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PREFACE

L pressing problen in mathemaltics education today concerns itself
with curricular research. iore and more mathemstieal discoveries are
being made annually and the student of mathematics should be instructed
in such a way that he can benefit from these discoveriss.

This study has been conducted in the hope that the evidences pre-
sented will be beneficial to the improvement of instruction in mathew
matiecs, both at the secondary and collepge level.

The study was experimental in naturs. It was conducted 2t Central
State College, Hdmond, Oklahoma, during the fall semester of 1953.

The purpose of the study was to determine which one of three
approaches would be most effective in teaching the Introductory College
Mathematies Courses the conventional approach, the vector apnroach, or
the set theory aporoach.

Indebtedness is acknowledged to Dr. W. lare Marsden, who served as
chairmen of my advisory cormittee, for encouraging my interest in the
problem and for his guidance throughout the study; to Dr. Richard
Rankin and Or. J. Paschal Twyman for their suggestions and guidance
rolating to the statisticeal treatmont of the dataj and to Dr. Richard
Jungers and rs. Helen Jones for their assistanee in the completion of
this study.

The author is esnecialiy grateful to Ifrs. NDorothea MNeagher, Chair-
man of the Department of Mathematics, Central State College, and her
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staff without whose cooperztion this study would not have been possible,
To those persons who offered encouragement and helpful suggestions,
the suthor is alse grateful.
Te those members of my family who have aided me in atiaining this
goal, I can only say thank you. Te my wife, Sondra Jo, who by her une
selfish sacrifices and encaur&gement contributed beyond words to the

completion of this study, I again humbly express my thanks,
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CHAPTER I
THE PROBLEM
Introduction

Mathematics is a branch of learning in which all of the major
theories of two thousand years ago are still valid, yet never before has
there been such a flood of fresh ideas.,! Mathematics is also one of the
fastest growing and most radically changing of all the sciences.

It should be noted that mathematics is man-made. The mathematical
concepts, the broad ideas, the logical standards and methods of reasoning
which have been steadfastly pursued during these past two thousand years
were fashioned by human beings. Through the power of mind, man has
surveyed spaces too vast for his imagination to encompass; he has pre-
dicted and shown how to control radio waves which none of our senses can
perceive; and he has discovered minute particles which cannot be seen
even with the most powerful microscope. Using cold symbols and formulae,
man has begun to secure a portentous grip on the universe.2

As the human race looks to the future, there will be an even

greater need for new and more extensive mathematical ideas. Space travel

1George A. W. Boehm, The New World of Mathematics (New York, 1959),
pe 17.

2Morris Kline, Mathematies and the Physical World (New York, 1959),
Pe 9.




will require mathematies to compute trajectories and the time of rendez-
vous with the particular planet to be visited. The thrust of the space
vehicle and its capacities for fuel and supplies will all be arrived at
by the use of mathematical formulas.

In the field of computer technology, great strides have been made,
Computers have been built which will do 5,000 additions a second for
hours or days. At oresent, computers ean solve problems much faster and
more accurately than human beings can. These computers can solve problems
that a man's 1life is far too short to permit him to do.3

Addition is not the only operation that ean be done. These "brains"
can also multiply, subtract, divide, and retain information which might
be useful in solving future problems, Their applicability is quite
extensive, They have been used in solving problems dealing with traffiec
flow, communications, satellite tracking, and other related problems in
such fields as physics, economics, education, and industry.

The Historical Development of Mathematics. Mathematies has been a

series of changes, adantations, and alterations. What we now take for
granted mathematically would have astounded the mathematicians of the
past. This is not because the mathematicians of today are so outstanding,
but rather that the bases for present day studies have been laid by such
men as BEuclid, Gauss, Newton, Leibnitz, Descartes, Hamilton, Cantor, and
others.

One of the first concepts to be of great significance was the one-

to-one corrGSpondance.a This idea was used by the sheepherders of

3Edmund Callis Berkeley, "Giant Brains", A Treasury of Science,
(New York, 1959), p. 216.

YFrancis J. Mueller, Arithmetic, Its Structure and Concepts
(Englewood Cliffs, New Jersey, 1950), Pe2.




yore in keeping track of their sheep. For every sheep let out of the
pens, a rock was placed on a pile. At night the rock was removed as
each sheep returned. If there was a rock left over, a sheep was missing,
A simple, yet ingenious way of counting. There were limitations on this
method, however., The sheepherder still did not know how many sheep he
had, or if one were missing, which one it was.

The Egyptians used mathematies in a practical sense., They were more
concerned with the construction of their pyramids and statues than they
were in understanding the fine points of the mathematical tools they
were utilizing., It is true that the Egyptians did ~ompute the distance
of the earth from the sun, but the information was used for surveying
purposes only. The Egyptians also recorded the rising and falling of the
water level of the Nile River., The data collected enabled them to use
the river bottom for agricultural purposes.

The Greeks, on the other hand, used mathematies as an intellectual
activity., Geometry allowed the use of logic and the Greeks revelled in
the philosophical implications involved.

The greatest of all geometers was BEuclid., It is said that, "Euclid
is the only man to whom there ever came or ever can come the glory of
having successfully incorporated in his own writings all the essential
parts of the accumulated [Mathematical] knowledge of his time."7 In his
Elements, Euclid compiled most of the work in mathematies which had been
~done up to his time, approximately 300 B.C.

For nearly two thousand years, Euclid reigned supreme in mathema-

tical circles, During the seventeenth century, Friedrich Gauss, Johann

5D.E. Smith, History of Mathematics (New York, 1956), p. 102.




Bolyai, and Nicolai Lobachevsky simultaneously develoned 2z new geometry
which was properly titled, Non-Euclidean Geometry.

Of this discovery Bolyai said: "I have made such wonderful discov-
eries that I am myself lost in astonishment; Out of nothing I have
created a new and another world."6

Then, in 1854, George Riemann reworded the fifth postulate of Euclid
to state: Through a given point outside a given line, no lines can be
drawn parallel to the given line., This again revolutionized the mathe-
matieal community and gave birth to elliptic geometry. The basic
properties of this type of thinking led to space curves and eventually
Einstein's theory of relativity.

Calculus has been one of the major accomplishments of man. The
invention of the calculus in the seventeenth ecentury initiated a long
and exceedingly productive period of research in both pure and applied
mathematics, finally growing into the theory of functions of a2 real and
of a complex variable, the study of differential equations, elliptiec
functions, differential geometry, and other concepts. These subjects
proved to be of the grestest interest, not only for the further develop-
ment of pure mathematies, but also for their applications to the physical
world. Newton and Leibnitz are credited with the discovery of calculus,

Between 1871 and 1874, Georg Cantor created a completely new and very
special mathematical diseipline, the theory of sets. A set is actually
nothing more than a collection of elements, but the usefulness is far
reaching. The concepts of set theory have been very beneficial in the

study of geometry, i.e., 2 line is a set of points,

6K1in0. Mathematics in Western Culture (New York, 1953), p. 410.




