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ABSTRACT

A STUDY OF THE RELATIONSHIP
BETWEEN SOCIOCULTURAL VARIABLES
AND GEOMETRIC PROBLEM SOLVING
PERFORMANCES OF DISADVANTAGED
CHILDREN

BY

STEVEN NEWSTAT

The purpose of this research study was to
determine if sociocultural variables of socloeconomic
status, "father" present in the home, and crowding in the
home influenced the learning of geometric constructions
by culturally impoverished Jjunior high school students.

A geometry workbook was designed to minimize the
influence of reading by presenting each geometry lesson via an
audio tape. Each taped lesson was approximately fifteen
minutes in length and contained all of the necessary
information for learning specific types of geometric

constructions illustrated in the workbook.
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In this study a review of the literature pertaining
to the cognitive theories of psychology was presented. These
theorles were based upon Piaget, Bruner and Ausubel. In
general, the cognitive theorists attempted to explain the
developmental learning patterns of the organism. These
learning patterns were descriptions of the organism's
capability for operational thinking.

Pedagogical implications for learning mathe-
matical concepts are prevalent throughout the cognitive
theories discussed in this investigation. Although
the purpose of this investigation was not to study
individual differences, some generalizations as to
differential modes of intellectual growth for applying
these modes to solving mathematical problems has been
discussed. Recognition of the capabillities suggested
by the various phases of intellectual growth are
essential for the development of an adequate teaching
methodology for the culturally impoverished learner.

The data analyzed in this research study lncluded
achievement test scores, course grades assigned by teachers,
certain cultural variables, and scores on the test instru-
ment of the teaching method being evaluated by this study.

In this study the predicted non-correlation

between social and familial variables and student
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achievement were found. The non-significance of these
correlations were determined by a two-tailed t test
for correlated means and the t ratio for testing the
significance of a correlation coefficient.

The results of this study indicated that
familial characteristics, the presence or absence of
a "father" in the home, and crowding produced no
systematic effect upon the performance of students
on the teaching method in question.

It would appear, from this study, that socio-
cultural variables are not correlated with students
performance on the test instrument; and vocabulary
deficienclies are not a barrier to successful learning
when the disadvantaged child 1s presented with a
teaching methodology that does not emphasize reading
skills.

Further research should be focused on environ-
mental variables and their relationships to physical
characteristics, personality development, achlevement
data, and any changes in the socloeconomic status
between infancy and adulthood. This chain like cause
and effect relationship, between the disadvantaged

child and his environment, should provide further
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understanding toward the development of a curriculum
that would overcome the multilateral influence of

social deprivations on learning.
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Chapter 1

INTRODUCTION

Purpose of the Study

The educational achievement of the disadvantaged
student is a product of a variety of factors such as apti-
tude, perserverance, experience, motivation, and intelli-
gence. It appears from a review of studies concern-
ing major psychological theories and related research
findings that most of these factors are influenced by the
conditions of the disadvantaged child's environment.

Other factors such as motivation, the ability
to learn, and maturation were also affected by certain
environmental conditions. The research studies by Irwin,l
Gould,2 and Jordan3 demonstrated the influence of the en-
vironment as 1t applied to the achievement motivation and
educational behavior of the disadvantaged child. The
social demands for educational achievement, parental as-
pirations for the educational accomplishments of the child,
peer group influences, and other environmental conditions

tended to influence the educational achievement of the

disadvantaged child.
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The intellectual development of the disadvantaged
child, which contributes to his educational progress, is
also influenced by the characteristics of his environment.
Piaget observed that '"intelligence can be conceived as
consisting of a series of attempts, inspired by implica-
tions that reiulted from them but selected by the external
environment."” Hebb concurred with Piaget when he observed
that the early experiences of the disadvantaged child may

5
influence his basic learning abilities.

7
The research findings of Deutsch, Coleman,

New‘con,8 Bruner9 and others demonstrated that the environ-
ment produced a multilateral influence on the educational
achlevement of the disadvantaged child. The environment
influenced his potential academic achievement directly by
determining the kind and quality of educational experi-
ences. At the same time, it also influenced the disadvan-
taged child's academic growth indirectly by conditioning
his motivation for learning and by stimulatingAhis develop-
mental and maturation processes. It is, therefore, im-

portant to ascertain information concerning the influ-

ence of the environment upon the academic achievement of
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the disadvantaged cnild in order to better understand
his educational behavior. In this study an Index of
Socloeconomic Status (SES) will be utilized to determine
the type of environment in which the population, used in
this study, was raised.

In order to study the multilateral influences
of social deprivation on learning one would have to
include both cognitive and psychomotor experiences.
The environmental conditions which met these dual
criteria were then viewed as social deprivations and
comprised the variables which were combined into a composite
SES score. The particular variables selected for this
study and thelr mode of combination will be discussed
in a later chapter.

The purpose of the present investigation
was to explore the educational environment in terms of
specific ongoing processes and forces that may be related
to the educational achievement of the population under
investigation. It involved the identification and

measurement of environmental factors in terms of general
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status characteristics such as soclal class, and father's
occupation as they are related to performance on the test

instrument.

Need for the Study

This research study concerned itself with aspects
of environmental factors that influence the academic
achievement of disadvantaged children. The environment
was studied in relationship to its influence on verbal
learning and intellectual achievement.

The more constricted an individual's social frame
of reference and the greater his distance from the cultural
mainstream, the less meaningful and the less effective are
the dominant cultural values that impinge on the disadvan-
taged learner in the schools. Thus, the behavior of a
disadvantaged child becomes less interpretable by standard-
ized measuring techniques, as these techiques are more
foreign to his social frame of reference.

Gordonlostressed that 1f psychological appraisal

is to concern itself with the problems of educational
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planning for the socially disadvantaged, researchers
should concentrate on the development of new teaching
instruments and techniques. They would provide education-
al planners with the means to evaluate potential for
learning, styles of learning, and patterns of learning
disabilities. Such a procedure, according to Gordon,
would make the appraisal process one of qualitative
analyses rather than of guantitative assessment. He
advanced the positlon that it 1is through qualitative
appraisal that the educator will gain prescriptive direc-
tion for ameliorating the learning difficulties encountered
by disadvantaged children as they progress through school.
It must be recognized that cultural deprivation
and educational deprivation are not necessarily mutually
exclusive, but may reinforce one another in a negative
manner. Thus, the result for disadvantaged children is
usually a cumulative deficit in learning. According to

Kenneth Clark,
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. « « low-status minority children [are] literally
abandoned by our public schools, in terms of any
meaningful definition of the term education, are
suffering from a pattern of unresolved educational
problems. But the data support the fact that the
retardation is cumulative; that the longer the
children remain in school, the further behind
they fall in the basic subjects. 11

The learning environment of the disadvantaged
student has been described by Ausubel as one that lends
credence to the cumulative deficit theory. According to
Ausubel,

His cumulative intellectual deficit is almost
invariably, in part, the cumulative impact of a
continuing and consistently deficient learning

~environment. . .Thus, most of the lower-class
child's alienation from school is in great measure
a reflection of cumulative deficits of a curriculum
that 1s too demanding of him, and impaired self-
confidence that he must bear.l2

Deutsch concurred with Ausubel when he observed,

. . .that when a disadvantaged student broadens
his environmental contacts by going to school, he
1s made aware of his inferior class status and this
has the same depressing effect on his performince
that his inferior class status had all along. 3

Furthermore, it has been shown, statistically,

that the longer a disadvantaged student remained in



e . o 14l
ST T E e B R B S £
PR, af ¢ . ] o ( L
Pty Ty oo g g
W 3 O o ord ~ 5 .
@ s pod M. £ A «
e 00 & o b a J >y
0 £ 4> o d , 2
o £4 [2] 5 !
i @ @ [ i) o Q
() o 4 o o il £

B e . |



14
school, the lower their tested reading ability becomes.

The theories advanced to account for this cumula-
tive learning deficit are usually based on the concept
that the educational materials require greater environ-
mental and cultural experience than is possessed by the
culturally disadvantaged student. Deutsch stated that,,

« « o1t would appear that when one adds four

years of school experience to a poor environment,
plus minority status what emerged are children

who are apparently less capable of handling standard
intellectual and linguistic tasks.lb

In a study by Milner 1t was found that a lower-
class life results in a restrictive use of language.16
Bernstein has described this language as following a
restricted linguistic pattern that hinders the development
of an extensive functional vocabulary which keeps thought
at a low level of conceptualization.17

The importance of these different orientations to
language was that the culturally disadvantaged student was
not as equally suited to school instruction as his middle-

class counterpart. Almy and Chittenden have determined
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that the cognitive performance of disadvantaged children
is markedly inferior to that of a middle-class student.18
It would seem reasonable, therefore, to assume that a dis-
advantaged youth upon entering school with these limited
resources 1s going to find learning a frustrating experi-
ence unless the schools develop educational materials
designed to overcome these deficits.

In a study by Coleman et. al. it was shown that
there was reasonable convincing evidence that the home
background of students was a major determinant of thelr
expected rate of progress.19 Deutsch tended to agree
with this finding when he concluded from his study
that

Children with deficits in learning and

cognitive skills should be approached with
methods to learn skllls that would have been
used at an earlier time had they not been
disadvantaged in either their home or school
environment.
Unless these differences are realized, the culturally
deprived student will derive little of educational value

from the years spent in public schools.
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The disadvantaged child was characterized by

Beillin and Gotkin as

being enactive and less able than the middle-
class child to deal with concrete materials, and
much less with their pictorial or schematic repre-
sentation. . . the disparities become greater as
the middle-class child acquires competence in the
symbolic reasoning while the lower-class youngster
continues to struggle with concrete materials. . .2l

Whiteman tended to agree with this point of view
when he observed that,

The lower achievement level may even feed back
on the slower development of the originally lowered
cognitive skills. A series of interactions between
underlying abilities, overt achievement and inward
self-confidence may take place resulting in lower
abilities producing lower achievements, and inducing
diminished self-confidence, which in turn feeds upon
achievement and so on.22

These deficlencies in cognitive and psychomotor experiences

make it more difficult for the disadvantaged student

to comprehend and successfully compete in a curriculum

which presuvposes a variety of cognitive and verbal

experiences which disadvantaged students often do not possess.
The learning difficulties encountered by the

socially disadvantaged student are often characterized as
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10

peing somewhat universal in nature. That is, all individuals
are 1n some manner intellectually, socially and culturally
impoverished. This viewpoint does not recognize that there
are intellectual and soclal characteristics unique to

the disadvantaged youth.

An impoverished environment resulted in what Jensen
has labeled a *"higher threshold" for verbal mediation.23
This would mean that the disadvantaged youth, as a result
of his experiental background, is less able to solve problems
by wverbal mediation than would be true of a student with
greater language experience. The potential importance of
this for learning cannot be overestimated, in view of the
fact that mathematical problems whose solutions were facili-
tated by verbal mediation were not limited to verbal problems,
or even to problems verbally stated. In many so-called non-
verbal tasks verbalization plays an integal role and many
non-verbal problems are solved with the use of verbal
mediation.

Human learning is sufficiently complex to justify

the development of alternate teaching strategies for no
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11

single approach is likely to have sufficient sophistication
to accommodate all the varied cognitive patterns employed

by students and thelr teachers. 1In general, compensatory

educational programs involved

curricula which simply present a cafeteria
of experience which do not include some direction,
cannot be expected to succeed - or to accomplish
as much in amellorating the school learning
disabilities manifested by the disadvantaged
child. Therefore, the evaluation of the speci-
fic skllls and deficlits of children from varying
backgrounds should continue, and the attempt
should be made to devise curricula and experience
which will be consistent with the current skills
of the child and which will be effectively
<iirected2ﬁoward his growth in the areas of

deficit.

Bloom maintained that "most students can master
what we have to teach them, and it is the task of instruc-
tion to find the means which will enable our students to
master the subject under cons:l.derai::l.on."2‘5 In order to
meet this objective, Bruner believed that the format for

curriculum designs should begin with a theory of instruc-

tion specifying
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12

. « o the ways in which a body of knowledge
should be structured so that it can be most
readily grasped by the learner. . .since the
merit of a structure depends upon its power
for simplifying information, for generating
new propositions, and for increasing the
manipulability of a body of knowledge. . .

A theory of instruction should specify the most
effective sequences in which to present the
materials to be learned.26

One difficulty in determining this body of
knowledge was the fallure, for the most part, of educa-
tional researchers to plan and conduct empirical studies
that included parameters which had a significant influence
upon the type of learning being appraised. According to
Tyler, the most lmportant of these parameters, and the
least evaluated were:

1. the abilities, interests, and relevant
background of the students;

2. the extent to which the environment of
the school, home and neighborhood encourage or
discourage school learning...;

3. the extent to which...program appro-
priately fits in with the total pattern of con-
ditions required for effective learning.Z2T
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13

Brown and Deutsch tended to agree with Tyler's
observations when they noted that a sizeable error

variance occurred when racial groups were treated as
28
homogeneous entities. IMoreover,

investigators have largely failed to pursue
the identification of specific features of the
lower-class environment which are associated with
cognitive and verbal development. . .We must
identify environmental factors which, when
present or absent, can be related to perform-
ance on these abilities.29

When the parameters of these environmental factors
have been identified viable compensatory education programs
can be developed for socially disadvantaged students. Essen-
tially, this would involve the writing and filling of
educational prescriptions concerning the total process
of learning. Such a process

involves a sequence in which the student turns
his attention to the learning situation, seeks
to practice the things he is to learn, obtains
guidance as needed in making his efforts successful,
gains satisfaction from successful performance
and continues the practice until the things become
part of his available repertoire. Typically, a
learning procedure or device 1s developed to
aid in some part or parts of the learning process
but not all of it.30
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Rosner points out that the '"areas of intellectual
performance which show the least difference in level of
performance are those assoclated with mathematical
reasoning.“31 Beilin has demonstrated that

disadvantaged children are more likely to succeed

initially with subjects that are not too culturally

laden. . . such as mathematics ggich is relatively
more cultural-free than others.

Thus, one reference point from which to begin the
abatement of intellectual impoverishment of the
disadvantaged youth is in the area of mathematics.

Mathematics, however, is both an organized body of
knowledge and a set of methods of critiquing and extending

that knowledge. Both aspects are equally important. Either

aspect, or both, may hold transient attention for solving
the mathematical problem-at-hand. The mathematics
curriculum planner therefore, cannot, select a particular
psychologically-based strategy of instruction. He must
first identify the terminal characteristics of the
subject-matter to be learned.33

These terminal characteristics become the course objectives.
Also, the mathematics curriculum designer must specify the
student population taking these mathematical courses. Only
after this is determined, can the curriculum designer make an

appropriate selection of a teaching strategy to be employed.
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The purpose of the present research study was
as follows:

1l. To determine whether the relationship between
specific environmental factors and performance on the
test instrument were independent of socloeconomic status.

2. To explore whether some specific environmental
factors interact jointly with the socioeconomic status
of the disadvantaged child and do thereby affect his
performances on the test instrument used in this study.

To accomplish the above, a population of dis-
advantaged children in Philadelphia were selected from a

Junior High School in a racially encapsulated area.
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Chapter 2

BASIS FOR THE STUDY

Factors assoclated with learning disablilities
of disadvantaged children are identifiable but they
operate neither independently nor with a clearly
predictable pattern. Future efforts to characterize,
1dentify, and select the socially disadvantaged
student must be directed toward the identification
of thelr learning disabillities. This is basic to,
and a pre-requisite for, implementing new curriculum
developments and experimentation with different
approaches to teachling the disadvantaged.

This chapter 1s concerned with specific research
relative to the study as follows:

l. The learning disabilities of disadvantaged
children which affect their academic achievement.

2. Sociocultural variables that may account

for differences in achievement and learning capabilities
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within disadvantaged groups.

