 11.50
(2.22) (.58)
11
Male 11.25 11.0
(1.50) (.82)
Low
Female 9.0 11.50
(2.16) (.58)
Eleventh Grade Mean 10.84

Note. - St:a'ndard

deviations are given in parentheses.
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Table 13

Univariate Analysis of Variance for Total Number of
Correct Responses on Task I

Source df F Probability
Grade (G) 2,72 2.68 < .0752
Sex (8) 1,72 1.17 <.2836
Achievement 6,72 1.01 <.5000-
(A/G+S)

Treatment (T) 1,72 .52 < 4737
SxG 2,72 .51 < .6022
TxG 2,72 8.28 < .0006%*
TxS 1,72 3.92 < .0515%
GxSxT 2,72 1.76 < .1795

T x A/GHS 6,72 1.36 < .25090

*Significant at the indicated level.
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and 11 (11.25). Thus, the younger students performed more accurately
than the older students when presented with pictures, but the older
students performed more accurately when pres‘ented with words.

In the sex x treatment combination, males made more correct
classifications than females under the pictorial method (11.29 vs.
10.58), but less correct classifications under the verbal method
(10.67 vs. 10.88), This female superiority with a verbal presentation
is not surprising. The literature (Anastasi, 1958) generally concedes
female pre-em.inence on verbal functioning tasks throughout the ele-

mentary and high school levels.

Task II

Task II required the free sorting of cards from a 26-picture
array of various geometric configurations. Subjects were asked
to make seven different sorts and to explain the basis of their groupings.
Responses were subsequently categorized as Perceptible, Attribute, or
Nominal; the Subject-Fiat category was found unnecessary and was,
therefore, not utilized for this task., Again, an inter-rater relia-
bility check was performed on a random sample of twenty-four protocols.
The percentage of agreement between the two independent ratings was
89.9% for the response data on Task II. The mean number of responses
in each category as a function of grade level, achievement level,
sex, and method of prrsentation is shown in Table 1l4. The number

of responses in each category for individual Ss can be found in

Appendix B.
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Table 14

Means and Standard Deviations of the Number of Responses in
Perceptible, Attribute, and Nominal Categories as a Functicn
of Grade, Achievement Level, Sex, and Method of Presentation

for Task II
Grade Group Pi_.ctorial Verbal
P A N P A N
High 3.75 1.0 2.25 2.50 1.0 3.50
Male (1.92) (1.0) (1.09) (1.12) (1.22) (2.29)
High 3.25 1.75 2.0 3.25 2.25 1.50
Female | (1.64) (1.48) (1.22) (1.09) (1.30) (.87)
5
Low 2.50 2.75 1.75 2.50 2.0 2.50
Male (.87) (1.64) (1.79) (1.50) (1.87) (2.06)
Low 3.0 2.75 1.25 3.75 1.50 1.75
Female |(1.22) (1.30) (.43) (1.92) (2.06) (1.30)
Fifth Grade Mean P=3.06 A= 1.88 N= 2.06
High 2.0 3.0 2.0 1.75 1.50 3.75
Male (.71) (2.55) (2.0) (1.30) (1.12) (1.09)
High 2.0 3.25 1.75 3.0 2.50 1.50
Female [(1.22) (1.30) (1.30) (1.0) (1.50) (1.12)
8
Low 2.75 1.0 3.25 3.25 2.75 1.0
Male (1.09) (1.22) (1.48) (2.28) (2.38) (.71)
Low 3.0 .50 3.50 1.75 2.75 2.50
Female (.71) .87) (1.12) (.83) (1.30) (1.50)
Eighth Grade Mean P = 2.44 A=2,16 N = 2,41
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Table 14 (continued)

Grade "~ Group Pictorial Verbal
P A N P A N
High 2.25 3.0 '1.75 13.25 1.0 2.75
Male (.43)  (1.22) (1.30) [(2.49) (1.0) (1.64)
High | 3.75 .50 2.75 |1.75 .75 4.50
Female (.83)  (.50) (1.30) |[(1.09) (.83) (1.50)
11
Low 3.50 2.0 1.50 .75  1.75  4.50
Male (1.50) (.71) (1.12) | (1.30)(1.92) (1.66)
Low 1.75 1.50 3.75 |4.25 .75 2.0
Female (.83) (2.06) (1.79) [{L.92) (.83) (1.22)
Eleventh Grade Mean P= 2.66 A=1.41 N = 2.94

Ncte.- Standard deviations are given in parentheses.
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Analyses of Perceptible, Attribute, and Nominal Responses