Space can be thought of as being the set of all points. Two triangles
can be shown to be congruent if there is a one-to-one correspondence
between the points of the two triangles and the distance between any two
corresponding points is the same for both triangles.

Using sets, a person can describe both finite and infinite sets,

The relationship between sets can be stated in the binary operations
union and intersection, For example, the union of two sets A and B is the
set of elements which are in A or B or in both A and B, The intersection
of the two sets A and B would be the elements which are common to both,

These operations are associative and commutative, two properties
which are highly desirable in any mathematical system.

The study of topology and modern algebra are steeped in set theory.
Probability and statistics also make a great deal of it in their formal.
ities. A sample space, for example, in probability is a set of outcomes
in which an experiment might result. In tossing two coins, the elements
of the sample space would include two heads, a head and a tail, a tail
and a head, and two tails. Since there arc four elements in the sample
space, the probability of any one of them occurring is one-fourth,

A population in an experimental study is an example of a set of
elements. The sample which is drawn from this population would be a
subset of the population since, by definition of a subset, every element
in the sample is a2n element of the population.

Hamilton is given credit for discovering vectors. As reported: It
came like a flash, to relieve an intellectual need that had haunted him

for fifteen years.7 Hamilton first called them triplets, because forces

7James R. Newman, The World of Mathematics (New York, 1956), p. 162.




act in three dimensions,

Vectors have many applications. They can be used extensively in
physies, in geometry and trigonometry, and in related areas. The path
of a guided missile, for example, can be described in terms of vectors
as can its velocity and acceleration. Vectors can be incorporated into
the solution of systems of equations, and they ean be used readily in
the simplification of mathematical proofs.

One of the most important factors concerning vectors is that they
can be defined as an ordered pair, (X4,X2), which is used in Fuclidean
two-space, or they can be defined as an ordered n-tuple, (X4,X2,...Xp)e
This representation is in Euclidean n-space.

The world of the mathematician is not limited to one world of three
dimensions, but rather to a world of meny dimensions. Einstein extended
our concept of depth by adding a fourth dimension, time.

In solving a system of ejuations, three equations in three unknowns,
each equation is written in linear form, aX4+ bXp + 013 = d where a,b,c,
and d are constants. The unknowns X4, X3, and 13 are actually elements
of a vector, (11.12,13), and vector methods can be used to solve the
system of equations,

The solution of this narticular system ean be illustrated on a
Cartesian coordinate system in three dimensions.

Mathematies is currently playing an important role in our everyday
living. It is used in industry, business, the social sciences, as well
as in the physical sciences,

To keep pace with the demands of industry, technology, and the
sciences, mathematicians have had to invent new branches of mathematies

and expand the old ones. A suverstructure of fresh ideas has been built



which people trained in the classiecal branches of the subject would
hardly recognize as mathematics at all,

For some peonle mathematics is an art to be pursued for art's sake.
Whether or not this mathematics has any use is of little consequence.

The very abstractness of mathematics makes it useful. By applying
its concepts to worddly problems, the mathematician can oftentimes
brush away the obscuring details and reveal simple patterns.

Using mathematies, astronomers are able to ecaleculate the positions
of the planets at any time in the past or future 2nd predict the coming
and going of comets,

In industry, statistical methods have been developed for controlling
quality in high-speed industrial mass production. Mathematics is used
to evaluate precisel; telephone, radio, and television circuits.

Mathematies is important to our society. It is important in industry
where new technical designs require more sophisticated mathematics in
solving related problems. In computer technology, new and improved
mathematieal interpretations are needed in order to develop faster and
more accurate comnuters. Space travel is based on mathematieal formulas.

In business, mathematics and computers are used in doing inventories
and ordering goods and supplies which have become depleted in the ware-
house,

Housewives use mathematics in their everyday work, the extent
depending unon their own personal training.

Mathematics is important to each one of us. Its importance will
continue to grow as new methods and ideas are introduced.

According to Nicholas Bourbaki, "For twenty-five centuries mathe

maticians have heen in the habit of correcting their errors--and seeing



their science enriched rather than impoverished thereby. This gives them

the right to contemplate the future with serenity."d

Trends in the Development of Mathematics Education. Mathematics
education has also undergone vast changes. From the rigors of the
Trivium and Quadrivium of Latin times, to the present, the role of
mathematics has inereased in importance. Mathematies is no longer an
activity for the intellectually inclined alone, but a tool to be used
in our daily living, in our work, in our play, and in our endeavors to
enrich our own personal lives.

Despite the contributions of mathematics to our culture, "Educated
people almost universally reject mathematics as an intellectual interest
+es3chool courses and books have presented 'mathematics! as a series of
apparently meaningless technical procedures. Such material is as repre-
sentative of the subjeet as an account of the name, position, and function.
of every human bone in the human skeleton is representative of the living,
thinking, and emotional being called man."?

During the past fifteen years there have been several groups which
have attempted to upgrade the level of mathematical knowledge in our
elementary and secondary schools. Perhaps the most notable of these is
the School Mathematies Study Group.

This group was organized in 1958 with the financial support of the
National Science Foundation. The work of the School Mathematies Study
Group represents the largest united effort for improvement in the history

of mathematics education. The project is national in scope.

8Lucienne Felix, The Modern Aspect of Mathematics (New York, 1960),
Pe 33

IK1ine,Mathematies—in Uestern Cultuse, p. 9.




Dr. E. G. Begle, formerly of Yale University and now of Stanford University,
is the director of the group.

The main objective of the School Mathematics Study Group program was
to structure and write textbooks for grades four through twelve,

In reference to the junior high school program in mathematiecs, "Care-
ful attention is paid to the appreciation of abstract concepts, the role of
definition, development of the orecise vocabulary and thought, experimen-
tation, and proof, Materials arc chosen with the intent to capture the
fascinating features of mathematics, creation and discovery, rather than
utility alone,*1°

With regard to their program in intermediate mathematics, "Careful
attention has been taken to give the student some insight into the nature
of mathematical thought as well as to prepare him to perform certain
manipulations with facility,"'’

The development of the School Mathematics Study Group material is
unique in that it represents the combined thinking of many peopleé---
psychologists, testmakers, mathematicians from colleges and industry,
biologists, and high school teachers.