Additional purposes of this chapter are (1) to
provide some historical perspective of the test instrument;
(2) to present a background of cognitive psychology assoclated

with learning mathematical concepts.

The Disadvantaged Child

There are different types of disadvantaged children.
The group or subgroup in question may be easlly identi-
fiable, as ethnic groups, or relatively difficult to
distinguish as in groups of individuals with common
interests, such as an athletic team. Culturally
iInfluenced behavior may be formal and deliberate or
incidental and subtle.

A review of the literature shows that a
variety of different terms are used interchangeably when
identifying a population as being disadvantaged. Anastasil
referred to culturally deprived children as "persons
exposed to inconsistent and often incompatible

1
mores, goals, and soclial pressures." Kerber and
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Smith used the term culturally deprived children but
in reference to those who "do not know enough of our
cultural heritage, do not have the possession, rewards,
competences, or knowledge which are too much taken
for granted as given everybody in the American Society."2
Deutsch and his associates used the term minority-
group children to apply to the absence of the "home,
neighborhood, and school environment that might enable
them [the disadvantaged] to utilize theilr ability and
personality poﬁentials fully."3
Passow has used the term culturally disadvantaged
when referring to the economic state in which they
live. He also described culturally disadvantaged children,
as being synonymous with the following terms: socially
handicapped children; culturally different children;
culturally impoverished children; children with inferior
educational background; children of low social origin; the
diverse, low income groups; children of dgpressed

parents; and children of depressed areas. Deutsch

has observed that the home of a disadvantaged youth is
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characterized by

« « « A scarcity . . . of books, toys, puzzles,
pencils and scribbling paper. It 1s not that the
mere presence of such materials would necessarily
result in their productive use, but it would increase
the child's familiarity with the tools he'll be
confronted with in school. Actually, for the most
effective utilization of these tools, guldance and
explanations are necessary from the earliest time of
exposure. Such gulidance requires not only the
presence of aware and educated adults, but also
time - a rare commodity in these marginal
circumstances.

In a study by Ausubel, it was shown that a delay in
the acquisition of certain formal language forms resulted
in difficulty in the transition from concrete to abstract
modes of thought.7 Deutsch found lower-class children to
be inferior in abstract conceptualization and categoriza-
tion of visual stimu11.8 A similar result was found in
a study by Bean, who had discovered that lower-class
children tended to be relatively poor in visual imagery,
abstraction and verbalization.9

The research of Spain10 states, that for the most
part, the major difference between the culturally deprived

and non-culturally deprived child was the slower increase
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in the functional use of language by the culturally
deprived children.

Gordon11 held that all organized patterned
behaviors are reflections or interactions between the
organism and its environment. Deutsch and Brown,12 found
a similar interaction position, and suggested making an
analysis of soclal factors, of social class components,
and of the interaction of the two. Hunt13 focuses more
directly on the developmental dimension and he emphasizes
the hierarchical and sequentlal arrangement in developing
intellectual capacities. Chilmanlu pursued the dimensions
of development still further by suggesting that dis-
advantaged children have a pragmatic, concrete and
personal style, that 1s, the style of an immature person.

Reissfnan15 defines a series of euphemisms such
as éulturally deprived, educationally deprived, deprived,
underprivileged, disadvantaged, lower-class, lower
socloeconomic group as interchangeable.

He stated that
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Whille lower socioeconomic groups lack many
of the advantages (and disadvantages of middle-class
culture), we do not think it is appropriate to describe
them as "culturally deprived" . . .

The term "culturally deprived" refers to those
aspects of middle-class culture - such as education,
books, formal language - from which these groups have
benefited.

However, because it 1s the term 1n current usage,
we willl use "culturally deprived" interchangeably
with "educationally deprived" to refer to the members
of lower socloeconomic¢c groups who have had limited
access to education.l6

Throughout this study, the term culturally disadvan-
taged 1s used according to the definition set forth by
Reissman in the preceding paragraph.

Euclidean Geometry as a Basis for
Research Materlals Used in this Study

Euclid composed the Elements, in which he col-
lected many of the geometric discoveries of Hermotimus,
Pathagoras, Eudoxus, completed many of the theorems
developed by Theatetus, and supplied then irrefutable
mathematical proofs of geometric concepts which had1
not been mathematically proven by his predecessors.

The logical structure of Euclid's Elements

fulfilled Aristotle's desire to develop a sclence based
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upon the '"primitive elements, on definitions and

ax:loms."2 Each of Euclid's thirteen books began with
newly introduced concepts. The first book was divided
into the following areas: (1) the primitive notions

of geometry (point, line, surface, angle, boundary, and
figure), and (2) the basic geometric figures (right angle,
acute and obtuse angles, triangle, circle, quadrilaterals,
and parallel lines). These explanations were followed

by the postulates, and then by the axioms. Together,

they comprised the mathematical foundation upon which
Euclid developed a theory of geometry. This foundation
(Book I) served as a base for the material utilized

in the test instrument employed in the present investi-

gation.

Birkhoff and Beatley's Geometry

Generally, the format of a geometry course has
followed the pattern established by Euclid over two-
thousand years ago. Throughout history mathematicians

have sought to modify and clarify Euclid's geometry in an
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attempt to make its mathematical basis more rigorous.
The past century has seen considerable improvement upon
Euclid's treatment of geometry with the emergence of
alternative systems.

Perhaps the most significant attempt to structure
demonstrative geometry was undertaken by George Birkhoff
and Ralph Beatley.1 Beginning with an article in 1930
in the Fifth Yearbook of the National Council for the
Teachers of Mathematics entitled "A New Approach To
Elementary Geometry" and culminating with the publication

in 1940 of the textbook Basic Geometry, they presented

a logically sound elementary system of geometry which
provided an alternative approach to the teaching of
traditional Euclidean Geometry.2 This approach was
the basis for the workbook containing the geometric
constructions used in this investigation.

Theories of Cognitive Psychology
Relative to Teaching Mathematics

The purpose of this section of the study is to

review the literature pertaining to cognitive psychology as
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it applies to the teaching of mathematical concepts to
disadvantaged students. The importance of psychological
theory, as 1t 1s related to learning geometry, is that it

1. Can provide information as to the nature
of each act of learning and the conditions affecting
it. Each act of learning contains . . . the whole
problem of learning.

2. Can formulate an economics of learning, that
1s to say, a theory and a practical art for selecting
optimal rates and order of presentation when there are
several or a large number of items to be learned.l

2
Beilin and Gotkln suggested that the mathematics

curriculum for disadvantaged puplls be subjected to a cogni-
tive analysis in order to know what is to be taught and what
behaviors and cognitive processes the disadvantaged learner
is assumed to have in order to cope with mathematical problems.
According to them,
« « « the disadvantaged child who 1s lacking in
most cases the relevant cognitive structures or the
symbolic means of representing his experience, may

profit from being provided with approgriate logical
models or problem solving strategies.

The Geneva School

The Geneva School was represented by Jean Piaget.

His theory was closely associated with the study of mathe-

matical learning. Pilaget's theory of cognition supported
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4 5 6
by the works of Flavell, Furth, Sigel and Hooper,

can be interpreted as a group of three theories: a
metatheory, a stage-independent theory, and a stage
dependent theory.7 The stage-dependent theory is
relevant to the mathematical concepts used in this study.
Stage-Dependent Theory. As a stage-dependent

8
theory, Plaget's work embraced the nature of the

human learner, the nature of knowledge, and the nature

of the general development of the learner. This theory
provided the human learner with inborn structures, capable
of a limited number of perceptions. This was considered
as an operational mode common to all living organisms 1in
their interaction with reality.

This operational mode can be interpolated to the
area of geometry. To assist the disadvantaged child in
solving the construction problems in the workbook used
in this research the psychological principles discussed

above were incorporated in the design of the material.



8
aasl

-,




29

These materials were designed to encourage the student to
move from the stage-dependent theory to combinatorial
analysis which resulted in his ability to seek solutions
to geometric constructions by deductive reasoning.

Formal Stage Theory. Research by Inhelder

9
and Piaget on the reasoning capacity of children of

particular ages has led them to the conclusion that
development of the capacity for hypothetical reasoning
or formal aspects of logic began at about age eleven.
In a study by Hill10 it was shown that children between
the ages of six and eight had a considerable intuitive
grasp of many principles of logical inferences. In
addition, these children demonstrated their understanding
in reasoning from hypothetical premises. Her results also
Indicated that simple demonstrations improved children's
performance in recognition of valid inferences.

A study by Yudin and Katesll investigated concept

attainment of adolescents. Thelr findings were consistent

wlth Inhelder and Piaget's assertion that the age of
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twelve 1s the beginning of formal operations. The
educationally disadvantaged individuals did not begin to
fully employ formal operations until the ages of fourteen
to sixteen but did show significant gains during these
two years though equilibrium was not yet attained.
Factors of culture, socioeconomic status, and
formal education, are recognized as variables which can
promote or deter educational development and specifically

the development of the capacity for hypothetical reasoning.

The Harvard School

The Process of Education, a report by Jerome
12
Bruner became the focal point for the learning by

discovery approach. Although Bruner's theory was not
original, he managed to embody the letter and spirit of
the reform movement to renovate mathematics education
during the decade of the 1950's. These talents have
enabled Bruner to present educational theories in a

manner which have had a pervasive influence on the
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contemporary educational scene. While recognizing that
these theories were not new, it 1is still important to
realize that they are significant and challenging to the
teaching of mathematical concepts.

Bruner's concept of knowledge structure was
related to the writings of Alfred North Whitehead.l3 His
educational psycho%ogy about learning by discovery was
based upon Piaget1 and included ideas from the
writings of Dewey,15 and Scott.16

Bruner classified the modes of representatlion as
enactive, iconic, and symbolic. These three learning
sequences designated ways in which the learner made
discoveries which were necessary for the teachlng of
transferrable principles and processes.

The deficits in symbolic representation and
language development are reflected in studies of concept
development in disadvantaged children. Concept formation
in disadvantaged students has been found, by Relssman, as

being content-centered rather than form-centered and whose

reasoning has been described as more inductive than
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17
deductive. This conceptual style was reported by

Gordon18 to 1limit the child's ability to make accurate
generalizations from the specific to the general and to
transfer knowledge utlilizing previously learned concepts.

Although Bruner did not concede the necessity
or the posslibllity of linking specific age limits or
deprivation levels to these representational modes, he
generally compared his levels to Plaget's stages of
preoperational, concrete, and formal intelligence.

According to Bruner, any subject can be taught
effectively in some intellectually honest form to any
child at any stage of development.lg

Bruner emphasized the kind of processes learned by
the student, in contrast to the specific subject matter

20
taught, that is, "knowing is a process, not a product."

Peel21 discussed the learning strategies reported
by Bruner, Goodnow and Austin. He recommended instruction
which recognized individual differences and suggested
the possibility of developing a new strategy appropriate

to learning formal mathematical operations.
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David Ausubel

22
The Theory. Ausubel recognized the careful

sequencing of instructlonal experience so that the
teaching of any mathematics unit was clearly and logically
related to the units that precede it. His theory of
learning concentrated on meaningful learning requiring that
the learner utilized a meaningful set and that the material
learned have potentlal relevance for the learner. The
characteristics of a meaningful learning set included
the ability to relate new material to correspond-
ing features of existing cognitive structures and the
capacity for incorporating the various relationships of
the new material into present cognitive structure. For
new material to be learned, a more general concept must
already have been incorporated into the cognitive structure.
These principles were some of integral features of the
test instrument used 1n this study.

Ausubel23 concelived of the cognitive organization of
meaningful learning by the learner as a hierarchical system.

Rote learning resulted from materials not inherently meaning-
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ful, or at least not meaningful to the learner, or with

potentially meaningful materials not approached with the

proper learning set. This notion was similar to Hunt's

theory of learning. He proposed that learning tasks can

be divided into those which require complete information

transmission (rote learning), information reduction (concept

learning), and information production (probabilistic learning).zu
The arrangement of curricular materials can be

governed by Ausubel's subsumption theory, a theory which

assumed a hierarchical organization of knowledge.25

Ausubel suggested the use of advance organizers prior to

each unit and subunit. These organizers would contain

the particular unit which they preceded; they would be

general in nature and formulated in terms familiar to

the student. These principles were incorporated into

the teaching methodology employed in this study.

Teachling Mathematies to
Disadvantaged Children

A theory of developing cognitive structure was

oriented toward providing the disadvantaged learner with
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a logical structure which he may apply to a variety of
mathematical relations. These relations would be developed

in a logically ordered fashion so that the disadvantaged
student acquires fundamental logical principles in a
sequential order gradually developing more complex and
sophisticated mathematical skills. Such a procedure would
allow the disadvantaged child to "bypass the often arduous

and frustrating task of attempting to discover mathematical
principles which come more easily to middle-class children
(who have considerably broader referential systems)."1

To overcome the disadvantaged student's achievement deficit

on tests measuring cognitive abllity, the school, being

the pfimary method of socializing and teaching the disadvantaged
youth, must also accept its own failures whenever any such
child falls. To ignore this fact means that the school

will only tend to increase the achievement deficit and further

impoverish the intellectual talents of the disadvantaged

youth.
2

Martin Deutsch, in hls study concerning the social

milieu of the disadvantaged child and 1ts effects upon the
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learning process, concluded that the lower-class child
enters the school situation so poorly prepared to produce
what the school demands that initial failures are almost
inevitable and the school experience becomes negatively
rather than positively reinforcing.

Educators must not allow themselves to believe as
self-evident and self-fulfilling the cumulative-
deficit theory. Instead the schools must undertake to
decrease this intellectual impoverishment of the culturally
disadvantaged.

According to Cynthla Deutsch,

Environmental background factors can be very

important in the training of problem solving abilities

and that these underlying skills are most crucial in
the learning process in school.

It has been shown by Piaget, Baldwin, and others
that conceptual thinking and fundamental problem solving
skills begin to develop during the early preschool period.

Baldwin summarizes Plaget's findings as follows:
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After infancy the cognitive development of the
child consists largely of the development of conceptual
schemata. At the end of infancy he can exhibit the
behavior that follows the simple logical rule. . .The
course of the development of this conceptual schemata
1s from the specific to the general. The child first
recognizes relationship in the one situation, then
gradually generalizes until finally 1t becomes an
abstract schema.l

Nelson observed that 'children as young as
three years have the abllity to use a simple form of rational
learning, and they can discover the rational organization
of the learning problems with which they are confronted."
These evidences suggest that the higher cognitive processes
and mental skills which are very important to learning begin
to develop at a very early age, much before the child begins
to go to school. Consequently, the intellectuality in the
home, the kind of complex and challenging environment provided
to the child in the home contribute to the development of
these abilitles and skills. The influence of the home
in this respect can continue even after the disadvantaged
child begins formal schoollng. 8

Bruner,6 Sigel and McBane,7 and Bernstein have

shown that the home environment plays a very important
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role in the development of the child's verbal faclility as
a part of the socializatlion process much before he enters
school. The quality of his language usage depends upon
the kind of language models available to him in the home
at the 1nitlal stages of hls language development.

The cognitive development of disadvantaged children
is not as adequate as that of thelr advantaged peers. Weak-
nesses in language, limited range of cognitive and verbal
experiences, and restricted stimulation of an intellectual
nature all produce certalin cognitive deficiencies. 1In
particular, culturally deprived children seem to have
special difficulty in developing concepts of an abstract
generalizing nature. Empirical evidence supported the
notion that

school achievement of disadvantaged [children] is

characterized by a cumulative-deficit phenomenon. The
children begin school with certain inadequacies 1in
language development, perceptual skills, attentional
skills, and motivation. Under the usual school cur-
riculum, the achievement pattern of deprived children
is such that they fall 1ncreasinglg behind thelr non-
deprived peers in school subjects.

These cognitive deficiencles become most evident in the

later elementary and junior high school grades when the
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subject matter typically requires such abilities.