Two orthogonal contrasts consisting of linear combinations of
the three categories served as the dependent variables in the mul-
tivariate analysis of variance. Again, as in Task I, the first depen-
dent variable was the contrast between the lower-order category and
the two higher order categories (P - A+ N). This variable was formed
by taking the average number of Attribute and Nominal responses and
subtracting it from the number of Perceptible responses. The second
dependent variable was the contrast between the higher-order categories
(A - N). The effects of the independent variables of grade, achievement,
sex, and method of presentation on these contrasts were tested.
Method of presentation was retained as a variable in this task analysis
since Task II immediately followed Task I and the role of transfer
effects was of interest. ‘
Table 15 contains the multivariate and univariate analyses of
variance for Task II, Contrary to expectation, grade level was
again found not to be significant. Level of achievement was also
found not to have a significant effect on the kinds of responses
rendered. The bases of classification used by the two achievement
groups was remarkably similar wit;h only exiguoﬁs differentiation.
Sex, as hypothesized, again did not prove to be a significant fact;or.
The differences in the responses of Ss in‘the pictprf.al and verbal
treatment groups were also non-significant,
Lastly, the multivariate F test for the three-way inte_raction of

treatment, achievement within grade and sex, and classification was
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significant (p < .02). Looking at the univariafe tests for the
contrasts which served as dependent variables in the multivariate
analysis, it is noted that the univariate F test for the classifi-
cation contrast, P-AN, was significant (p < .02) while the A-N con-
trast was not. Within the P-AN contrast, there were significant effects
in the eleventh grade for males and females. However, turning atten-

tion to Figures 3a-d which graph these interactions, the effect was

found to be opposite for males and females. The significant inter-

action remains difficult to interpret.

Number of Correct Classifications

A univariate analysis of variance on total number of correct
responses was also carried out for Task II. The mean number of
correct responses are shown in Table 16 for each experimental group.
The results of the analysis of variance are given in Table 17. Again
as iﬁ Task I, the number of correct responses increased from Grades

5 to 8 and decreased from Grades 8 to 1l1. The effect of grade level

- was marginally significant (p < .06). All three grade levels exhi-

bited relatively high scores in accurate classifications on Task II,

Comparative  Results for High vs. Low SES Subjects
The present study was designed as a direct replication of
the study of Wiviott (1970). The same tasks were administered to Ss
in both studies, with the only major differences between the studies

being the socioeconomic background of the Ss and the treatment of the
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Table 16

Means and Standard Deviations of tha Total Number
of Correct Responses on Task II

Grade Achievement Sex Pictorial Verbal
Male 6.25 6.50
(.50) (.58)
High
Female 6.0 6.75
(1.15) (.50)
5
Male 6.25 6.50
Low
Female | 6.75 6.75
(.50) (.50)
Fifth Grade Mean 6.47
Male 7.0 6.75
0) (.50)
High
Female 6.75 6.75
8 . (.50) (.50)
Male 6.25 6.50
Low (.96) 1.0)
Female 6.25 6.0
(.96) (.82)
Eighth Grade Mean 6.53
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Table 16 ;.(cpntinued)

i Grade Achievement Sex Pictorial Verbal
Male 6.50 6.50
; High (.58) (.58)
: | Female  6.50 5.75

: 11 (.58) (.96)
(.50) (1.0)

i Low _
Female 5.0 6.25
: (1.83) (.96)
Eleventh Grade Mean 6.09

Note.=-S tandard deviat:ions are given in parenthese's.
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Table 17
| Univariate Analysis of Variance for Total Number
of Correct Responses on Task II
g Source df F _ Probability
Grade (G) , 2,72 2.88 <.0625
; Sex (S) 1,72 .82 <.3679
Achievement. ‘
(A/G+S) 6,72 1.26 <.5000
Treatment (T) 1,72 .02 <.8974
SxG 2,72 1.27 <.2861
‘ TxG 2,72 . 87 <.4227
f TxS _ 1,72 .82 <.3679
GxSxT 2,72 . 87 <. 4227
T x A/GHS 6,72 1.73 <.2500
z
SH]
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blocking factor in the analyses. Wiviott used high SES students for
her study and blocked on achievement within grade. The present study
was carried out with low SES students and blocked on achievement within
grade and sex. Because of the blocking differences, comparisons be-
tween the two studies based upon achievement are difficult to make.
Grade level had a significant effect on bases of classification
in Wiviott's study. A decrease in the use of the Perceptible basis of
classification and an increase in the use of the Attribute and Nominal
bases occurred concomitantly with an increase in grade level. Figures
4~10 juxtapose the results for each response category on Tasks I and
IT for Wiviott's study and the present study. Two features are most

salient :in these graphs. First, fifth and eighth graders in both

studies make the same directional changes between grades in their use
of Perceptible, Attribute, and Nominal responses. That is, both
studies show a decline in the mean number of Perceptible responses,
and an increase in the mean number of Attribute (for Task I. only) and
Nominal responses. Furthermore, directional changes in the use of
Nominal responses are the same across all three grade levels for both
studies. Eleventh graders, therefore, can be seen as the source of
dissonance between the two studies. In the present study, the mean
number of Perceptible and Attribute responses at the eleventh grade
level clashes with the developmental trend established in the fifth
and eighth grades.