In their first newsletter, they said:

"The world of today demands more mathematical knowledge on the part

of more people than the world of yesterday, and the world of tomor-

row will make still greater demands. Our society leans more and
more heavily on science and technology. The number of our citizens
skilled in mathematies must be greatly increased and understanding
of the role of mathematics in our socliety is now a pre-requisite

for intelligent citizenship. Since no one can predict with certainty
his future profession, it is important that mathematics be taught

10School Mathematics Study Group, Newsletter Number X, (New Haven,
Connecticut, March, 1960), p.1.

M1bid,
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so that students will be able in later life to learn the new Eathe_
matical skills which the future will surely demand of them.'1

Writing on behalf of the School Mathematies Study Group, Dr. Begle
stated; {[th;T... further agrees that the present mathematics curriculum
is out of phase with the actual need of our students as well as with the
developments within the field of mathematics itself.'13

Mathematics has changed. The professional mathematician has a deep
understanding of the modern inmovations in his subject matter area, But
the student also needs to be aware of these changes. He needs to know
about sets, vectors, and the other concepts he will encounter in later
life, The school is the best place for him to learn about these things.

According to one mathematician, "Widespread unrest exists among
professional mathematicians and educators regarding the present mathematics
curriculum, This unrest is primarily due to the changed and changing
nature of mathemaztics 2nd its content, and to criticisms regarding the
effectiveness, efficiency, coherence, 2nd apnlicability of the tradi.
tional courses.'1

There are three other groups which have undertaken projects similar
to that accomplished by the School Mathematies Study Group. The Univer-
sity of Illinois, Ball State Teachers College, and the University of
Maryland were each financed by the National Science Foundation and wrote

mathematices programs for the elementary and secondary school,

12School Mathematics Study Group, Newsletter Number i, (New Haven,
Connecticut, March, 1959), p.k4.

12x. 6. Begle, "The School Mathematics Study Groun," The Mathematics
T“ch.r. LI. (1958)' p.h.

4

! Merle Milligan, "An Inguiry into the Selection of Subject Matter
Content for College Freshman Mathematics," (unpub. Ed,D. dissertation,
Oklahoma State University, 1961), p.3.
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of activities. Cur business schools often demand the very newest
technicues develeped by the mathematician. Mediezl research may
seon reyuire mathematieal training comarable to that reguired by
he nuclear physiecist. Our engineers must be prepargd to meet the
nesds of the rapidly changing American technolegy‘“1

-

In reference Lo the education program in our colleges and univerw

BIt is foir to say thiat wathematices will play a central role in the
American eulture of tomorrow. e must train our young wmen and women
to be able to atback and solve problems that did not exist when they
,]-thp present Teacheri[ attended school: problems which reguire the
ahllluf to think nxtneAJthallv. -This resires an educaticnal
systen thal teaches not only fundomental mathematiesl technigues,
but stresses understanding and originality in its mathematics

- courzes,”

Mothematies eduestion must be geared to the future needs of its
students. The material to be used in mathemaoties courses, the method
te be used in instruction, and the approach to be used in presenting the
waterial will be exiremely important. Research can be used to determine

a more feasible apvroach to the study of mathematics.

1 PROSLEM

In lien of the chonges in mathematies and in mathematics educztion,
and the importent role mathematices plays in our lives, this study has been
eonducted in mathematics educstion to determine the following: Vhich one

of three approaches would be most effective in teaching the Introductory

College Mothomaties Course at Central State College: the conventional

anproach, the vector approzch, or the set theory anvroach?

1600mmitte° on the Undergraduste Program in Mathematies, Recoumenw
dations for the Training of Teachers of Mathematies, The Mathematical
Kssociation of America, (1961)s Dede
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schools and collepges during the pnst twenty.five yesrs. The

on wealpnlation and problem solving.

3

rectors nor sebs are used

9,

in the develoument of the olpebraie and trigonomebrie vrincinles.

the apmronch, in genersl, oloces the emphesis on learaing 2 rarti.
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colar manipulation, and then utilizing it in a2 problematie situation. For
exzriple, a student learns to facltor a quadratie polynowmial, then he uses
this information in finding the zeres of & guadratic siuation or in
solving a problem which involves quadratic sgustions.

The conventional approsch esn perhaps be said to be o more utilitarian
approach to the study of mathematics.
A vector will be defined as o directed line segument,

The vector ansroach will be defined zs that aprroach to the study of

algebya and trigenomelry whereby the msthematical idess are exprossed in
terne of vectors,
A set will be considered Lo be & collection of elements (usuelly

nurbers ), othervise undefined.

The set theory appreach will be defined as that approsch to the study

ef algebra and trigoncmstry wherchy the !

vthematlenl ideas are exvressed

in terps of sels.
SOLUTIONS TO THE PRODLEY

The freshuen student in college who is preporing himself to teach

mathematics, or to become an industrial mathematielan, or to bocome an
nrincer, will noed sdegusnte mathematiesld traiwing. He will need te haove

en upderstanding of the s=lthamstical tcols he is utilizing 1T he is to
be eble te perform with any degroee of compotency. This sawe student
should be aware of the uses cno limitations ol mnthematicsl conceplts, and
he shovld be able to 2pply mabthemaliezl tools with facility.

With regard to this study, therc cre thwee nossible scolutions to the
problem. They are the convention2l anprozch, the vector aporosch, =nd the

set theory =pproach.
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The {irst approsch, the conventionzl spproach, treats the subject
matler in the Iatroduclory (ollege Hathemsties Course in much the same
way that the student has studied it in the secondary school. The emphasis
is ploaced oa the basice algebraic menipulations with divect apolieation

made to probles solving. Yhe student works with monomials, binomials,

and nolynowlals and the bosie arithmetic operations of z2ddition and

maltiplication, willh variailons. Trigonometry is developed in 2 similar

way. The emphasis is placed on the trigonometric functions, then later

smifted to the solution of triangles.

One ol tae advoecates of the conventionasl approach to the study of
nathermaitices is iorris sldne. A nobted mathematiecisn, Eline feels that
mabhemntles cught to be taaghv fiom the conerete standpeinit vefore trying
to teach thé abstracﬁ,18 4 studeat ean kaow all about the algeuraic
ties of a mathomabicszl 1ield, 2nd yeb not be able to find the sum of
two =nd bwo. 10 1c oleo possible that a person wilh an excellent knowledge
of fizlds might not svon be able to make chuage in & grocery store.

Bxperdenszes with the concrele would cllow the student to later gain

nowledgoe of the obstreet. Dot knowledge of the abstract does uol

guarzntes foellity in the use of the conerete principles of methenstics.

