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A STATISTICAL ANALYSIS OF THE GROWTH OF UNDERSTANDING
MATHEMATICAL CONCEPTS BY THE PROSPECTIVE

ELEMENTARY TEACHER
CHAPTIER I
INTRODUCTION TO THE PROBLEM

Today one need read only a small portion of the edu-
cational literature in order to observe a concern for the
mathematical competence of those persons preparing for
positions as elementary school teachers. Leaders in educa-
tion are becoming conéerned because many studies have shown

that prospective elementary teachers lack an understanding

of arithmetic concepts.

The Problem

Statement of the Problem
It is the purpose of this study to conduct a statis-
tical analysis to determine the growth in understanding of
certain basic mathematical concepts of the prospective ele-
mentary teachers at the University of Oklahoma at different
stages in their:training program. There are three main

1
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projects involved in a study of this nature: (1) to devise
an objective instrument to measure the understanding of the
prospective elementary teachers on some basic mathematical
concepts; (2) to show the relationship between the under-
standing of mathematical concepts measured by this instru-
ment and some measurable factors; and (3) to evaluate the
effect of certain education and mathematics courses on the

growth and mastery of the basic mathematical concepts.

Importance of the Study

A firm grasp of basic mathematical concepts is essen-
tial in order to teach mathematics meaningfully. Teachers
cannot teach what they themselves do nétvunderstandc

Preparing students to teach mathematics in elementary
schools became a special project of the Department of Mathe-
matics and the College of Education at the University of
Oklahoma as early as 1955. 1In the fall of 1962, Oklahoma
was selected as the location for the first of ten conferences
held by the Committee on the Undergraduate Program in Mathe-
matics (CUPM). The problems discussed were associated with
establishing in Oklahoma colleges and universities the
curriculum recommended by the teacher training panel of CUPM

for the preparation of elementary school teachers. As a




3
result of this and subsequent conferences, an outline for
two semesters (six hours) of mathematics courses for elemen-
tary teachers was developed. Professor Eunice M Lewis and
Professor Dora McFarland published a book entitled Introduc-

tion to Modern Mathematics for Elementary Teachers which

covers, according to the authors. the subject matter sug-
gested for the first six hours of the Level I recommendation
of the CUPM

The first eight chapters in the book are concerned
primarily with a systematic development of the real numbers
from the concept of set through the system of natural and
whole numbers. Included also is a historical approach to
the study of numgrgtion systems and an introduction to sets
of points. These chapters constitute a one-semester course
offered at the University of Oklahoma as Mathematics 70,
which is required for the prospective elementary teacher.
Chapters eight through fourteen comprise another three-hour
course offered as Mathematics 170. This course, however, is
not required.

The College of Education at the University of Okla-
homa requires the following courses in mathematics and in
methods as part of their program to prepare teachers for

elementary schools. The following courses are included:
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1. Mathematics 70 (Mathematics for Elementary
Teachers), described-above. Mathematics 70 is
the prerequisite for Education 243 and Mathe-
matics 170. This course is required.

2. Education 243 (Arithmetic in Elementary Schools)
is a two-hour course emphasizing scope and -
sequence in arithmetic as related to curriculum
programs; the meaning and development of arith-
metic concepts as related to classroom teaching,
and the evaluation of arithmetic materials in
the curriculum. This course is required.

3. Mathematics 170 (Mathematics for Elementary
Teachers), described above. Although this course
is not required it is recommended, as it is the
continuation of Mathematics 70.

Since evaluation is an integral part cof any educa-
tional program, a study is needed to evaluate the effective-
ness of Mathematics 70 and the other courses in developing
basic mathematical concepts. Such evaluation of a program
can serve to improve its effectiveness in several ways:

1. Evaluation can establish levels of learning and

locate a student at a level suitable for his

current status in mathematics.




TUCM

ACT

ACTC
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HSGPA

CGPA

CHCM
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Evaluation is useful in improving the mathematics
program in terms of curriculum content and organ-
ization, selection of materials for learning, and
modes of construction and learning. It can fur-
nish data which should be used in making value

judgments.

Definition of Terms

A test, designed by the writer, for measuring the
understanding of concepts taught in Mathematics
-#0: The higher the score the better the
understanding.

American College Testing Program.

Composite score of American College Testing
‘Program.

Mathematics subset of the American College Test-
ing Program.

High School Grade Point Average.

College Grade Point Average.

Credit Hours in College Mathematics.

M = mean, G = group, i = the number of the

course.

—— -

Group which does not have Mathematics 70.




G170

G243

Dutton
scale
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Group which does have Mathematics 70.

‘Group which does have Mathematics 70 and

Mathematics 170.

Group which does have Education 243 and Mathe-
matics 70.

The seniors in the prospective elementary
teachers' program, in the spring of 1968, who
had Education 243 at least one semester before
the spring of 1968.

The attitude scale prepared by Dutton in 1951
according to technique developed by Thurston and
Chane.l While the original scale was 27 items
ranging in value from 1.0 (extreme dislike) to
10.5 (extreme like), the scale was reduced to 15
items by Dutton. The reduced scale provided
adequate coverage of scale values at each point

between 1 (dislike) and 11 (like).

Review of the Literature

Little has been written in regard to the determina-

tion of the growth and mastery of the mathematical under-

1L° L. Thurston and E. J. Chane, The Measurement of

Attitude (Chicago: University of Chicago Press, 1929).
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standing possessed by prospective elementary teachers at dif-
ferent stages of their training program.

Glennon2 has reported pertinent research on basic
mathematical understanding in teacher education programs. He
concluded that there is no significant difference in the
achievement of basic mathematical understanding between:

1. Teachers' college freshmen and teachers' college

seniors.

2. Teachers' college seniors who have taken a course

in the Psychology and Teaching of Arithmetic and! .

those who have not taken such a course. i
3. Teachers in service who have done graduate work

in Psychology and Teaching of Arithmetic and

those who have not done such work.

Further, near-zero correlation was found between
achievement in mathematical understanding and the length of
teaching experience of in-service teachers.

Weaver3 administered Glennon's test of basic under-

standings to the following groups of students as a pretest

23. Vincent Glennon, "A Study in Needed Redirection
in the Preparation of Teachers of Arithmetic,'" Mathematics
Teachers, XLII (December, 1949), pp. 389-96. :

35. F. Weaver, "A Crucial Problem in the Preparation
of Elementary School Teachers," Elementary School Journal 56
(February, 1956), pp. 255-61. ' '
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at the outset of their undergraduate professional course in
"Methods of Teaching Arithmetic": Group A, 92 students tested
in the fall of 1953; Group B, 92 students tested in the fall
of 1954; Group C, 63 students tested in the spring of 1955;
Group D, 101 students tested in the fall of 1955. The major-
ity of these 348 students were juniors; the rest were
sophomores and specials.

On the average, students responded correctly to less
than 75 per cent of items dealing with the decimal system of
notation and the basic understandings of integers and
processes. Furthermore, on the average they responded to
less than 50 per cent of the items dealing with basic under-
standings of fractions and processes, decimals and processes,
and rational computation. Their mean score of 44.60 on the
test as a whole represents only slightly more than 55 per
cent of the test of items. "These findings tend to substan-
tiate those reported by Glennon regarding the lack of back-
ground in mathematical understanding on the part of under-

graduates,"4

Fulkerson5 administered a 40 item arithmetic test to

41bid., p. 257.

5E. Fulkerson, "How Well Do 158 Prospective Elemen-
tary Teachers Know Arithmetic?" The Arithmetic Teachers 7
. (March, 1960), pp. l141-64.
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158 students majoring in elementary education at Southern
Illinois University. He found that "the mean number of
items answered correctly is 20.0, or just one half the total
number in the test."® He concluded that the prospective
teachers studied in his sample had insufficient knowledge
in arithmetic to teach effectively. He found that perfor-
mance becomes progressively better as the level of classifi-
cation becomes higher. The 5 freshmen answered correctly a
mean number of 17.0 items; the 69 sophomores 19.1; the 51
juniors, 20.1 and the 30 seniors, 22.4. Also those studeats
with more than two years of high school mathematics per-
formed significantly better than did those with two years or
less.

Buswell’ administered a slightly modified version of
a British Arithmetic test to 102 prospective elementary
teachers in California. The mean score in the 70-item test
of these college students was 44, or approximately 63 per
cent of the total number of items. .Buswell found that 34
per cent of the prospeétive elementary teachers made scores

below the top one-third of eleven year old English students

61bid., p. 145.

6. T. Buswell, "'The Content and Organization of
Arithmetic,”" The Arithmetic Teacher 7 (March, 1960), pp. 77-
83.
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and 10 per cent made scores below the mean of California

eleven-year-olds.

8 tested 450 Utah elementary school teachers and

Bean
found that the teachers' scores in an 80-item test ranged
from 18 to 78, with a mean score of 52.46 or 65.58 per cent
of the total items. These teachers could do the computations
very well, but were unable to explain the principles in-
volved for 40 per cent of the items.

Creswell’ reported a study involving 313 prospective
elementary teachers who were to be graduated from eight
teacher-training colleges in Georgia in June and August,
1963. These students were administered the Metropolitan
Achievement Test, Advanced Arithmetic Form AM, 1959 Edition.
The test consists of 93 items, 45 of which are concerned
exclusively with computation, and 48 with concepts and prob-
lem solving.

The results of this study compare quite favorably

with the results of the studies by Buswell and Fulkerson

concerning the computations. Also, prospective elementary

85. E. Bean, "Arithmetical Understanding of Elemen-
tary Teachers," Elementary School Journal 59 (May, 1959),
pp. 450-77.

9. 1. Creswell, "The Competence in Arithmetic of
Prospective Georgia Elementary Teachers," The Arithmetic
Teacher (April, 1964), pp. 248-50.
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teachers in Georgia scored better in arithmetic concepts and
problem solving than they did in arithmetic computation.
nl0

"These results are in rather sharp contrast with those of

Bean's study. Creswellll stated,

The prospective teachers in Georgia did better
in concepts and problem solving than they did on
computation. Bean's group had much more trouble
with concepts. The fact that the sample used in
Bean's study were experienced teachers may or may
not account for the contrast.

Creswell and Kowitzl? undertook research to examine
the retraining of teachers. This examination was twofold:
namely, the investigation of the results of planned retrain-
ing programs and the results of teaching modern mathematics
for one year (for the new teacher).

Concerning the planned retraining program, Creswell
and Kowitz found the greatest increase in mean scores was
among the group who participated in graduate courses designed
for in-service teachers.

Concerning the results of new teachers who had taught

modern mathematics for one year, they found this teaching

107444,
H1pi4,

125, L. Creswell and G. T. Kowitz, Modern Mathe-
matics: A Problem in Retraining, Bureau of Education Research
and Services (Houston, Texas, August, 1966),
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experience insignificant in comparison with background
factors, such as hours of credit earned in mathematics.

Creswell and Kowitz recommended establishing work-
shops which included both content and methods. They found
that the teacher with a greater number of credit hLours in
mathematics benefitted more from teaching experience.

Survey of the literature thus shows that prospective
elementary teachers lack an understanding of arithmetic

concepts and processes.

Many reasons for these results have been given, such

35213

1. Few of our present prospective elementary
teachers have had the benefit of truly meaningful
arithmetic instruction throughout their own elemen-
tary schooldays.

2. Many of these same students received little
or no additional mathematics instruction as part of
their secondary school work. Furthermore, those
who did study mathematics at the secondary level gen-
erally pursued work which contributed lictle to
their existing background of mathematical understanding.

3. Few students preparing to teach in the
elementary school elect courses in the field of
mathematics, and numerous institutions have no re-
quired work in background mathematics of any type as

135, . Weaver, "A Crucial Problem in the Prepara-
tion of Elementary School Teachers," Elementary School
Journal 56 (February, 1956), p. 257.
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a part of their teaching-training curriculum for
elementary school.l4

Recent studies such as Creswell's, however, show
that there is some improvement in the understanding of
mathematical concepts on the part of elementary teachers.
This may be the result of increasing emphasis on the impor-
tance of arithmetic and mathematics in high schools and
colleges today.

Also, these studies show that strong-background in
high school mathematics, teachers' experiences, and college
credit hours in mathematics contribute significantly to the
understanding of mathematical concepts én the part of pro-

spective teachers.ld

Selection and Description of Sample Data

The Sample

The population sample was selected at the end of the
following semesters: Summer 1967, Fall 1967, Spring 1968.
The sample was taken from students in the Elementary Educa-

tion program, as follows:

14A. K. Ruddell, W. Dutton, and J. Reckzeh, ''Back-
ground Mathematics for Elementary Teachers," Instruction in
Arithmetic, National Council of Teachers of Mathematics 15
(1960), pp. 296-320.

Lfulkerson, op. cit., p. 146.
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1. (Gp) Students who have not taken Mathematics 70
and who are enrolled in Education 120.

2. (G7O) Students who are just finishing Mathe-
matics 70.

3. (G2Q3) Students who are just finishing Education
243 and who have coméleted Mathematics 70.

4. (Gy79) Students who are just finishing Mathe-
matics 170 and who have completed Mathematics 70.

The number of each group (n) was chosen at random

according to the central limit theory technique. This tech-

nique provides us with the form.ula:16

n=(2¢f = sz
(X-AOz 4%

such that ¢~ is the standard deviation of the population,u
is the mean of the population, X is the mean of the Sample,
and Z score will be determined according to the level of

significance (5%, 1%).

The Data

Two types of data were collected. The primary data

were taken from test Scores of the TUCM in the spring of 1968.

J. P. Guilford, Fundamental Statistics in Psychology
and Education (New York: McGraw-Hill Book Co., 1965), p. 215.
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The TUCM is a test developed by the writer in the
summer of 1967 for the purpose of measuring the understand-
ing of concepts taught in Mathemagics 70. It was administered
during the summer of 1967 to a small sample. After some im-
provement of the test items it was administered in the fall
of 1968 to 150 students who had taken Mathematics 70. The
scores of the TUCM were collected to establish statistical
information on the test.

This study is organized, in addition to the present
section, into three additional chapters.

The second chapter will provide descriptions of

planning, item writing, organizing, ;dministering, and scor-
ing the test. Also, it will provide statistical information
‘about the test such as mean, variance, standard error, re-
liability, and validity.

The third chapter will provide the mathematical de-

velopment of the multiple regression analysis, and its use
io eliminating certain envirommental effects from our esti-
mate of understanding of the mathematical concepts.

The fourth chapter will provide the mathematical de-

velopment of the analysis of the covariance program in
Fortran 1 V, and use this to evaluate the growth and mastery

of certain basic mathematical concepts.
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Chapter five will be the summary of the information

gathered in this study. Based on that information, recom-
mendations for a program for training elementary teachers at

the University of Oklahoma will be made.

— -




CHAPTER II

CONSTRUCTION OF THE TEST

Test Construction

The achievement test was developed through the fol-
lowing stages:l
1. Planning the test; making decisions about the
course objectives to be covered, the type of
item to be constructed, and the number of items
to'be used for sampling each of the objectives.
2. Preparing the situation to be presented to the
students, or item writing.
3. Organizing, administering, and scoring the test.
The above three steps were designed so as to yield
reliable, relevant; and objective information about the
understanding of the student's mathematical concepts. We
shall consider, therefore, the procedures that were used for

each of the steps to help obtain such informationm.

liack c. Merwin, "Constructing Achievement Tests and
Interpreting Scores," Evaluation in Mathematics, Natiomal
Council of Teachers of Mathematics, 26th Yearbook (Washing-
ton, D. C., 1961), pp. 43-70.

17
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Planning the Test

In developing the test the objectives to be covered

were established. These objectives are the following:

1. The student should have an understanding of the
concept of sets, the concept of number, and the
relationship between sets and number.

2. The student should have an understanding of the
historical background of numeration systems.

3. The student should have an understanding of the
number system with bases other than ten.

4, The student should have an understanding of the
concept of sets of points.

5. The student should have an understanding of the
natural number system.

6. The student should have an understanding of the
system of whole numbers.

7. The student should have an understanding of the
algorithms used in the computation with whole

numbers.