The second striking feature found in Figures 4-10 is the level of
absolute performance of Ss in each study. Ss participating in the
present study showed a greater mean number of Percepfible responses

than Ss in the Wiviott study in grades 5, 8, and 11. In addition,
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Ss in the present study provided fewer Nominal responses than Wiviott's
Ss. Major differences bet:weén the two studies were greater with respect
to the Diff subtask than the Like subtask in Task I. On the basis of

these findings, it would seem reasonable to conclude that low SES students

tend to make more Perceptible responses and fewer Nominal responses
than high SES Ss. Stated another way, low SES students perhaps find
the perceptible properties of objects easier to deal with, and the
labels for these objects more difficult, than students from a higher
SES background, Similar conclusions cannot justifiably be reached for
the Attribute category where the number of responses given by high and
low SES students were quite. gimilar.

Wiviott's study also found that achievement level had a signi-
ficant effect on the bases of classification, High achievers used
fewer Perceptible and more Attribute and Nominal bases of classifi-
cation than low achievers., This did not hold true in the present
study; high and low achievers responded with the same frequency in
each of the three categories., One plausible explanation of why high
achievers performed better than low achievers in the one study but not
in the other has to do with the absolute achievement levels of high and
low achievers in the two studies, In the present study, there was
very little differentiation between high and low achievers. Ss
assigned to the high achievement group were frequently students
scoring on standardized tests at the national mean or just below it
for their particular grade level, However, in the Wiviott study
high and low achievers were clearly differentiated, with high achievers

performing well above the national norm.
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Sex differences proved to be negligible on Tasks I and II both in

the Wiviott study and in the present one, thereby supporting the hypo-
thesis of no difference. Males and females gave apprdximately the
gsame numbers of Perceptible, Attribute, Nominal, aﬁd Subject-Fiat
responses.

For the Wiviott study, method of presentation had a significant
effect on the bases of classification. Ss who were presented with
pictorial stimuli gave more Perceptible responses than S§s who were
presented with verbal stimuli. In the current study, however, t:his,
trend operated in the other direction: Ss who were presented with pic-
toriai gtimuli gave fewer Perceptible responses than Ss who were pre-

gented with verbal stimuli.

Conclusions

The most bewildering outcome of the present study was the ab-
gsence of developmental change among the three grade levels. It might
be recalled that the only expected changes which occurred between
grade levels was a decrease in the use of the Perceptible basis of
classification and an increase in the use of the Attribute basis of
classification for Grades 5 and 8 only. The eleventh'grade did not
follow the pattern established in the fifth and eighth grades.

In attempting to solve the puzzle of the anomalous eleventh
grade performance, one artifact underlying this study was brought
to light. There were some Ss participating in the study who had been
introduced to fundamental geometric concepts. Each § was asked
whether he had experience with geometric concepts, and if so, to

explain his level of familiarity. It was found that at the fifth

grade level 257 of the Ss had a rudimentary understanding of the

105




96

geometric concepts employed in this study; 417% had this understanding
at the eighth grade level; and none at the eleventh grade level.

Having made this discovery, the data were re-examined in order
to see what possible differences existed between Ss who claimed to
have s'ome understanding of the concepts and those who did not. It
was found that Ss with previous exposure to geometry performed better
than Ss who did not have this experience: Perceptible responses were
fewer while Attribute and Nominal responses were greater for Ss with
a geometry background., However, these findings were not found to be
significant in a post hoc analysis of variance with geometry train-
ing included as a factor. Disproportionate cell observations and the
small number of Ss in the "geometry experience group" can becited
as possible explanations for not obtaining a significant result.
School records were also checked to confirm what was r'eported on
questionnaires from Ss in the study‘. Records concurred in that no
eleventh grade subject had geometry training. Curriculum consultants for
the school district also stated that the fifth ,gnd eighth grade Ss
in the present study were affected by an upgrading in the ele-t\ﬁen\tary
mathematics program, which in recent years has stressed learning of
basic geometric concepts. Eleventh grade Ss weré not affected by this
change in curricylum.