The vector appreach te the study of the Inbroductory College athew

watics Cowrce wight Le considercd by souws people lo be & novel way of

2

stugylng slpgebra and tyigonometry. from ihe stonduoint of both applied

and nure ¥ )(,T‘ st ] wocetors have 2n Lo Jt‘q" t s ‘t 3 ‘rlf .
pure et tice, howovai s VRCLOYED AVe LD LuDoroint 1role Uo DiAY.e

They cazn be used to describe shysical relcotionships such as veleeity and

&

aceeleration.

»

the Dooks,”

L)

8 .y ) y g
1 Eline, "The Ansienl vs. the ¥oderus, & Hew Rattle o
The Mathematics Teacher, LI {1958), p. 241,




Vectors con be introduced as o purely mathematiesl system, built
on the fundamentals of =lgebra. A vector is defined to be a directed
line segment, Using this definition, the basic onerations of vector
addition and multiplication can be stated. Vectors can be used to dese
cribe offectively n~dimensional spoces. Therefore, a vector field is a
‘region of space such thet with each point there is sssoclated for come
plete characterization both a2 magnitude and 2 direction, that is, =2
vector auantity. Common veetor fields are the electric, the mapgnetic,
and the gravitational fields. In wmeteorology, the velo#ity of the wind
at eéch point of the atmosphere is an example of s vector field.,

Using this approach, the student studied alpebra in terms of vector
notation. For example, the addition snd multiplication of vectors, and
the geémetrie interpretation of these operations were discussed,

The student was tought the importonce of the slpebraie properiles of

commutativity, associagivjty and the nature of the distributive iaw as it
is related to vecterse 

For example, for vectors 2, b, and ¢, asb = bea, a+(bsc) = (ash) 4 a,
and using the dot product, a+(bse) = a*b ¢ avc.

In addition to this, the student was made aware that every vector
has an inverse. That is to sa2y, for every vector a there is a vector b
such that a4b = 0, In this case, b is equal to <z,

3

Trigonowetry is the study of triangles, and trisngles can be construce
ted using vectors, In relationship to this, any angle ecan bs deseribed

ls0 be

]

triongle ean

]

as an angle between two vectors. The arsa of
computed using vector notation.

Veetérs can be used in theorstie=l mathe{atics toe prove theorems
and corellaries., By using vectors, o complex manthemstieal conecept con

often times be grestly simplified. As demonstraoted, vectors con be used



to describe physiczl relationships, i.e., velocity and acceleration, and
in simplsr terwms, they e2n be related to a reectanguler coordinste systen
as designed by Descartes.

V-Dne of the advoeates for the use of vectors in studying slgebra and
trigonometry is Arthur H. Coneland. He says,"The iwmpression is held that
the employment of these meodern technigues lfﬁectors;varesupposes a high
degree of sophistication on the port of the student, This is nobt the
ease, The 1T§tudent;7 can be vrepared for the modern techni-ues and they
should not cause any more diffienliy than the older methods.?19

With regard to the »ppplicability of the wmodern methods, nawely vectors,
he continues, "Often = modern method has & much broader range of annlicas
bility than the older methods, although the two wethods esn be applied
with comparable diffienlty to the development of o given subject., For
example, 2 vector algebra is used to simplify the develovment of amalytie
geometry and algebra and te unify the tiro subjeets. The time saved Ly
this simplificztion is sufficlent for the development of the vector algshra.
Horeover, vectors are sufficiently similar te muwbers se that by studying
vectors & student eon review hig ordinary algebra without being subjected
to a course in pure dril‘l.“zO

Set theory czn 2lso be used in developing the Introductory College

o
i

Mathematics Courses A set is nothing more than a collection of clements,
but its uses are for resching.
The set theory avnroach iz more closely oriented to the conventional

aprroach than is the vector approach. However, there is still 2 grest

19Arthur He Copelend, Geomstry, Alsebra, and Trigenometry by Vector
Methods (New York, 1963), p.3.

2Orhide, pese
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dezl of differcnce betwesn the sparosches,

Aleebra is 2 study of the reszl number systew, but the way in which
this study is doveloped is very important.

Uging the set theeory scporoach, the student is introducsd Lo sets
and thelr proportiec. With 2 short background in logic, the reazl number
systom is developed using an axiomatic croceldure. TFor example, the student
might be given the set of natural numbers. From this the student cen
define the set of positive integers: 1., 1,233:00¢ and the set of sll
integers I, where any integer is the difference vetween two natirsl nume
bers. for examnle, 3 = 5«2, -5 = 813, and so on. bWhile this might
appeay to be triviel, it does glve the student some basis on which to
begin his study, The propertiocs of sommutabivily ond associativity ean
be substaniisted, o8 well as those proporties related to identities, ine
vorses,. and the distributive law.

In continuing this line of thought, the rational numbers can be
defined 25 being the set of all nwwbers of the form 2/b where a2 and b are

integers and b is nob equsl Lo 2ero.

oronerties dnvolved, namely associztivity, commutativity, identities,
inverses, and the distribubtive law,

In solving equations, the student discusses gsolution sets. For the
quadratic sguation x2-5x¢5 = 0, the golution set would include 2 and 3,

since these fwe values of x satisfy the eguation.

this

It
=
foia

Trigononetry is developed using sets and function notations s

informetion reloted te the study of complex numbers.

7

Sets onber mathematies not only in its foundations and

>

z2lso im its mothematienl structure. For example, the theory of probability

is econcerned with numericol measures of subsets of some space. Statistics
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the basie ideas will still be the ssme.

- CRITERTA FOR CHOOSING BETWEEN SOLUTTIONS

In order to choose which one of three zonrosches, the conventionnl

approach, the vector approach, or the set theory annrosch, would be most
effective in teaching the Introductory College Mpthemntics Course, the
aunthor chose thres criteric.

The eriteria are: 1) algebraic manipulation; 2) trigonometric
schievenent; and 3) general oroblem solving ability.

The student who comoletes the Introductory College Mathematics Course
at Central Stote College should be able to perform adeguately the basie
mathematical skills, he should have an understanding of algebra snd
trigononetry and their intererelationship, and he should be able to solve
basie problems which use algebra and trigonometry in their solution.

The eriteria to be used in this study in choosing the apvropriste
solution te this problem regarding approach effectivensss; i.e., convene
tional, vectors, or sebs, are as follows,

1) The student should be sble to perform the basic algebraic
manipulations. This includes the addition, subtraction,
multinliecation, =znd divigion of algebraie expressions,
factoring, loparithmic operation, znd the solution of
equations in one unknoum.

2) The student should be proficient in trigonometry. He should
know the basic trigonomelric functions, thelr usefulness in
proving ideatities, and their role in the solution of trisngles.