Types of Items

Many mathematicians emphasize the subjective-type

items, usually identified by such words as solve, add, prove,
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and name. These items, however, are evaluated in terms of
the final answer produced, with scant attention given to the
processes involved.?2 Often, however, a great deal can be
learned through the use of objective questions (multiple-
choice, matching, or true or false) measuring individual
steps in process.3 Furthermore, items of the objective type
permit a much wider sampling of the knowledge and understand-
ing possessed by a student than those in which a premium is
placed only upon obtaining the correct answer to a problem.

The multiple-choice type of item is usually regarded
as the most valuable and most generally applicable of all
test forms.% Lindquist asserted that it is definitely
superior to all other types for measuring such educational
objectives as '"'inferential reasoning, reasoned understanding,

or sound judgment and discrimination on the part of the

pupil."5

ZMax Sobel and Donovan J. Johnson, Analysis of
Illustrative Test Items, National Council of Teachers of
Mathematics, 26th Yearbook (1961), p. 74.

31bid.

4Julian C. Stanley, Measurement in Today's School
(Englewood Cliffs, N. J.: Prentice Hall, Inc., 1964), p. 222.

54. E. Hawkes, E. F. Lindquist, and C. R. Mann, The
Construction and Uses of Achievement Examination (Boston:
Houghton Mifflin, 1963), p. 138.
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There are several forms of multiple-choice items.

Walter D. Cook6 in the Encyclopedia of Educational Research

states them as follows:

a. A test exercise of this type may consist of a
direct question, followed by two or more state-
ments, one of which is a correct answer.

b. It may consist of a direct question, followed
by two or more statements, one of which is an
incorrect answer.

c. It may consist of a direct question, followed
by two or more statements, none of which is an
entirely correct answer, but one of which is
definitely a better answer than the other one.:

d. It may consist of an incomplete statement, fol-
lowed by two or more possible completions, one
of which is correct or definitely a better
answer than the other.

e. It may consist of a paragraph, diagram, chart,
graph, map, or specifications, followed by
statements, one of which is correct and one

incorrect.

bw. D. Cook, "Achievement Tests," Encyclopedia of
Educational Research, Rev. ed. (New York: MacMillan, 1952),
p. 1292.
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The student may be directed to indicate his response
by underlining or checking the correct respomse, or by writ-
ing or blackening its number in the space provided.

There are some disadvantages in the multiple-choice
items, such as difficulty in construction, space consuming,
and time consuming.7 Although the multiple-choice item test
has some disadvantages it is usually regarded as the most
valuable of all test forms,8 and superior to all test type89
because of the following:

1. Objective.

2. Less open to guessing than the alternate
response item (this type of test item requirés
the pupil to determine the truth or falsity of
a statement, correctness or incorrectness).

3. Will adapt to measure understanding, discrim-
ination, and judgment.10

4. Widely used and familiar to students.11

7Dorothy A. Wood, Test Construction (Columbus, Ohio:
Merrill, 1960), Chapter 3.

8

Stanley, loc. cit.
9Hawkes, et al., loc. cit.
101pi4.

11Wood, loc. cit.
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For the above reasons the Test of Understanding Con-
cepts of Mathematics (TUCM) will be constructed as a mul-
tiple-choice items type.
Many of the published tests are in the form of
multiple-choice items. For example, the American College
Testing program (ACT), the College Entrance Examination,

12 Kuhlmann-Fisch Intelligence Tests, test

14 65-

English items,
IV,13 the Barrett-Ryan Literature test: Silas Marmer,
operative test of Social Studies Abilities: Experimental
Form Q, Sequential Tests of Educational Progress (STEP):
Science. Many multiple-choice tests also have been published
in mathematics, such as Blyth Second-Year Algebra,15 Cali-
fornia Arithmetic Test,16 Cooperative Elementary Algebra,17

Cooperative General Mathematics Test for High School Classes,18

2gtanley, op. cit., p. 226.

L1pid., p. 224.

141pid., p. 225.

L3sheldon S. Meyers, Annotated Bibliography of Math
TIests, The National Council of Teachers of Mathematics,

Evaluation in Mathematics, 26th Yearbook (Washington, D. C.,
1961), p. 183.

1614:4., p. 185.

171bid., p. 189.

181pi4., p. 189,
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Cooperative Intermediate Algebra Test,19 Cooperative Sequen-
tial test of Educational Progress (STEP): Mathematics,20
Functional Evaluation in Miathematics,21 Iowa Plane Geometry
Aptitude Test (revised edition).22 Some of these tests have
four choices for every item such as STEP: Mathematics and
Functional Evaluation in Mathematics. Others have five
choices for every item, such as Califbrnia Arithmetic Test
and Cooperative Elementary Algebra Test. The use of four or
five choices for every item will minimize chance success .23

For every item in the TUCM there were five choices.
The use of five choices minimized chance success and also
practically eliminated '"response sets'': the tendency for
students to select a given option position, such as the
second option, B, more often than would be predicted on the
basis of chance alone. Position preferences of this kind

tended to lower the validity of the test.24

191bid., p. 190.
201bid., p. 194.
211bid., p. 196.
221pid., p. 200.

23Cook, op. cit., p. 1292.

24L. J. Cronbach, Educational and Psychological
Measurement (1950), pp. 10, 3-31. Further evidence on re-
sponse sets and test design.
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Number gg Items igﬁthe Test

There are no simple rules for determining the 'right"
number of items to use for each objective to be sampled.25
In making such decisions the evaluator must consider how
many items should be devoted to each objective. In writing
the TUCM each of the seven objectives mentioned above should
be covered; to do this, every one of the objectives will be
divided into a sub-objective. At least one item will be

written to cover every sub-objective.

Writing the Items

As an aid for writing test items, a number of rules
have been established by testing specialists. Harry D.
Berg26 gives suggestions for increasing the thought content
of objective items in social studies which he illustrates
with four or five-option multiple choice items. Jason Mill-
man offers 22 "multiple-choice item construction rules."?’

Mferwin28 considers seven basic rules that are generally

applicable. Most of the rules are similar to those of Berg

25Merwin, op. cit., p. 43.

26Stanley, op. cit., p. 231.

27 1pid.

28Merwin, op. cit., p. 43.
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and Millman. Merwin's rules are as follows:
1. Make every effort to avoid ambiguities.
2. Avoid the use of excessive window dressing.
3. Avoid the use of long and involved statements.
4. Specify the degree of accuracy required for
full credit when approximate answers are desired.
5. Avoid extraneous clues.
6. Avoid giving clues to one item in the statement
of another.
7. Avoid the use of negative statements, whenever
possible, and never use double negatives.
Merwin's rules will be followed in writing the items for the
TUCM.
Also, in the choice of.test questions the writer
considered similar items from other published and unpublished

tests which covered approximately the same material.

Test Items
I. Objective. The student should have an understanding of
the concept of set and the concept of numbers and the rela-

tionship between the two.

Sub-objective 1. The student should understand the relation-

ship between the concept of set and sub-set.
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This sub-objective will be illustrated by the fol-
lowing item:

Let X = {a,e,i,0,u,x,y,2} V= {é,i,o,u,y,z}
Y = {a,0,x,2}

1. Which of the following is true?

A) V& X and XY
B) V<X and XX
C) VY and YX
D) Y&X and XV
E) YCX and XCY

Sub-objective 2. The student should have an understanding

of the concepts of union and intersection.
This sub-objective will be illustrated by the fol-
lowing item:

Let X = {a,e,i,o,u,x,y,z} V= {e,i,o,u,y,z}
Y = 4a,0,%,2

2. Which one of the following is equal to {XAV}UY?

A) {o}

B) Y
c) Vv
D) X
E) XNv

Sub-objective 3. The student should have an understanding

of the concept of the equivalent sets."
This sub-objective will be illustrated by the fol-
lowing item.

3. Considering these sets: 1
U= {a’baX:Y} V= {33436’7’2} X =ia’b".’o“
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Which of the following is true?

A U2V
B) Vo2X
C) USEX
D) UZSEV

E) US2U

Sub-objective 4. The student should have an understanding

of the properties of any relation.

This sub-objective will be illustrated by the fol-

lowing item:

4.

Considering the set A = {2,3,4,5} and the
"greater than'" (>>) relation on the set A;
which of the following is true?

A) (> ) relation on set A is reflexive only
B) (>) relation on set A is symmetric only
C) (2) relation on set A is transitive only
D) (>>) relation on set A is equivalent

E) All the above are true.

Sub-objective 5. The student should have an understanding

of the concept of ordinal numbers and cardinal numbers.

This sub-objective will be illustrated by the fol-

lowing item.

5.

I was number 1 in line to buy 10, 5-cent stamps.
What kind of numbers are used in this sentence?

A) 1 and 5 used as ordinal and 10 used as
cardinal.

B) 1 and 10 used as cardinal and 5 used as
ordinal.

C) 5 and 10 used as cardinal and 1 used as
ordinal.

D) 1 and 10 used as ordinal and 5 used as

cardinal.
E) 5 and 10 used as ordinal and 1 used as

cardinal.
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II. Objective: The student should have an understanding of
the historical background of numeration systems.

Sub-objective 1. The student should be familiar with the

Egyptian numeration system.

This sub-objective will be illustrated by the fol-

lowing item.

6. Which characteristic of the Egyptian numeration
system is true?
A) It has place value.
B) It has a symbol for zero.
C) Position of symbols does not affect value.
D) It is substractive.
E) A and D are true.

Sub-objective 2. The student should have an understanding

of the Roman numeration system.

This sub-objective will be illustrated by the fol-

lowing item.

RO Mg
Wowononon N
*IQ v —

Thousands are indicated by drawing a line over the
symbol, for example:

N = 5,000
7. 70r equals?
A) 1915
B) 10315
C) 10.915
D) 10150

E) 1015
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Sub-objective 3. The student should have an understanding

of the modern system with respect to the other, older
systems.

This sub-objective will be illustrated by the fol-
lowing item. |

8. 5(10%) + 5(103) + 4(10%) is represented by

INE RO
BY777°0rN
C)ATr BRRA
D)777 o
Dassrn

III. Objective: The student should have an understanding
of the numeration system with bases other than ten.

Sub-objective 1. The student should have an understanding

of the numeration system (base five).
This sub-objective will be illustrated by the fol-
lowing item.

9. Imagine a place where the inhabitants have only
five fingers and numbers are written in a group
of five. What symbol would be used in such a
system to represent the number of marks in the

following set:
* % k k % %

* % % % % %
* % % % % %
* % % % % %

A) 14
B) 24
C) 34
D) 44

E) 54
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The student should have an understanding

of grouping in various bases.

This sub-objective will be illustrated in the fol-

lowing item.

10. The number of X's in the accompanying figure is
written below in numerals in four different
bases. Which number is correct?

XXXX (1) 2b4¢44e
XXXX (II} lé4geven
XXX (I11) 12¢welve
XX (IV) 11104y,
A) Only I is correct.

B) I, II are correct.

C) I, II, III are correct.

D) I, III, and IV are correct.
E) All of the above are correct.

Sub-objective 3.

of the relationship between different numerals with dif-

ferent bases.

This sub-objective will be illustrated by the fol-

lowing item.

11. I 315 = 16, = 13 : then find a, c.

IV. Objective:

The student should have an understanding

The student should have an understanding of

the concept of sets of points.
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Sub-objective 1. The student should be familiar with the

meaning of the simple closed curve.
This sub-objective will be illustrated by the fol-

lowing item.

B

12. The following curve is:

A) a simple curve, but not closed. A

B) a closed curve, but not a simple curve.

C) a curve that is not simple and not a closed
curve.

D) a curve that is a simple curve and a closed
curve.

E) none of the above is true.

Sub-objective 2. The student should be familiar with the

meaning of the plane as a set of points.

This sub-objective will be illustrated by the fol-
lowing item.
13. The plane is:

A) a finite set of points

B) the set of lines

C) the union of the finite sets of lines and
finite sets of points

D) a particular set of points which is neither
flat nor smooth

E) none of the above

Sub-objective 3. The student should have an understanding

of the sets' operations as related to sets of points.
This sub-objective will be illustrated by the fol-

lowing item.




Sub-objective 4.

14.
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Which of the following is true?

A)
B)
C)
D)
E)

c g2

§-_¢’§§_§={¢}
EDNFC =1{B
ECNFB = {C}

The student should have an understanding

of the set of interior points and exterior points as deter-

mined by a closed curve.

This sub-objective will be illustrated by the fol-

lowing item.

15.

In this figure which of the following is true?

A) BC N {exterior of S} = BC

B) L Njregion of st=9 M

C) {mtenor of S U exterior of S}{\L Y
all pomts on f except B and C.

D) MNS = Yk

E) None of the above is true. ™ _

V. Objective:

The student should have an understanding of

the natural numbers.

Sub-objective l

The student should have an understanding

of the natural number and the cardinal number.

This sub-objective will be illustrated by the follow-

ing item.

16.

If X = {chalr, stove, box, cat} and Y = that
coat} then whlch of the following is true?

A)
B)
C)
D)
E)

NX) =

N(Y) =
N(XVY) =
N(X) + N(Y) =
N(AxB) =
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The student should have an understanding

of the closure property for addition to the set of natural

numbers.

This sub-objective will be illustrated by the fol-

lowing item.

17. Which one of the following sets is closed
under addition?

A)
B)
C)
D)
E)

Sub-objective 3.

{1,2,3%
%1,3,5,7, o3
10, 5,15}
{2,4,6,8,...}
1,3,4,6,8,..}

The student should have an understanding

of the relationship between the cartesian product of the

sets and the multiplication operation in the set of natural

numbers.

This sub-objective will be illustrated by the fol-

lowing item.

18. Given any two non-empty sets P = is,t} and Q =
{n,p,r} then P x Q is:

A)
B)
C)
D)
E)

Sub-objective 4.

{S3t’n’P’r}

g(s,o , (1,p,1)f
(s,n) , (s,p) , (s,¥)
fs,n) , (s,p) , (s,7)
{s Xn, sXp, SXr,

The student should be

, (tym) , (t,s)
, (t,m) , (t,p) 5 (£,1)f

txn, txp, txr}

familiar with other

relations defined in the natural numbers.

This sub-objective will be illustrated by the fol-

lowing item.
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19. Which of the following statements is true?
A) 18 £ (3x5) + 3
B) 18 3 (3x6)
C) 18 >(10x6) + 18
D) 18 #2x 9
E) 18 &6 + (6+2)

Sub-objective 5. The student should have an understanding

of inequalities.
This sub-objective will be illustrated by the fol-
lowing item.

20. If a>b and ¢ > d which of the following
statements is always true?

A) a>c

B) b>d

C) a+d>b+c¢

D) a+c¢c>d+d

E d+b&a+c .

VI. Objective: The student should have an understanding

of the system of whole numbers.

Sub-objective 1. The student should have an understanding

of operations other than addition and multiplication.
This sub-objective will be illustrated by the fol-
lowing item.

21. If a number system consisting of two elements
and two binary Operations and is completely
defined by the tables shown:
then which of the following

statements is true? Glo 1 &0 1
A 0.8 (0 & 1) =1 ofo L 0|0 O
B) 1'& (1 & 0).=0 111 o 1fo 1
C) 1 & (1 . 1) =1
D)lx}(1§‘1)=l

E) None of the above are true.
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Sub-objective 2. The student should have an understanding

of the properties of any defined operation on the whole
numbers.

This sub-objective will be illustrated by the follow-
ing item.

22. What property justifies [(9x6) + (2x6)] x 1 =
(9x6) + (2x6)?

A) Associative property for multiplication.
B) Commutative property for multiplicatiom.
C) Distributive property over addition.

D) Renaming 9 and 6 and 2.

E) Multiplicative identity.

Sub-objective 3. The student should have an understanding

of the addition property, as defined, for the whole number.
This sub-objective will be illustrated by the fol-
lowing item.

23, If we use Roman numerals we have X V + VI
X+V+V+I=X+WVH) +I=X+X+1
X X I. Which of the following properties are
illustrated? ,

I commutative property for addition
IT associative property for addition
III distributive property for addition
A) none
B) I only
C) II only
D) I and II only
E) I, II, and III

Sub-objective 4. The student should have an understanding

of the properties of the addition and multiplication opera-

tions, together.
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The sub-objective will be illustrated by the fol-
lowing item.

24, 1If we have 8 + (8x4)
= (8x1) + (8x4)
= 8 x (1+4)
which of the following are used for justifica-
tion?
I Commutative property for multiplication

ITI Distributive property for multiplication
over addition

III Multiplicative identity

A) none

B) I and II

C) I and III

D) II and III

E) I and II and III

Sub-objective 5. The student should have an understanding
of the solution set of a sentence.