Consideration was also given to the possibility of misjudgments
in rating the protocols. The likelihood of error was checked by
having Wiviott reanalyze the data independently. Her analysis yielded

very similar results with what has already been reported in this chapter.
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Again, Perceptib].e responses decreased from fifth grade to eighth
grade and increased at the eleventh grade level; Attribute responses
increased from fifth grade to eighth grade but dropped at the eleventh
grade. The reanalysis yielded mo significant results for the main
effects of grade level, achievement level, sex, or method of pre-
sentation for Task I or I1I.

It is conceivable that the overall lack of .Variabilit:y among Ss
in this study on classification tasks might be due to their low
socioeconomic background, 'fhe disparities in performance between
high SES Ss in Wiviott's study and low SES Ss in the present stﬁdy
cannot be ignored or regarded lightly. As mentioned above, the dis-
advantaged students used the Perceptible basis of classification
more frequently and the Nominal baéis less frequent:iy than high SES
Ss (Figures 4, 6, 8, and 10). Although prior invest:iéat:ioris have al-
ready found considerable differences between socioeconomic.groups in
classificatory behavior (Findlay & McGuire, 1957; Raven, 1967; Siller,
1957, 1958), it has also been noted that educational experience tends
to mitigate these differences (Evahs & Segall, 1969; Greenfield,
Reich, & Olver, 1966; Schmidt & Nzimande, 1970) . If the edq(:at:ional

factor is as critical as we are led to believe, at least in terms of

years of schooling, then one would expect some kind of developmental

change arising among the disadvantaged students. Future investi-
gations are necessary and essent‘iai to answer more definitively

questions of variability within the lower socioeconomic groups.
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Chapter V

SUMMARY AND IMPLICATIONS

Summary

The purpose of this study was to determine the relationship of -

method of presentation, grade level, sex, and achievement level within

grade and sex to the various bases upon which children of low socio-
economic background classify geometric concepts. In addition, results
of the experiment were compared with ﬁhe findings of Wiviott (1970)
for high socioeconomic children.

The hypotheses to be tested were as follows:

(1) Low SES children in grades 5, 8, and 11 differ in their bases
of classifying geometric figures. In the lower grade levels
children depend more upon a Perceptible bases than children
in the upper grades. Conversely, children in the upper grades
depend more upon Attribute and Nominal bases of classification
than children in the lower grades.

(11) Low SES children of high and low achievement differ in their
bases of classifying geometric figures. Low achievers give
more Perceptible responses than high achievers, while high

achievers give more Attribute and Nominal responses than low

achievers.
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(111) Low SES boys and girls do not differ in their bases of classi-
fying geometric figures.

(iv) Vefbal and pictorial methods of presentation have a signifi-
. cant effect on the bases of classifying geometric figures
among low SES children. A pictorial presentation elicits
more Perceptible resﬁoﬁses than a verbal presentation.

(v) The total number of correct classifications differs only as

2 NS S a A e e

a function of achievement level. High achievers give more
correct responses than low achievers‘.
Ninety-six students from a low SES urban population served as

Ss for the experiment. They were randomly selected from the fifth,
eighth, and eleventh grades, 32 children at each grade level, and
stratified according to sex and mathematics achievement level within
grade and sex. Ss within each sex by achievement level were randomly
assigned to either a verbal or pictorial treatment group. The experi-
mental designwas a 2 x 3 x 2 x 2 nested factorial with method of
presentation (verbal or pictorial), grade level (3 8, or 11), sex

(male or female), and mathematics achievement level (high or low)

within grade and sex as factors.

Two tasks were administered consecutively to eacﬁ S under indi-
vidual testing conditions. The first was an equivalence task con-
sisting of eight geometric cards presented in a fixed order. The
geometric concepts which compriéed the array were: square, rectangle,
rhombus, parallelogram, quadrilateral, triangle, circle, and cube.
Half the Ss were shown cards with geometric concept instances printed
on them, while the other half were shown cards with geometric concept

names printed on them. Ss were asked to explain the similarities and
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differences between concepts; six similarity and six difference

judgmenis were elicited.

The second task was a{ free-sort entailing 26 geometric concept
examples printed or individual cards. The concepts were the same
as in the first task (except cube), but examples varied along the
irrelevant dimensions of size and orientation. The S was asked to
construct groups of pictures by selecting those figures that appeared
alike to him in some way and to tell the basis for his grouping.

Af ter completihg a group, the S was asked to repeat the operation
until seven groups had been formed.

Task I responses were classified into Perceptible, Attribute,
Nominal, and Subject-Fiat categories; for Task II responses, only
Perceptible, Attribute, and Nominal categories were used. Multi-
variate analyses of variance were performed on linear contrasts of
the number of Perceptible, Attribute, and Nominal responses for Tasks
I and II. Univariate analyses of variance were also carried out on
the difference between the number of Subject-Fiat "Diff" and Subject-
Fiat "Like" responses in Task I and for the total number of correct
responses in Tasks I and II.