3) The student should be able Lo solve problems which involve
algebraic and triconometric orinciples., These problems will

be sirilar to ones he would encounter in everyday situnations
or if he were employed in industry,

BACKGROTD #OR THIS STUDY

There are several studies being conducted at the present time dealing



-4

with the mathematies curriculum st the college freshman level. One of
these 1s at the University of Kansas. It is the intent of the Densriment
of Mathematics ot the University of Kansas to desiszn a two semester seguence
of freshman courses in mathematios te be taken by the typlezl student in the
college of liberal arts and sciences., It is to be designed to rrovide
mathomatieal trzining for those students with special interests in the soeisl,
biologiesl, and management sciences, and for those who would like to take
a terwinal course in mathematics as a part of 2 liberal educztien,

The gozls of this prograr can be stated as follows:

1} To provide mathemntical training for those students in fislds

other than mathematics., This training will allow these students
ﬁo utilize the mothematical tools in their work.

2) To provide mathemotical education which will be an integrsl part
of their libersl education.

3y To ﬂrovide the type of mathem:tic el training which will eunable
the student ko further edueate himself in premration for the

tyoe of thth&tiO& he will need in his work, i.e., ststistics,
comnuters, and so on,

During the first semester, the student will study the following topics:
a} solutions of systems of linear equations; b) matricés; ¢} sets, relatiens,
and functions; d) counting problems; e) probability theoory for finite sample
spaces; and )} flow chérts. The plan for the second semeczter inecludes an
introduction to dilferentizl and integral ealeulus, with aonliestions to the
study of continuous srobability distributions.

While no quantitative data is availoble o5 to the suceess of this
program, indications are that it is being readily received by the students
and the mathematies staff members at the Universily of Kensas.

An experimental study was conducted at (Oberlin Collepe during the

2
1957-58 school vear, Its purpose was to gain knowledge which would allow

o

22John . 3ﬂum "Mathematics, Self-Taught," The Americen Hathemstical
Monthly, 65 (NOVFmer. 1958), »pe 701705,
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the college te snlar utilise ite ohysicrl faeilities,

and yet not inerense

of inecrease in the student pomulocs.

imental grous scent twowthivrds of

tg
i
5
v
it
[

their no room, the other one.third in outsido

study. The oubtside study consisted of ind

o

sbudy on the part of the

student. The conbrol groun spent the normel time in the clissroonm,
Two hypotheses wars bested in this study:

a4y  That students who study freshmon mothemntics by the usunl
classroom method will not learn fl;anlen 1y wore than
studients who study on thelr own for o ywime bely oneethird
of the schosl yenr,

by Thet students who study fre shn g mathematies by the ususal
clagsroon method will ol ificoatly over stodents
who study indepently lor -51y ohe«third of the
yoar in theilr ~bility te o mothemsatiesl concents.

.

Based on the tetest of significsnce, no significant Ailfferences weroe

clusions reosched stoted thot the students whe had dons

ths indevendsnt stuldy were probably chesd of the cowntrol groupe This

in digoing out the

- 5 oy} 4 [ A oy LN T AP N
srisd an thelr own indtistive,

might be cuestions ralssd conceorning the twoothirds to onew
third ratie used in this erverimental study. No Justificatileon ean be

thig eholce, but further rescarch in this tvpe of thinking wisght

be bernoficicl, sonecizlily s

2 our eclleges

stien explosion,'
A new program is currently unmdervny ot Tulone University, Its intent
is te develop o Youre! wrogrem for able students invelving receleration,

but, more

foundation for advinced worke-s~.'penetration

in depth,” renbusl gosl of the orogrom is to ungrade =11 freshman

mthemeties al Talone Undversitly,



There are three faciors invelved in this program which make

nnlgue. They ares
1} Small classes (Hot more than 25 students)
2} Research mathematicisns =s teazchers

3) High upward mobility of students and the development of
of inouiry.

[ 4

this study

2 spirit

There are no resulis available at this time regarding this study;zB

SUMMARY

Mathematics and msthemeties education have undergone and are

to eontinue to undergo vast chonges,. In keeping nace with these ¢

exvected

changes,

it should be cuite evident that "we need frecuent, revetitive nrodding to

keep on the best nath, e tend to claim that mathemoties stimulates clear

thinking, then teach it as meaningless memorization ~nd routine having

Jittle to do with thought. Being 2 drillmrster, stressing routines, ete.,

‘o . s 2
makes the teacher's life easier but harder to justify,”
One of the lesding mathematicians in the School Mathematies
Group has this to say regording mathemotics and eduestion:

"The world of EQJJV demnsnds move mathematieal knowledge on
of more people than the world of yesterdsy, 2nd the world

Study

the nart
of tomorrow

will demond even more. It is therefore ilmportant thot mathematies

be taught in 2 vibrant and isaginative way which will mske
~aware thot it 4s a living, growing subject which plays an
part in the contemporary world. wes

students

imnortant

Mathematics education which makes the student sware that mathommties

*

is a living, growing subjeet and an iwportant part of our contemporary

235.D. Wallace, "Hew Undergraduste Courses in Mathemties”,

Seience
D e

Course Improvement Projects, National Seience Foundation, {1962}, p. 5b.

#

24,
Mo Richardson, Fundomentals of

vy

Mathenstics {Mew Tork, 1941), n.l.

2%5.G. Begle, "The School Mathemstics Study Croun," op. gibes p. 6156



o~

world can be accomplished. If the largmoge of the subjscet, the vekicle
of commmication were improvéd, the task of teaching mathemstics could be
greatly implemented.

 With an eye to the future, this study has beon conducted to determine
the followings Wahich one of three anproaches; the gonventionsl, the vester,

or the sat theory snorvoach, wiuld be nost effective in texching the Intro.

ductory College Mathematies Course at Central State College?



CHAPTER 1L
THE EXPERIVENTAL DESIGH

This study was an experimental study, the chief purnose being to
anzlyze and determine which one of three apnroaches would be most effecCe
tive in teaching the Introductory College Mathematics Course at Central
State College. In doing this, experimentation was defined as: "The
trial of = plenned procedure aceompanied by control of eonditions and/or
controlled variation of coanditions together with the ohservation of resulls
for the purpose of discovering relationships and evaluating the reasofie

4
ableness of 2 given hypothesis.,”

In this ecxperiment, the Introductory College Hathemsties Ceursé WS
taught by three different zpvroaches: 1) the conventional approach;

2) the veector aporoach; and 3) the set theory ansreach. In each case,
the mathematical concepts were basically the same, The important imnli.
cation here is thalt perhaps the tuo groups studying the materisl from
the vector avnroach and the set theory aprroach would be more oroductive
than the group using the conventional aprrosch. Thet is to say, they
would be able io nerform mathemstieslly the basie skills, yet they would
have a knowledge of veclors or sets,

The Experimentsl Design. During the fall semester of 1963, there

were approximetely 180 students enrolied in the Introductory Collepge

¥Mathematias Course at Central Stote College. These students were freshmen
=)

Zécarter V. Good, Dictionary of Education (Mew York, 1945}, pe 95

26 )
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who indieated an interest in pursuing o major in mothematies, chysices,
chemistry, or in & professional field such =28 engineering, law, medieine,
and so forth,.