This sub-objective will be illustrated by the fol-
lowing item.

25. Which of the following is the solution set of
the sentence: {b ew: b >5} U {b e w: be9}

A) 16,7,8%

B) 19,10,11,12,...}

¢) 1{8,7,6,5,4,3,2,1,05
D) {6,7,8,9,...3

E) {0,1,2,3,4,5,6,7,..}

VIII. Objective: The student should have an understanding

of arithmetic of the whole number.

Sub-objective 1. The student should be familiar with the

set of factors for any number of the whole numbers.

?
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This sub-objective will be illustrated by the fol-
lowing item.

26. Which of the following sets represents Fyj
(F12 is the set of all factors of 12)?

A) 132:6} '
B) f{1,3,4}

c) 11,2.3,4}

D) 1{1,2,3,4,6}

E) {1,2,3,4,6,12}

Sub-objective 2. The student should have an understanding

of the nature of a prime number.
This sub-objective will be illustrated by the fol-
lowing item.

27. Which one of the following is a prime number?

A) 51
B) 55
C) 57
D) 59

E) none of the above

Sub-objective 3. The student should be familiar with the

fact that the only even prime number is 2.
The sub-objective will be illustrated by the fol-
lowing item.

28. How many even primes are in natural numbers?

A) one
B) infinite
C) wunknown

D) equal to the number of odd primes
E) none of the above is true

Sub~objective 4. The student should have an understanding

of the concept of the greatest common divisor.
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This sub-objective will be illustrated by the fol-
lowing item.

29. What is the greatest common factor of i65,426}?

A) 35
B) 7
C) 15
D) 5
E) 65

Sub-objective 5. The student should have an understanding

of the concept of the least common multiple.
This sub-objective will be illustrated by the fol-
lowing item.

30. Which of the following is the least common
multiple of {45,15,10} ?
A) 90
B) 450
C) 45
D) 150
E) 180

Organizing, Administering, and
Scoring the Test

After the items were prepared, the next step was to
organize them into a test. Two rules were followed: (a)
"The ease with which the student can understand what he is
to do, and where and how he recorded his answer, and (b) the
ease with which the teacher will be able to locate and score
the answer."?9 1In consideration of these two rules, the féi-

lowing were considered:

29Merwin, loc. cit.
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Grouping the items: The items were grouped according

to the objectives. Also, the items of every group were ar-
ranged so that the easier items came before the more diffi-
cult items.,

Directions: The directions state clearly that the
student will find the correct answer from the lettered choices
and match it with the number, cor;esponding to the letter, on
the machine answer sheet (I.B.M. form I.T.S. 1000Al55). The
directions also state that the student may use scratch paper.

After consideration of the above rules, the test for
understanding of concepts of Mathematics 70 (TUCM) was
written, a copy of which is included in Appendix A.

Administration: Every student worked from a separate

copy of the test. All the materials, such as scratch
papers, erasers, and pencils were available to the student.
The best possible physical surroundings were provided: ade-
quate light, ventilation, and desk space. The student was
verbally instructed by the administrator to record on the
answer sheet the time spent in finishing the test. The
maximum time recorded was 55 minutes.

Speed was not a factor in the objectives covered by
the test. Enough time was allowed so that each student had

an opportunity to attempt all items. The symbols used in
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the test were explained by the administrator before the
student began working the test. The symbols and definitioms,
such as subset(c:), were written on the blackboard by the
administrator.

Scoring the Items: The answer key for the test was

prepared and punched on test-scoring machine sheet I.B.M.

Form I.T.S. 100A310.

Information about Achievement
of the Student

The TUCM was administered to 150 students who had
just finished Mathematics 70, at the University of Oklahoma,
Summer 1968 and Fall 1968. The set of TUCM scores was col-
lected. The measures of central tendency (means, median,
and the mode) and some of the measure of dispersion were

computed.

The following is a summary of the measure of central

tendency.

Mean = 19.52 Median = 19

Mode = 19

The following is a summary of some of the measures
of dispersion.

Range = 22 Variance = 25.806

Standard deviation = 5.080
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Information about the Test: Results of a test provide in-

formation about reliability and validity. Reliability is
consistency or stability of measurement . 30 Validity is use-
fulness for a given purpose, especially on outcome .31

Reliability: Reliability information is usually summarized

in a reliability coefficient. Many procedures have been
proposed for obtaining a reliability coefficient.32 The most

widely used is the Kuder-Richardson procedure,33 expressed

by the form.ula:34

6% - Erq
r
tt a1 a2

where n = number of items in the test.

p = proportion passing an item (or responding
in some specified manner).

q = 1-p

CE'= the standard deviation of the raw scores.

Another Kuder-Richardson procedure which gives a

30Stanley, op. cit., p. 150.

3lipid., p. 150.

321pid., p. 151-158.

33M. W. Richardson and G. F. Kuder, '"The Calculation
of Test Reliability Ccefficient, Based Upon the Method of
Rational Equivalence," Journal of Educational Psychology
(1939), p. 681-687.

341pid.
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coefficient that is generally a reasonable approximation of

that described previously is expressed in the formula:35

nf1-2
- [ 2R

where m = the mean of the scores.

n the number of items.

the standard deviation.

s
Using this formula the TUCM, with 30 items, a mean of 19.52
and a standard deviation of 5.080, has a reliability co-

efficient of:

_ 30 19.520 (30-19.5.2)]=
T11 7 29 [1’ 30 x 25.806 76

The second procedure was used for the TUCM, for the

following reasons:

1. The formula is set up for use with tests which
are scored 1 for the right answer and 0 for the
wrong answer, which is the procedure followed for
scoring the TUCM.

2. Time is not a factor in determining the perfor-
mance of the student. (Kuder-Richardson gives a

"spuriously high coefficient for speeded tests')36

Merwin, op. cit., p. 66.

36
Ibid., p. 67.
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3. The formula involves less computation than the
other procedures.
The reliability coefficient for the TUCM is .76. On
standardized achievement tests reliability coefficients are
37

found to be above .75.

Standard Error of Measurement. The possibility of errors

of different magnitudes may be estimated with the standard
error of measurement (SEM) which is defined by the following

formula:38

SEM = S l-rll

where S standard deviation

r = reliability coefficient of the test
Based on the assumption that errors of measurement are

normally distributed. Using this formula:

SEM for TUCM = 5.080 yJ‘I'?'T7€6'

= 2.41
It may be said that the odds are about 2 to 1 that a stu-
dent's obtained score on the TocM is no more than onestandard

error of measurement (2.41) from his true score and about 19

to 1 that this difference is no more than two standard errors

3 1bid., p. 67.

381pid., p. 67.




of measurement (4.32).

Validity. Predictive validity information is usually summa-
rized by a validity coefficient. The coefficient of pre-
dictive validity is the coefficient of correlation between
the predictor and the criterion scores for a number of indi-
viduals. Since the TUCM covers the material in Mathematics
70, the criterion scores were the scores of the TUCM. The
predictor was the grades of the same students in Mathematics
70,

In order to reduce the effect of other college work
on the performance on the TUCM, the following criteria were
applied to the scores of the 150 students:

1. The only college mathematics course completed

by any of the students was Mathematics 70.
2. None of these students had enrolled in Education
243,

The number of students available who satisfied these
two conditions, out of the 150 tested, was 82. Table 1 re-
flects the test scores against the grades in Mathematics 70.

In this table the number of cases was small. The
distributions were dichotomous, and the prediction to be
made was in one of two categeries for each variable. 1In this

case a phi coefficient for the correlation was preferred.39

39Guilford, op. cit., p. 499.
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TABLE 1
CALCULATION OF Phi CORRELATION

BETWEEN THE TUCM SCORES AND
GRADE IN MATHEMATICS 70

Grade A, B Grade C, D
Above the mean 48 6
in TUCM (a) (b)
Below the mean 8 20
in TUCM (¢) (d)

Since the frequence of two cells in the table was less than
ten, the phi coefficient, with Yates correction, was applied
to find the correlation between the TUCM scores and the
corresponding grade in Mathematics 70. The phi coefficient

was computed as follows ;40

lad - bcl -n/2

phi =
(a+b) (a+c) (b+d) (c+d)
- JZO £ 48 - 6 x 8l -41
56 x 54 x 26 x 28
=j19 X 48' - 41
56 x 54 x 26 x 28
= .587
2 .
x= N(phi)2

= 82 x .344569 = 28.25

40George A. Ferguson, Statistical Analysis in Psy-
chology and Education (New York: McGraw-Hill Book Co., 1959),
p- 196.
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The critical value of 942 at the cne per cent level
of significance, with one degree of freedom, is 6.04. Hence,
an j(? of 28.25 is significant beyond the one per cent level
~of significance; therefore, a phi of .587, likewise, is
significant.4l

The previous result showed that the TUCM scores cor-

related significantly with the grade in Mathematics 70.




CHAPTER III

MULTIPLE REGRESSION ANALYSIS OF THE CRITERION VARIABLE

WITH THE INDEPENDENT VARIABLES

The analysis of covariance which will be used in
Chapter IV allows for adjustment in the TUCM scores of the
four groups (G,, G7O’ Gys3, and Gg), based on initial dif-
ferences in certain independent variables. Thus it is
necessary to determine the important measurable variables
which aid in predicting success on the TUCM.

A survey of the literature indicates only a few
studies dealing with the problem of measurable variables
which predict the understanding or achivement of mathematics
for elementary teachers. One of the studies indicated that
a strong background in mathematics in high school and college
seemed to contribute to the understanding of elementary
teachers,

Numerous studies have reported the predicative vari-

able for use as a placement guideline for freshmen in

47
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mathematics. Shana'al

reported that the best variable for
use as a placement guide line for freshmen in mathematics
appeared to be the American College Testing, Mathematics
(ACIM) and that good predictive variables included High -~
School Grade Point Average (HSGPA). ther measurable vari-
ables which were available were the American College Test-
ing, Composite (ACTC) score and the Dutton Attitude Scale
(DATS) .

The independent variables which were considered in
this study were: ACTC scores, ACTM scores, grade point aver-
age (CGPA), the number of credit hours in Mathematics (CHCM),
the high school grade point averaée (HSGPA), and the score
value on the Dutton scale (DATS).

The criterion variable was the student's score on
the Test of the Understanding of'Concepts of Mathematics.
(TUCM) .
| In order to achieve the goa12 of this part of the

study, as stated previously, the multiple regression analysis

1Joyce Adrin Shana's, "A Statistical Analysis of the
Placement Program in Mathematics for Freshmen at the Univer-
sity of Oklahoma," Ph.D. Dissertation, University of Oklhaoma,
1966. '

2Ostle, loc. cit.
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was used. In the multiple regression analysis a linear re-

lationship, of the form Y = B, + BjXj+...BgXg, was assumed

between the criterion variable and the independent variables.

The Bj's were approximated from the data available by de-

termining the best fitting curve to the data under the least

square technique. The mathematical basis for this analysis

can be found in Appendix II. The computer‘brbgram for the

multiple regression analysis can be found in Appendix II.

The program was set up to find the following:

1.

2.

The mean of every variable.

Standard deviation of every variable.
Correlation coefficients between the independent
variables and the dependent variable.

Partial regression coefficients (bj’ j=1,...6)
- the estimates for the unknown éarameters (Bj’.
j-1,...6) of the multiple regression equaéion
Y = ByX] + ...BeXg-

Standard error for regression coefficients.
Computed t-values.

Intercept (b,) of the estimate of the unknown
parameter B, of the multiple regression equation
Y = Bov+ lel= °"B6X6'

Multiple correlation coefficients.
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9. Standard error of estimate

10. Analysis of variance for the multiple regression.

The Sample

The sample for the multiple regression analysis con-
sisted of 74 students who took Mathematics 70 (Arithmetic for
Elementary Teachers) in the spring of 1968. The TUCM‘w;s‘
administered to this sample. The scores on this test were
collected and considered in the multiple regression dnalysis
subroutine as the dependent variable Y.

The six independent variables used in this study
were:

variable X; - the ACIC scores

variable X2 - the ACTM scores

variable X3 - the CGPA

variable X4 - the CHCM

variable X5 - the HSGPA

variable Xg the DATS

Variables X; through X5 were collected from the stu-
dents' files. Variable Xg, the Dutton test, was given before
the TUCM was administered and the value scale was recorded.

The seven measurable variables for every student were

recorded and keypunched on separate cards. The following
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hypotheses were then tested, using the data (Table 2) re-
sulting from the multiple regression analysis.

The analysis with respect té the American College
Testing Composite (ACTC):

Ho, ¢ 1. The correlation between the scores in the
TUCM and the scores in the ACTC was not significantly dif-
ferent from zero.

The correlation coefficient (r) between the TUCM
scores and the ACIC scores was .405, which was greater than
the critical value for r (.303) at the one per cent level of
significance.

Hence, this hypothesis was rejected at the one per
cent level of significance. Thus the ACIC scores were posi-
tively correlated to the prospective elementary teacher's
understanding of mathematical concepts.

H°a : 2. The partial regression coefficient of the
ACIC scores was not significantly different from zero.

The computed T value for the partial regression co-
efficient of the ACTC scores was .928, which was less than
the critical value for T (1.990) at the five per cent level

of significance for a two-tail test.

Hence, this hypothesis failed to be rejected at the

five per cent level of significance. Thus the ACTC scores



TABLE 2
MULTIPLE REGRESSION ANALYSLS OF THE SAMPLE

A

Variable Mean Standard Correlation Regression Std. Error Computed
Deviation Var. vs TUCM Coefficient of Reg. Coef. T Value
ACTC 20.04053 4.79850 0.40502%%* 0.11087 0.11942 0.92843
ACT™M 22.16216 3.27307 0.37831%%* 0.06136 0.16422 0.37361
CGPA 2.7351 0.42865 0.36895%% 1.94256 0.91636 2.11985%*
CHCM 1.88513 3.02788 0.14768 -0.18325 0.13870 -1.32122
HSGPA 3.31594 0.48989 0.41909%* 2.62029 0.88166 2.97199%%
DATS 5.47024 2.15956 0.37737%%* 0.63284 0.20922 3.02483%%
Dependent
TUCM 22.03150 3.84812
Critical value Critical value
for 5% level of for 17 level of
Statistic significance significance
Intercept 1.31672Hgorrelation(r) 232€two tail testg 303€two tail testg
Multiple Correlation 0.63883 Computed(T) 1.990(two tail test)@ 2.640(two tail test
Std. Error of Est. 3.09027 F ratio 3. 7.02a
ANALYSIS OF VARIANCE FOR THE REGRESSION
Source of Variation Degrees Sum of Mean F Value
of Freedom Squares Squares
Attributable to Regression 6 441.15161 73.52527 7.69917%%
Deviation from Regression 67 639.83472 9.54977
Total 73 1080.98633

* Indicates a difference that is significant beyond the 5% level of confidence.
%% Indicates a difference that is significant beyond the 1% level of confidence.

aGeorge A. Ferguson, Statistical Analysis in Psychology and Education
(New York: McGraw-Hill Book Company, 1959), pp. 306-31.

Note: All numbers from this table rounded off to 3 places.




53
were not of great importance in estimating the criterion
variable.3

The analysis with respect to the American College
Testing Mathematics (ACTM):

Hob: 1. The correlation between the scores in the
TUCM and the scores in the ACIM was not significantly dif-
ferent from zero.

The correlation coefficient (r) between the TUCM
scores and the ACTM scores was .378, whicﬁ was greater
than the critical value of r (.303) at the one per cent
level of significance.

Hence this hypothesis was rejected at the one per
cent level of significance. Thus the ACTM scores were posi-
tively correlated to the prospective elementary teacher's
understanding of mathematical concepts.

Hob: 2. The partial regression coefficient of the
ACTM scores was not significantly different from zero.

The computed T value for the partial regression co-
efficient of the ACTM scores was .373, which was less than
the critical value for T (1.996) at the five per cent level

of significance for a two-tail test.

Hence, this hypothesis failed to be rejected at the

3bid., p. 218.




54
five per cent level of significance. Thus, the ACTM score
was not of great importance in estimating the criterion
variable.