The following conclusions can be drawn from this study:

1. Grade Level —- On both tasks, grade level did not prove to have
a significant effect on the bases of classification for disad-
vantaged Ss in this study. An increase in grade level was not
accompanied by a decrease in the use of the Perceptible basis
of classification, nor was it accompanied by an increase in the

use of Attribute and Nominal bases of classification. Little
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variability prevailed among these low SES Ss in their use of

lower-order and higher-order bases of clagsification. Moreover,
in terms of absolute performance, the low SES students at any
given grade level used more Perceptible responses and fewer
Nominal responses than high SES Ss in the study of Wiviott.
Achievement Level -- Achievement level did not have a signifi-
cant effect on bases of classification for either task. lligh
achievers responded very similarly to low achievers in the use
of Perceptible, Attribute, and Nominal categories. The most
tenable explanation for this outcome ig that the level of achieve-
ment for Ss in the high achievement group did mot differ sub-
stantially from that of Ss in the low achievement group.

Sex -— As hypothesized, sex did not have a significant effect
on bases of classification for Task I or II.

Method of Presentation -- The method of presentation proved not
to have the predicted effect on bases of classification for
either Task I or II. The pictorial presentation did not elicit
any greater mean number of Perceptible responses than the verbal

presentation. However, some significant differences resulted

' in Task I according to subtasks. Ss in the pictorial group

rendered significantly more Attribute Likeness and Nominal
Difference responses, while the verbal group rendered more
Attribute Difference and Nominal Likeness responses.

Total number of Correct Responses == The total number of correct
responses increased from Grades 5 to 8 and decreased from Grades

8 to 11. This trend was marginally significant in Task I and
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Task 1I. Achievement level did not have a significant effect on

the correctness of responses.

Implications

Perhaps the most important implication of this study for educa-
tion is the need to modify or improve children's classification skills
by instruction. Very few attempts have been undertaken to stimulate
these changes, but the few that have been carried out have yielded
some encouraging results. Butters (1969) found that for first graders
practice with verbally presented equivalence tasks resulted in more
functional responses than did practice with perceptually or function-
ally presented items. Edwards (1969) instructed groups of first
grade boys in matcliing objects. The Ss received instructional took-
lets containing common objects which were classified in different
ways, and they received verbal cues describing the basis for matching
one object with another. The results of this experiment indicated
that children's classification'skiils can be modified on a group in-
structional basis in a short length of time. Raven (1970) also ob-
served improvements in classification abilities with second and third
grade children through an instructional program which incorporated
a deductive-generalization approach.

In the field of biological science, Hungerford (1969) noted
that four weeks of training for éevepth grade students brought forth
improvements in algaé classification. However, it was also discovered
that when the goal is clagsification behavior, general skill training
is not totally sufficient. Specific training in classification with

the subject matter seems to be required for maximum performance.
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A major p;:ogram of research to enhance classification skills
in young children recently has been undertaken by Sigel and his
co-workers (Olmsted, Parks, & Rickel, 1970; Sigel, 1971). While
the preliminary reports suggest that middle class children profit
from classification training, lower-class children seem to encounter
greater difficulty, particularly in working with representational
material.

The literature review in Chapter 2 recaptured highlights of fifty
years of research on classificatory behavior, beginning with ''color,
form, size" experiments and culminating with investigations into the
logical operations underlying classificatory behavior. It is appar-
ent that research in this area has moved a long way during this time.
Nevertheless, it remains clear that there is an acute need to see
this research through to completion.

The Wisconsin Research and Development Center for Cognitive
Learning has an active concern for improving educational pract;ices .
through programmatic research. The nurturing of classification
skills or "concept learning," as it is usually called, is of spe-
cial interest. The approach of the Center has been to conduct re-
search on the cognitive operations involved in concept learning,
and to develop instructional theories and educational materials for
different subject matter areas based on the research, The Center
plans to continue research and development related to classificatory

gskills in order to meet the varying needs of children.
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Appendix A

Instructions to Students
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Student Instructions 105

General

We are doing an educational study in order to see how students
like yourself look at certain things. You can be of great help to us
g by answering a number-of~queétions. You will not receive a grade, and

I will be the only person to look at your answers.

. Task I: Pictorial Treatment Group

R R e e ey T sy

I will show you some white cards with pictures printed on them.
As I show the cards, I will ask you either how they are alike or how
they are difierent from each other. Try to give me your best answer

for each question.