By stond=rds previously set, these students were advised to enroll
in this course on the basis of scores made on the mathematics seetion of
the test administered by the American College Testing Program prior to
their enrollment in college. If 2 student ranked bstwsen the fiftieth
and eighty-fifth percentile, he would toke the Introductory College Mathe
ematics Course, If his score was above the eighty-Tifth percentile, he
was advised to take the first course in the caleulus. A ranking below the
fiftieth percentile indicoted 2 need for remedizl work, and the student
was advised to take & wmathematies course which would prepare him for the
advanced seguence of mathemntics courses. These advanced courses would
include the Introductory College Mathematies Course, caleulus, and so on.

The population for this study was defined as the set of mathematies
majors and pre-professionalbstudents enrolled in the Introductery College
Mathemaﬁies Course at Central 3tate College during the fall semester of
1963.

The sample for this experiment consisted of three mutually exclusive
subsets of the population just defined. FEach of these suhsels consisted
of 24 students, = totel of 72 students being inveolved in the study.

The students who took part in this study were chosen on the following
basiss

1} A graduste of a high school in the United States during the
spring of 1963,

2} The Introductory College Mathematics Course was the student's
initial course in college mathemntics.

3) The student was regularly enrolled at Central State College as
a full«time student.
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for this purpose. The results of the ACT Program in Mathemstics were cone
& kS (e

5.

sidered to be a nrewtest of the students ability in mathematics,

The Testing Schedule., Dy the nature of the course content and the

eriteria on which this study is based, the following testing schedule was
maintained,

The Seguential Test of Educational Progress in Mathemntics (Form 1)
was administered during the first two days of the semester. The test
recquired seventy winutes, therefors two class rperiods were needed for the
proper administration of the examination.

On the third day, the students in the three groups were given the
Cooperative Algebra Test, Form Z.

During the third week of instruetion, the Rassmussen Trigonometry
Test was administered to the three groups. Form A was used in this
instance. The three groups had not yet entered into the study of trigow
nometry in their respective sections and the time lanse pave them a break
in the testing seguence,.

The Otis Self-Administering Intelligence Test wes given to the stuw
dents during the teanth week of the semester., 3ince this test was to be
used for descrintive vurposes only, the time of administration was of
little consequence,

The final testing secuence, the postwtests, were taken esre of dur-
ing the final week of the semester. During the last two regulor class
periods, the Coonerative Algebra Test (Form Y) and the Rassmussen Trigoe
nometry Test (Form B) were administered. During the twohour finzl exam
peried provided for each class, the Secuential Test of Ddueational Pro-
gress in Mathemntics (Form 1B) were asdministered in o straight seventy
minute sequence. The cholce of finsl testing was 2 matter of convenience.

The Statistical Treatment of the Data. In this experiment, the
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treatment of the data wes accomplished by the use of the analysis of vare
iance and the analysils of covariance., These procedures segregate from
comparable groups of data the aritlmetic means of the products of the
naired deviations of two or wmore varisbles, measured from the respeective
neans of the variables. The indenendent varisble was the opproach; il.e.,
the conventional avprosch, the vector approach, or the set theory zooroach.
The dependent wariable was the scores obtained on the variouns tests which

were administered to the students narticinating in the study,
ASSUMPTIONS UNDERLYTNG THIZ STUDY

In order to maintain a logical foundation for this study, the invesa

[ELelhm I

&

tigator made the following assumptions., From these assumptions,
lates were derived, postulates which lead directly into the hypotheses %o
be tested in this experiment.

Assumption I < Students who complete the Introductory College
Mathematics Course should be well grounded in
their ability to do basie algebraic manipulations.

Postulate 1 =~ Students who complete this course wusing the
conwentional anproach will be sdequately nrew
pared to handle basic algebraic manipulations,

Postulate 2 ~ Students who complete this course using the
vector apsroach will be ademately nremared fo
handle the basic alpgebraie maninulations.

Postulate 3 < Students who complete this course using the set
theory aprroach will be ndeguately vrepared to
haredle the basic algebraic manipulations.

Assumption II - Students who complete the Intreoductory College
Mathemsties Course should be well grounded in
their ability to deal with trigonometric problemse

Postulate 1 « Students vwho comolete this course using the con
ventional aoproach will be adeguately prencred to
handle problems in trigonometry.

fa¥
¥

Postulate Students who comolete this eourse using vector
methods will be adesuately prepared to handle

problems in trigonometry.
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Postulate 3 = Students who complete this course using the set
theory approach will be cdeguately prenared to
handle problems in trigonometry.

Assumption IIT - Students who complets the Introductory College
Mathematics Course should be adequately nrepared
to handle basic mathemotical mroblems involving
algebraie and trigonometriec principles.

Postulate 1 « Students who complete this course using the cone
ventional aporosch will be adegquately wrepored
to handle basic mathemntieal problems involving
algebraic and trigonometrie princirples.

Postulate 2 « Students who complete this course using the vector
~ anproach will be adequately prensred to solve
basic mathematical problems involving algebraic
and trigonometriec onrineisles.

Postulate 3 « Students wvho comslete this course using the set
theory approach will be adequately prepared to
solve bagie mathematieal problems involving ole
gebraie and trigonometric vrinciples,

Assumption IV « The testing instruments used in this experiment
are valid measuring instruments with regard to
ascertaining the studentls achievement in algebra,
trigonometry, and gener2l nproblem solving ability.

HYPOTHESES TO BE TESTED

On the basis of the assumptions Jush stated, the following hynotheses
were tested in this study:

Hypothesis Hy « There will be no significant differonce in the
. mean scores of the threoe grouns at the end of the
\ experiment with regard to ability in algebroice
rmanipulation 2t the 5 per cent level of signifiw
CENCE .

Hyvothesis H2 = There will be no significint difference in the
mezn seores of the three grouns at the end of the
exnoriment with regard te achisvement in trigow
nometry at the 5 ner cent level of signifiennce.

Hypothesis H, « There will be no significent difference in the
3 nean scores of the three grouns ab the end of the
experiment with regord to ability in »roblem
solving at the 5 per cent level of signifiecance,
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LTMITATIONS O TUIS STUDY

In any experimental ctudy of this type, there are certain limitations
which secm to be prevalent. Some of these include size of the sample,
duration of the experiment, ocutside interests of the student, 2rd so on.