The analysis with respect to the College Grade Point
Average (CGPA):

Hoc: 1. The correlation between the scores in the
TUCM and the college grade point average was not significantly
different from zero.

The correlation coefficient (r) between the TUCM
scores and the CGPA was .368, which was greater than the
critical value of r (.303) at the one per cent level of sig-
nificance. |

Hence, this hypothesis was rejected at the one per
cent level of significance. Thus the CGPA was positively
correlated to the prospective elementary teacher's understand-
ing of mathematical concepts.

Hoc: 2. The partial regression coefficient of CGPA
was not significantly different from zero.

The computed t value for the partial regression co-
efficient of CGPA was 2.119, which was greater than the
critical valué”for t (1.990) at the five per cent level of
significance for a two-tail test.

Hence, this hypothesis was rejected at the five per
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cent level of significance. Thus CGPA was of great impor-
tance in estimating criterion variable.4

The analysis with respect to the number of Credit
Hours in College Mathematics (CHCM):

.HOd: 1. The correlation between the scores in TUCM
and the number of college credit hours in mathematics was not
significantly different from zero.

The correlation coefficiént (r) between the TUCM
scores and the CHCM was .147, &hich was less than the crit-
ical value of r (.232) at the five per cent level of signifi-
cance.

Hence, this hypothesis féiled to be rejected at the
five per cent level of significance. Thus the CHCM did not
correlate positively with the prospective elementary teacher's
understanding of mathematical concepts.

Hodt 2. The partial regression coefficient of CHCM
was not significantly different from zero.

The computed t value for the partial regression co-
efficient of the CHCM was ~1.321, ., which was less than the
critical value for t (1.990) at the five per cent level of
significance for a two-tail test:

Hence, the hypothesis failed to be rejected at the

41bid.
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five per cent level of significance. Thus CHCM was not of
great importance in estimating the criterion variable.

The analysis with respect to the High School Grade
Point Average (HSGPA):

Hoe: 1. The correlation between the scores of the
TUCM and the high school grade point average was not sig-
nificantly different from zero.

The correlation coefficient (r) between the TUCM and
the HSGPA was .419, which was greater than the critical
value of r (.303)uat the one per cent level of significance.

Hence, this hypothesis was rejected at the one per
cent level of significance. Thus the HSGPA was positively
correlated to the prospective elementary teacher's under-
standing of mathematical concepts.

Hog 2. The partial regression coefficient of HSGPA
was not significantly different from zero.

The computed t for the partial regression coefficient
\ of the HSGPA was 2.971, which was greater than the critical
- value of t (2.640) at the one per cent level of significance
for a two-tail test.

Hence, this hypothesis was rejected at the one per

cént level of significance. Thus the high school grade point

average was of great importance in estimating the criterion
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variable.

The analysis with respect to the Dutton Attitude
Test (DATS): |

Hog: 1. The correlation between the scores of the
TUCM and the Dutton scale value of the DATS was not signifi-
caﬁtly different from zero.

The correlation coefficient {r) between the TUCM
scores and the scale values of the DATS was .419, which was
greater than the critical value of r (.303) at the one per
cent level of significance.

Hence, this hypothesis was rejected at the one per
cent level of significance. Thus the scale value of the
Dutton Attitude Test is positively correlated to the pro-
spective elementary teacher's understanding of mathematical
concepts.

Hof: 2. The partial regression coefficient of DATS
was not significantly different from zero.

The computed t for the partial regression coefficient
of the scale values of the DATS was 3.024, which was greater
than the critical value of t (2.640) at the one per cent level
of significance for a two-tail test. Hence, this hypothesis
was rejected at the one per cent level of significance. Thus,

the Dutton value scale was of great importance.




variables together:

Hog: 1. The correlation between the TUCM and all
the independent variables together was not significantly dif-
ferent as a whole from zero.

The multiple correlation coefficient (r) between the
TUCM scoreé and all the independent variables together was
.63883, which was greater than the critical value of r
(.303) at the one per cent level of significance.

Hence, this hypothesis was rejected at the five per
cent level of significance. Thus all the independent vari-
ables as a whole correlated positively with the prospective
elementary teacher's understanding of mathematical concepts.

Hy, : 2. The partial regression coefficient was not
significantly different from zero.

The computed F value for the regression coefficient
of all the independent variables was 7.699, which was
greater than the critical value of F (7.02) at the one per
cent level of significance.

Hence, this hypothesis was rejected at the one per
cent level of significance. Thus the independent variables

as a whole were of great importance in estimating the cri-

terion variable.




CHAPTER IV

COVARIANCE ANALYSIS OF THE EFFECT OF CERTAIN EDUCATION
AND MATHEMATICS COURSES ON THE GROWTH OF THE

UNDERSTANDING OF MATHEMATICAL CONCEPTS

The evaluation of the effect of certain education
and mathematics courses on the growth and mastery of the basic
mathematical concepts of the prospective elementary teacher
was explored in this chapter. 1In Chapter III it was shown
that there were some independent variables which had a posi-
tive correlation with the criterion variable.

In order to examine the growth of the understanding
of mathematical concepts in different stages in the elemen-
tary teacher's education program, taking into account the
initial difference due to the previous independent variables,
the analysis of covariance was applied.1 In this technique
six independent variables: ACTC, ACTM, HSGPA, CGPA, CHCM, and
DATS were controlled, and consequently they were used to ad-

just the TUCM scores.

lFred N. Kerlinger, Foundations of Behavioral Re-
search (New York: Holt, Rinehart and Winston, 1965, p. 348.

59

,,,,,,




60

The mathematical basis for this analysis can be
found in Appendix III. The computer program adapted from
Cooley2 was written in Fortran IV language, by the investi-
gator, for the covariance analysis. This program can be
found in Appendix III.

The covariance analysis computed the test of equal-
ity of experimental mean vectors with covariance control,
where the total number of variables did not exceed 40. Some
of the output of this program was as follows:

1. For each group KG = identification number of
the groups, KN = identification number of the subjects in
each group, adjusted group means, and group standard
deviations.

2. Means for total sample.

3. Standard deviation for total sample.

4, Adjusted standard deviation on experimental
variable for the total sample.

5. Coefficient for forming the adjusted means for
each experimental variable.

In this study five groups were examined: prospective

elementary teachers who had not had mathematics 70

2Cooley and Lohnes, op. cit.
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(Arithmetic for Elementary Teachers) (G,); prospective ele-
mentary teachers who had had mathematics 70 (G70); prospec-
tive elementary teachers who had had mathematics 70 and Edu-
cation 243 (methods course) (Gp43); prospective elementary
teachers who had had mathematics 170 after completing mathe-
matics 70 (Gy7(0), and prospective elementary teachers who
were seniors and had completed the program of training (Gg).

Due to the overlapping of the students of G170 with
those of the other groups, it was difficult to find suffi-
cient cases therein. However, the other groups covered such
a range that it was deemed reasonable to discard group G170
in the covariance analysis, rather than to include them in
any group.

The total group for the covariance analysis included
247 students, of which 87 were G,, 74 were GyQ, 47 were G243,
and 39 were Gg. The prospective elementary teachers were en-
rolled in the College of Education at the University of Okla-
homa in the spring semester of 1968.

The data were collected through the administration
of the Test of the Understanding of Concepts in Mathematics
(TuCM) for the four groups at the end of the spring semester

of 1968. The control variables, ACTC, ACTM, CGPA, CHCM, and

-

HSGPA, were collected from the student's files. The DATS
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was given to each student before the TUCM was administered
and the value scale also was recorded.
In order to determine the significance of the size
of each group, the mean of the TUCM scores for each group
used in the covariance analysis was computed and the follow-

ing formula was applied.3

_22(2
n_—-——
d2
n = size needed in order to achieve a significant
deviation of the population mean.
z = the standard score at the level of significance.
¢ = standard deviation of the population.

Q_
]

deviation from the mean of the sample to the
mean of the population.
The calculation of the minimum as shown in Table 3 indicates
that the minimum number of students (n) for any of the four
groups, to be significant at the five per cent level of sig-
nificance, was 33.69. Hence, the four groups had a signifi-
cant number of students at the five per cent level of
significance.

Before applying the covariance analysis the vari-

ances of the four groups were tested for homogeneity.

3Guilford, op. cit., p. 215.
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TABIE 3

MEANS OF THE GROUPS AND THE NUMBER OF STUDENTS

Group G0 G70 G243 GS
n 78. 74. 47. 39.
Mean 8.3013 22.0135 17.829 16.2820

M= The population mean is the mean score of TUCM = 19.52.
6 = The population standard deviation is the standard
deviation of TUCM score = 5.08. _
The differences between the mean of the groups Xe; and the
population mean d = XG4 -M, 1=20,70,243,s.

dg = 11.2187 d. = 2.673
Co G70
d = 1.691 d~ = 3.2380
G243 Gy Y
Minimum d = 1.691 a= & G;
d

Z=1.96 at 5% level of significance.

2 2
a - 5082962 _ 33 o6
(1.691)

Minimum

Otherwise, a significant difference between the population
means of the four groups might have been due to the non-

homogeneity of their wvariance. In this case the conclusion

4

about the means would have been in some doubt. To show the

homogeneity of these groups the following hypothesis was

=

4
Ibid., p. 274.
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tested.
HOh: 1. The four groups, G,, Gyg, G243, and Gg, are
c.)-

from populations of like variance (4
PoP Go Gyg G243

Table 4 shows the summary computation for Bartlett's
Test for homogeneity of the variances. The null hypothesis
failed to be rejected at the five per cent level of signifi-

cance. Thus the four groups had homogeneous variables.

Analysis of Variance with Adjusted
Covariance Control

The analysis of variance with adjusted covariance
control was performed on the four independent groups G,
G243, G70, and Gg where the scores earned in the TUCM were
adjusted by the control variables ACTC, ACTM, CHCM, CGPA,
HSGPA, and the value scales of the DATS. A summary of the
analysis of variance with covariance control is represented
in Table 5.

Referring to Table 5, the hypothesis can be tested.

Hoi: 1. The adjusted scores on the TUCM of G,, Gyq,

Gy43, and Gy are from a population of like means [ A = M =

G, Gy
4 M)

Gos3 "Gy

B L /G, #e30 *gus */52'

1
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TABLE 4

COMPUTATIONS FOR BARTLETT'S TEST FOR
HOMOGENEITY OF VARTANCE
2 "2 g—2 o2
Hot G = €70 =C243 = G

2 Degree 2 2
Sample  X; of 1/8F S; log S
Freedom

Go 1258.63 86 .0116 10.3684 1.0170 87.4620
G,o 1080.98 73 .0169 10.9561 1.037 75.701
Gysy 1311.898 38 .0263 10.6276 1.025 38.950
Gy 712.6385 46 .0217 10.7584 1.029 47.3341
Sum  4364.1463 243 .0765 249.4470

Pooled estimate of variance = S2 = 17.96

u
- 2 -
B = logy,S é (n;-1)= 304.4547
9 i=1 n . 9
X5 = log (10 [B - % (n;-1) logypSi“]
l=

log 550.07 = 2.7404

i = L L4712
Correction factor = 1 + 323 [ -0765)- 373)] = 1.008
2 _ 2.7404 _
Corrected =£/023 =2.71
%3 = 008

At the 5% level of significance failed to reject the
null hypothesis.
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TABLE 5

SUMMARY OF THE ANALYSIS OF VARIANCE
WITH COVARIANCE CONTROL

Degree Sum Mean of
Source of of Sum of F
Freedom Square Square

Treatment (Among) 3 7915.5572 2638.5190 *%
Error (Within) 243 4364.1528 17.96 146.91
Total 246 12279.7100

Standard deviation for the total sample = 7.0652

TABLE OF THE MEANS OF THE GROUPS

Group Go G70 G243 Gg Total

Mean 8.3013 22.0135 17.829 16.2820 15.654

Fl =3 F2 = 237

F 160.759 #*

Coefficients for adjusting means of dependent variable:

0.2529268 -0.570224 0.9020426 0.1732690 0.5676005 0.3077125 .

TABLE OF THE ADJUSTED MEANS OF THE GROUPS

Growp G, G70 6243 Cs
Mean  9.87 21.784  17.55 15.34

* indicates a difference that is significant beyond the 5%
level of significance. -

** indicates a difference that is significant beyond the 17%
level of significance.
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The computed F ratio for the analysis of variance
with covariance control was 160.759 , which was greater than
the critical value of F (3.88) at the one per cent level of’
significance. The homogeneity of the groups has been shown
by Bartlett's test for homogeneity. Hence, F must indicate
significant differences somewhere among the means.5

Hence, this null hypothesis was rejected at the one
per cent level of significance. Thus the alternative hypoth-
esis, that the population means of the four were different,
was accepted. Hence, the four groups, G,, G7g, G243, and Gg,
differed in their understanding of the mathematical concefts.

The computed F ratio was very large; this was due
.possibly to the following:

1. The large differences between two or more means
of the groups, such as Gy and G,.

2. The unequal number of cases for each group
always contributes to the bias of the value of the F ratio.®

Since F was significant, then the student t test was
applied to compare between the population adjusted means of

the groups, two at a time.’

>Ibid.
6Ferguson,.gg. cit., p. 243.
TIbid., p. 238.
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Table 6 shows the matrix of the computed t between

the population adjusted means of the group, two at a time,

using the following formula:8

Xe; - %g;

—

t =

2 2
S + S
\/ w/ w/
nGi I'lGj

i, j =0, 70, 243, 2
XGi = the adjusted mean of the group G;
i =0,70,243,s
XGj = the adjusted mean of the group G

j
j = 0,70,243,s

S, = the within group variance
ng. = the number of cases in G;
i 1
ng, = the number of cases in G
3 J

Since an assertion was made(by the investigator)
about the direction of the difference, the one-tail test was
applied.9

Referring to Table 6, the following hypothesis can

be tested:

81bid.

Ibid., p. 135.
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TABLE 6

MATRIX OF THE STUDENTS' t TEST BETWEEN THE
MEANS OF THE GROUPS

Go G70 G243 Gs
G2 17.01%=*
Goss3 10.00%=* 5.37%%
Gg 6.88%* 7.70%% 2 .41%%
X, -X
Gi Gj
t =

' begree of freedom 243

* indicates a difference that is significant beyond the 5%
level of significance.

*%* indicates a difference that is significant beyond the 1%
level of significance.

Hy.: 2. The scores on the TUCM of G, and G-, are
i o 70

from populations of like means [/GL = /zgol

SN

The computed t value between the population means of
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Go and G, was 17.01 , which was greater than the critical
value of t (2.35) at the one per cent level of significance
with 243 degrees of freedom.

Hence, this null hypothesis was rejected at the one
per cent level of significance. Thus the alternative
hypothesis that the population mean of Gyp was significantly
greater than the population mean of G, was accepted. Hence,
the prospective elementary teachers who had Mathematics 70
performed better on the TUCM than the prospective elementary
teachers who had not had Mathematics 70.

Hoi: 3. The scores on the TUCM of G, and Gy,3 are

from populations of like means. [/EL = /6;43]

The computed t value between the population means of
Go and G243 was 10, which was greater than the critical value
of t (2.35) at the onme per cent level of significance with
243 degrees of freedom.

Hence, this null hypothesis was rejected at the one
per cent level of significance. Thus the alternative
hypothesis that the population mean.éf(G243 was significantly
greater than the population of G, was accepted. Hence, the
prospective elementary teachers who had had Mathematics 70

and Education 243 performed better on the TUCM than the

-
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prospective elementary teachers who had not had Mathematics
70.

H, : 4. The scores on the TUCM of G, and G, are
i

from populations of like means. [/é; = /gs]

Hyi: 4. //Z£ ;>/4;o

The computed t value between the population means of
G, and Gg was greater than the critical value of t (2.35)
at the one per cent level of significance, with 243 degrees
of freedom.

Hence, the null hypothesis was rejected at the one
~ per cent level of significance. Thus the alternative
hypothesis that the population mean of the senior prospec-
tive elementary teachers was greater than the population
mean of the prospective elementary teachers who had not had
Mathematics 70 was accepted. Hence, the prospective elemen-
tary teachers who were seniors performed better on the TUCM
than the prospective elementary teachers who had not had
Mathematics 70.