Task I: Verbal Treatment Group

I will show you some white cards with words printed on them. First,
the words will be pronounced for you and you can repeat them after me;
As T show the cards, I will ask you either how they are alike or how
they are different from each other. Try to give me your best answer

for each question.

Task II: Free Sort

I am going to show you a group of pictures. Look at all the pic-
tzzes that are placed before you. i want you to select from this
group some of the pictures--any of them--that are alike to you in some
way. Remove these pictures from the main group. Take as few or as

many pictures as you like.

Now, tell me how the pictures in ycur group are alike.
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Appendix B

Response Data for Task I and Task II
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Task II - Response Data

Total Correct

Treatment Group s P A N Responses
Grade 5 1 3 2 2 6
High 2 6 0 1 7
Male 3 5 0 2 6
Pictorial 4 1 2 4 6
Grade 5 5 2 0 5 7
High 6 1 0 6 6
Male 7 3 1 3 6
Verbal 8 4 3 0 7
Grade 5 9 6 0 1 7
High 10 3 2 2 5
Female 11 2 1 4 5
Pictorial 12 2 4 1 7
Grade 5 13 5 1 1 7
High 14 2 A 1 7
Female 15 3 3 1 6
Verbal 16 3 1 3 7

- |
Grade 5 17 3 4 0 6
Low 18 3 0 4 6
Male 19 1 3 3 6
Pictorial 20 3 4 0 7
Grade 5 21 1 0 6 7
Low 22 1 5 1 7
Male 23 4 2 1 6
Verbal 24 4 1 2 6
Grade 5 25 3 2 2 7
Low 26 2 4 1 6
Female 27 2 4 1 7
Pictorial 28 5 1 1 7
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Total Correct

Grade 5 29 3 0 4 7

i Low 30 1 5 1 7

: Female 31 6 0 1 7
Verbal 32 5 1 1 6 #

Grade 8 33 1 6 0 7

High 34 2 1 4 7

; Male 35 3 0 4 7

: Pictorial 36 2 5 0 7

{

Grade 8 37 3 0 4 7

High 38 0 3 4 7

; Male 39 1 1 5 6
Verbal 40 3 2 2 7
Grade 8 41 1 5 1 7
High 42 4 2 1 7
Female 43 2 4 1 7
Pictorial 44 1 2 4 6

i F —

; Grade 8 45 A 0 3 6

High 46 2 3 2 7

Female 47 2 4 1 7

'; Verbal 48 4 3 0 7 4

" Grade 8 49 1 1 5 6

b Low 50 3 0 4 7

_ Male 51 4 0 3 7

: Pictorial 52 3 3 1 5

¢
Grade 8 53 1 4 2 7

: Low 54 5 1 1 5

{ Male 55 6 0 1 7

Verbal 56 1 6 0 7

{ Grade 8 57 3 0 4 7

I Low 58 4 0 3 6

Female 59 3 2 2 7

: Pictorial 60 2 0 l 5 5
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Total Correct
Treatment Group S P A N Responses
Grade 8 61 3 2 2 6
Low 62 1 1 5 6
Female 63 1 4 2 5
Verbal 64 2 4 1 7
Grade 11 65 2 5 0 6
High 66 3 3 1 7
Male 67 2 2 3 7
Pictorial 68 2 2 3 6
Grade 11 69 4 0 3 6
High 70 1 2 4 7
Male 71 L 2 4 6
Verbal 72 7 0 0 7
Grade 11 73 4 1 2 7
High 74 5 1 1 7
Female 75 3 0 4 6
Pictorial 76 3 0 4 6
e ————
Grade 11 77 3 0 4 S
High 78 2 2 3 7
Female 79 2 1 4 6
Verbal 80 0 0 7 5
Grade 11 81 5 2 0 7
Low 82 5 1 1 7
Male 83 2 2 3 7
Pictorial 84 2 3 2 6
Grade 11 85 0 5 2 7
Low 86 0 1 6 5
Male 87 3 0 4 5
Verbal 88 0 1 6 S
Grade 11 89 3 \ 4 4
Low’ 90 1 0 6 3
Female 91 1 5 1 7
Pictorial 92 2 1 4 6
icd




Total Correct

Treatment Group S P A N Responses
Grade 11 93 3 1 3 6
Low 94 5 G 2 7
Female 95 2 2 3 7
96 7 0 0 5

Verbal

S

B e Y




REFERENCES

Allen, L. R. A scalogram analysis of classificatory behavior.
Journal of Research in Science Teaching, 1970, 7, 43-45.

Anastasi, A. Differential psychology. (3rd ed.) New York:
Macmillan Company, 1958.

Brian, C. R., & Goodenough, F. L. The relative potency of color and
form perception at various ages. Journal of Experimental
Psychology, 1929, 12, 197-213.