One limitation whieh conld be an iwmnortant factor was the instructor
for each grouss It was necessary, in this study, to use three different
instructors. However, to use one instructor for all three sections might
also he folly. To substantiate the validity of using three instruclors,
the following eriteria were adhered to:

1} TBach instructor indicated an interest in taking wort in the
s turiy .

2} Bach instructor indicated 2n interest and preference For teache
ing the particular approach to be used in his section of the
CONIBL e

3) Each instructor held a msteorts degree in the field of watheo

matics and had a least 45 semester hours of groduate work in
mathematics,

SUMMARY

This was an experimental study in mathemstics edueation. The sample
for this experiment was a set of freshman students from Central State
College. They were randomly assipned to each of thres groups.

During the fall sewmester of 1963, the students werse instructed in
algebra and trigonometry with arpnlientions., At the beglnning of the
course, they were tested to messure ability in algebre, trigonometry,
and genercl problem solving 2bility. At the end of the exseriment, they
were again testad along thess same lines,

The analysis of variance and the cnalysis of covarinnce were utile
ized to determine whether or not there were sny significant differences

between the three groups with regard to wean scores at the five per cent
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level of sipgnificence,

Three hypotheses were tested, The first hynoth

Lo algehraie aoidevenent, the sscond to trigomoselric achievewernt, ond

the third to gencral orchlem solving 2bility.
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TON OF THE DATA

Introduction

*

In order to galn & nore comolete deserintion of the samnle, a
3
guestionmaire {Appendix A) and o testing vrosram were utilized in this
study.

The questionnaire was designed to provide information regarding the
background of the student: i.e.,, the location of his hometowun, the sirze
of his high school graducting class, his arensretion in mathematies, his
professional ambitions and intentions.,

The primory purnose of the testing program was to measure the changes
which occurred in mathemntiecsl achievement with regard to the different
approaches, Informaition uzs z2lse gathered which could be used to compare

the members of the sample as well as to deseribe them,

The Questionnaire, During the first week of the experimental study,

a questionnaire was distributed 2mong the students in the three experi«
mental groups. The information gathered from this guestiomnsire was
used in part to determine whether or nob the students had met the recuirew
ments for narticipation in the study as stated in Chapter II,

There were several factors which were considered ito be of importance
by the investigator with regard to the descrintion of the sample.

For example, the student's hometown might be a key factor. If 211

of the studenis in one grous ezme from 2 large c¢ity, and the students in

36



a secorl group came from a rural avea, 2 bias aight be intreduced. This
could bs due to a difference in the educational nattern of the schools,
the quality of the instructional staff, or the 1earming facilities which
vare zvcilable.

Central Stote College is the fastestwgrowing of the sixz state colleges
in Qklahoma, Being loccoted just ten wiles north of Oklshoms City, a
metropolitan area, would make it seem that most of the students would
come from the Oklahoma City areae This is true. But there are many stie
dents who come from other parts of the state as well.

Table I is a representation of the distance that the students travel
to become s udents at Central 3tate College. To facilitate this operation,

the distance 0-25 miles will include the greater Cklahom= City crea,

TARLE I

DISTRIBUTION TABLE: DISTANCE OF HOME TOWN FROM CS5C

Distonce Conventional Vectors Sets

0 - 25 miles 11 12 13
26 « 100 milss 7 9 5
191 - miles 6 3 6

The sizne of the school systenm which 2 student attended might be a
factor which is important in 2 study of this type. As secn in Table I,
many of the students did come from the grester Oklohomn City arca. Howe
ever, there appears to be 2 large numbsr of high schools in this area

which are not very large by ordinery standards, Table IT offers infore
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mation regarding the size of the studentls high

r]

sehool gradunting class,

¥

TARLE IT

DISTRIBUTION TARLE: ST7Z0 OF HIGH SCHOOL GRADUATING CLASS

Size Conventional Vectors Sets

0 - 100 & 14 10
101 - 250 10 6 7

251 = 530 8 iy 7

A very marvked similarity was olsc noted in the mathematiesl backe
grounds of the students in the three prouns,

It is usually recommended that a student have st least two years of
high school prevaration in algebra and a year of plane geometry before
enrolling in the Introductory College Mathemstics Course. Approximately
ninety per cent of the students in the sample met this reguirement. Seve
eral students had a much stronger background in mathematics than was
regquired, Trigonometry was taken by fourteen of the students in each
groupe Motrix algebra, a relatively new course in the secondary curricus
lum, was hoken by only 2 few students. Mothematical anslysie, a eourse
which is considered to be nreparatory for calculus, was taken by only
three students.

Table IIT shows the high school wrenarstion in mathematies of the

students in the sample.



39

TAGLE ITT

DISTRIBUTION TABLE: MATUHEMATICS COURSES TAKEM IN HIGH SCHOOL

Course Gonventional Vectors Sets
Algebrs I . 2l 24 24
Plane Geowmatry 24 2 24

Aleebra IT ‘ 22 . 21 ' - 21

Trigononetyry 14 14 14
Solid Geametpy Vi 10 8
Matrix Algebra 1 2 : 2
Mathemﬁiical Analyvsis 2 0 1

Many of the students who attend Central State Collese do so knowing
that they will finish their degree nrogram scomewhere else.

This is especially true with those students who wish to become
engineers, doetors, lawyers, and so on., Table IV is z renresentation of

this distribution as it affects the three exnerimental groups.

TABLE IV

DISTRTBUTION TABLE: THE STUDENTZ MAJOR FIELD OF STUDY

M3 Jor Conventional Vectors Sets
Mrthematics 11 11 10

Engineering 16 11 9

Pre~Professionsl 3 2 5
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During the tenth week of the scmester, the Otis Self-Administering
Intelligence Test was administered to the students in the three experiw
mental groups. The information gathered from this test is offered here
in 2 deseriptive role. Table ¥ shows the distribution of the IQ scores

as they are relsted to the three groups.

TABLE V

DISTRIBUTION TABLE: SCORES FROM THE OTIS INTELLIGERCE TEST

Seores Conventibnal Vectaors Sets
128-132 1 0 1
123-127 4 i 2
118122 1 3 5
1132117 7 10 7
108~112 6 5 7
103107 5 3 2
98-102 0 2 0

Grades are & factor which can be used to show achievement in mathe=
matics.

The grades given in this course were evalustions of the teacher in.
dependent of the testing program conducted with regord to this study. They
are offered here for deseriptive purposes znd will not be used in the
statistical analysis of the data. The distributlion of grades according
te groups is given in Table VI,

It shonld be noted here that students who did not successfully



41

complete the course usre excludced from the study., Only meaningful grades

such as A, B, C, D, or F were acceptable,

TABLE VI

DISTRIBUTION TARLE: GRADES ATTATNED IN MATHEMATICS 165

Grade
7 b C 8 A
Groun
Conventional 3 4 9 5 3
Vectors ‘ 4 3 8 5 L
Sets 3 2 10 i 5

The Besults of the Testing Program. During the course of this exper«

imental study, several mathemgties tests were administered to the members
of the szcmpling body.