H .: 5. The scores on the TUCM of G,qo and Gy43 are

oi’

from populations of like means. [ /g;O = /Gyu3l
Hpge 0 /ém /32{43
The computed t value between the population means

of G20 and Gpy3 Was 5.37, which was greater than the critical
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value of t (2.5) at the one per cent level of significance
with 243 degrees of freedom.

Hence, this null hypothesis was rejected at the one
per cent level of significance. Thus the alternative
hypothesis that the mean of the population of Gy is greater
than the mean of the population of G,,3 was accepted. Hence,
the prospective eleméﬁféry teachers who had taken Mathematics
70 performed better on the TUCM than the prospective elemen-
tary teachers who had taken Mathematics 70 and Education 243.

HOi
from populations of like means. [ /?;470 =/(?s]

>
Hy,: 6. /870 Ge

The computed t value between the population means of

: 6. The scores on the TUCM of G70 and Gy are

Gyg9 and Gg was 7.70, which was greater than the critical
value of t (2.35) at the one per cent level of significance
with 243 degrees of freedom.

Hence, this null hypothesis was rejected at the one
per cent level of significance. Thus the alternative
hypothesis that the mean of the population of G70 is greater
than the mean of the population of Gg was accepted. Hence,
the prospective elementary school teachers who had just
finished Mathematics 70 performed better on the TUCM than

the seniors.
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HOi: 7. The scores on the TUCM of G, and G243 are
from populations of like means. [/és = /6243]

Hyyt 7‘/3243>/gs

The computed t value between the population mean of
G43 and Gg was 2.41, which was greater than the critical
value of t (2.35) at the one per cent level of significance
with 243 degrees of freedom.

Hence, this null hypothesis was rejected. Thus the
alternative hypothesis that the mean of the population of
Gy,3 Was significantly greater than the mean of the popula-
tion of the seniors was accepted. Also, in this case the
prospective elementary teachers who had taken Mathematics 70

and Education 243 performed better on the TUCM than the

seniors.




CHAPTER V
SUMMARY AND CONCLUSION

This study was undertaken with the objective of
conducting statistical analysis to determine the growth and
understanding of certain basic mathematical concepts pos-
sessed by the prospective elementary teachers at the Univer-
sity of Oklahoma at different stages in their education

program.

Summary and Conclusion

One of the ways in which the data were gathered for
this study was through the administration of the Test of
Understanding Concepts of Mathematics (TUCM). Most of the
published tests available in the library were designed be-
fore the introduction of modern mathematics into the curric-
ulum of elementary .teacher education programs. An examination
of these tests by the researcher revealed no test which would
meet the needs of this study. Therefore, the construction of
an instrument that could be used in this study for gathering

the data became a necessity.

74
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An objective test, TUCM, with 30 items and 5 choices
for every item, was constructed, a copy of which is included
in Appendix I. The items of the test covered the following
seven areas ef basic mathematical understanding: 1. The con-
cept of number and the concept of set; 2. the historical
background of numeration; 3. the numeration system with
bases other than ten; 4. the concept of sets of points; 5.
the natural number system; 6. the whole number system; and
7. arithmetic of whole numbers.

The test was administered at the end of the fall
semester of 1967 to 150 students who had just finished Mathe-
matics 70 at the University of Oklahoma. The data were col-
lected and the following information about the test was
based on the collected data:

1. The reliability of the test as reflected by the
Kuder-Richardson procedure was .76.

2. The standard error of measurement was estimated
to be 2.41.

3. TheJﬁean score of the test was 19.52

4. The standard deviation was 5.08.

5. Validity is described in the phi correlation co-
efficient, which was .587, between the test (TUCM) and the

grades earned in Mathematics 70; the value of phi was
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significant.

The results from the analysis were the following:

1. The scores on the TUCM correlated significantly
with the ACTM, ACT(C, CGPA, HSGPA and the DATS. The scores on
the TUCM did not correlate significantly with the number of
Credit Hours in College Mathematics (CHCM).

‘The last result seemed to be negative in comparison
with some studies reported in the iiterature, such as those
of Fulkerson,1 Creswell and Kowitz.2

In searching for the reasons for this result of the
study, the researcher found that 27 per cent of the pro-
spective elementary teachers had courses in mathematics
other than Mathematics 70 (excluding the students who had
Mathematics 170). About 85 per cent of the students who
elected to take‘other mathematics courses had Mathematics 2
at the University of Oklahoma. The topics included in Mathe-
matics 2, as stated by the Department of Mathematics at the
University of Oklahoma, were the following: nature of mathe-
matics, rational numbers, real numbers, complex numbers,

equation and inequalities, function graphs and systems of

1Fulkerson, op. cit., p. 141-64.

2Creswell and Kowitz, op. cit.
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eduations. The above list of topics for Mathematics 2 indi-
cates that the contents of Mathematics 2 had little in common
with the contents of the course of mathematics for elementary
teachers, Mathematics 70.

2. The second result of the multiple regression
analysis was that there were some variables, which were of
great importance in estimating the criterion variable. These
variables were College Grade Point Average (CGPA), High
School Grade Point Average (HSGPA), and the value score on
the Dutton Attitude Test (DATS). Even though the American
College Testing, Mathematics and Composite (ACTM and ACTC)
scoies correlated significantly with TUCM scores they were
not of great importance in estimating the TUCM scores, as
shown by the regression analysis.

3. One of the most interesting results was that the
values of the Dutton Attitude Scale not only correlated with
the TUCM scores but also were of great importance in esti-
mating the TUCM score. Therefore, the understanding of
mathematical concepts correlated with the attitude toward
arithmetic.

4. The last result indicated that the six independent
variables as a whole not only correlated significantly with

the TUCM scores but also were of great importance in
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estimating the TUCM scores. The regression equation for
estimating TUCM scores from the independent variable was:
Y = 1.31679 + 0.11087 X; + 0.06136 Xy + 1.94256 X -
0.18325 X4 + 2.62029 X5 + 3.02483 Xg4
Y - the estimate of the TUCM scores

the ACTC scores

>4
-
1

X, - the ACTM scores
X3 - the CGPA
X, - the CHCM
X5 - the HSGPA
Xg - the DATS
In this study analysis of covariance was performed
on four groups to determine the significant difference be-
tween their population means with respect to their scores on
the TUCM. These groups were the following:
1. Prospective elementary teachers who had not had
Mathematics 70 (G,).
2. Prospective elementary teachers who had Mathe-
matics 70 (G70)
3.- Préspective elementary teachers who had Mathe-
matics 70 (G7p) and Education 243 (G243).

4. Prospective elementary teachers who were seniors.
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The scores on the TUCM were adjusted by the control
variables ACTM, ACTC scores, CGPA, CHCM, HSGPA, and DATS.

The results from the analysis of covariance were
the following:

1. The prospective elementary teachers who ha§ only
Mathematics 70 performed significantly better on the TUCM
than the prospective elementary teachers who had not had
Mathematics 70. Hence, the statistical evidence showed that
Mathematics 70 contributed to the un&erstanding of basic
mathematical concepts.

2. The prospective elementary teachers who had just
finished Mathematics 70 performed significantly better on
the TUCM than the prospective elementary teachers who had
previously had Mathematics 70 and Education 243. Hence, the
statistical evidence showed that Education 243 did not con-
tribute to the growth of the understanding of the mathemati-
cal concepts on the part of the elementary teachers.

3. The prospective elementary teachers who had
Education 243 performed significantly better on the TUCM than
the prospective elementary teachers who were seniors. Hence,

the statistical evidence showed that there was a reduction

of the understanding of mathematical concepts.

4. Those prospective elementary teachers who were
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seniors performed on the TUCM significantly better than the
prospective elementary teachers who had not started the sub-
program of mathematics in their training.

Result number 4 seems to be in conflict with some
studies, such as Glennon's. Considering the difference in
the conditions of Glennon's study and this research, the
above result seems to be in conflict with Glennon's conclu-
sion that there is no significant difference between seniors
and those students who are beginning the elementarv teacher
education program, on their understanding of the basic
mathematical concepts. This apparent discrepancy may be at-
‘tributed, in part, to the following:

1. The increasing emphasis put on the importance of
mathematics and arithmetic in high schools and colleges
today.

2. The development of new material which emphasizes
the understanding of mathematical concepts.

Some of the conclusions of this study, although ex-
pected, were without statistical evidence, which has now
been made available. As a result of the conclusions, other
than those expected, the investigator submits the following
recommendations for study by the Department of Mathematics

and the College of Education at the University of Oklahoma.
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The following recommendations are submitted for
study to the Department of Mathematics, at the University of
Oklahoma:

1. The TUCM can be used as an advanced test for
Mathematics 70. The working time for this test does not
exceed 55 minutes.

2. Mathematics 2 does not appear to be a good sub-
stitute for Mathematics 70.

3. The best single predictor of success in Mathe-
matics 70 from all the six independent variables is the high
school grade point avefage.

The following recommendations are submitted for study
to the College of Education, at the University of Oklahoma:

1. The sample of students who had taken Mathematics
70, Education 243, and Mathematics 170 was 17 students, which
was too small to include in the overall sample. But the mean
of this sample was sufficiently high, 23.53, to suggest that
because of the apparent decline in the understanding of
mathematical concepts over a period of time, the addition of
Mathematics 170 as a required course would be beneficial as
a reinforcement tool.

2. The statistical evidence showed that Education

243 did not contribute significantly to the growth of the
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understanding of mathematical concepts. It should be pointed
out that the primary objective of Education 243 is not the
development of mathematical concepts. The course emphasizes
scope and sequence in arithmetic as related to curriculum
programs; the meaning and development of arithmetic as re-
lated to classroom teaching and the evaluation of arithmetic
material in the curriculum. However, one of the classes
tested in the Education 243 group had a mean score of 22.50,
which was close to the mean score of the group in Mathematics
70, which could indicate that individual teaching methods and
possibly the mathematical background of the teacher has an
effect upon the extent to which Education 243 reinforces the
mathematical concepts learned in Mathematics 70. The investi-
gator, therefore, recommends that greater consideration be
given to the mathematical background of the teacher for the

methods course, Education 243.

Recommendations for Future Research

The results of this study seem to indicate that more

research is needed in the area of the growth of mathematical

concepts.

1. Research is needed in the area of the effect of

the psychological factors, such as goals, motivation,
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readiness to learn and reinforcement on the growth of mathe-
matical concepts.

2. Further research is needed in the area of the
effect of the mathematical background of the teacher on the
growth of the students' understanding of mathematical
concepts.

3. Due to the dynamic nature of the teaching situa-
tion the researcher suggests that continual research is
needed to obtain continued evaluation of the teacher educa-
tion program.

4. Research is also needed to ascertain if Mathe-
matics 170 should be required or if some other course is

needed as a reinforcement tool.
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APPENDIX I

TEST FOR UNDERSTANDING CONCEPTS OF MATHEMATICS
(TUCM)

THE UNIVERSITY OF OKLAHOMA

Name

Directions: Choose the correct answer from the lettered
choices. Use available space which you have
on the page for your scratch work or extra
paper.

In questions 1 and 2 consider: X = %a-,e,i,o,u,x,y,z}
V= {e,i,0,u,y,2} Y= {e,o0,x,z}

1. Which of the following is true?
A) V=X and X<Y
B) V<X and XcX
C) V&Y and Y&X
D) YCX and X€V
E) YCX and X&Y

2. Which one of the following is equal to {xn ViU Y?

A) o
B) Y
c) V
D) X
E) XAV

3. Considering these sets:
v=fabxy}  v=1{3,46724 x-jz,4,0,}

Which of the following is true?
A) U=V
B) V==X
C) USEX
D) USAV
E) UgEU

89
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4. Considering the set A ={2,3,4,§}and the "greater than"

(>) relation on
true?

the set A; which of the following is

A) () relation on set A is reflexive only

B) (=) relation
C) (&) relation
D) (>) relation

on set A is symmetric only
on set A is tramsitive only
on set A is equivalent

E) All the above are true.

5. I was number 1 in

line to buy 10, 5-cent stamps.

What kinds of numbers are used in this sentence?

A) 1 and 5 used as ordinal and 10 used as cardinal.
B) 1 and 10 used as cardinal and 5 used as ordinal.
C) 5 and 10 used as cardinal and 1 used as ordinal.
D) 1 and 10 used as ordinal and 5 used as cardinal.
E) 5 and 10 used as ordinal and 1 used as cardinal.

6. Which characteristic of the Egyptian numeration system

is true?

A) It has place value.

B) It has a symbol for zero.

C) Position of symbols does not affect value.
D) It is substractive.

E) A and D are true.

In questions 7 and 8 the following symbols are used in the

Numerals:

Dn-_

wn n nn

?
]
Q
y

Thousands are indicated by drawing a line over the symbol,

same fashion as Roman
I
\Y
X
L
C
D
M
for example:
7. 70 ¢ equals?
A) 1915
B) 10315
C) 10.915
D) 10150

E) 1015

A = 5,000




10.

11.
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5(104) + 5(103) + 4(100) is represented by
A) 10 Uar“n

B)?57

D) ’)"'MF

E) ewrn

Imagine a place where the inhabitants have only five
fingers and numbers are written in a group of five.
What symbol would be used in such a system to represent

the number of marks in the following set:
* k k k k %

* % k k k&
* k k ok % %k
* k k ok k%

A) 14

B) 24

C) 34

D) 44

E) 54

The number of X's in the accompanying figure is written
below in numerals in four different bases. Which number
is correct?

XXX
XXX
XXX
- - XX
(D 2'/"five
(11) l'/"seven

(I11) 12 401ve

(IV) 111040
A) only I is correct
B) I,II are correct
C) I,1I,1I1I are correct
D) I,III,IV are correct
E) All of the above are correct.

If 31, = 16, = 13: then find a, c.
A) 2,4
B) 4,4
C) 7,4
D) 4,7
E) 7,7




12.

13.

14.

15.

16.

17.
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B
The following curve is: ' /1f5—
‘ o)

A) a simple curve, but not closed

B) a closed curve, but not a simple curve

C) a curve that is not simple and not a closed curve
D) a curve that is a simple curve and a closed curve
E) none of the above is true.

The plane is:

A) a finite set of points

B) the subset of lines

C) the union of the finite :sets of lines and finite
sets of points

D) a particular set of points which is neither flat nar
smooth ’

E) none of the above is true.

Which of the following is tiue?
A ce}
B) c.e ¢
c) €N AR
D) EBN FA
E) ECN FB

non i

P
B
C

In this figure which of the following is true?

A) BC I {exterior of s} = BC

B) 1 A{region of s} =

C) {(interior U exterior of s)} f\,‘.
= all points on{ except B and C

D) MAS = M

E) none of the above is true.

4

If X = {chair, stove, box, cat} and Y ={hat, coat} then
which of the following is true?

A) N(X) = 2

B) N(Y) = 4

C) N(XUY) = 6

D) N(AxB) = 12

E) N(X) + N(Y) = 8

Which one of the fqllowing sets is closed under
addition?

4 {1,2,3§

B) {]-,3:5:7’ "°}

c) {10,5,15}

D) ’4,6’8""3

E) {1,3,4,6,8,..3




18.

19.

20.

21.

22.
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Given any two non-empty sets P =i§,t} and Q ={p,p,r}
the P x Q is:

A) { s’t’n’P’r}

B) %(s,t) , (n,p,1)} :

¢) fs,n) , (s,p) , (s,r) , (t,m) , (t,s)}

D) {s,n) , (s,p) , (s,r) , (t,m) , (t,p), (t,r)}

E) {sxn , sxp , sxr , txn , txp , txr]

Which of the following statements is true?
A) 18 £ (3x5) + 3

B) 18 22 (3x6)

C) 18 >(10x0)+18

D) 18 =2 2x9

E) 18 < &+(6+2)

If a b and ¢ d which of the following statements is
always true?

A) a>c

B) b>d

C) atd>b+c

D) at+c>d+d

E) d+b<a+c

If a number system consisting of two elements and two
binary operations and is completely defined by the

tables shown: Do 1 Slo 1
_ olo 1 010
o 1l1 0 1|0

= O

A0+ (0x1l) =1
B) 1+ (1x0)=0
)y L+(lxl) =1
D) 1ix (1i+1) =1
E) none of the above are true.

What property justifies [(9x6) + (2x6)] x 1 = (9x6) +
(2x6)?