Bruner, J. S. The course of cognitive growth. American Psycholo-
gist’ 1964’ Lg.’ 1-150

Bruner, J.S., Goodnow, J.J., & Austin, G.A. A study of thinking. New York:
Wiley, 1956.

Bruner, J.S., & Olver, R.R. Development of equivalence trans-
formations in children. In J.C. Wright & J. Kagan (Eds.),

Basic cognitive processes in children. Monographs of the
Society for Research in Child Development, 1963, 28, 125-141.

Bruner, J.S., Olver, R.R., & Greenfield, P. M., et al. Studies
in cognitive growth. New York: Wiley, 1966.

Burnes, K. Patterns of WISC scores for children of two socioeconomic
classes and races. Child Development, 1970, 41, 493-499.

Butters, N. Changes in equivalence judgments following verbal,
perceptual, or functional practice conditions. Child Develop-

ment, 1969, 40, 1179-1191.

Descoudres, A. Couleur, forme, ou numbre? Archives de Psychologie,
1914, 11, 305-341.

Edwards, J. C. Effects of instruction and concomitant variables
on multiple-categorization ability. Journal of Educational
Psychology, 1969, 60, 138-143.

Estes, B, W. Some mathematical and logical concepts i . children.
Journal of Genetic Psychology; 1956, 88, 219-222.

Evans, J. L., & Segall, M.H. Learning to classify by color and
by function: A study of concept-discovery by Ganda children.
Journal of Social Psychology, 1969, 77, 35-53.

Findlay, D. C., & McGuire, C. Social status and abstract behavior.
Journal of Abnormal and Social Psychology, 1957, 54, 135-137. -

Finn, J. D. Multivariance - univariate and multivariate analysis of
variance and covariance: A FORTRAN IV program. Version 4.
Buffalo: Department of Educational Psychology, State Univer-
sity of New York at Buffalo, June 1968.

126




117

Freyberg, P.S. Concept development in Plagetian terms in relation
to school attainment. Journal of Educational Psychology,

1966, 57, 164-168.

Goldman, A. E., & Levine, M. A developmental study of object sorting.
Child Development, 1963, 34, 649-666.

Greenfield, P. M., Reich, L. C., & Olver, R.R. On culture and
equivalence: II. In J.S. Bruner, R.R. Olver, P.M. Greenfield,

et al., Studies in cognitive growth. New York: Wiley. 1966 . Pp. 270-318.

Harris, L., Schaller, M. J., & Mitler, M.M. The effects of stimulus
type on performance in a color-form sorting task with preschool,
kindergarten, first-grade, and third-grade children. Child
Development, 1970, 41, 179-191.

Honkavaara, S. A. A critical re-evaluation of the color and form
reaction, and disproving of the hypothesis connected with
{t. Journal of Psychology, 1958, 42, 25-36.

Hungerford, H. J. The effects of observation and comparison skill
training on classification performance in junior high science.
Science Education, 1969, 53, 53-59.

Inhelder, B., & Plaget, J. La genese des structures logiques
elementaires. Neuchatel: Delachaux et Niestle, 1959.
Cited by E. Kofsky, Child Development, 1966, 37, 19G-204.

Inhelder, B., & Piaget, J. The early growth of logic in the child.
New York: Harper eud Row, 1964,

Kagan, J., & Lemkin, J. Form, color, and size in children's con-
ceptual behavior. Child Development, 1961, 32, 25-28.

Kerp, S. A., Silberman, L., & Winters, A. S. Psychological dif-
ferentiation and socioeconomic status. Perceptual and
Motor Skills, 1969, 28, 55-60.

Kelley, T., Truman, L., Madden, R., Gardner, E., & Rudman, H.
Stanford Achievement Test. Complete Battery. New York:
Harcourt, ®race, and World, 1964.

Kofsky, E. A scalogram study of classificatory development. Child
Development, 1966, 37, 190-204.

Lepper, R. E. A cross-cultural investigation of the development of
gselected Piagetian science concepts, gsocial status, and
reading readiness. Journal of Research in Science Teaching, 1967,

5, 324-337. ]




118

Lindquist, E.F., & Feldt, L. S. Iowa Tests of Educational Develop-
ment. Chicago: Science Research Associates, 1963.

Lowery, L. F., & Allen, L. R. Visual resemblance sorting abilities
among first grade pupils. Journal of Research in Science
Teaching, 1969, 6, 248-256.

Lowery, L. F.,, & Allen, L. R. Socio-economic status and sex dif-
ferences in visual resemblance sorting tasks at the first
grade level. Journal of Research in Science Teaching, 1970,
7, 57-65.