In a cross-cultural study of the acquisition of
10
arithmetic concepts, Montague found that lower-class

students performed better in mathematics than in reading.

11
Deutsch also found arithmetic scores to be higher

than reading scores in a population of lower-class

children. Both of these researchers tended to agree
12

with the early finding by Siller that disadvantaged

children are most proficient in such academlc areas as

arithmetic.
13 14
Davis and Jensen have shown that status differ-

entiations have the effect in varying degrees of defining
and limiting the intellectual environment of the dis-
advantaged student. They maintalned that SES was an
important factor in determining the development of
mathematical concepts. Findlay and McGuire15 found

that children from lower status backgrounds exhibited a

lower degree of problem solving capacity than higher

status children.
16 17 18

Studies by Deutsch, Newton, Montague,
19 20 21 22 23
Dunkley, Dutton, Binkley, Searle, Skypek,
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Wahlstrom, and Erickson investigated the relationship

of socloeconomic environment and mathematics achievement.
They found that the lower the level of socloeconomic
environment the lower the school mathematlcs achievement.
This relationship indicated that children from low
socloeconomic background had a scholastic handicap in
direct proportion to the degree of their disadvantaged

status.
26 27
Davis, Lorge and Thorndike have found that low

status children tended to operate, as a group, at a more
concrete level than do high status children. They

observed that the early deprivation in the disadvantaged
child's development resulted in a lessened ability to form
abstractions and that limited verbal development is related
to difficulty in learning mathematics.

Mathematics instruction should be considered 1in
terms of matching the proper instructional module and
teaching strategy to the unique characteristics of the
disadvantaged learner. According to Dode, this matching
process is very difficult because there " is no decisive

proof that any particular teaching method . . . will
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guarantee better results than any other method or philosophy,
so far as achlievement is concerned."28 Instead, it becomes
a matter of determining the most effective learning
sequence and combination of the instructional methods
necessary for solving different types of mathematical
problems. Ralph Helmer observed that such a determination
is very complex because "the extent of substantive
knowledge about construction of efficient instructional
sequence in mathematics 1s at present desperately sparse."29
Moreover, Suppes, Hyman and Jerman concurred with
Heimer when they observed that "in the cognitive domain
mathematics provides one of the clearest examples of complex
learning and performances, for the structure of the subject
itself provides numerous constraints on any adequate theory."30
Krutesk1e31 has identified the two general
components of mathematics learning as a visual image
component and verbal-logic component. He established that
there was a marked relationship between the abllity to

perform well in mathematics and the ability to deal with
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symbolic and abstract representations of problems, whether
verbally or non-verbally.

Havighurst tended to agree with Kruteskie when he
observed that "the difference between the socially
disadvantaged and the mass majority is less on tests of
certain non-verbal skills than on tests of more verbal and
abstract abilities."32 This relationship is further
enhanced because disadvantaged children do not show a
deficit in the conceptualization task in 1ts performance
aspect.33 Thus curriculum materials speclally designed
for the disadvantaged child should prove superior to
materials designed for "average" students.

Relssman observed that visual ailds are '"useful
for eliciting the special cognitixe style and creative
potential of deprived children."3 Newton tended to agree
with Relssman when he observed that auto-instructional
devices enhanced the learning environment of disadvantaged

children because "they favor concrete, stimulus-bound

cognitive processes which involve learning."
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Jerome Bruner, emphasizes the kinds of processes
learned by the student, rather than the specific subject-

matter products he may acquire. This i1dea was reflected in

his statement that

We teach a subject . . . to get a student to
think mathematically for himself. . . to embody
the process of knowledge-getting. Knowing 1s a
process, not a product.

Bruner, in The Process of Education, states

that the development of cognitive strategies are enhanced
by providing the learner with intervening opportunities
for trial and error in solving problems. This kind of
exposure will increase the intellectual and social inter-
change between teacher and pupil.

Robert Gagne concurs with Bruner's emphasis that
the process of learning was more important than its product.
Gagne, however, is much more concerned with the teaching of
the rules or intellectual sklills that are relevant to
particular instructional disciplines. He observed that
when solving "a mathematical problem the individual . . .
may have acquired a strategy of applying relevant

subordinate rules in a certain order - but he must also
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have available the mathematical rules themselves."

In contrast to the educational philosophy of Bruner
and Gagne, Ausubel maintained that the primary objective of

39
the school is the transmission of knowledge. Meaningful

learning, according to Ausubel, occurred

e« o o 1f the learning task can be related in non-
arbitrary, substantive fashion to what the learner
already knows, and . . . 1f the learﬂsr adopts a
corresponding learning set to do so.

Lloyd Scott concurs with Bruner's theory that
given sufficient prerequisite understanding in a given
time period any child can learn any subjJect. Scott states
that "any concept may be taught a child of any age in
some intellectually honest manner, if one 1is abli to find

1
the proper language for expressing the concept."
Kelson tends to reflect upon Scott's statement when he

observed that "disadvantaged students, given enough time,

can equal achievement levels og "suburban" chlildren even
2

with highly abstract content."
Similarly, John Carroll views aptitude as the

amount of time requlired by the learner to attaln mastery
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43
of a learning task. Benjamin Bloom observes that

Implicit in this formulation is the assumption
that, given enough time, all students can conceivably
attaln mastery of a learning task. If Carroll is
right, then learning mastery 1s theoretically
available to all, if uﬁ can find the means for
helping each student.

In order to facilitate the transition of material
from one level of thinking to the next requires the
development of special instructional programs and
techniques to be used by the disadvantaged pupil.
According to Belllin and Gotkin, these puplls will benefit
from the translation of motor activity to reasoning with
perceptual and audio types of presentations. They belleve
that the most difficult task are those in "which reasoning
in relation to one form of representation is made

45
equivalent to reasoning in another."

Transfer of knowledge according to Ausubelu6 ocecurs
most effectively if what was learned was rendered meaningful
to the learner. Gagneu7 and Piaget48 have demonstrated
that a unit in mathematics should link new material and
what preceded it. Once this link has been established,

subsequent mastery 1s within the realm of accomplishment,
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because meaningfulness of the subject matter has been
introduced.

If, as Ausubel suggested, meaningful learning
results in positive transfer, it follows that the most
stable objects of instruction are concepts, principles and
general strategles, rather than i1solated facts. However,
when one teaches Euclidean geometry they should be
embedded in a matrix of concepts and principles. When
facts are related to conceptual sghema, there 1is less
chance of the student forgetting. Although many of the
specific assocliations may be forgotten, the presence of
that organizing framework or matrix will, according to the
Gestalt theory of learning, increase the likelihood of their
reconstruction or rediscovery at a point in time when
their application i1s needed. This matrix of concepts and

principles were contained in the test instrument employed

in this study.
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Chapter 3

RESEARCH DESIGN AND

SAMPLING PROCEDURES

Sample Selection

In this study 1000 culturally disadvantaged seventh
and eighth grade Junior High School pupils in Philadelphia
were used as subjects for the present study. Thirty class
sections, equally divided between the two grades, were
chosen from the Gillespie Junior High School which is
located in a racially encapsulated area and has a 95
percent Negro enrollment.

Guilford1 has maintained that there is no absolute
distinction between large and small sample statistics.

Many of the small-sample statistical tests are

based upon the statistic known as the student's t.
Actually t is defined as the ratio of a deviation
from the mean or other parameter, in a distribution

of sample statistics, to the standard error of that
distribution.?2

The distinction between large and small sample statistics
3
becomes critical below sample size of 30. Otherwise, the
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distribution of t approaches the standardized normal
distribution as sample size increases. Furthernore,

If really good accuracy is desired in determining
interval probabilities the t distribution should be
used when the sample size is around 100 cases. Beyond
this number, the normal probabilities are extremely
close to the exact t probabilities.u

It is for the recasons discussed in the preceding paragraph,
that 100 subjects were randomly selacted from a total

5
population of 1000 students.

The Index of Socioeconomic Status

6
The Index of Socloeconomic Status (SES) as

developed by Suzanne Keller and cstelle Cherry at the
Institute for Developmental Studies was used by this
researcher to assign social class ratings to the sub-
jects involved, (See Appendix A)

Lach category for the Index was derived from an
appropriately weighted composite measure of the
occupational status of the main [wage earner] and
education of the main [wage earner]. The weights
assigned to the indicators were derived from a
regression equation based on the degree of inter-
correlation among these three variables.?
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The occupational status of the Index was derived
)

from the Empey Scale of Occupational Prestige. The
correlation was over .90 between the scale used in the

Incex of Socloeconomic Status and the Hollingshead Two
9
Factor Index of Social Position.

The educational variable of the Index was divided
into eight categories ranging from one (0-4 years of
school) to eight (graduate training). Each occupa-
tion was glven a rating from one (lowest prestige) to

ten (highest prestige), based upon the scale constructed
10 11 12
by Empey, Smith, and by Hatt and North. This scale
13
had a rank order correlation of .97. This treatment

concurs with that used by Deutsch.

The distribution of educational and occu-
pational ratings were treated as if they rep-
resented parametric data, and the ratings were
converted into standard scores. A social class
score was obtained by adding the two derived
scores, 1l



The scores were tnen divided into the

following three levels:

evel I. A typical family in this group has as
a main wage earner a person who is unemployed, or
who has an unskilled or semiskilled job. The educa-
tional level ranged from elementary schooling to
cornpletion of the Ninth grade.

Level II. The typical family at this level is
headed by a waze earner with a semiskilled, clerical,
or sales job whose education ranged from about nine
grades to high school graduation.

Level III. The typical household is headed by
a professional or managerial wage earner whose
education would be high school graduation, college,

or graduate work.15

Again according to Deutsch "the index shows
a . . .degree of internal cohesiveness [and] has con-
siderable construct validity."l6 Additional validity
for thls social class index was determined in a study
by Bloom, Whiteman, and Deutsch.l7

Based on Deutsch's SES Index, it was deter-
mined that those students participating in this study

can be categorized as follows: Level I - low, 68%
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Level II - middle, 9%; Level III - high, 3%.
These findlngs compare favorably with the find-
18
ings of Bloom, Whiteman, and Deutsch for inner-city

children in ‘‘deprived’ areas.

Data Gathering Procedures

A questionnaire containing personal information
items, total number of individuals living in the home
and schooling of father and mother was administered to
the entire population of this study. (See Appendix B)
The questionnaire was developed by this research-
er with the assistance of the school counselors and
soclal workers who were desirous of ascertaining current

information about the student population being tested.¥*

* Without their participation and cooperation, this
study would have been very difficult to administer.

They introduced the investigator to the teachers, the
administrators and assisted him in the distribution and
collection of the test material given to the participating
classroom teachers. Also, all pertinent student infor-
mation was made available to the investigator and social
workers.
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The principal of the school, sincere in his
desire to aid the research study, did not inform any of
the other teachers in the school of this project. The
participating teachers received information directly
from the researcher as to the nature of the study, how
to administer the student questionnaire, the pre-and post-
tests and the geometry lessons.

Each teacher involved in this study was instruct-
ed not to Inform their students that they were partici-
pating in a research project. They were told to empha-
size that the gquestionnaire was not a test and that the
students should respond freely to the questions. All
of these teachers were instructed to assist the students,
where necessary, in completing the questicnnaire or an-
swering any of the items.

Attached to each questionnaire was a 4" x 5" card
also to be filled out by the students. (This card would
identify the questionnaire for possible follow-up by

having a number identical to that of the questionnaire.)
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The students completed their questionnaires in

theilr assigned classrooms during one time period. The
advantage of having all students answering the question-
naire at the same time was to standardize the experience.
The time allocated for the questionnaire was

45 minutes, or one classroom period. They were
collected by the investigator from each of the partici-

pating teachers during the next classroom period.

rvaluative Instrument

The evaluative instrument consisted of a workbook
containing 10 separate lessons pertaining to specific types
of geometric constructions, 10 fifteen minute instruct-
ional audiotapes, recorded at 3 3/4 ips, which were
necessary for completing each of the 10 geometry
lessons. Each lesson, along with it's corresponding audio
tape, was administered to the population under investigation
for the successive days. These materials were developed by
Kline19 in accordance with the following design principles:

1. The concepts to be communicated in each
presentation were limited in number.

2. Practical experiences were designed to lead
to intellectual discovery.
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3. Correct responses were reinforced immediately
to produce motive satisfaction.

4, The principle of concept generalization
(knowledge transfer).

5. Each concept sequence was carefully pro-
grammed so that each geometrical principle served
as a base for higher order learning, et. seq.

The workbook contained the following geometry
lessons:
Lesson 1

This was an introductory lesson and includes back-
ground presentation, explanation of the need and use of
Geometry by todays student. Discussion of points,
lines, planes, solids, etc.

Lesson 2

This lesson included a discussion of angles, an
explanation of rays, the vertex of an angle, right,
acute, obtuse, straight and reflex angles. Methods
of labelling and referring to angles were also
explained.

Lesson 3

Brief review of lessons 1 and 2. Discussion and
explanation of adjacent angles, methods of adding and
subtracting angles based on axioms. A simple geometric
proof was included and explained.

Lesson U

Explanations concerning pairs of angles are given.
Complementary, supplementary and vertical angles are
discussed and their relationship to other angles dis-
cussed 1n previous lesson 1s explained. The lesson
includes work related to acute, obtuse, right and
other angles. A simple formal proof is explained
in an informal manner.



Lesson 5

Introduction to the compass and stralght edge.
Simple constructions include; constructing a line
segment equal to a given line segment, bi-secting
a given line and constructing an angle equal to a
given angle. The last part of the lesson deals with
the construction of perpendiculars.

Lesson 6

Students were instructed how to construct
angles to a given size with a compass and straight
edge. Practice is given in the construction of 90°,
4s°, 60°, and other angles. These constructions are
taught by the relationship to a circle method.

Lesson 7

This lesson included the construction of para-
llels to a given stralght line with a complete ex-
planation of alternate-exterior angles and correspond-
ing angles (sometimes called exterior-interior angles).
The lesson also includes the relationships and equalities
of these angles formed by parallel lines cut by a trans-
versal.

Lesson 8

This lesson included the construction of circles,
triangles and quadrilaterals from given data. The
latter part of the lesson includes constructing a
square equal in area to a given polygon. Simple
formulae are reviewed to clarify the lesson.

Lesson 9

This lesson included (1) the construction of per-
pendiculars to a given point; (tangent) (2) the con-
struction of inscribed and circumscribed triangles,
hexagons, squares and octagons.
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Lesson 10

This lesson was concerned with the construction
of triangles equal in area to given polygons.<l

The materials, in the geometry workbook, contain-

ed the accepted geometric constructions of Euclid as
presented by Birkhoff and Beatley. Thls approach was
discussed in Chapter 3. (See Appendix C for a copy
of the workbook)

Both the workbook, containing the above listed
geometry lessons, along with its corresponding audio
tapes were designed in such a manner that

the student could compare his responses with

correct constructions as the lesson progressed.
By so doing, the correct responses by the student
are progressively strenghtened by being followed
immediately by motive satisfaction. . .The method
used to allow the student to make this comparison
was accomplished by 1ncluding correct responses
in the student material immediately opposite

the drawing area.Z22

The workbook contained printed material to assist
the student in interpreting the audio lesson, enabling
him to make the baslic geometric constructions as direct-

ed by the audio lesson, and answers to the supplementary
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material was included in the teachers' notes. The audio-
tapes stressed the use of the relative pause, voice
inflections and connotational emphasis. Grammatical
structure normally used for written composition was
considered of lesser value than the importance of

"econversational" speech acceptable to the disadvantaged child.

Reliability of the Instrument

An analysis of variance technique, which was
developed by Hoyt, was used to compute the estimated
test reliability of the instrument used in this
research.

According to Hoyt, the formulas were
developed

for estimating the reliability of a test
by means of analysis of variance. . .It is
essentially the method suggested by Johnson
and Neyman and later used by Jackson. This
particular approach does not use a new or
different result for the problems of tests
of significance but does possess consider-
able advantage in attacking problems of
estimation.?