A) Associative property for multiplication

B) Commutative property for multiplication

C) Distributive property over addition

D) Renaming 9 and 6 and 2

E) Multiplicative identity



23.

24,

25.

26.

9%

If we use Roman numerals we have X V + VI = X+V+V+I =
X+(VAH)+I = XX+ = X X 1
Which of the following properties are illustrated?
I commutative property for addition ‘
II associative property for addition
III distributive property for addition

A) none

B) I only

C) II only

D) I and II only
E) I, II, and III

If we have 8 + (8x4)
= (8x1) + (8x4)
= 8x(1+4)
which of the following are used for justification?
I commutative property for multiplication
IT distributive property for multiplication over
addition '
ITT multiplicative identity

A) none

B) I and II

C) I and III

D) II and III

E) I and II and III

Which of the following is the solution set of the
sentence: {b ew: b >5} v {b e w: b9} ?

A) %6,7,8}

B) {9,10,11,12,...}

C) 8,7,6,5,4,3,2,1,0}

D) 6,7,8,9,...}

E) {0,1,2,3,4,5,6,7,..}

Which of the following sets represents Fio (Fip is the
set of all factors of 12)?

A) ﬁ,2,6§

B) ,3,4

C) 3,2,3,4,&
D) {,2,3,43

E) {,2,3,4,6,12}
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28.

29.

30.
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Which one of the following is a prime number?
A) 51 ‘
B) 55

C) 57

D) 59

E) none of the above

How many even primes are in natural numbers?
A) one

B) infinite

C) unknown

D) equal to the number of odd primes

E) none of the above is true

What is the greatest common factor of {65,420} ?
A) 35

B) 7
C) 15
D) 5
E) 65

Which of the following is the least common multiple of
{45,15,10} ?

A) 90
B) 450
C) 45
D) 150
E) 180

kkkkdkhhhhikhkkikihkkihiikikivkkkkkkiiikikikkkikiikikikirik

Please fill in the following information:

COLLEGE CREDIT HRS. COLLEGE MATH.
ACT, MATH. HIGH SCHOOL G.P.A.
ACT, TOTAL GRADE, MATH.

G.P.A.
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ANSWERS FOR THE TEST FOR UNDERSTANDING CONCEPTS OF
MATHEMATICS (TUCM)

THE UNIVERSITY OF OKLAHOMA

1. - B 16. - ¢
2 - D 17. - D
3. - D 18. - D
4. - C 19. - D
5. - A 20. - E
6. - C 21. - E
7. - D 22, - E
8. - ¢ 23. - ¢
9. - D 24. - D
10. - D 25. - E
1. - D 26. - E
12. - ¢ 27. - D
13. - E 28. - A
4. - E 29. - D

15. - C 30. - A
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MULTIPLE LINEAR REGRESSION

To elicit information on the criterion measure char-
acteristic (Y), by considering measurement (X1, X2,...Xy), a
relationship among the various characteristics under con-
sideration should be assumed. Such a relationship is cus-
tomarily expressed by sdme mathematical function.l
Assuming a functional relationship exists among the

characteristics of Y and the characteristics of (Xj, Xp,...
Xy), this relationship might be expressed as

Y= P Xy, X9,-.., Xi|By, By, -.-By)
This reads that Y is the function of X; through Xj with
parameters By through By. If ¢ is assumed to be linear,
then the relationship is expressed as

Y = By + ByX; + BoXp + ... + BiXy

To determine the function it is necessary to know not
only the form (which is assumed to be linear) but also the
values of all parameters appearing in the previous equation.
Since only sample observations on Y, Xy, X5,...,X) were

!

available, estimate values for the unknown parameters were

lBernard Ostle, Statistics in Research (Ames, Iowa:
Iowa State College Press, 1954), p. 117.
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2

given by the methods of least squares,“ which were applied as

follows:

Given a set of n observation of the k + 1 characteristic being
measured:

(Y1, X115---» Xkl)

(Y, Xigs - Xiep)
and denoting the estimator of B; by by (i = 1,..., m) the
n differences were:

Yl - (Xll, e e Xk]. bl, .. -bm)

Yr - (Xln) v o anlbi, .o -bm)
and then find the estimator by minimizing the sum of the
squares of the above deviations, that is, calling

Q(Xli""xkllbf”bm) = cf}'minimizing the function

n .
Q = é1: (Yi - ‘?1)2
n=

21pid., p. 120.
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This can be done by differentiating Q with respect to each
of the estimators (partial derivative) and each time the

partial derivative is set equal to zero. This formally ap-

-

D .
—B%i=o i=1, 2..., m

The resulting system must be solved to give the required

pears as

estimates.

Multiple linear regression. If there is a relation between

Y and (X1, Xp...Xg By, ...By) then it may be expressed as:

Y = By = ByX; + BoXp +... + B X
where B,, Bj,...By are unknown parameters, or constants. The
estimates b, bl"'f’bk for these unknown parameters were
found by using the ;véilable data. The procedure is to
apply the method of the least squares to find values of the

estimates which will minimize Q:
= 2
Q== (¥4 - by - bXyg = ---~byKgs)
n=1

Differentiating with respect to b,, b;,...,b the following
system of equations was obtained which was solved to give

the required estimates:

Y nbo+b1X1+b2X2+...+bk Xk

2
XlY bo X1+b1 Xl+b1 X1X2+ +bk Xle
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XY = b, X + by X; X + by XK+ ... + b X2
equation no. 1
All summations extend from 1 to n, the number of observational
units in the sample (the subscript of summation has been left
off).
There are many procedures for solving systems of
linear equations to find b,, by, ... by. For example, if the

following matrix (X):3

n X12 Xzoa. Xk
X; Xy XiXp... XXy
X = -
X X. X XX X, 2
k 1%k 2Xgoe Eg

If the determinant, say A = 1x1, is not equal to zero, then

the value b; (i=o,...,k) may be found by the equation:4
matrix X with the elements r
1 of the (j+1) the column replaced.
bi = — by the corresponding elements j=o0,...,K
A from the left-hand side of the | -

equation described above

Other methods of solving systems of linear equations such as

Ibid., p. 203.
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pivoting, inverse matrix, augmented matrix, Guass-Jordan
method, etc. can be found in many algebra textbooks such as

Finkbeiner's Introduction to Matrix and Linear Transforma-

tion.5

The procedure which will be adopted in this study
is described in System/360 Scientific Subroutine Package
(360-CM-03X) Version II Programmer's Manual 1967 as multiple
linear regression program. Appendix II contains the main
program for multiple regression--ReGRe-~-and the Subroutine
Data adjusted for thig’study. The output of this program
will give useful information such as means, standard devia-
tion, correlation coefficients between the independent vari-
ables and the dependent variables, regression coefficients,
computed t-values, intercept, multiple correlation coeffi-
cients, standard error of estimate, and analysis of variance
for multiple regression.

Before discussing this procedure in detail, the prob-
lem was simplified somewhat. The first equation (1) was
written as -

Y = b, + byX; +...+ b X equation no. 2

>Daniel T. Finkbeiner II, Introduction to Matrix and
Linear Transformation (San Francisco: W. H. Freeman and Co.,
1960).
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or b, = Y - blil' ""bkik equation no. 3
Thus the problem was reduced to ore of obtaining by, bj,...,byp
since b, was defined as the function of remaining b's by
equation (3).

By substituting for b, in equation (1) this left the
problem of finding the values of by, bj,...by which minimizes
Q.

n —— —
Q' = S[(¥;-Y) - by Ky -Xp)= e omby (Kgei-Xp) ]
i=1
2. A A N 2
= 2 (Y; -b1Xq4-- - =byXki) equation no. 4
i=1

A — A . -
where Y;= Y;-Y and X1 = X531 X1 fori=1, 2,...,k
equation no. 5

The values of by,...,by which minimized Q' were of course
the same as those which minimized Q but now the system con-

tained one less equation and appeared as

by égz + by 25(1?(24‘. . o tby 23‘(13‘(1(= é%]_%

by 2}21}22-*- bo 23(22 +...+by iﬁzﬁk = 23\(2%

bl éil%k'*' bl éiz&k'l-. . '+bk éi\(kz = é&k’?
equation no. 6

where all variables were deviations from their respective

means and where the subscript of summation had been dropped.
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If both sides of the first equation in (6) were
divided by Véle‘VZi"f,‘ both sides of the second equation
in (6) by ggizz VEE%;E: and so forth to the kth equation,
which was divided by éaikz VEE@E‘ at the same time intro-
ducing bj = bj éf(j?‘ /@ for j=1,...K, then equation (6)
becomes:
bl + r12b2 +..otrypby = Tiy
r91by + by +...+ rob= 2y
equation no. 7
;klbl + rpoby +...F+ by = Tky
where riy was the product moment correlation coefficient be-

tween X;; and Yj that is:®

J
é (%;5-X;) (75-)

écx ;%) é(Y -Y)

c ,x 2 h/i:%& Y, 2

Multiple Linear Regression. In order to solve equation (7),

6 ;
Ostle, loc. éit.

GE
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the scientific subroutine package,7 multiple linear regres-
sion--using the Guass-Jordan method--was used. This sub-
routine is normally performed by calling four subroutines in
sequence:

1. CORRE: This subroutine calculates the means,
standard deviation, sums of cross-products of deviation from
means, and the product moment correlation coefficient from
input data Xij’ where i=1,...n are observations and j=1,2,
...,I are variables.

The following equations are used to calculate these
statistics.

- -

Sums of cross-products of deviatioms:

n
Sjk = é(xij-’fj) (Xix-T) -

n n
= Ki5-Tj) = KT (1)
i=1 i=1
n

vhere j=1,2,...,m: k=1,2,...,m

N
= x5
1, « 2L

3 Z 2)
(These temporary means T; are subtracted from

data in the equation (1) to obtain computational
accuracy.)

71.B.M. System/360 Scientific Subroutine Package,
I.B.M., White Plains, N. Y., 1967.
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Means: X

= (3)
where j=1,2,...,m

Correlation coefficients:

S.k
ik = y (4)
BT BT
where j=1,2,...,m; k=1,2,...,m
Standard deviations:
\’S..
55 = 11 (5)

yo-1

where j=1,2,...,m

2. Qrder: This subroutine is to choose a dependent
variable and a subset of independent variables, from a larger
set of variables.

3. MINV: This subroutine is to invert the correla-
tion matrix of subset, selected by order.

4. MILTIR: This subroutine is to perform a multiple
regression analysis for a dependent variable and a set of
independent variables.

Beta weights (E%) are calculated using the following

equation:
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k -1 .
B-=r:iy - rij (1

i1

where r;_ = intercorrelation of ith independent
variable with dependent variable

."1 = the inverse of intercorrelation rij
i=3=1,2,...,k are independent variables

T -1 . . .
rjy and rjj - are imput to this subroutine.

Then, the regression coefficients are calculated as

-

followsf-

s
b. = B - ¥ (2)
J J S.
J -
where Sy = éiaﬁdard deviation of dependent variable
sj = standard deviation of jth independent
variable
j=1,2,...,k

y

The intercept is found by the following equation:

s, and sj are input to this subroutine.

X :
bo=Y-é,bj'Xj (3)
j=1
where Y = mean of dependent variable -
Zj = mean of jth independent variable

Y and ij are input to this subroutine.
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Multiple correlation coefficient, R, is found first
by calculating the coefficient of determination by
the following equation:

k .
2= By, )
i=1
and taking the'square root of RZ:

R = \FRT (5)

The sum of squares attributable to the regression is
found by:

=g .
SSAR = R” * Dyy (6)

where D__ = sum of squares of deviations from mean
for dependent variable

Dyy is input to this subroutine.

The sum of squares of deviations from the regression
is obtained by:

SSDR = D, - SSAR @))

yy

Then, the F-value for the analysis of variance is
calculated as follows:

_ __SSAR/k __ _ SSAR(n-k-1) |
F = SSDR/ (n-k-1) =~ SSDR(k) (8)

Certain other statistics are calculated as follows:
Variance and standard error of estimate:

2 = SSDR
'Sy} 12 . .k n-k-l (9)

where n = number of observations

= 2
sy.12...k Sy.12...k (10)




109

Standard deviations of regression coefficients:

-1
r
I B Y
; 5., ~ Sy.12...k b
J]
where Djj = sum of squares of deviations from mean
for jth independent variable. Dj; is
input to this subroutine.
j=12,...,k -
Computed t:
b,
t.=_.1
J s, (12)
J
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BAMPLE MAIN PRGGRAM FOR MULTIPLE REGRESSION — REGRE

QURPOSE

(1) READ THE PROBLEM PARAMETER CARD FOR A MULTIPLE REGRES-

SIONe (2)

READ SUBSET SELECTION CARDSy

(3) CALL THE Ssus-

ROUTINES TO CALCULATE MEANS,y STANDARD DEVIATIONS; SIMPLE
AND MULTIPLE GORRELATION COEFFICIENYS; REGRESSION COEFFI-
AND ANALYSIS OF VARIANCE FOR MULTIPLE
REGRESSIONy AND (4) PRINT THE RESULTS.

CIENTS

REMARKS

T—-VALUES

THE NUMBER OF OBSERVATIONS, Ne¢ MUST BE GREATER THAN Me¢l,

WHERE M IS THE NUMBER OF VARIABLES.

IF SUBSET SELECTION

CARDS ARE NOT @RESENT, THE PROGRAM CAN NOT PERFORM MULTIPLE
REGRESSION.

AFTER RETURNINSG FROM SUBROUTINE MINV,
MINANT. (DET) I6
MATRIX IS SINGULAR.
CONSTANT o

SINGULARITY.

TESTED

SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED
TURNy CALLS THE SUBROUTINE NAMED DATA)

CORRE
ORDER
MINV

MULTR

NETHOD

REFER TO B. OS¥LE

(WHICHe IN

® STATISTICS IN RESEARCH®

COLLEGE PRESS®y 1954, CHAPTER 8o

FTHE VALUE OF DEVER-
TO CHECK WHETHER THE CORRELATION
IF DET IS COMPARED AGAINST A SMALL
THIS TEST MAY ALSO BE USED TO CHECK NEAR--

THE I0WA STATE

REGREOO1

oo-boooocooooooocoaoboooooboooeooooooooo.ooco‘-ooooooooooooooo‘oooooREGREOOZ

REGREOO3
REGREO0O4
REGREOOS
REGREQO6
REGREOO7
REGREQO8
REGREOOQ9
REGREO10
REGREOY1
REGREO12
REGREOL>3
REGREO14
REGREO15
REGREO16
REGREO17
REGREO18
REGREO19
REGREO20
REGREO21
REGREO22
REGREO23
REGREO24

REGREO025.

REGREO26
REGREO27
REGREO28
REGREO29
REGREO30
REGREO31
REGREO032
REGREO33
REGREO34
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COMODONOORNOO0O 000 0eMe O00o

ﬂ455’~°n4°°°55h49300°°°a’55roenvaennsoosoﬂqo&.oaoocaeﬂﬁaﬂ35000500805ooasboxmozmoum

REGREO36

THE FULLGWING DIMENSLONS NUST BE GREATER THAN OR EQUAL TO THE REGREN3T
NUMEER -OF VARIABLESy Moo REGREO38
REGREO39

EIMENSION XBAR(401nSTDU401¢DE402cRY{ 40} ISAVEL4OFBE4O0) REGREO040
SBL402 o FE402 o WE4D) REGREO41

REGREO42

THE FOLLGKWEING DIMENSION MUST BE GREAYER THAN OR EQUAL TD THE REGREO43
PRODUCT QF M®Moo REGREO%4
REGREOD4S

OLMENSION RX{r6002 REGREO046
REGREO4T

THE FOLLOWING DIMENSJION MUST BE GREATER THAN OR EQUAL TO REGREO048
EMed I *M/20 0 REGRE 049
REGREOS0

DIMENSEION R€820} REGREOS1

. REGREOS2

THE FOLLOWING DIMENSEON MUST BE GREATER THAN OR EQUAL TQ 10.-. REGREOQS3
REGREO054

EIMENSION ANS¢ 102 REGREODS55
REGREO56

REGREOS8

4F A DCUBLE PRECIESAUN VERSION OF THIS ROUTINE IS DESIREDy THE REGREO59

€ IN GOLUMN ) SHOMLD BE REMOVED FROM THE DOUBLE PRECISION REGREO60
BTATEMENT WHICH FOLLOWS. : REGREOG61
REGRE062

DOUBLE PRECISION XBARoSTDeRXuRoDeBy T RYDET (SByANSy SUM REGREOG3
REGREO64

JHE C MUST ALSO BE REMOVED FROM DOUBLE PRECISION STATEMENTS REGREO6S
APPEARING IN OTHER RQUTINES USED IN CONJUNCTEON WIVH FTHIS REGREO &6
ROUTINE. ) REGREO67
REGREO68
vcoeboﬁdﬂaeeecebﬁﬁﬁeonvlv.rlc30000655.900”00000060ooooooeocceﬂ-ﬁaooooozmm”mooe
REGREOTC
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CeOoOOOO00 abOOn.