Maccoby, M., & Modiano, N. On culture and equivalence: I, In J.S.
Bruner, R.R. Olver, P.M. Greenfield, et al., Studies in cognitive
growth. New York: Wiley, 1966. Pp. 257-269.

Miller, R. G., Jr. Simultaneous statistical inference. New York:
McGraw-Hill, 1966.

Okonji, M. O. The effects of special training on the classificatory
5 behavior of some Nigerian Ibo children. British Journal
| of Educational Psychology, 1970, 40, 21-26.

Olmsted, P. P., Parks, C V., & Rickel, A. The development of
; classification skills in the preschool child. Internatiomal
; Review of Education, 1970, 16, 67-80.

Olver, R. R. A developmental study of cognitive equivalence.
Unpublished doctoral dissertation, Radcliffe College, 1961.

Olver, R. R., & Rigney, J. C. On equivalence. In J. S. Bruner,
R. R. Olver, P. M. Greenfield, et al., Studies in cognitive

growth. New York: Wiley, 1966. Pp. 68-85.

Osler, S. F., & Fivel, M. W. Concept attainment: I. The role
of age and intelligence in concept attainment by induction.
Journal of Experimental Psychology, 1961, 62, 1-8.

e e e e e T g7 LT

. Osler, S. F., & Trautman, G. E. Concept attainment: II. Effects
i of stimulus complexity upon concept attainment at two levels
: of intelligence. Journal of Experimental Psychology, 1961,
62, 9-13.

‘ Piaget, J. The construction of reality in the child. New York:
Basic Books, 1954.

Price-Williams, D. R. Abstract and concrete modes of classification
in a primitive society. British Journal of Educational
Psychology, 1962, 32, 50-61.

Raven, R. J. The development of classification abilities in culturally
disadvantaged children. Journal of Research in Science Teaching,
1967, 5, 224-229.

128




119

Raven, R. J. The effects of a.structured learning sequence on
second and third grade children's classificatiocn achievement.
Journal of Research in Science Teaching, 1970, 7, 153-160.

Reichard, S., Schneider, M., & Rapaport, D. The development of
concept formation in children. American Journal of Ortho-

psychiatry, 1944, 14, 156-162.

Rigney, J. C. A 'development:al study of cognitive equivalence trans-.
: formations and their use in the acquisition and processing of
information. Unpublished honors thesis, Radcliffe College,

; 1962.

Schmidt, W. H. 0., & Nzimande, A. Cultural differences in color/form
preference and in classificatory behavior. Human Development,
1970, 13, 140-148. :

Sigel, I. E. Developmental trends in the abstraction ability of
children. Child Development, 1953, 24, 131-144.

Sigel, I. E. The development of classificatory skills in young
childten: A training program. Young Children, 1971, 26,
170-184.

Sigel, I. E., Anderson, L.M., & Shapiro, H.S. Categorization
behavior of lower and middle class Negro preschool children:
differences in dealing with representation of familiar objects.
Journal of Negro Education, 1966, 33, 218-229.,

Siller, J. Socioeconomic status and conceptual thinking. Journal
of Abnormal and Social Psychology, 1957, 53, 365~-371.

Siller, J. The effect of differential socioeconomic status upon
the development of conceptual ability. Dissertation
abstracts, 1958, 18, 647-648.

Suchman, R. G. Cultural differences in children's color and form
preferences. Journal of Social Psychology, 1966, 70, 3-10.

Suchman, R. G., & Trabasso, T. Color and form preference in
young children. Journal of Experimental Child Psychology,

1966, 3, 177-187.

Tagatz, G. E., Layman, J. A., & Needham, J. R. Information
processing of third and fourth grade children. Contemporary
Education, 1970, 42, 31-34.

Vinacke, W. E. The psychology of thinking. New York: McGraw-Hill,
1952. .

Warner, W. L. Social class in America. A manual of procedure for
the measurement of social status. New York: Harper, 1960.

ERIC - 129




120

Wei, T. T. D. Piaget’s concept of classification: A comparative
study of advantaged and disadvantaged young children.
Dissertation Abstracts, 1967, 27, 4143A.

Williams, C. L., & Blake, K. A, Stimulus meaningfulness and
retarded, normal, and superior subjects' classification of verbai
material., Journal of Special Education, 1969, 3, 95-99.

Wiviott, S. P. Bases of classification of geometric concepts used
by children of varying characteristics. Technical Keport from the

Research and Development Center for Cognitive Learning, University
of Wisconsin, 1970, No. 143.

GPO 823-074=10

,._..
(W)
o

VST USSP SUE Sy

R S Y e R N A e L L e Sl

el S