The residual sums of squares were used by Hoyt

as a basis for estimating the discrepancy between



68

observed variance and true variance; i.e., variance

due to error in the test instrument. The residual

sum of squares is obtained by subtracting the among
students sum of squares and the among items sum of
squares from the total sum of squares. The formula for
computing the reliability coefficlent riy is as

24
follows:

r =V o
vt S Vp

\

s
where rtt = The reliability coefficient of the test,
Vs = Variance among students, and
Vr = Remainder variance.

When using Hoyt's technique, for estimating
test reliability by analysis of variance, the residual
sum of squares serves as the means for estimating the
discrepancy between the obtained variance and true

variance of the student's score on a test.
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This estimate of the discrepancy is a better one
than obtained by dividing the test into odd and
even halves because in the latter case the partic-
ular split of the test, which is only one of many
possible ways of splitting a test, may be an un-
lucky divislion and may result in either an over-
estimate or an underestimate of the coefficient of
reliability. Furthermore, it has been shown. . .
that the particular estimate of the discrepancy
between the obtained and the 'true' scores is the
best linear estimate where 'best' is considered
in the light of the least 'squares' criterion.
Hence, it 1is clear that this method of estimating
the rellabllity of a test gives a better estimate
than any method based upon an arbitrary division
of the test into halves or into any other fractional
parts.

The fact that Hoyt's technique for estimating
test reliability yields precisely the same result as
Kuder and Richardson's split-half procedure lends strong
verification to the utilization of this technique. But,
the Kuder and Richardson procedure has "some 6
of the limitations of the split-half method."2

Thus, Hoyt's method 1s an improvement over the
split-half method, as well as the Xuder and Richardson

procedure. This technlque provides a better estimate

between the obtained variance and true variance by
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eliminating the possibility of an unlucky odd-even
split of the students' scores on a test.

The computation for the estimated reliability
of the test, using Hoyt's technique, is shown in
Table 1.

Table 1

ANALYSIS OF VARIANCE OF 10 ITEMS IN GEOMETRY,

ADMINISTERED TO 100 STUDENTS

Source of d.f. Sum of Squares Variance ¥
Variation

Among Stu- 99 20.699 20.9

dents

Among Items 9 29.789 3.30988
Residual 891 159.911 L17947
Total 999 210.399 0.2106

The coefficient of reliability of the test

instrument is

Tie = 20.9 - 0.17947
20.9

Piy = 0.9913

¥ Variance in this application is the same as

mean squares 1n standard application.
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An estimated test reliability of 0.9913
indicates a non-ambiguous test reliability across
individual students. This test instrument, therefore,
has a high degree of internal consistency and it is

reliable across individual students.

Standard Error of Measurement of the Test

Though it may seem obvious to the reader that
a test with such a high reliability coefficient (.9913)
should have a low amount of measurement error, Loyt's
Standard Error of Measurement27 was nonetheless computed
as a further check. The Standard Error of Measurement,
according to Hoyt, is obtained by taking the square root
of the residual sum of squares and dividing it by the
degrees of freedom for among students found in Table 1.

The computation for the Standard Error of leasurement is

as follows:

/[ 159.11
99 = 1.27

The Standard Error of lMeasurcment is equal to

1.27. This measurement 1s a "standard deviation of an
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[individual'g] hypothetical distribution over measured
occasions."2 It can be interpreted in the following
manner:

1. The chances are two out of three that the
individual's obtained score was not more than 1.27 units
from his true score.

2. The chances are 95 out of 100 that
the individual's obtalned score was not more than
2.54 units from his true score.

3. The chances are 99 out of 100 that
the individual's obtained score is not more than 3.81
units from his true score.

The small standard error of measurement indicates
that the test has a low degree of measurement error and

thus that a considerable of confldence can be placed in

scores obtailned from the test instrument.

Test Validity

Since this study did not include a previously
standardized criterion measure of geometric skills it

is not possible to compute a validity coefficient. How-
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ever, it would seem logical to assume that a test which
requlres the student to demonstrate specific geometric
skills is a reasure of the attainment of those skills
and thus has reasonable validity for purposes of this
study.

Acceptance of the above logic implies, however,
that the test include a representative sampling of the
broad spectrum of skills which contribute to competence in
geometry. In other words, the test would be biased if it
overly emphasized a few geometric skills at the expense
of others. In its development, Kline incorporated the skills

generally included in elementary geometry textbooks.

Statistical Procedures

The statistical methods that were used to analyze
the data from this study are as follows: Product moment
coefficient of linear correlation, and the "t" test for
correlated means.

A product moment coefficient of linear correla-
tion was used to estimate the degree of relationship be-

tween the variables used in this study: mathematics and
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verbal achievement scores, grades earned in math and
English, socioeconomic factors, home crowding factor,
whether or not there is a father in the home and the de-
pendent variable which is the pre-and posttest scores.

The 10 pre-and posttest items contained the same
materials that inferred a knowledge of geometric
constructions and did not contain specific questions that
could be directly related to the test instrument. The
scores on the pre-and posttest were based upon a ten point
scale. An item analysis of these scores are shown in
table 2. (See Appendix D for a copy of the pre-and
posttest)

The student's achievement scores in mathematics
and reading were obtained from the Iowa Tests
of Baslc Skills that each student had taken from fourth
grade through eighth grade, inclusively. The math and
English course grades from fourth through eighth grade were
ascertained from the cumulative records of each of the
students.

A two talled test was used to determine the signi-

ficance of all differences when
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ANALYSIS OF TEST INSTRUMENT BY ITEM

Item Percent Passing Percent Falling
1 [ 23
2 78 22
3 72 28
4 63 17
5 L3 57
6 66 34
7 55 45
8 36 64
9 37 63

10 95 5



76

No prior hypotheses about the direction of the
difference between pl and p2 1s made. The test of
significance should take into account both the
probability of a positive difference and the prob-
ability of a negative difference.29

A significance level of .01 was the criterion for

accepting or rejecting the research hypotheses involved.

The "t" Test

In this research study, course effectiveness was
evaluated by a repeated measurements design. This design
was chosen because this research study did not employ a
control group.

The term repeated measurements describes a type
of research design in which

. « .two measurements are made on each element.
If the order in which the treatments are administered
has no effect upon the final outcome, then the difference
between the two measures on the same element on a common
criterion provides a measure of the relative effective-
ness of the treatments. This measure is but systematic
effects associated with the elements themselves. In
this respect each element serves as i1ts own control
group .30
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Moreover, "one of the primary advantages of repeated measures
is the potential reduction aue to experimental error."31

When using a repeated measurements design, the
standard "t" test is not utilized because a fundamental
assumption of that test is that the means being evaluated
are independently derived or orthogonal. In a repeated
measurements design, the fundamental assumption underlying
a "t" test is violated because the same individuals appear
in both sets of measurements. Therefore, in this research
study it was necessary to use the "t" test for correlated
means.

32

The "t" test for correlated means is a technique
which computes the correlation between the means and then
uses it to correct the standard error of the difference
between the means. This technique has the effect of reducing
the denominator of the '"t" test, which is the error term.
In other words, any variation reflected in the correlation

coefficient can be described to a known cause rather than

being placed under unexplained experimental error.
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The computation of "t", for this research design,
is provided in Table 3 is further discussed in the next

chapter on findings of the study.

Research Hypotheses

This study was designed to test the assumption
that a teaching methodology can be developed to overcome
certain sociological and environmental factors that tend
to hamper the educational achievement of the disadvantaged

child. To do so, the following null hypotheses, were

tested:

Hypothesis 1l: It 1s postulated that the difference

between the means of the pre-and posttests will be signi-

cant.

Hypothesis 2: It is postulated that the correlation

between student performance on the test instrument and

SES will not be significant.

Hypothesis 3: It i1s postulated that the correlation

between student performance on the test instrument and



"father"* will not be significant.

Hypothesis 4: It is postulated that the correlation

between student performance on the test instrument and

crowding¥ will not be significant.

Hypothesis 5: It is postulated that the correlation

between student performance on the test instrument and

verbal achievement scores will not be significant.

Hypothesis 6: It is postulated that the correlation

between student performance on the test instrument and

mathematics achievement scores will not be sigﬁificant.

Hypothesis 7: It is postulated that the correlation

between student performance on the test instrument and

grades will not be significant.

b "Father" refers to a home in which the father
i1s present as opposed to one in which he is not.

* "Crowding" is the number of people in a home
divided by the number of rooms in the home.



Chapter 3

REFERENCES CITED

l. J. P. Gullford, Fundamental Statistics in
Psychology and Education, lcGraw-dill, 4th Edition,
New York, 1965.

2. 1Ibid., p. 182.
3. Ibid., p. 181.

4y, william L. Hays, Statistics for Psychologists,
Holt, Rinehart and Winston, New York, 1966, p. 307.

5. The random table of numbers were generated by an
IBI/360 Scientific Subroutine package.

6. Martin Deutsch, Alma Maliver, B. R. Brown and
Estelle Cherry, Communication of Information in the
Elementary School Classroom, Cooperative Research Pro-
ject No. 908 of the Office of Education, U.S. Depart-
ment of Health, Education and Welfare, April, 1964,

7. Ibid., p. 135.

8. LaMar T. Empey, "Social Class and Occupational
Aspirations: A Comparison of Absolute and Relative
Measurement," American Sociological Review, December,

1956, pp. 703-709.

9, A.B. Hollingshead and F.C. Redlich, Socilal Class
and Mental Illness, New York: John Wiley and Sons, 195%.

10. Empey, Loc. Cit.

11. M. Smith, "An Empirical Scale of Prestige of
Occupations," American Sociological Review, 8: 185-192,
April, 1943.




81

12. P.K. Hatt and C.C. North, "Jobs and Occupations;
A Popular Evaluation," in Class Status and Power, edited by
R. Bendix and S.M. Lipset, The Free Press of Glencoe,
1949, pp. 411-426,

13. 1Ibid.

14, Deutsch, Maliver, Brown and Cherry, Op. Cit.,
p. 134,

15. Ibid.

16. Ibid.

17. R. Bloom, M. Whiteman and . Deutsch, "Race and
Soclial Class as Separate Factors Related to Social Environ-

ment," The American Journal of Sociology, 60: 471-476,
January, 1965.

18. R. Bloom, M. Whiteman and M. Deutsch, Loc. Cit.

19. Robert D. Kline, "A Study to Determine If Educa-
tional Materials Deslgned Specifically for a Developing
Nation are Equally Effective in Producing Student Achievement
in a Developing Nation," Unpublished Doctoral Dissertation,

Syracuse University, 1967.
20. Ibid., p. 110.

21. R.D. Kline, Workbook for Geometry, Syracuse
University, Syracuse, 1967, 43 pp.

22. Kline, Op. Cit., p. 35.

23. Cyril Hoyt, "Testing Reliability Estimated By
Analysls of Variance," Psychometrika, 6: p. 156.

24, Ibid., p. 155.

25. Hoyt, Op. Cit., p. 155.

26. N.M. Downie and R.W. Heath, Basic Statistical
l‘'ethods, Harper and Row Publishers, New York, 1965, p. 220.




82

27. Hoyt, Op. Cit., p. 156.
28. William L. Hays, Op. Cit., p. 294,
29. Allan Edwards, Experimental Design in Psycholo-

gical Research, Holt, Rinehart and Winston, K.Y., 1964,
p. 54,

30. B.J. wWiner, Statistical Principles in rcxperimental

Design, lcGraw-hHill Hook Company, 1962, p. 39.
31. Ibid., p. 42.

32. J.P. Guilford, Op. Cit., p. 177.



83

Chapter 4

RESEARCH FINDINGS

The data gathered in this study includes achieve-
ment test scores, course grades assigned by teachers, certain
familial characteristics, and scores on the test instrument of
the teaching method being evaluated by this research study.
Findings are presented in terms of the several hypotheses

stated in Chaoter 3.

The Research Hypotheses And The Findings

Hypothesis 1: It is hypothesized that the difference

between the means of the pre-and posttests will be significant.

In order to evaluate this hypothesis 1t must be stated
in the "null" form. The null hypothesis (Ho) to be evaluated
is that:

There is no significant difference between the

means of the pre-and posttests. (Ho:M2-Ml=O)

The .01 level of significance was selected as the

criterion for rejection of the null hypothesis. A "t" test

for correlated means, which was discussed in the previous
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chapter, was used to evaluate the significance of the differ-
ence between the means of the pre-and posttest scores.
The data 1s presented in Table 3 with the probability of

"t" being based upon a two-tailed comparison.
Table 3

Analysis of Mean Scores of

Test Data
Means Difference SD Computed ar Probability
Pre Post (Post-Pre) Pre Post RS AL of %g"
4,72 T7.48 2.76 1.9 1.3 1.75 98 less than .01

Since the "t'" score necessary for the rejection of
the null hypothesis at the .01 level is 2.54, a computed "t"
of 17.50 1s clearly significant and the probability of obtaining
such differences by chance 1s very small. Therefore, we are
able to reject the null hypothesis and the alternative

hypothesis (Hl) seems tenable,

The range for this study was based upon one standard
deviation in both directions from the mean. As such, the
range for 68 percent of the cases is equal to 7.48 + 1.3;

i.e., the range is 6.18 to 8.738.






The fact that the study did not incorporate a control
group poses some questions as to the validity of the above con-
clusion. For example, under some circumstances, the
improvement reflected in the students' performance on the
posttest could be due to some maturational factor which
occurred during the time between the administration of the
two tests. In this case, however, the two tests were
administered within the span of one-half month so matura-
tional factors as such can be discounted.

Another counter explanation for the improvement of
these students' test scores 1s that the pretest may have
influenced their posttest scores by sensitizing them to what
was expected of them or through the effect of practice.1

The investigator recognizes this as a legitimate
criticism of the repeated measures design utilized 1n this
study. It is quite possible that some of the improvement
in the scores is due to the effect of the pretest. However,
the magnitude of improvement observed was sufficient to

warrante serious question that more than a minor portion

could be accounted for by practice.



Statistical regression may also be a reason for the
improvement in the posttest scores. However, without a control
group there is no way to cvaluate the extent to which
statistical regression is involved in a repeated measures
cdesign. While it 1s true that these students were not
selected because of low scores on achievement tests, their
scores were still low because students of minority background
tend to score low on such tests., This is an artifact
of doing research involving minority subjects. It will be
noted later that the relationship between performance
on the test instrument and performance on standardized
achievement tests was not significant. Therefore, it secems
i1llogical that statistical regression accounts for that extent
of improvement observed in this sample.

Hypothesis 2: It is postulated that the correlation

between student performance on the test instrument and SES will
not be statistically significant.

In order to evaluate thils hypothesis it is necessary
to test the assumption that the null hypothesis that the

population correlation is zero is true such that
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r(n-2)l/2

t =

1/2
(1-r°) /

which has a t distribution with n-2 degrees of freedom and
can be evaluated by means of the table of t with alpha

set at .Ol.2 A two-talled t test is necessary since

the above hypothesis does not designate the direction of a
significant departure from zero correlation.

By substitution into the above formula it can be
shown that a correlation coefficient of .264 is required for
significance at the .01 level.

In a repeated measurements design it 1is possible to
generate three test performance scores: a pretest score,

a posttest score and the difference between these two scores.

The results of this test are presented in Table U.
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Table 4

Corrleations Between SES

And Test Instrument

Varlables Correlation Coefficient df Significance
Pre vs SO .095 98 No
Post vs SES -.010 98 No
Gain¥*vs SES -.124 98 No

Since none of the correlations in Table 4 are significant,
liypothesis 2 was confirmed in this sample. Therefore, it would
seem that a student's soclioeconomic status has 1little effect
upon his capacity to respond to the method of teaching geometry
under investigation.