L FCORMAY(AGuA20159212]) REGREOT1
2 FURMATE25HLMULTIPLE REGRESSEONccocoolb9A2//6X¢ L4HSELECTEONCoccol2//REGREOT2
1) REGREO73
3 FURNATESHOVARIABLE ¢5X o4HMEAN( OX ¢ BHSTANDARD 16Xy L LHCORRELATION s 4Xo LOREGREO7 4%
AHREGRESSION 4 X¢ 10HSTD. ERRCR 95X o BHCOMPUTED/6H NOo ¢y 18X IHDEVYIATLOREGREQTS
2Ne TRy 6HX ¥S Yo TXe LAHGOEFRICIENT 03X 12HOR REG.COEF .o 3Xy THY VALUE) REGREOQ76

4 FGRBATELIH o1%o6Fl4c5? REGREO77
5 FORMATCL0H DEPENDENT2 REGREO78
6 FORMATCIHO/1OH EINTERCEPToA3XoF1l3,5//723H MULTEPLE CORRELATION (F13REGREOT9

1o5/423H SYTDo. ERROR UF ESTIMATEFL3.5//) REGREOS80O

-~

T FORNATELHO 21X 39HANALYSIS OF VARIANCE FOR THE REGRESSIUN//5X19HSREGREOSL
LOURGE GF VARLATION7Xo7HDEGREES+7X¢6HSUM OFy 10X 4HMEAN. 12Xy THF VALREGREQS2

2UE/30X9 LOHOF FREEDUMp4 X ¢ THSQUARES (9 X THSQUARES) REGREOS83
8 FORNATE30Hh ATTRIBUTABLE TO REGRESSION v 1603F16.5/30H DEVIATION FREGREOS84
AROM REGRESSION v bp2Fl605) REGREQS8S
9 FURMATELH oS5XoBHTIGTAL g lIXoIGeFLl6,5) REGREOB6
10 FORMAT(3612} REGREO87
11 FORMAFLLH p15XoLlBHTABLE OF RESIDUALS//9H CASE NOo¢5XoTHY VALUE(5X:REGREO8S
110HY ESTIMATE6XBHRESIDUAL) REGRECSB9
12 FURNATELH ¢16cF156502F14652 . REGREO90

13 FORNATE(B53HINUMBER OF SELECTIONS NOY SPECIFIED. - JOB TERMINATED.} REGREO91
14 FORMAT L52HQTHE MATRIX IS SINGULAR. THIS SELECYION IS SKIPPED.) REGRE092

REGREQ93

REGREO095

READ PROBLEM PARAMNMETER LCARD REGREO96
REGREO97

100 HREAD (59013 PRoPR1IgNe#oNS REGREO98
BRoocoooeooo PROBLEM NUMBER (MAY BE ALPHAMERIC) REGREQ99
PRloococo oo PROBLEM NUMBER (CONTINUED} REGRE100
DNoococoveoooc NUMBER OF GBSERVAT IONS REGRE101
McocooooncooNUMBER BF VARIABLES ’ REGRE1 02
fSovocoooocNUMBER OF SELECT IONS REGRE103
REGRE104

LOGECAL TAPE 13 IS UBED AS INTERMEDIATE STORAGE TO HOLD ENPUTY REGRE105
DATA. THE INPUT DATA ARE WRITFTEN ON LOGICAL TAPE 13 BY THE REGRE1QO6

|



OO OO0

O O O00ohohoo O00

108

109

SPECIAL INPUT SUBROUJENE NAMED DATA. THE SYORED DATA MAY BE USED REGRE107

FGR RESIDUAL ANALYS1S.
REWIND 13

10=0
X=0bL0

LALE CORRE (NoMoIOcXo'XBARgSTDoRXgRe¢D BT )
REWEND 13

JEST NUNBER OF SELECTIONS

IR {NS) 108¢ 108, 109

WRLIJE (6913)
&U ¥0 300

D@ 200 :I=1¢NS
WRIFE (692) PRoPR1I

READ SUBSET SELECTION CARD
READ £5,10) NRESIyNUOEPyKy CISAVE(J) 9J=1¢K)

NRESd co0c-OPTION GODE FOR TABLE GF RESIDUALS

0 IF IT LS NOV DESLRED.
1 IR LT LS DESIRED.
NDBP oocoo - DEPENDENY VARLABLE

Koocwoooooo NUMBER 8F INDERENDENT VARIABLES
AS5AVEoccooA VECTOR CONTAINING THE INDEPENDENT VARIABLES

INCLUDED
CALE CGROER (MoRoNDEPsKo ASAVE,RXsRY)

CALL MINN {RXgKoDETo8pT2

INCLUDED

REGRE 108
REGRELQ9
REGRE110
REGRE11l1l
REGRE112
REGRE113
REGRE1l1l4
REGRE11lS
REGRE1l1l6
REGRE117
REGRE118
REGRE119
REGRE120
REGRE121
REGRE122
REGREL123
REGRE 124
REGRE125

REGRE126 .

REGRE127
REGRE128
REGRE129
REGRE130
REGRE131
REGRE132
REGRE133

REGRE134 .

REGRE135
REGRE136
REGRE137
REGRE138
REGRE139
REGRE140
REGREL1l41
REGRE142

€11



(aX g

OoafHa O

o000 Hooo

110

112

115

TEST SINGULARITY GF FHE MATRIX INVERTED

IF(DBT) 1120 110¢ 112
WRIFE (bol4}
G4 ¥0 200

CALL MULTR (NyKoXBARoSTDyDoRXoRY ISAVEBSB T o ANS}

PRINT MEANS, STANDARD DEVIATIONS, INTERCORRELATIONS BETMEEN
X AND Yo REGRESSICN GOEFFICIENTS, STANDARD DEVIATIONS OF
REGRESSION CQEFFICIBENTSy AND COMPUTED T—-VALUES

MN=K+1

WRIJE (6,3)

DG 115 J=1oK

L=1BAVE(J)

WRITE (bHo4) LoXBARILISTDU(LIoRY{LJ)oBLI)aSBLI) TS}
WRITE (6,55)

L=1BAVE{MM)

WRIFE (694) LyXBAR{LA,STOD(L)

PRLNT INTERCEPTo MULTFIPLE CORRELATION COEFFICIENT, AND STANDARD

ERREBR QF ESTIMATE
WRIJE (696) ANS{1),ANSC(2),ANS(3)
PRLNT ANALYSIS OF VARIANCE FOR THE REGRESSION

HRLFE (6497)

L=ANS(8)

WRITE (6:8) KoANS{4)oANS({6)cANSL10) Lo ANS(7DANS(9)
L=N~1

SUM=ANS(4)ANS{ T2

WRIFE (653) LeSUM

IFINRES1) 2009 2005 220

REGRE143
REGRE1 4%
REGRE145
REGRE1 46
REGRE147
REGRE148
REGRE149
REGRE150
REGRELS1
REGRE152
REGRE153
REGRE154%
REGRE1SS5
REGRE156
REGRE1S7
REGRE158
REGRE159
REGRE160
REGRE161
REGREL162
REGRE163
REGRE164
REGRE165
REGRE166
REGRE167
REGRE168
REGRE169
REGRE170
REGRE171
REGRE172
REGRE173
REGRE174
REGRE175
REGRE176
REGREL177
REGRE178

711
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PRINT TABLE OF RESIDUALS

WRIFE (6¢2) PRoPR1yI
WRITE (6911)
MM={SAVE{(K?® 1)

DG 140 1I1=14N

READ £13) (WlJ)eJd=1pN)
SUA=ANS(1)

D0 430 J=1¢K
4=1I8AVE(J]
SUM=SUM+N{L)*B(J)
RES{I=WIMM)-SUM

WRITE (6512) II ,W{NNA SUMSRESI
REWEIND 13

CAONJ INUE

640 I0 100

LANTINUE

END

SUBROUTINE DATA (M D3
DIMENSIOND(L 1)
READISoL)IIDLI)pI=1,M1
FORNAT( TF6.0)
“RlJE‘lﬁ"D(l)pl:loM‘
RETURN

BND

REGRE179
REGRE180
REGRE181
REGRE182
REGRE183
REGRE 184
REGRE185
REGRE186
REGREL87
REGRE188
REGRE189
REGRE190
REGRE191
REGRE192
REGRE193
REGRE 194
REGRE195
REGRE196

¢11



APPENDIX III

GENERALIZED ANALYSIS OF VARIANCE WITH COVARIANCE

CONTROL INCLUDING ALL REQUIRED SUBROUTINES

116




ANALYSIS OF COVARIANCE

The analysis of covariance is a statistical tech-
nique in which analysis of variance and regression are com-
bined. Analysis of variance is used in testing the hypoth-
esis Hj: /‘1= /"2=. o= /Vg where the /u's are population
centroids (i.e., mean vectors) for the groups. Rao defines
Wilkes' lambda criterion as follows:!

A= mim
where W is the pooled within-groups deviation score cross
product matrix and T is the total sample deviation score

cross products matrix. The elements of the W and T matrix

are defined as follows:2
Wi T g [41(:1 Eiren %1 (Xjkn-xjk)]
N — ——
tij = g. (Xin=X;) Xin-Xy)

where g is the number of groups, N_ = number of subjects in

g

every group g, N = total number of subjects, and i and j run

from 1 to p where p = the number of variables.

1C. R. Rao, Advanced Statistical Methods in Biometric

Research (New York: John Wiley and Soms, 1952), pST 258-275.

’Ibid.
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Rao has described a method of performing covariance
adjustments on the W and T matrices prior to forming /\ for
any number of control variables, with appropriate adjustment
of the degrees of freedom.

The first step in the computations for the general-
ized covariance analysis is to form W and T matrix for all
the variables, the p experimental variables and the C control

variable, the influence of which is to be removed by regres-

sion.
These matrices are then partitioned as follows:?
W, :W ' T ; T.
W= < T = “E‘Lt—-L' c
&cp ch} Tcp ) Tee
Then two adjusted matrices are formed : 4
_ -1
e = Wpp Hpcllee Wep
T = -T_ T, -1 T
p-c PP pc cc cp
| ¥ |
Tb'ci

and where p number of experimental variables, ¢ = number of

control variables, n = N-1 and q = g-1. The Rao F

3Wm. W. Cooley and Paul R. Lohnes, Multivariate Pro-
cedures for the Behavioral Sciences (New York: John Wiley
and Sons, 1962), p. 64.

4
Thid.




119

transformation:?

ms+2) - ;;z)(ms+2d)

\
where y = /(;, q=g-1, X== -(pq-2)/4, * = pq/2,

V(P2q2-4)/ (p2+ q2-5), and m = (n-c)-p+q)/2. To

obtain the adjusted means for the experimental variables the
regression coefficients are computed using two partitions of
W. This involves multiplying W;i times each of the column
vector ch. The product vectors are the coefficients bc
used in computing the adjustment for each of the p-q experi-
mental means iﬁg

The adjusted mean for group g on experimental variable X is:6

where ?;g is the mean of group g on the control variable Y,
and ?;. is the grand mean on Y.

Following the above mathematical procedure, a program
was adapted from Cooley7 and written in the Fortran IV

language by the writer for the analysis of covariance (see

Appendix III).

5Ibid., p. 62.

1bid., p. 64.

7Cooley and Lohnes, op. cit.
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This program computes the test of equality of ex-
perimental mean vectors with covariance control where the
total number of variables does not exceed 40.

The output of the program includes:

1. Program title, and K=Number of the groups.

2. M = number of experimental variables, and N =
number of control variables.

3. For each group KG = identification number of the
groups, KN = identification number of the subject in each
group, group means, and group standard deviations.

4. NT = total number of subjects. B

5. Means for total sample.

6. Standard deviation for total sample.

7. Correlation matrix for total sample.

8. Adjusted standard deviation on experimental
variable for the total sample.

9. Lgéafithm base e determinant of adjusted T
matrix, and corresponding determinant.

10. The base e of determinant of adjusted W matrix,
and corresponding determinant.

11. Wilks Lambda, the degree of freedom (F; and Fj)
and F for test of the equality of the experimental mean

vectors.
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12, Coefficient for forming the adjusted means, for

each experimental variable.




// EXEC FL23GCLCG
//FURTOSYSRIN DD *

111

11

12

13

14

1

DIMENSIGN A(40},B(40)oCL40)D{40)cEL40),GLGD) oHEGO)
Ul40040) ¢ VE€409%03o0WL40:40) o X840:,40)cY860540) 2840440}

READ(101)J08BS

REALL 1o 1Ko Mol

FORNAT £312)

ML = M&L

WRITE(3,2)K

FURNAT (S1HLIGENERALILED ANALYSIS OF VARLANCE. NUo. OF GRDUPS = 12)

WRLTE(3,3) M

FORKMATL26HONO . EXPERIMENTAL TESTS = 12}

WRITE(3:4)L

FORMAT (21HONO. COUNTROL TESTS = 12}
DG 8 I=1l¢ML

Bl(IJd = 0.0

DO 8 J=lg¢ML

Wilesdd = 0.0

X(Lodd = 0.0

NT & O

GROUPS = K

XM =z M

XL % L

Q = GROURS - 1.0

DO 10 I=1yML

AlId = 0.0

DG 41 I=1leMk

DG 11 J=1yML

Ulledd = 0.0
READ(1v12)KGeKN

FORMAT (12,15)

ENK = KN
WRLTE(3013)KGoKN
FGRMATELISHFLITRIS IS CGROUP I2p14H NOoSUBJECTS= I5)
CASES = ENK
READ{Lo6OGGILCET ) o I=k 3 ML

[AA!



666
15

16

17

18

19
20
21

22

23

24

25
251

FORNAT(766.0)

DO 46 Isl.MK

ACLd = AlL)+C(1)

DO 46 J=l.ML

Ullsd) = UlI2J2¢CI3XCLI)
CASES = CASES-1.0

IF ACASES) 17417514

DO 48 I=1,MU

DO 18 J=1.ML

ViLedd = UlI+J)-A(I)RA(J)Y/ENK

Uldel) 5 Ullad)

Videll}) = V(1IeJ)

0DQ 19 I=1l.ME

D14 = AL{I)/ENK

8{1J)d = SQRYX (VIIGI)/(ENK-1.0))
WRIJE(3,20)

FORNAT (20HONEANS OF THIS GROUP)
WRITEL(3,213(D(1) sI=15ML)

FPORNAT (5F14.7)

WRLIE(3,22)

FORMAT (34HOSTANDARD DEVIATIONS QOF THIS GROUP)
WRITE(3e2108E(1)oI=1oML )

DO 23 I=1,ML

BlId = B(IY2AL1)

XA

DO 24 I=1l.ML

DO 24 J=1l.ML

WllLl3d) = Wllesd) + UldpJd)

Xt{led) = X{led) + ViisJk

NT = NT + KN

GRGWPS = GROUPS-1.0

IF {GROLRS) 2542599

XI5 NOW RULON W.

WRITE(3,251)NT

FORMAT (2S5HOQTOTAL NUOd OF SUBJECTS = I5) .
ENT = NT A
DQ 26 I=1¢ML




26

27
28

29

291

292

30

31

32

DO 26 J=1l.ML

¥lhksd) = HleJd)—(BCLI%BLJIIY ENT)

Y B NOW RULON Te.