Hypothesis 3: It 1s postulated that the correlation

between student performance on the test instrument and 'Y“father'*¥
will not be significant.
The null hypothesis to be tested is that the
population correlation is zero. A two-tailed t test with
alpha equal to .01 are the criteria for rejection of the null

hypothesis.

¥ Gain represents an improvement score drived by subtracting
a student's score on the pretest from his score on the posttest.

¥%¥ "Father" refers to a home in which a father is present
(scored as +1) as opposed to a home in which no father is
present (scored as 0). In this study 78 percent of the
population did not have a father present in the home; wherecas
22 percent did have a father present in the home.
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however, it 1is necessary to use the point-biserial

correlation coefficient rather than the Pearson r's since

-

3
"father" is a dichotomous variable. The fornula used in

the computations reads

p = My -

oy

(pq)l/2

where p= "father" present, gq= "father" absent and t= total group.

The data 1s summarized in Teble 5.

Table 5

Correlations Between Father

And The Test Instrument

Variables Point-Biserial r arf Sicnificance
Pre vs Father .134 96 No
Post vs Father .080 98 llo
Gain vs Father -.097 98 No

Since all three point-biserial r's are much less
than .264 Hypothesis 3 remains tenable. According to the data

on this sample, the presence or absence of a father 1in the
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home produces no systematic effect upon the performance of
students on the teaching method in question.

Hypothesis U4: It is postulated that the correlation

between student performance on the test instrument and
crowding* will not be statistically significant.

The hypothesis to be tested is that the population
correlation equals zero by utilizing a two-talled t test
with alpha equal to .01 in the manner discussed previously
in the analysis of hypothesis 2. In order to reject the
null hypothesis a correlation coefficient equal to or greater

than .264 is required. The data is summarized in Table 6.

Table 6
Correlations Between Crowding And

The Test Instrument

Variables Correlation Coefficient df Significance
Pre vs Crowding -.157 98 No
Post vs Crowding -.134 93 No
Gain vs Crowding .080 98 No

* Crowding is a ratio with the number of people in the
home as the numerator and with the number of rooms in the
home as the denominator.
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Since none of the correclation coefficients listed in
Table 5 are significant, Lypothesis 4 remains tenable.
Therefore, the data indicates that crowding in the home does
not appreciably affect a student's capacity to profit from
the teaching technique being investigated.

Hypothesis 5: It is postulated that the correlation

between student performance on the test instrument and verbal
achlievement scores* will not be significant.

In order to test this hypothesis, we will again use
the null hypothesis that the population correlation equals
zero as well as a two-tailed t test with alpha equal to
.01l. The degrees of freedom is N-2 = 100-2 = 98. 1In
order to reject the null hypothesis in regard to any one
of the computed correlations, the coefficient nust equal

or exceed .264,

The data is summarized in Table 7 on the following

bage.

* Scores on the verbal component of the Icwa Test of

Basic Skilis.
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Table 7

Correlations Betwcen Verbal Achievement

By Grade Level And The Test Instrument

Test

Instrument
Pre Post Gain
}4 -.023 .OLlS 0066
Verbal 6 -=.150 .055 227

Achievement

7 —.099 .0'40 0153
8 -0098 0038 .150

None of the correlations are sufficient to reject
the null hypothesis and Hypothesis 5 remains tenable.

It should be noted, however, that the correlation
betweecn gain and sixth grade verbal achievement (.227) would
have been significant nad alpha been equal to .05. (The
critical r for an alpha of .05 is .205.) The data
offers no explanation for this one coefficient being so much
greater than the others.

In addition, it 1is interesting that all of the co-
efficients associated with The pretest are negative in sign

while all the others are positive in sign. This same trend
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will be observed in the next section in regard to mathematics
achievement. Since this trend was not anticipated, the author
is unable to evaluate its meaning with the present research
design. One possible explanation is that the change in
sign is due to the rather large movement (improvement)
between the pre-and posttest scores on the test instrument.
In summary, the nerformance on the test instrument
of this sample of 100 students was not significantly related
to thelr performance on tests of verbal achievement. (Refer
to Appendix E for scatterplots of Mathematiecs Achievement
Scores for grades four through eight)

Hypothesis 6: It 1s postulated that the correlation

between student performance on the test instrument and
mathematics achlevement scores* will not be significant.
The null hypothesis to be tested is that the
population correlation is zero. For a two-talled t test
with 98 degrees of freedom the critical value of r for
the .01 level of significance remains at .264.
The data is summarized in Table 8 on the

following page.

¥  Scores on the verbal component of the Iowa Test of
Basic Skills.



Table 8

Correlations Betwecen The Test Instrument

And Mathematics Achievement By Grade Level

Test
Instrument
Pre Post Gain
y o -,121 -.044 .110
5 -.108 011 140
I[lathematics 6 -.115 .050 .188
Achievement
7 -=.126 .018 .168
8 -.084 .045 .139

None of the above coefficients are significant.
Thherefore, Hypothesis 6 remains tenable.

It should be noted that all of the coefficients
as sociated with the pretest are negative in sign while all
but one of the others are positive in sign. Thils trend was
observed and discussed in the preceding discussion of
Hypothesis 5 and the situation is comparably difficult

to exp1lain.
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On the basls of this data it would seem that the
ability of this sample of 100 students to respond to the
teaching method being evaluated was not significantly re-
lated to theilr performance on standardized tests of mathematics
achievement. (Refer to Appendix E for scatterplots of
Verbal Achievement Scores for grades four through eight)

Eypothesis 7: It is postulated that the correlation

between student performance on the test instrument and grades
will not be significant.

The null hypothesis that the population correlation
equals zero will be tested by means of a two-tailed t test
with 98 degrees of freedom. The critical r for rejection
at the .01 level of significance is acain .264.

The correlations between the test instrument and
grades received in mathematics courses are summarized in Table
9 on the following page. Tne correlations between the test
instrument and grades received in English courses are summarized
in Table 10.

Since the same trends are observed in both tables

they will be discussed together.



Table 9
Correlations Between The Test Instrument

And riathematics Grades

Test
Instrument
Pre Post Gain
)4 -.155 _3127 0083
5 -.018 024 L0441
IMathematics 6 -=.062 -.039 .043
Grades
.089 0068 "'0052
.010 -.003 -.015
Table 10

Corrclations Between The Test Instrument

And bnflish Grades

Test
Instrument
Pre Post Gain
L ~,094 -.073 .053
5 =.1T74 -.027 .183
English 6 .014 -.044 .053
Grades
7 =-.007 -.098 .037
8 .008 .109 .060
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None of the coefficients in either table are sig-
nificant. Therefore, Hypothesis 7 remains tenable. Since
there 1s no discernible pattern to the positive and negative
signs of the coefficients, no explanation can be offered.

In effect, there 1s little relationship between the perfor-
mance of this sample of 100 students on the test instrument
and the grades they received in various mathematics and

English courses.
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Chapter 5

CONCLUSIONS AHND RuCOMMSWNDATIOWS

Conclusions

In this study the predicted non-correlation

between social and familial variables and student

achievement were found. The non-sipgnificance of these

correlations were determined by a two-talled t test for
correlated means and the t ratio for testing the
significance of a correlation coefficient.

The results of this study indicated that familial
Ccharacteristics or sociocultural variables did not
I nfluence student achievement with this teaching method.

‘Thhis teaching method did not require reading competence

in the students. This particular skill is one that the

1 3 terature reviewed in this paper has shown impedes the
S uccess of disadvantaged children in learning mathematics.

According to the data of this sample, the presence
Ox absence of a ‘‘father’ in the home produces no systematic

© f"fect upon the performance of students on the teaching

method in question.
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In a similar manner, the null hypothesis concerned
with the correlation between student performance
on the test instrument and crowding in the home was rejected.
Based upon the results of this study, it can be stated
that it is what, rather than who, is in the learning
environmnent of the disadvantaged child, that has the greater

e ffect upon the student's success with the teaching

methodologcy utilized in this study.

Although the conclusions previously stated are
related to a methodology for teaching disadvantaged child-

ren, other conclusions may also be drawn from the results

of this study.
These conclusions are:

1. Sociocultural variables are not significantly

c orrelated with student performance on the test instrument.
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2. Vocabulary deficiencies are not a barrier
to successful learning when the disadvantaged child
1s presented with a teaching methodology that does not

emphasize reading skills.

Recomnendations

The sociocultural environment has been studied as
a means of understanding tne factors which influence the
intellectual development of disadvantased children. Research
studies cited in this paper have shown repeatedly that
this environment greatly influences the intellectual
development of disadvantaged children.

The foregoing statement implies that there should
be an exploration of Piaget's theory of interaction between
the organism and his environment. A stimnulating educa-
tional environment in the home may influence the academic
growth of the child. In a similar manner, the capacity
of the child to profit from such an environ-
ment may influence the parental efforts in providing
a stinmulating environment. A similar phenomenon may occur
in the school environment. This chain-like cause and

effect relationship, if studied, should provide further
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understanding about the interaction between the disadvan-
taged child and his environment. Such investigations may
involve longitudinal studies as well as intensive case studies
in order to obtain empirical data about the possible
interaction between the disadvantaged child and his educa-
tional environnent.

If a hignh correlation between the environ-
mental factors and achievement scores is sustained by
future research, then a wide variety of topics for
studying the intellectual growth of the disadvantaged
child may become evident.

One of the areas for further research would be
to determine whether the relation between parallel
neasurements over a given amount of time is directly
related to the intellectual development represented at
the different stages of development. These measures could
include data on physical characteristics, personality
development, achievement data, home environment, and any
changes in the socioeconomic status between infancy and
adultnhood.

A longitudinal study would also appear to be

useful, especially at the elementary stase. It seems



103

necessary to study the relationship between the measure-
ment of the educational environment in the home at the
time the disadvantaged child is first admitted to school
and his educational achievement throughout school. If
these relationships are found to be comparable to
those found in the present study, the environment and
socioeconomic measurements are likely to be very useful
in making academic predictions.
Another area for further research is to study
the role of social class as 1t affects language develop-
ment and coznition. Such studies will provide further
understanding about the influences of the intellectual
environment in the home at different stages of development.
It would appear that the deficiencies of the
sociocultural environment make it more difficult for
disadvantaged children to understand a teaching methodology
which presupposes a variety of experiences which they have
not been afforded. The results of this study, however,
indicate that a teaching methodology can be developed for

this impoverished intellectual background.
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If replications of this study confirm the
present findings, then further research should be
focused on environmental variables and thelr relationship
with other pertinent variables. One area of research may
be directed toward the development and evaluation of a
curriculum that would overcome the multilateral influences

of social deprivations on learning.
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APPENDIX A
INSTITUTE FOR DEVELOPiENTAL STUDIES
Department of Psychiatry

IHew York iiedical College

Instructions in Use of the Index of Socioeconomic Status#

The index of socioeconomic status (SES) developed
at the Institute for Developmental Studies in New York City
utilizes two factors to estimate the relative social posi-
tioning of individuals in a given community. These factors
are identified as:

1. occupation of main support of the family
2. education of main support of the family

Implicit assumptions in the use of the scale are
that:

1. within any family unit, the social status
of an individual can be derived from certain
characteristics of the head of that family,

and

2. within a community certain individuals are
accorded more prestige than others on the basis
of their occupation, education and/or income.

The following instructions outline the steps in
obtaining an SES rating for children who are to be tested.

The procedure involved is simple and the rating can be

# Original, 1961; revised, 1965.
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obtained in a few short steps.

INSTRUCTIONS

1. Find the occupation of the speccified head of
the family in the occupational classification given in the
followlng pazes:

OCCUPATIONAL RATI!NG SCALE

OCCUPATION RATING

U.S. Supreme Court Justice

U.S. Diplomat or Foreign Scrvice
State Governor, Mayor of large cilty
U.S. Cabinet Member

U.S. Senator, Congressman 10
Physician

College President or Chancellor
College Professor

Scientist (Government or other)
State Attorney

Bank Executive

Investment Broker

Captain of ocean-golng vessel

County Judge

Department Head, State Government

Motion Picture Actor, (not "extra™)

Minister

Lawyer

Architect

Postmaster, Cilty

Chemist

Dentist

Electronic Engineer

Nuclear Physicist

Civil Englneer 9

Mathematician

Radio entertainer (except announcer)

Director, Large Corporation
Business Executive, Advertising
Executive

Airplane Pilot

Inventor



OCCUPATION RATING

Editor-Owner newsvaper
Psychologlist
Veterinarian
Historian, Economist
Sociologist
lledical Researcher, Biologlst
Author 8
Accountant, C.P.A.
Registered Nurse
Justice of the Peace
Government Investigator
(FBI, Justice Dept., etc.)
Artist, performing artist
Professional Athlete
Interior Decorator,
Industrial Designer,
Fashion Designer
Factory, Department Store Owner
High School Teacher
Building Contractor
Radio Operator

Mine owner-operator

Owner of logging camp

Muslcian in symphony orchestra
Small Retail Owner
Sheriff-County

Army-Captain or above
Elementary School Teacher 7
Railroad-Supervisor

Real Estate Agent

Agricultural Agent-County
Laboratory Technician
Detective of Police

Fire Lt. or above
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OCCUPATION RATING

Private Secretary

Undertaker

Socilal, Welfare Worker

Foreman or Supervisor, Factory
Labor Union official-National only
Radio Announcer

Farm owner-operator

Hotel Manager 6
Newspaper Columnist

Owner-operator print shop
Railroad-Engineer

Electrician

Watchmaker, factory

Trained KMachinist

liason

Dental Technician

Auto Salesman

Office Manager

Owner-operator dry cleaning
Linotype operator, printer
liewspaper reporter, proofreader
0il well driller (not engincer)
Manager small store

Policeman, private investigator 5
Mail clerk, carrier
Bookkeeper

Insurance Agent

Traveling Salesman

Receptionist, typist secretary
Bank Clerk

Rallroad Conductor, ticket agent
Practical Nurse

I.B.M. Keypunch operator
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OCCUPATICIH

Playground worker

Teachers Aid

Structural Iron worker
Carpenter

Pawnbroker

Tenant farmer

Auto mechanic

Dressmaker

Beautician

Plumber

'elephone operator, lineman
Labor union official-Local only
Lunch stand operator

Painter, house and/or non factory
Salesclerk, grocery clerk
Musician-popular, dance, singer
Furniture finisher

T.V. repairman

Fireman

VWielder, offset prcssman

Machinist-Factory

Barber

Shoe repair nan

Ralilroad baggasge handler

Other semi-skilled

Cook-restaurant or hotel,
short order

Chauffer-private

Fisherman

[lotorman, bus driver, conductor

Milk route man

Shipping clerk

Cashier

ilerchant seaman

Truck driver

RATING

W

1

-



Gas station attendant

Quarry worker

Night club singer

Porter-railroad

Taxi driver

Waiter-Bartender

Farm worker

All unskilled laborers

Coal miner

ight watchman

Janitorial-tuilding super-
intendent

plevator operator

Freight handler

nurse's Aide

Laundry worker
icwsboy
Soda clerk
Peddler
Grinder-tool, etc.
0dd Jjob worker
Share cropper-migratory
worker
Scrub woman
Garbage collector
Street sweeper
Shoe shiner

2. Occupational categories have been grouped

into clusters; cach has a prcsticge ratin
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Assign a rating

to each child based on the occupation of main support of

his family. For example, U.S. Supreme Court Justice is

rated "10", liilk Route I'an is rated "3".

This number

will be the occupation rating of each child.

3. Similarly, the education level of the head of

the child's family is to be rated.

4, The following table specifies the ratings to

be assigned for level of education of the main support in
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the child's family.

EDUCATION RATING

0-4 years 1
5-6 years 2
7-8 years 3
Some high school it
Eigh School graduate 5
Some college 6
College graduate 7
Post graduate or professional

training 8

5. You now have two (2) ratings for each child.
One the basis of these two ratings (occupations and educa-
tion) you can now derive an estimated SES rating for each
child as follows:

6. Referring to the table on the following page:



oo

10

SES CONVERSION TABLE

Education of lMain Support
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1 2 3 4 5 6 7 8

I I I I I II IT IT

I I I I IT IT IT ITII Occupa-
I I I I IT IT ITI III tion

I I I 1T II III III III of Mein
I I I II IT ITI III III Support
I I IT II ITT III III TIII

I IT IT III III III III IIT

II IT IT ITII III III III IIIT

II II IIT III III III 1III III

II IT ITT III IIT III III IIIX

1. 1locate the occupation rating of main support

for a given child on the left hand side of the

figure;

2. locate the education of main support for a

given child across the top of the figure;
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3. find the coordinate of these two by bring-
ing your finger down to the point where they
both mect. You will find that they meet in a
box numbered I, II or III. This numerical
value is the overall SES rating for the child.
7. Enter this number in the space marked "SES-A"

in the lower right hand corner of the child's Background

Information Sheet.

8. In the space marked "SES-B" enter your own
judgmental cstimate of the chlld's relative social status
based on any familiarity that you may have with the child
or his family. Use the numerals I, II or III where I will

represent "Low" and III will represent "High".
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APPENDIX B

Dear Teacher,

It i1s possible that some of your students
may have a reading difficulty. Please feel free to
assist them in reading and/or interpreting the questions
as this information is of extreme importance to this
study.

Thank you for your cooperation in this regard
and on the other phase of the program.

Sincerely,

Steven lLiewstat

(This letter was sent with the packet of questionnaires
to each cooperating teacher involved in this study.)



FOR LACE '\nh’S IO Cineiy THY LIETTER TonAT IS BENT
MARK CQUUY OXF ARSUOR PO TACH QUESTICN,  YOU MAY OXLT
WiliCH You! ‘\u(”r) 1'1\71'2'.1 NOTOTO AULV LR, SUE TLEASE ARG
IF YOU PuSSLERLY CALL.
1. Are you nale or female?
(#) Male
(b) Temale
-2, How old were you on your last
birthday? A
(2) 10 (e) 14
(L) 11 (f) 15
(c) 12 (22) 16 ¢ olderx
(¢) 13
3. Where were you born?
(a) Alabaun (ce) New Jersey
bH) Alacskea (£1) New Mexico .
(c) Arizona (e) New York
(d) Arkancos (ih) Korth Carolina
(¢) California (i1) Rorth Dzakota
(f) Colorado (jj) Ohkio
(g) Connccticut (i:kh) Oikklahoma
“(h) belavare (11) Oregon
(i) Dustrict of (um) Fennsylvania
Colunbaic (n) Rhode Island
(i) Plorida (0o) South Carolinea
() Ceorgia (pp) South Dakota
(1) Favail (¢¢) Tenmessee
(m) 1deaho (rr) Texas
(n) J1linois (ss) Utah
(o) Indiana (tt) Vermont
(p) lowa (uu) Virginie
(g) Yansas (vv) Wacshington
(r) Kentucky (ww) West Vurginia
(¢) Louisiana () Wisconsin
(t) Maine (yy) Wyoming
(u) Maryland (zz) U.S. possession
(v) Massachusetts (Anerican Samoca,
(w) Michigan Canal Zone, Cuan,
. (%) Minnecsota & Virgin Islands)
(y) Mississippi (aaa) Puerto Rico
(2z) Missouri (bbb) Mexico
(aa) Montana (ccc) Canada
(bb) Nebraska (ddd) Country other
(cc) Nevada than the U.S. or
(dd) Rew Hampshire 1ts posscssions,
Puerto Rico, Canada
or Mexico
(ecc) T don't know
4. Where was your mother boran?

QUESTTCNRAI R

oW Ll

5.

Vhere was your father born?

TO YOUR ANS

R ERAOARN

SN

6.

1hy
A DAt
ANY QUESTION

T ALL

Where have you spent
most of your life?
(2) In thrs ry,
counly
(b) In this
outsidc
town, or
In another
in the ULS.
Jn Pucrto Fuce or
another U,S, poss-
€ssion
In Mexico
(f) In Cancada
(g) In a country
« than the U.S.,
or Mexico

or

state but
this city,
county
state

(c)
(d)

(e)

othor
Canada

In what typce of cormunity
have you spent most of
your linfe? (Cive your
best estimate 1f you
not sure.)

(a) In the open covutry
or in a farming
comnunity
In a small town
(less than 10,000
people) that was not
a suburb
Inside & medium size
city (J0,CG00 to 10C,00C
people)
In a suburb of a mediuv
size city
Inside a large city
(100,000 to 500,000
people)

Jn a suburb cf a
large city

in a very large city
(over 500,000 people)
In a suburb of a very
large city

are

(b)

(c)

(d)
(e)

(£)
(8)
(b)

When was the last tine
you changed schools (not
counting proawtlions
one school to anccter)?
(a) I bave not changed
schools
(b) Less than a year acgo
(c) About one ycar ago
(d) About two years agn

.Lfv;u



Lay

9. How far do you vant to go in 15. Did you go to nursery school
school? : before you went to lundergarten?
(2) 1 do ot want to finish (a) Yes.
high school (b) No.
(b) T want to finish hig¢h (¢) 1 don't reomenber.
school only
(¢) I want to zo to tcchnical, 16. When you were un grade school,
nursing, or busincess school about how often did you use a
after huoch school public library for rcading not
(d) Some co}ioge trasing, but required by ycour school?
less thon 4 years (a) Once a week or more.
(¢) L want to graduate from & (b) Two or thrce timcs a month.
: 4 ycar college (¢) Oace a month or less.
(f) 1 want to do professional or (d) Never.
graduate work after I finish '
college 17. How many magazines do you and yous
famly get regularly at howme?
+ 10. Circle the items that your funily (2) None (d) 5 or 6
now has. (b) 1 or 2 (e) 7 ox morc.
(2) Television Sct (c) 3 or 4
(b) Telcphone _
(c) Recoxd pleyer, hi-fi, or 18. Which of the following magazines
stereo do you and your family gct
(d) Flectric or gas refrigerator regularly?
(¢) Dictionary (a) Ject
(f) Set of cncyclopedias (L) Good Houselceping
%) Automobile (¢) Ladies Ilowe Journal
() Vacuum cloancy (d) ramily Curcle
(1) basly newsvoper ) (e) McCall's
‘ . (f£) Reader's Digest
1. How many books are in your home? (g) Saturday Review
() None or very few (o0-9) (b)) Time '
(b) 4 fow (G0-24) (i) Lock
(c) One bookcase full (25-99) ’ () Life
(d) ‘two bookcases full{100-249) (k) Newsweek

Astro Science

Ramparts

Nation

Ebony

Better Homes and Gerdens
Scientific Amcerican

(r) Jiack and Jill

(s) The Instructor

(t) None .
(u) Other

1)
(m)
(n)
(o)
(p)
(q)

(e) Three or rmore bookcases full
(250 or more)
12. Do you usually find writing papers
“a diffscult taslk, or do you have
refatively little difficulty getting
your idcas down on paper?
(2) 1 find writing papers a very
difficult tosk
(b) T frequently have some difficulty
writing
(c) Usually 1 do not have much
difficulty wrating
(d) T bave little if any dsffaculty
expressing myself in writing

13. Do you make notes while reading a book?

(2) No or alnost never 16. Did anyone at home read to you

(b) Once .n a while, depending upon before you started going to
the subject school?

(c) I generally do, but T have no (a) No.
particular notconaliing system (b) Once 1n a while.

(d) I almost alveys make notes wvhile (c) Many times, but not regulari,
reading, and I have a systematic (d) Many times and regularly.
method ior doing so. (c¢) I don't remember.

14. Did you go to kundergarten?

(a) Yos. .

GO ON 10 T!E NEXT PACE. .. iieeenean.
{5Y) No. ’



20.

21.

22.

23.

24 .

25.

Who s

(@)
(b)

(¢)
()
(c)
(f)
()
(h)

Who

Lnsver

LS

now a father to you?
My real father, who us
home.

My rcal father, who 1s not

living at howe.

My stepfather.

My ftouter falher.

My grendrathonr,

Another reratrve (uncle, ctel)
Ancther grownup (not a rclatave).
No one.

d

livang at

now acting as your mother?
"real mother' 3f you are

adopted.

(a)
(b)

()
(d)
(e)
(£)
(&)
(h)

My real mother, who is living
at hone.

My reol mother,
Javing at home,
My stepmotheoer,
My foster nother,

A grandmotlicr.

Otlier relative(aunt, e
Other adult.

No oune.

wvhe 1s not

.-

tC.

)

How far an school did your father go?

(2)
(L)
(c)

(d)
(c)

(D

(s)
()

(1)

None, or some grade schiool.
Completed grade school.
Some high school, but did not
gradazte.

Graduated from high school.
Tcechnical oy business school
after bigh school.

Some college but less than

4 years.

Graduated from a 4d-year college.
Attended graduate or professional
school.

I don't know.

How far in school did your mother go?

(a)
(b)
()

(d)
(e)

()
(8)
(h)
(1)

Does
home?
(a)
(b)
(c)

Where
that

(a)

(b) Pb’xnothcr's work.

(<)

1aY Welfare Departa

None, or scme grade school.
Coapicted grade school.

Some high school, but did

not graduate.

Graduated from high school.
Technical, nursing, or

busincss school after high school.
Some college but less than 4 years.

Graduated firom a regular 4-ycar college.

26.

What work docs your Lather do? |44
You probably wiall not find huis
exact job listed, but check the
onr that cowes closcst., If he

is now out of work or i{ he 1is
retirved, mark the one that he
usually did. Mark only uis wain
job 11 be works on more than onc,

(a) Draftsman, survevor, mcd,cal
or dental technician, etce.

(b) Manufacturer, ofricer in a
large comnany, banker,
government oiracial or
inspector, ctc.

(c) Sales manager, store manager,
office manager, factory
supervisor, ctce.

(d) Owvner of a small business
wholesaler, retailer,
contractoyr, restaurant cuncy
etc.

(c¢) Factory machune opcerator,
bus or cab driver, nmeat
cuttexr, etce.

Bank teller, bookkceper,salc:

clerk, office clerk, maill

carrier, messenger, etc.

(g) Ferber, warter, etc.

(b) Foliceman, detective, sherif:
{fireman, ctc.

(1) Real cstete o¢ 1nsurance
satesman, factory represcent-
ative, ctc.

(f)

(3)

(k) Yarm worker on opc cr mory
than onc farm,

(1) Factory or muinec worker,
fisherman, filling station

~attendant, longshoreman, etc.

() Accountant, artist, clergymu:.
dentist, doctor, engincer,
lawyer, librarian, scauentaist,
college professor, sociral
vorker, school teacher.

(n)
enlistced man 1n the armed
forces, mechanic, plumber,
plasterer, tairlor, foreman
in a factory or mine.

(o) I don't know.

Attended graduate or professional school.

I don't know.

your mother have a job outside your

Yes, full-time.
Yes, part-time.
No. !

docs most oxr the money come from
pays for your family expenses?
My father's work. (¢) Relative
(f) Fraicends
your own work. () Otler

o

ot

27.

S

-3

low good a studoent does your
nother want you to be in school?
(a) Onec of the best in my class.
(b) Above the middle of the cla
(c) In the middiec of my class.
(d) Just good enough to get by.
(¢) I don't know.

S8

GO CN T0 THE REXT PAGE..........

Farm or ranch manager or owic:.

Baker, carpenter, electricia



28,

29.

. 30.

31.

32.

33.

How good a student does your father
want you to be sn school?

(2) Oue of the best in my class.
(b) Above the middle of the class.,
(¢) In the m:ddie of my class.

(d) Just good cnough to get by.

(e) 1 don't know.

How often do you and your parents
talk about your school work?

(a) Just about every day.

(b) Once or twice a wcek.

(c) Oace or twice a month.

(d) Never or hardly ever.

How nuch education does
father want you to have?
(a) Doesn't care 1f I {inuish
high scliocol or not.
Finish high school only.
Technical, nursing, or
business school after
school.

your

(b)
(c)
high

(d)
(e) Graduate from a 4-year collegc.
(f£) Professional or graduate school.
(g) Father is not at hone

(h) I don't know.

How much education does your mother
want you to have?
(a) Doesn't carve if I {inish

bigh school or not.
(b) Finish high school only.
(c) Technical, nursing, or
business school after high
school.
(d)
(e)
(£)
(g)
(b)

How many of your brothers and sisters
left high school before finishuing?
(a)
(b) None.
(c) 1
(@) 2
(e) 3
4
5

Graduate froma 4-year college.
Professional or graduate school.
Mother 1s not at home.

1 don't know.

(h) 6
() 7
(j) 8 or more

(£) (k) I don't know.

(8)

How many of your brothers and sisters
attended a ycar or morc of college?

(a) Have no older brothers or sisters.
(b) None. (h) 6

(c) 1 (i) 7

(d) 2 (i) 8 or more.

(e) 3 (k) I don't know.

(£) 4

(g8) > :

Some colliege but less than 4 years.

Some college but less than 4 years.

Have no older brothers or sisters.

34.

36.

37.

33.

39.

40.

How many of your brothers orx

sisters praduated from college?

(7) Have no older brothers or
sisters.,

(b) 1 (e) 6

(c) 2 (h) 7

(d) 3 (i) 8 or more. )

(e) 4 (3) I don't know. !

£ 5° (k) None.

How much education do you want t

have?

(a) I don't care.
(b) Some college training,but
less Chan 4 years.

(¢) Graduate from a 4-ycar collc;

(d) A graduate degrce such as
M. A. or Pn.D.
(e) A professional degree such

law (LL.B) or moedicine (3.1,

(f) Undccided.

Do you ever find yourself borecd
ir class?

(a) Almost all of the time.

(b) Fairly often.

(c) Occasionally.

(d) Almost never.

During the last school year,
you cver stay away {rom school
just because you dudn't want to
come?

(a) No. : o
(b) Yes, for 1 or 2 days

(c) Yes, for 3 to 6 days.

(d) Yes, for 7 to 15 days.

(e) Yes, for 16 or more days.

On an average weekday, how much
tine do you spend studying?

(a) None or almost none.

(b) About 1/2 hour a day.

(c) About 1 hour a day.

(d) About 1 & 1/2 hours a day.
(e) About 2 hours a day.

(f) About 3 hours a day.

(g) 4 or more hours a day.

Compared with your classmates
here in school, do you study
more or less than they do?
(a) More than others.

(b) About the same as others,
(c) Less than others.

(d) I don't know.

How do you and your friends rat:

socially in school?

(a) At the top.

(b) Near the top.

(c) About the miuddle.
(d) Near t° > bottom.

did
1



R - _
51.How many people are Lliving in y

41.How braght do you think you are in
comparason weth the other
your classes this year?
(a) Avong the braghtest.,
(b) Above avcrage.
(¢) Average.
(d) Below average.
(c) Among the lowest.

42.1 would make any sacrifice to get ahead (d) 3

an the world.
(a) Agrec

(b) Kot sure.
(c) D.sagree.

43.If I could change,I would be someone
different from nmysclf.
(a) Agrece.
(b) Kot sure.
(c) Disagree.

44.1 somet:mes fec) that I just can't
learn.
(a) Agrce.
(b) Rot sure.
(c) Disagrce.

45.1 would do better in school work 1f
teachers didn't go so fast.
(a) Agrec.
(b) Not sure.
(c) D.sagree. .

46.Pcople like me don't have much of a
chance to be successful .n life.
(a) Ayree
(b) Not sure.
(c) Disagree.

47.The toqghcr the job, the harder I work.

(a) Agrec
(o) Not sure.
-(c) Duisagree.

43.1 am able to do many things well.
(a) Agree.
(b) Not sure.
(¢) Disagree.