DG 27 I=1l,ML

G(IJd = B{I)/ENT

HUL) = SQRT (Y{14I1)4(ENT-1.0))

MALFE(3.28)

FARMAT (22HOMEANS OF .TOTAL SAMPLE)
WRIFE(3,21)(G(1),1=19ML)

WRIFGE(3,29)

FORMAT {37HOSTANDARD DEVIATLONS FOR TOTAL SAMPLE)
WRITEB(3:21)(HI1),1I=13ML)

DG 291 I=1,ML

D0 4231 J=l.ML

ZtIgdd) = . Y(19d)/ SQRE (YlII)¥Y(JpJ))

ZlJdsl) = 2819J) ‘

HRIFE(LI9292)

FORMAT (36HL1CORRELAT-ION MATRIX FOR TOTAL SAMPLE)
GALL MPRINT (Z4MLo2,6HTAT R ) .

DA 80 I=1lelL

DO 30 J=1l,.lL .

AL = 1M

WL & JeM

U€Ied) = Y(IL.JL)

U IS NON RULON T(G,Che
CALL WMATINY (U4l ¢89O3 DETERN)
DO 31 I=l,M

00 31 J=l,tL

JL 5 J+M

NULl3dh = YLI.J4L)

WV 86 NOW RULON T(T9G)

DG 32 I=1,M

D0 32 J=sl,b

Wiled) 3 0.0

DG 32 K=lb

WEEsJk = WEIoJ) VLI KI*U( K J)
\

\

KA



DG 343 1I=1l,lL
DG 33 Jd=1l.M
33 Ullsdd) = Videl)
U I8 NOW RULON T(GCeT)a
DA 34 1l=1M
00 34 JzlM
NiIsd) = 0.0
DA 34 K=1,L
34 Vllad) 3 V1gJdItWCI K2*U(KpJ)
DA 35 I=1+M
DO 35 J=xl.M
35 HiIsJd) = Y(1ed) ~ Vided)
K IS NON RULON T(T.Cla
DG 355 I=1,M
355 Al1d = SQRT (NWll1,13/AENT—-1.0))
MRIZBL3,40)
48 FGRMAT (46HOADJUSTED STANDARD DEVIATIONS FOR TOTAL SAMPLE)
HWRITE(3,21)6A(1)o1=15M)
CALL HDIAG (WeMs1leVediR)
DEFERT = (0.0
DO 36 L=1+M
36 DETERT = DETERT ¢+ ALOGI(W(Is1))
WRITE (3,4T)DETERT
47 FORNAT (30HALOG DETERMINANTY ADJUSTED T = Fl4.7) .
DA 37 I=1l,L
D3 37 J=l,L
L = 1M
«JL = J#M
37 MLlsdd) = X(ILeJL)
GCALL MATINV (Usl ¢BoOsDETERM)
DO 38 l=1M
D3 38 J=lel
SL & JeM
38 NtisJd) s X(IedL)
DG 89 I=1.M
DO 39 J=l,L

YA



39

40

41

42

44
46

45

451

453

49

Wllsed) = 0.0

DO 99 K=lel

Hilsdd = Hiled) + VHKIZULKeJ)
DG 40 :I=1lebk

00 %0 J=leM

ZELad) = Videld

DO 41 I=1.:M

DO %1 JsleM

Vil3Jd) = 0.0

DO %1 K=l,L

Viled) = VileJd) + Wl K)*Z21LK,pJ)
DO %2 I=1¢M

0O %2 J=1l.M

HWi{Ied) = X{Iad) — ViEeJ)

W IS NOW RULON W(T.GJdo

LCALL HDIAG (HaMylypVeliR)

‘DETERW = Q0.0

D0 44 I=1l.M

DETERW = DETERW + ALOGINW(I1,.1))
WRIJE(3+46)DETERM

FORNAT {30HOLOG DETERMINANT ADJUSTED W = Fl4.7)
XLANBD = DETERW — DETERT

YLANBD = EXP {XLAMBD)

WRITE (3 45) YLAMBD

FORNAT (YOHOWILKS LANBDA = Fl4.7)

IF L(XM—-2.0) 4539451 ,4%453

Fl & 2.0% Q

F2 & 2.0 % (ENT — Q - XL - 2.0)

XY 7 SQRT (YLAMBD)

F = (1c0 — XY) * F2 4 (XY * F1)

650 TO 52

S = SQRT (((XM®E2)%(Q%%2) — 4.0) /7 [XM&¥2 + Q¥¥2 - 5.0))
I1F AS) 999:49451

Fl & Q

F2 & BNT - XL —(Q ¢ 1.0}

F = (1.0 - YLAMBD)/NXLAMBDI*(F2/F11}

9¢1




60 F0 b2

51 XLAN = = (XM * Q —~ 230)/2.0
XY & YLANBD#*%*(1.0/S) .
AMU=(ENT—1c0-XL)I-€XM#Q+1.0)/2-0
Fl = XMRQ
F2 3 (XMMES+XLAM)
F=llo0-XY) * F2/7(XY#F1)

52 WRAIFE(3553)F1

53 FORNAT (6HOFL = Fl4.T)
MRIFEB(3¢54)F2

54 FORNAT (6HOF2 = Fl4.7)
HRIFGE(3455)F

55 FGRNATI(20HOFOR TEST OF H2y F= Fl4.7)
DG 60 I=1,L
DA B0 J=s#l1gN
NGIgd) = 0.0
DO 60 K = 1L
60 MULsJd=VIIoJ)tULl1eKIRZ(KoJ)
DG 61 J = 1l:¥
61 WRITFE(3964)JolVIIgddeI=1leL)
64 FORNAT (4THOCOEF FOR ADJUSTING MEANS OF DEPENDENT VARIABLE 12 /
1 6F14.7)
999 J@8s = JOBS - 1
IR 4J0BS) 9999 9999% 111
9999 CALE EXIT
END
SUBROUT INE HDIAG (HoNsIEGEN,UoNR)
DIMENSION H{40,40ky UC40540), X(40Q)e 1QL40)
CALE GFM
IF L16GEN) 15¢10,15
10 DG 14 I=1¢N
DO 44 J=1¢N
I16(4-Ji12511;12
11 .U{Isdd=1.0
GG T0 14
12 Ulled)=0a

LT1



Oon

14
15

17

20

30

40
45
60

70

84

90

100
110

CGNT INUE

NR = .0

IF AN—-1) 10C0,1000917

SCAN FOR LARGEST GFF-DIAGONAL ELEMENT IN EACH ROW
X{1) CONTAINS LARGEST ELEMENT IN ITH ROW

1Q(4) HOLDS SECOND SUBSCRIPT DEFINING POSITION UF ELEMENT
NMId=N-1

DO 30 I=1¢NMI1

X(1d = Q.

IPLA=1+1

DO 30 J=1PLI1eN

IF € X{I}) - ABS ( H{£¢J))) 20920,30

X(1)=ABS (H(I.4)})

IQLId=d

CONTINUE

SET INDIGATOR FOR SHUT—OFFRAP=2%%-27,NR=NQO. OF ROTATIONS
RAP=7.450580596Et-9

HOTEST=1.0E38

FIND MAXIMUM OF X11) S FOR PIVOT ELEMENT AND

TESYT FOR END OF PROQBLEM

DO 20 I=1¢NMI1

dF 41—-1) 60560945

IF 4 XMAX- X(I3) 60970,70

XMAX=X(1)

IPIWN=1

SJPIV=IQLI)

LONT LNUE

IS NAXy X(1) EQUAL TO ZEROe IF LESS THAN HDTEST; REVISE HDTEST

IF 4 XMAX) 100001000380

IF AHDTEST) 90+90,85

IF AXMAX - HDTEST) 909905148

HDININ = ABS ( H(1l,14 )

DG 410 - I=s 29N

IF AHOCIMIN~ ABS ( H{Z,1I))) 110,110,100
HDIMIN=ABS (HlI,1))

CONTINUE
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250

300
320
350

370

380

390

400

420

430

440

450

480

HTEMP=HL LK)

HEL9K¥ =0,

IPLA=3+1]1

Xi1d =0,

SEARCH IN DEPLETED ROM FGR NENW MAXINUM

DO 320 J=IPL1oN

IF 4 XGI)~ ABS ( HilI9J4)) ) 3000300,320
X(Ld = ABS (H(13J4))

1IQtii=J

CANT INUE

HUI5K)A=HEEMP

LCONT INUE

X(1QIV) =0.

X(JIV) =0,

CHANGE THE OTHER ELEMENTES OF H

DO 630 d=1¢N

IFCE—IPEN-)37095306420

HTENP = HEIoIPIV) \

HULs IPLV) = COSINESHTEMP + SINE*HU(I JPIV) .
IF & X&4I) — ABS ( H{#oIPLVJ) 238063905390
X{tLd = ABS (H(I.IPIV])

IQLE) = IPIV

HUIoJPIND) = —SINERXHTENP + COSINE®H(I:JPLV)
IE A X41) — ABS ( HGIoJRLIVA) ) 4009530,530
X014 = ABS (HIJPIVE)

1Q(d) = JP1V

60 ¥Q 5480

IELE-JRINI42045309488

HTENP = HIUIPIVeI)

HUIRLVeX) = COSINERHIEGMP + SINE*HII ¢JPIV)
-Ih 4 XLIPIVY — ABS (( HUEIPIV,1)) ) 4400450,450
XOLIRLV) = ABS (HLPIMoIAM

IQUIPIN) = 1

HeLoJPIV) = ~SINE*HTENP & GASINE*H{I JPLV)
‘IF 4 X(LE) — ABS ( H{EoJPLVI) ) 40095309530
HEENP = HUIPIVeI)

!
i
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490
500
510

530

540

550
1000

10
15

30

40
45
50
60
G

HULIRIVe1) = COSINE*HIEMP + SINE*H(JPIV,L)

IfF 4 XCIPIV) — ABS  HUIRPIVGI)) ) 490,500,500
X{L@LV) = ABS (H(IPIMWI))

AQUALIVY = 1

HUJ@INVoI) = ~SINE*HTENP + COSINE*H(JPIVyI)

LF { X(JPIVD — ABS ( HUJPIV,I)) ) 510,530,530
X(JRLV) = ABS (H{JPIW I M)

LQINPLYY =

CONT INUVE

TEST FOR COMPUTATION OF ELGENVECTARS
IF(IEGEN) 400540040

DG 8650 I=1¢N

HTEHP=ULIoIPIV)

UtL5 IPEVI=COSINE*HTENP+SLNE*U(I ¢ JPIV)
UlILeJPIV)=—SINEXHTEMP +COSINE*UL I JPIV)

GO T0 40

RETURN

END

SUBROUTINE EFM

RETWURN

BND

SUBROUTINE MATINVIAoNBeMoDETERM)

DIMENSION IPIVOT(40)o AC€409400o B(40cl)oe INDEX(40,2); PIVOTI4O0)
CGMNON PIVOTy INDEXo APINOT

EQUEVALENCE (IROWoJROWD o (HCOLUMoJCOLUMMy (AMAXy T, SHAP)
INITIALIZATION

DETERMN=1,0

DG 20 J=1¢N

IPIVOT(J)=0

00 650 I=1oN

SEARGH FOR P1VOT ELEMENT

ANAX=0.0

0@ 403 ~J=1¢N

IF A1PIVOTLJ)-1) G0¢ 1059 60

DO 100 K=1,N

IF {JRIVGT(K)-1) 8Gs I00s 740

T€T



80 IF 4ABS (AMAX)—ABS (A4JsKDI)) 85¢ 100y 100

85 LRON=J

90 IGALUNM=K

95 AMAX=ALJ oK)

100 CONTLNUE

105 CONFINUE :

110 IRINOTCICOLUMI=IPIVATLCICALUM) +1
INTERGHANGE ROWS T0 @UT PINOT ELEMENT ON DIAGONAL

13 IF {IRUN-ICOLUM) 140% 260, 140

140 DETERM=—DETERM

150 DG 200 L=1oN

160 SWAPL=ACIRAW L)

170 ACLROWoLI=ACLICOLUNoL)

200 ALICOLUMoL )=SWAP

205 IFUK) 2600 260, 210

210 DG 250 L=1y M

220 SWAEB=B(IRCW,L)

230 BUIROKWoL)=B(ICOLUNsL2

250 BLIGOLUML I=SHWAP

260 INDEX(1al)=IRONW

270 INDEX(I,2)=1COLUM
MWRIJE €3,36)CACICOLUNGICOLUM))

36 FURMATLIF6..0)

310 PIVOTRSIDN=ALICOLUMICBLUM)

320 DETERM=DETERM*PIVOT.LL.)
DIVIDE PIVOT ROW BY RIVAOT ELEMENT

330 AC(ICOLUMICOLUMY=1.0

340 DG 350 L=x1loN

350 ALIGOLUML)=ALICOLUMsLIAPIVOTILI)

355 IF{(N) 380¢ 380y 360

360 00 370 L=1oM

370 BELICOLUN,L)=B{ICOLUM:L}/PIVOTLI)
REDUGCE NON-PIVOT ROMS

380 DO 550 L1=1l¢N

390 IFLLL1-ICQLUM) 400, 550; 40O

400 T=A(L1oIGOLUM)

494



420
430
450
455
460
500
5540

600
610
620
6340
640
650
660
610
700
705
710
740

12

Al(LL1,ICOLUM)I=0.0

D0 450 L=1¢N
ALLRAJLIRA(L 1oL I-A(IGOLUMpL ) 2T
IFEN) 5500 5509 460

DG 600 L=]1¢M
BlLAoL}=BlL1oL}-BCICOLUMLY) *T
CONI INUE

INTERCHANGE COLUMNS

DO 710 I=1eN

L=Ne¢1l-1

IF LINDEXCLL)—INDEXALo2)) 630y 710, 630
JRAN=INDEX{Lo 1)
JCGHUM=INDEXI{L 2}

DO 205 K=1¢N

SWAB=ALKo JROW)

ALK JROWI=AEIK o JCOLUMND
AlKoJCOLUM I=SHKAP

CONT INVE

CONT INUE

RETWRN

END ' i
SUBRUUTINE MRRINT (Ry Mo Ly TL}
DIMENSIEN R{4054020 td40)

IF {L-)) 2,524

L1=39 ’

G@ ¥0 5

L1=9

WJ1=C

J2=0

JSEC = 0

DO 8 1= 1oM

JéLlE = ]

W1l & J2 4l

Jd2 = J1 ¢L1

IF 4J2 — M} 13513912

J2=M

€LT




13

18
11

19
20
201
21
22

23
24

26
27

29
30
31
32

12
13

15
L6

JSED = JSEC ¢ 1
1F 4JSEC ~1) 1i8p 18c 19
WRIJEC3¢917dT19JSEC

FORMAT (1HO, A6 9H

GO 30 20.

MRITE(3,202TEeJSEC
A6¢ SH SECTION 13/)
IFlE-1) 21y 21,0 26
WRITE(32200301) 01 =41,42)
FORNAT(6HG CROW 3x20&5)

FORNAT (1Kl

DG 23 I=1.oM

SECTION 13/)

MRLFEL3524) I0lRILodIdodI=Uled2)
FORNAT(1694X920F5.2)

GO F0 31

WRIFE(3527) LJLL)oi=dleJd2)
FORMAY{6H ROM

DG 29 I=1¢M

#»3XolBI11)

WRIFEL3 030y (REI vdJBodi=dlJ2)
FORNAT {16y 4X LOFL1b2)
IF 4J42-M) 9932532

RETURN
END

SUBRUUTINE PUNCH
DIMENSIBN R(409403048402
JF(H—-1) 8¢ 8, 22

J1 # 0O

J2a 3 .0
JSEG = O

Jl = J2 + 1
J2 F# J1 € 9

IF {J2 - M) 13, 13

J2 & M

JSEO = JSEC ¢+ )
DO 45 I = 1.M

WRETE(2016EPROBATYRcF ¢JSECoIRETg2UY v Sd=dlodd2?

FORMAT (13

1XALe

v 12

‘36 129

10F7.2)
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IF {J2 - M) 9, 19, 19
19 CONTINUE

GG 30 32
22 DA 30 I = 1yM

J1 & O

J2 & 0

JSEG = @
24 J1 = J2 + 1

Jd2 F J1l + 4

IF 442 - M) 26926425
29 J2 7 M
26 JSEG = JSEC +)

WRIFEL2928)IPROBoATYR 1 0JSECoIRIIpIII9dI=d14ad2)

28 FORNAT (13, 1XAl, I3% 12
IF AJ2- M} 24:30:30
30 CANJINUE
32 RETURN
‘ END
/7G0.SYSLN DD %

5B14.7)
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