49.About how long does it take you to get
from your home in the morning to school?

(a) 10 minutes or less,
(b) 2v muinutes.
(¢) 30 munutes.
(d) 45 minutes.

(e) One hour or more.

50.How do you usually come to school
«n the morning?
(a) Automobirle.
(b) Walk.
(c) School Bus.
(d) Tra:n, trolley, subway, or bus
other than a school bus.
(c) Brcy:ole.
(f) Other.

students in

GO ON TO THL HEXT PACE..

174
your home at the present time
wncluding yourscif,brothers,
sisters,parents,reclataves,

and othcrs who lived with you?

(a) 2 (e) 6 (L) 10

(b) 3 (£) 7 (3) 11 or

(c) & (g) 4 more.
(h) 9

52.How many rooms are there in your
family's house? Count only the
roouas your family lives in. Count
the kitchien (1f scparate) but not
the bathrooms.

(a) 1 (e) 5 (r) 9

(b) 2 (£) 6 (1) 10 or
(c) 3 (g) 7 more.
(d) & (h) 8

53.Does anyone in your home speak a
language other than English nost
of the tuime?(Spanitsh,Italian,
Polish, German, ctc.)

(a) Yes. (b) No

54.Do you specak a fore.gn language
other than English outside of
school?
(a) Yes, frequently.
(b) Ycs, occasionally.
(c) Yes, rtlely
(d) No.

55.Are you planning to go to high
school?
(#) Definitely yes.
(b) Probably yes.
(c) Probably not.
(d) Definittely not.

56.A:c you plannaing to finuish high

school?

(a) Definitely yes

(b) Probably ves.

(c) Probablv not.

(d) Deiinuitely not.

57.When you finish school,what sort
of job do you think you will have?
Pick the one chat 1s closest.

EOYS ANSWNR TROM SEILECTIONS REICH:

(a) braitsnan or medscal techulcian.

(b) Banker,company officer,or govern-
ment ofricial..

(c) Store owner or manager,office
manager.

(d) Sales clerk,office clerk,truck

dr.ver,wvalter,policeman,bockkeeper,

mallmen, barber.

(e) Solesman.

(£) Fara or ranch manager or owncr.

(g) Farm worker on one or more than
onc fara.

e e 000 e 00 e 00 e



(h) Factory worker, laborer, or
gas station cttendant.

(L) bocter, lawyer, clergyman,
engineer, scicntist, teccher,
prefessor, artist, acccuntant,

(j) Carxpenter, elcctrician, mechanic,
tailor, or forcman in a {actory.

(k) 1 den't know.

GIRLS AXNSUTR FROM THX SELECTYCNS BEIOY:

(a) Houzcwife only.

(b) Doctor, lawyer, scientist,
(c) Beautician,

(d) Boolhkeeper cor secretary. .
(e) Weitress or lauudry worker,
(£) School teacher.

(g) Nurse,

(h) Saleslady

(i) Maid or domestic servant.
"(j) Factory worker,

(k) I don't know.

THARK YOU FOR YOUR COOPLRATICN,



GLOMETRY WORKBOOK



aul |y
g961 -

150

*Q 14290y
1yb14Ado)

OT-T SNOSSI

S§3ILON LNIANLS

/N
/ |\

Z_:: fOISIA c::z

NY O\

5 N

01LJdDNYLSNO)
Ad13IW039




Ly

L By

1 2604

AVY
aNi
INIOd
alrios
3INV1d

| UOSSDT]




152

*OJTT_oJnant
Inol ut nok droq TTTL AI30-co9
£31 wosecx poog ang cJIomue ® OATD

0 g v

a4 -

OV ©F 3ota ‘quonfos eulT B ST
0d PUv juciPe3d SuUTL © 5T g7 JI

(2)

——e 4

(8)

$%0u Agn ‘jou IT
¢(q) Lex wemy JoSuot (8) L=2x o7

éeq fm outy pearmd (IernFe)
3 PUOT 407 COUTmIGLOD LAY

Z 2bpd

°0T

..m

°L

TOTROTRB 3T} X65UOT
©q (juenwdoc euWFT 3CU) OUATY WO WIP

¢I0I0UuB UETR .hom.n.m.m o sured cuo uwed

UoTS0S OUTT WOATLS
€ WO e5BO00T NoL WSY Sutold AuTh LOF

LOUTT JY3TeI3S B JOJ 9SIN0D STYQ
Sutanp esn Lew oM sweu 8yl ST 2R”YM]

= —fL—7= (p
= < s (o
= <& > (g
= . (@

:JUTAOTTOZ OY3 JO Scwor O3 Ul TITA

T auted 8Tq: JO £imommna
~T8W o7s CIB 3BUA ‘UTO NOL FT ¢acu
foa ¢20om IT 3utod ® eanctem ok THY

T Tos3eq - Terrxessy Arejvewerddng

8

*Y

€

°c

‘T



153

W\
LAGTY!
J 2av7y
a7
%7
7 2sniqo

(o]

(>

JON3Y3INNJUID
¥313RVIA
1iavy - sniavy

€ 26pg

Z cowmg




s et st e =

154

°p|s 3391 ( (P

apls u:m_.._ Am (° q | 0 v
MO |2q ] (F (2
aAoqe (® (3

_ a
.b@soﬁoddsvohoﬁﬂﬂo.mwdmnwﬁmmonpoﬁmﬂpoﬂon.moamﬂwﬂoﬁwmn

ePNTOUT 30U O °A0Teq JUTABIP O73 UT ewex aed nof saffae oyl TTIe L8TIT
(° X . 3\ X
(a4
(2 2

*afen QUSISIITY ©oIY3 O©TZUB £TUS owa3y

(e (o (o ~(q (=
. , K

:g9TSce SUTMAOTTOF oyl omBN

% abod 2 wossoT - TeTxessr LAreiuswerddng

°c

°T



155

E \ 7°
e
P,
‘ Q
*JUTMBIP STUI UT iFupaBIp STY3 UT emex nok

DUTJ UBO MOL soT3uB oyl TTB OWsy °G T8O SOTSUAR JUOASIITP Ausm £OH °¥

ey abed

(3,u00) 2 aom.ww.u - TetrIo3el Laequawatddng




156

% By

203 7

JOV 7

€ UOSS27

m, ‘B1y

o0, =20Y 7
o0%7=208 7
oQC=&E0V 7

v




157

(xeq3o ‘spunod ‘soexdep 309 ‘soqout) (e9TIUB eansEOW NOL OP MOH

SAum .oo.«v. .83.3 Jo2IeT oT2urR ue owepN

AUp *00V7 UYL I9TT=Ws oTIus UB ewey

g 25pg

d900az
aod7 aQo0d?7
0Cg7 0o0¢€g€? ao0o7 aoo?7
g0vVvV? go0v7 00497 gd40a7 @.@.«
00 a7 004d7- g0a7z go0v7?7
aodg7 00Y?7 IT0V7 IT0V7 1oBIIqng
*coTdus juoosfpB 8B POTITSSBTO ©q 20TUIBD YOTUA
(%) o X93.19A JI0 ©PTS TOWNOO B SUTAEY £9TSUS JO 8398 Cig ABIQ
g
3
q (B) *°soT2uB juedBfp® Jo sxted eyi JO TT® aweyx

£ ‘'uoagoeT - TBTIE}TH ArsjueweTidng

L

g

Y

°€

°c

‘T



158

(xey30 ‘edps pnmﬁdhpw ¢oTe0s ‘ssvdwmod ‘xogoexroxd ‘xoTnx)

*soTIUR oJNS2OW 03 Pesn JFUIMNIFSUT oYy} euw=N *6

J3ou Lum Jo0 Lum  ¢F0Q7 03 juedelpr 00d7 SI °Q

yosseT = TeTI93IEU LxequawdTddns

(3,u09) €

QL



159 .

q I <
P
| 0 5 D
~ > | s7 IVOILNIA
o) _x d
z ‘b1 | D1}

06 /00N v__,_l.. | /5 I\Aw\—ww
7 T\ | AN A

s7 AMVIN3WIIIWOD

57 AYVININI1ddNS
4 uossa7 |
, ah0d .



160

082 «\*3} 081 o‘d%

?
—
goToue JINnoJy oyl Jo TBOTIIOA . ArejusweTddng
qoBe Ut moo&Mo@.%o Jaqumu eyj PUTJ : /II/I/I,h
(o800 nofL FT) JXom BIFXT °9 Z x
Ty % *SoTSUR TBOTLIOA
- % % 30 sxted eys put soTSur AreruemeTdduns
A T % Jo sated eyj 3STT MOTeq oIMITI Ul UWI
——— ——
A R
—_— —
-3 B -3 *soTSUB TBOTLISA euTJFe(
5 oy %
*QI0A *ddng *dmo D
€ \
hHHHH\\\hJ -goTSue Arsqusustddus eutryeq
0 IIIJL T

*goTSuB TROT3JI0A PUB Arein
~ing ¢ ArequemweTdmod Jo sITed Su

Jo 118 %
q 260

gTT = MOTeQ oaMBTI oUWt
y wosseT = T®

smeTd

Ul *¢§ *goTIUB ArsauomaeTdwod SuTIed
Tx938N Lrsauswerddns

°e

°T



161

1‘4

e m s eame e

o e G am de et mn . A manaa e T

——_ b0

¢(d)

6 umom

G UOSS27



162 N

01 2b6o0d

(0J431x2) i‘ _
¢ b1y
S 1 y

k
V3, o
\ .
8

G UOSS9T



163

Lt 26py4

RN
”m..\.
qYy b1}
v O
a .
g
~\/
7>
DY ‘b1
v A0
w D
g

LOSS2T]



164

2| 2bpd

qg ‘b1

w\/
.[\

pg By

G UOSS2]




165

*gqx8d
Tenbe xte opnﬁ 4T ODTATD PUB OTOITO
B MBIQ °(UBO NOL JT) JI0oM BIWXH °C

°*gopPTe 81T JO 8X03068Tq JeTndtpusdaed

oY3 30NILEUOD pue OTIUCTI} B MBIJ °G -

*gaxed
Tenbe JnoJ 03UT OTOXTO B ODTATC °Y

N
*geoT2us TBNb9
INOF O4UT N O N OTFus WeAld B OPTAIQ °¢

F ]

o

°n & 4 oTSu3 WeATZ ® 406sTg °2

*gqaxBd TEBNDO INOT
o3utrT g Vv pnoawom OUTT USATS B OPTATT °T

€1 260y G uosse] - TBTIO3B) Lrejuswerddng



166

*soTdue OSTEe oIB 9 » PUB P 7 °02

*goTIue 2I8 O » TUB P 7°6T
*seT2us 8Ie O 7 PUT BT QT
y 8re q7 DUR B 7 WAL ¢ 20=07 DUB og6=B 7 IT °LT
° oxe £7 pue X7 uoyz ‘ yG=£7 pue 9€=X7 JI °9T
{SOUTT TBOT3XaA sfemTe sxernotpuadasd axy °*G6T
$o06 03 Tenbe efFuz uB Jo eweu ayjl ST 3BUM VT
(PTTO08 B ‘ousTd ® (SUTT B 3UTOd B JO SUOTSUSWTP JO JoQUunNU ©Y} SATH °¢T
Aqy  ¢Tenbe aToXTO ewes 8Y3 JO TTIPEX TTB® XY *2T
) (smreq OTI36W065) (3098TQ PIOM 6YJ JO SuTwesW oUj ST 123UM °TT
(OTSue uwe Jo sAex om3 oYz Jo 9oeld Furioowm oyjz TTEO nok op 1BUYAN °OT
*SUOTIONIZISUOO OTILOWOST oFem 04 AIBsSS800U STO003 OYY SUWBN °§H
LSOTSUB JO PUTH 4B8UYM 8q 03 PTIEsS aae
Loyy oTSue 4yIrears ® Tenbe IsYL8501 POppr SOTIue om3 JI LEoTSue JO PUTH
3eUM ©q 0% pTes oxe Loyl aTduz JYITI B Tenbs IoUujefoar pappe soTdue om: JI °Q
. PATICO axm
Loy} weu} uweomn}eq 6PTIS WOULOO B PUB X93JI8A UAOCUTIOO B 9ARY SOTIUB omir JIT )
*quawaTddns $3T ueyl JS3TTEWS ST eyl -juswatddns
S3T ueys3 Jadaer ST 2ey3 ‘qudwayddns s3T 03 Tenba st jey3 afdue ayj3 sweyN °9
sremnotpusdaad sfemTs OTSUBTIS) JUITI B JO S9PTS OM] daY3 daY °G
.wmvnﬁom ATew Moy 3B 32008I93UT UWED €8TTT FUITBILIS oM °Y
ésrutod eoxq) YSnoxyyz OUTT JUSTBILS B MBIP NOA UBD SOOUBLSUNMOITO 4BUM JIopuUfl °¢
(OUTT © WOJJ JBJJTP QuUBW3dS sUTT B S90p MOH °2
(9TIUB UB JO 82TS 98U} goUTWLIIISD JBUM °*T

y71 2604

(6-T) suosseq - suoTIEONY MOTASY



167

G|l 264

g UOSSDT

L By



168

v 613

91 2bpg

9 UOSS27

€ by



169

*gqrxed Tenbe
SATOM]. ORUT OTOITO B OPTATQ °9 *oT3us oST © 3onI3su0d °€
*grx8d
Tenbe 3yFTe 03UT OTOXTO B OPTATQ °G . *oTSuB JUYITI B 3ONIISUOD °2
*gaxed Tenbe
*oTPus oSET ® jonagsuop ¥ JU0J O03UT JUeUFes oull B OPTATQ °T

2bo
Ll d . 9 UOSSOT = TetIe38y LxeyuemeTddng



170

L uoTisond WP ©TOITO oug JO s.x8d
goed UT eJey]} oJe g0oxFop Ausw &OH

L9 wotrsenb UL oTOITO eu3l JO q.oed
YoBe UT oxoy)} oXe sooxFep LUE® KOH

*woIFBXOy JBINTeX B 3O0NX38UON °D 4G uotasendb Ut OTOIFO oyl JO q.x8d

*wC ‘ul ‘ulT 03 TEMDe
SOPTS Y} TA OTIuBTI} B 3O0NISUOD °F

*SO0PTS .ﬂdﬂdo
eeJy} YITA OTSUBTIS T 3ONILETOD °Y

(a8d MoL JIT) 3IOM BIFXT

gl 26pnd (3.209) 9 uwosseT - TeTXo3BR ALreruemetddng

yoee U ooyl exs seoxFep Lusw MOK °6

*gq.x8d

Tenbe ooy} 03Ul OTOILO B OPTATA °8

*eTSuB $L9 B IINIISUOD °L



171

(Zin0) .
z B}

61 2604

[ UOSS27

| By}



172

cax2de UoUT eU0 YOBD -~ OUTT USATS
B8 0% TOTTSJEd SOUTT OMq 3O0NISUOD °2

3 o

I3

2

(eeTSuy Sutvuodsexrod)
BOTSAY JOTJIOLXT-IOFIOIUT

3

)

g 3

®

?

80TSUY JOTI03XT~03BUIOLTY

g & 4

®
£
% %

L4 1 2
80TIUy J0TIOIUT-03BUINTY soTduy Laejuswstddng SaTquy Teo13ad

*s3utpeay SUTMOTTOJ 9yl J3pun mmawmm mo mnwmm 9STT 2 2an3TJ Ul °T

02 2bpgd .
| L wosseT = TBTIO3BY Lrejusmorddng



173

" ——— —— - ———————— ———t %

S =

2pis=s
Ovuﬂud‘

Ydiay =y

, _. 2sDq=q
U xnulm. Y DAUD=Y
’ :
14,
; 9 1
Yiptm=m |
%Kd "q Lumcu_u_ :..m.._.
D24D =Y _
| . — ne—————————r) Lo
| b1y

1z 2bpd

Q UCSS2



174

22 2bod

m. 1 14 1
w | | [}
:
)
]
]
]
o1
m
I L
3 a
>
\w> -2/
’ ¢ 61y )
g, LY
~ | 7
/
3 a
Z 61} =S

g U0CSS2)



175 -

d ((sv'3)

6 'Ot}

g

s« i

L
L)
)

(‘s's's)

(0]

L)
-

-
]

4 'B1}

€z bed ' g UCSS?T

(N7 PV



176

. d

)

N 7

42 2bpg

(‘'V'sSv)
9 b1}

g UOSS2T




177

¢ °s°g*s fus
oA Toum hnpoaoow Ul UBOW CGM OP 3B\

9238
UCATF B 03 OTSUBTIZ 3UFTI B 20NILSUOD
03 ©ABY NOL 4SN SUOTSUOWLP 2BUM

muﬂnw 8T OoTSuBTI3 B JO
PUTLX 3BUWA . *u$2 PUB ‘.2 ‘uIT 3O
S0DTS UITA OTIUBTIY B 20NI18WOD 0T

exsnbe
TUSATZ B 03 TBubo ox3nda ' 30NILEUOD
093 UOATT ©Qq LENW STUOTEUSCATP ATBU MOYH

LOTOITO

8 JO ©ZT8 OY} SOUTWIOLEP FBW) °6

l30I8 oWy 6TqROP STUR TITM ‘oTPweioed
'® go (£TWO) WPTA ey oTqnop Mok JI

2 °Ves°y Les on
ToyM AI}omoeH UT UBOW oM Op 3BUM °Q

coxesnbg eyl JO BEIB Y3 03 Op
STU3} s00p 4874 (2 X 8) exenbs B JO

oPT8 eYj JO Y3FUOT aUY3 oTquop noi JFI
¢ °S°ve°s £fes om LA X T =YV BIOUILIOY oY} Saism
qoyA LI30W08H UL UBOW G4 OP 3BUN °L exenbs 8 JO BOIB oY} PUTF noL us)

GZ 25pd @ wosseT - TB8TXe3eR Arsjusmerddng

*9

g

2

°€

°e

°T



178

Page 26




179

L2 26bpy




180

82 2bnyg

G UOSS2T

>

og ‘O1}



181

62 26pd

0

F’ ."-'bl--l‘

0% B}

6 UoSS2Y



182

o!

0¢€ 2b6pd

2y 0 -
DG b1} 1
V_
NoT K L
S OX sk
| |
6 U0SS27]






183

€ 26y

6 UOSS2T




184

z¢ 2604

6 dommon‘l TeTxe38R Arejusmetddng

OTOXTO B OQTIOSUMOIT) °2
2
OTOITO B eqQTIosul °T



185

€€ 26pd (3 ,u00) g wosseT - TBTIE}EyN Arvrucmorddng

oxrsnbo 8 GQTIOCENOIT) °2

3

weSeyco UB OQTISSAT °T



186

U0FBXOY B OQLIOSIMOXT) °2

¢ vmon_ (%,700) 6 uOS3IOT = TETIOIBH huapnoaoﬂmmaw

)
OTSUSTI4 B OQIIosuUI °T



Page 35

Lesson 10

fig. 1

N e
un

h=3a
b=2s

h

b=

——

ondhe

187

3z

3b-h



188

9¢ 26pd

0l L0SS27

e e e et s A - vt - o e g e e o =

251}



189

Le 26od

0l UOSS2T



190

ge 260d

- o o ey
\‘ LS

e

oL U0SS2

b1}



191

*009¢ WBU3 s86T 3nq 08T WOU3 ©JI0W SUTABY OIS UV

*o08T £T398X0 UTAIY OT7U3 TV

*o08T weys eeeT 3nq oom TRy oI0W SATARY ©TST8 UV

.oo TSy 6I0W 9nq oom 8]} E68eT SUTABY STIUB Uy

*OTOXTO ® JO Apoom\ﬂ 68 POUTJCD JUCWOINSBOT ¥

.oom fataey eTiv? Uy

°300uw OTSuB UB JO sfeX oMg OUg oJoyxa jutod oyy

*X03JI0A O} WOIF JUTPUOLIZe OTITB TW8 JO €PI8 o7

*qutod owss OYU3} WOIJ POPUILXO [WOTD £LBX o0Aaf,

*oINITY OTJIFOWOOS TBUOTSUOWTP €U0 T

*wotatsod ATuo

3BT PUB WOTCUSUEP OIO0Z JO QUSTOTO JTJIFCWORT 3 8T 2uTod

Y °830u3O0TU} JI0 YIPTA ‘WrSuor ou 327 jutod OTIACTOOS ¥

*autod B8 ©18BO0T 02 FTUOTTUOTED

ooIy SeITNboX YOTUA AI0m00F PTTOS JO (OTIWBXD T2 CF

JOTNLI VOLENDILY B ) oUC 2eITNDOI YOIyt LIJCT00F CUTT, 0%

poxsdwod £3 ‘qutod B (©5BOOT) OUTTLIOLOP 02 POITNDTI ogs

(sxoqumu) cuotcucutp ong ‘Lxjowoe? cmerd I *scwaetd puv

g8outT ‘srurod YiITM POUIBOUOD €7 PUB COINTTI TCUOTCUCTTD

ons Jo sofjxedoxd YITA ETBOD YOTHA SOTIEEOULISW JO WeGBAS V
ZHVINGVOOA

6€ 2bod Tezowen - TeTIe3ey Lresusuetddng

e tet— e e o s n. o~ ron- b— e e

eTouB XoTIoY
9T8uB 3YITBILS
eTZus 030360
eTSue 094NOY
on sexdeq

oTeue TUITY

jutod

(ewvtd) L1gewoed



192

*0I3UO0 OYY YSNOoJIq) ‘OopTe JoUuC oyl

03 OTOJTO B JO 6pTS OUO WOXJ TLBIP SULT ® 8T J04¢TSTP V - JorowsTq
*9IIU00 6Yq WOIX

quBlsSTpINDe ox® sjutod TTB YOTUA UO OUTT PoAIND DPESOTO ¥V - ooUeIIINOITD

*OTOJTO oy} JO mo:opm%&ﬁopﬁo oy} uo .

sutod Lus YLTA OTOITO oyl JO ©I3Ued oyy Furufof CUIT ¥V - | snTp3y
*oJ3U80 OUY POTIBO 2utod B woxI oduelrsTp teabe

ex3 Yyotya sputod TTB f0oAInd PesoTd ousTd 8 8T ©TOILO V - OTOITD
*gaxed

Tenba 041 04UT OTSUB oY} ©o1BIBIIZ PUB XO1I0A 6U] GL.CCW
QOTWA OUFT 2 ST OoTSuB W3 JO J030087q ouyg °caxed Tenbo :
oA 03ut peorexedoe ST 3T UCUYA POsOCETq GT JUOTLII8 OUTT ¥V - © BJI0%3008TH

* (£To=20AOO DPUB
JIOY30 YoBe uo AT309X0 2TJF) OPTOUTOO 03 Opow oq usd Loy
JT 3uonaSuod ©q 03 PIBS €©I3 £CINTTT OTI1TU09F ong LUy - nonsMAm,aqosnmnoo

*goUTT JUITRILS 2UTL00S
~I03ul 043 £q POWIOT ©IB YOTUM £oTSur redefpe-uou oAl - s80TSuY T2OT3I%9A

(,08T) *oTSu8 3uSTean 3 F .
auukﬂcapnonkhthQoaoﬁmmnnonopcﬂmuondno&MﬂmpsalmodmawhHMQQQHOHmmﬁm

- (,06) °oT%uB 3UYSTI B ST
ﬁumhﬂonvnogahhdaqoacﬁmaooopop uman ohmmo&quobalnoﬁmqwhnm»q@aaﬁgaoo

‘woY3} uUeci}eq
6PTS UOWXNOO B PU3 X03.I0A UOWWODO B DUTABY SOTSUB OL] — BeTSus 3uU608lpy

0% 260d



193

‘v=9€
Lrosaoano0 weyy ‘g = ¥V FI ‘orTdweXy °IOpI0 UT POSIOACH = ©2I0ATOD
o /= ‘g pus P ‘I PUB q © (20TI0ATI~IOTIOIUT)

A ¢3 pus O ‘o pue B £OTIUB = TOTIIAV Sappuodsexio)

: coTsus/
*9 pus q ‘Y pUB B B8OTSU3 =  JOTIOFIT-OFIWISLTV

L9 _ seTows/
\wwvw& ‘o puB P ‘I pUB O SOTIUB -  JOTIOIUI-0}TWISTY

(eanS1F 0% JI0IOY)



194

*AUONITUOD OIB GOTSUBTIY oYL ‘IoUu30 ©U3 JO £0PT8 eIy} oyl 02
LroAtroedeex Tenbe euo JOo SOpFs €CId} O SABY SOTSUSTI Oy JI —~°S°S°S

*AUONITUOO OIB SOTSUBTIY OGY ¢IoT0
®U3 JO O6PT8 DVOPUTOUT oYl PUT SITITB 049 92 LToAaTso9odzox Teuito
OUO JO OPTE POPUTOUT €Y} PUB £OTITE 049 OATT FOTTIBTAG 029 JI =°V°S°'V

*AUONILT0O OTB SITIUBRTI) oyl ‘Jemio
oY} JO OoTSu= POpnTOUT SYjJ PU3 SOPTE oMy 03 AToAT1OedsoX T3NDS
eU0 JO OTSuB POepnIOUT oUj3 PU3 SOPIC 041 ©ABY SOTSTABTIL 089 JII =°S°YV°S

*GOTOITO suwsow () SNy °S J0230T SUL
2aTppe £q POWIOF ST UNOW B SUTLUSS

-oxdex toqmie Lus Jo TBINTd oYy | aucn..ozo0 {04 quenISuod (ST) T
o.nmaw.np v | ey °SeT ST >

exoysxayy °,° . uweyy Jog8ox?d st <

mexdoteTTexsd L7 03 Tende o0u sF ;£

JBTTUTES {03 JIBTTWES(ST) ~~ Teubo fsTenbe 03 Tembe (s8T) =

03 seexIFep UT Tenbe ST = . ©TOoXTO @

o3 JeTnotpuedxed (s%1) T OJB v

ToTTexed fos TerTexsd (s%) Hi | | oTSus 7

1y 2b6od | STOMILS



195

28Ty s0d -
uotatsodoxd -
Lr3juomotddng -
2yIreals -
IUITI -

oTIUR] 08X -

2y abed

°2804
*doxg
*ddns
cag
°3I

*2.00x

(PepesT S8 PIOOSI) SUOTIETASIqQE TEUOT3TPPY

T8I91BTTIPEBND ~ °pBNd
92.1s0ddo -~ °*ddo
£9T90SOST ~ °SOST
J0TISIUT - °JUT
eandty ~= °I1d

TewIa1Xe = °3X9

SNOILVIATHGIY

9STOJI9Xd
TOTFTUTIOP
Sutpuodsaxxod
LrequomeoTdmoo
WOTXE
91BUIJL T8

uadelpe

.Nm

*3T®
*(pe




196

B e T DU IUPNIPE

*PuU099s OU3 UBYL} SSOT IO
‘093 Tenbe ‘ueyl I93E6IF ST 9SITT UL ‘PUTY OWeS oYl JO S9TLTLUEBND oma JO

.
*TIYL IO

euo fue uweyj} J94eaxF st pue sixed s3T JO ums eyj 01 Teuba ST aToum 8yy

*Tenbe exs sTenbe JO £300xX OXTT X0 sxamod o3TIT

-IoYL0 YoOes 03 Tenbe axe

seT3T4UEND Tenbe 04 J0 L1TauBnD emes oy 03 Tenibo axe YOTUM SOT1TITEWD)
*Tenbe 82T I0F pornaTasqns oq Lewmw L1Tauendb v

(pesm oq
jou Lew Q0) °Tenbe oxe sjuetiond ey ‘sTenbo Lq POPTATP aIe sTeunbs JII

*Tenbe oxe saonpoxd eyy ‘sTenbe Lq perrdriTnw axe sTenba JFI
*Tenba exe sxapurewWss 60U} ‘sTenbe WOXF perdaxrqus axe sTenbs J
*Tenbe onw_masm oys. ‘sTenbe 03 peppe exe sTenbe JI
SNOIXY
ezZy abed

°9
'S
"y
"€
"2
"1



197

*oTSue 1YITeI}S B ST
eT3ur 1ySfredss ® JO ©pIS euo uo pﬁﬂom B 3noGe mmawqm eyus TT8 JO ums 9YJg

*soTIuB uStetls omy st sutrod ® jnoqe soTIue oYL TTB JO ume oYy

*QUTT UW2ATS B 03 uTod usAT?
B WOXJ WABIP 9Q UBO 4EY] LUeWTes OUTT 2S03JI0Us oYyl T JeTnotpuodaxad oyg

_ CUTT oYLt 09 TWNBX
oq wed‘euo LTuo pue ‘xenorpusdied ewo ouTIT UYITeILsS B U0 jutod Lue ¥

*Tenbe exe sOoTTUB 1LUYSTBILS TTe pPuB *Tenbs oxe moTfue 1USTI TTV

*euo ATuo puB ‘eutT ouo £q PeLO93TQq O U2D OTSUB WY

*guo LTuo pus ‘qurodpTw euoO sBY JUcTSos8 OUTT JUSTRIAS V

*odeys J0 ©ZT8 81T SUTSUBYD JNOYLITM POACT ©Q UBO OINITT OTI}Cwoaf Auy

.mﬂwvmh B 6B AUeTFes SUTT USATS Aue pur
Joque0 B8 s JuTod UoATS Aus YITA uaeIp ©q UBO ‘ouo ATuo pue ‘oTOXTO 9uQ

*giutod om} weem}eq TWABIP ©Qq UBO 3BY} OUTT 3S503I0Ys oy} ST OUTT 2UITTIIs V
*SUOT400ITP OM3 UT ATO3TUTIOPUT pPopUelXe oq Ued oUTT IUITBI}S Y
*qurod U0 UBY] OJOW UT 2.005I03UT 2O0UUCO SOUTT 3UYSTBIIS OMT
*squtod ong UIMoxyl nﬁmnu 2q uBd ‘euo ATuo puB ‘sUTIT 1YITBILS OUQ
(Fooad anoyrTm onag se po3dedds siuowozels OTIZOWOSDH)
SITVIAISOd

¢y abed

*€T
.N.H

1T

*0T
*6
e
°L

°S
Y
°¢
*e



198

*gautod OM} TEY}- 6IOW UT OTOXTO B wvmmnmpqﬁ 20UTed OUTT FUITeIs V
*Tenbe oexB SoTOITO Tenbe JOo X0 ©TOITO ® JO TTPeRI TIV

*OUTIT 3YITeI}s
8 UT OTT S8OPTS JO0TIO3X0 Jpoyu} ‘Lrejusmerddns axs seTSue quodelpve om3 JII

* ArequsweTddns oJe
Loug ¢oUTT 3UYSTEILS B UT SOPES JOTI93XO JTOY} oABY soTdue quadelve om3 JI

¢y abed

°LT
‘9T

*GT

VT




PRE-AND POSTTEST






Refer to the diagram at the right
in answering questions 1 through 4.

1.
2.
3.
b,
5.

9.
10.
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APPENDIX D

Pre-and Posttest

Booklet Number

7

Name two lines containing point G.

Ngme three lines containing point B.

How many lines are shown that contain point I?
How many lines are shown that contain point E?

If two angles have a common vertex and a common
side between them they are called

The meeting place of two rays of an angle 1s
called

If you double the length of the side of a square
what does this do to the area of the square?

What dimensions must you have to construct a right
triangle to a given size?

What determines the size of a circle?

What is the name of an angle equal to ninety
degrees (90°)?
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