These tests included algebraic manipulation, trigonometric achievew
ment, and general problem salving'ability in mathem:tics,

In addition to these tests, the Otis Self-Administering Intelligence
Test was also given.

Prior to their enrcllment =t Contral State College, each member of
the samnle was administered the Americon College Testing Program. This
program yields five test scores. They arer 1) Mothematies; 2) Fnglish;
3} Socizl Studies; 4} Natursl Science; aznd 5) a Composite score,

& complete listing of the raw scores mode on each of the tests is
given in Appendix B. For the gake of brevity, Table VII is given on the
next page to show the mesn scores achieved on each test by the three groups

as well 28 the mean score f{or all three groups, This datz is in reference



TEST SCORES:

TABLE VII

DEPEWDENT VARTABLE 573

: FEANS
Test Conventicnal Vectors Sets Total tcv t t
zfz °/ile M “lile M °lile M %ile cs VS
Cooperative(élgebra
Pre~test 32 .8 90 31;8 89 30.9 89 31 .8 89 -26 c78 vz';'l
Post-test 343 98 325 97 335 97 33.4 98
Rassmusson Tgigonometry
PI‘G...t,eSt(' 53»2 . 10 55.3 12 5508 12 51""8 11 ‘¢062 0.8“’ "'018
Post-test 58.9 20 62,3 28 57.7 18 59.6 23
Post-test? 67,6 40 68.3 4o 61.0 28 65.6 35
STEP Mathemzties
Pre-test 23.9 69 24,0 69 244 69 24,1 69 - 07 .32 L we27
Post-test 26,7 78 28.3 81 27.6 80 27.5 80 :
ACT Mathematics 21,6 72 21,0 72 21.0 72 21.2 72 W20 38 0.00
English - 18.0 55 17.2 5l 19.1 56 18.1 55 B0 P« 123 wl 43
Soecisl Studiss 1807 55 l?ou’ 51‘" 1811 55 1841. 55 081 .LW -.52
Natural Sciences 2049 72 21,1 72 214 72 21.1 72 =13 «e35 .18
Composite 19.7 69 19.7 69 19,9 69 19,8 69 0400 wa2l ~22
Otis Intelligence 114.3 112.8 115.3 114.1 o 7h =olb5 1639
n= 24 24 20 72

a) Only those students with 2 background in trigonometry were included,

h
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to the pre~test and post-test seguence. In addition, percentile scores are
included for each of the tests.

It should be noted thot only forty«two scorcs were recorded for the
pre-test in trigonometry. This was done because only these forty-two stu
dents had had previous work in trigonometry. For the rest of the sampling
body, valid testing results on this particular test were not possible.

The tetest was used to compzre the mesn scores of the three groups,
The results of this test of signifieance are also listaed in Table VII. A
tevalue of 1.68 was needed at the five per cent level of significance.

This did ﬁoﬁ ocour in any Cisd.

Tn addition to the mesns and the twtost, the reliability eorrelation

bdn

coefficients were computed for the variocus tects. In Taeble VITT, Table IX,
and Table X, scatter disgrams arc used to show the correlation between the
pre-test anﬂ nostetest scores on the Coooserative Algebra Test, the Rassmuse
sen Trigonometry Test, and the Sequential Test of Fdusutional Progress in
Mathematics. The highest cerrelation was recorded on the Cooperative Alge.
bra Test. Ib wes .75. The STEP test had a correlation coefficient of .63,
and the Rasgsmussen Trigonometry Test had 2 correlation of .58.

Qther corrslation coefficients wers comombted and seatter diagrams for

these tests are included in Avvendix C,

SUMMARY
On the basis of the information gathered using a guestionnaire and an
extensive testing vrogram, the groups were fairly well matched,
The backgrounds of the students in each of the three groups appeared
to.be similar, The distance traveled by the students to get Lo the Cene
tral State College vampus, the size of the studentls high sechool gradusw

ting class, and the preparation of the students in methematies, were



SCATTER DIAGRAM:

TABLE VIII

STEP PRE-TEST SCORES V5. STEP POST.TEST SCORES

Fost-test 15-18 19.22 23.26 27.30 3134 3538 39-42 LD-l6

Pre~test ‘ “ . S , - '
3639 / / /
32-35 / / /

2831 / / /117 /1! /1111 /

2427 / // /i /

20-23 / /11 e 1 /

16-19 /1] /11 i /

1215 /! / /

1= 72



TLBRLE IX
SCATTER DIAGRAM: TRIGOWOMETRY PRE.TEST SCORES ¥S. TRIGOHOHETRY POST.TEST SCORES

Post-test

b5.49 5054 55«59 60-64 6569 7074 75-79 8084
Pre-test , . , _ » e —— -
7175 /
66<70 - / /
6165 / - !/ /17 / /
56460 / / / 1!
5155 / /] 1 / | /
4650 / /1 111/ /
§145 /1] / !
3640 /
B o= 42
r = 59

&4



TABLE X

SCATTER DIAGRAM: ALGEBRA PRE-THST SCORES V3. ALGEBRA POST-TEST SCORES

Post-test ‘ | '

brontost 1519  20.24  25.29 30.34%  35.39 a?“”“,A H 45—@3 5g«54 55-59
G55 | / /
b5-49 /! / // /

B / /! /! /1]

35-39 / /17 /] 111/ /

3034 / /1] /11 11

2529 /! /1 11111117 /

2024 /! /! /1 /7 /

1419 /11 111/

N =72

r = 475

&
o
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all noted to be cquite similar.

One factor which might have been 2o significant one, is the choice
of major field of stundy. However, according to information gathered in
the questionnaire, approximately the same mamber of students in each
group indiested an interest in pursuing & mathematiecs ma jor, pre«engineer-
ing, or a nrofessional field of study.

Grades, which might be an indicator of student interest and potentiszl,
were also evenly distributed between the three groups. Only students with
meaningful grades of A, B, C, B, or F were ineluded in the study.

On the basis of the t-test, no significant differences were noted
betwecn the three groups with regard to the pre-test sequence at the five
per cent level of significance,

The correlation coefficients indicate a fairly high correlation
between the pre=tests znd postetests in algebra, trigonometry, and genw
eral problem solving ability as measured by the Cooperative Algebra Test,
the Rassmussen Trigonometry Test, and the Sequential Test of Edueational

Progress in Mathemztics,



CHAPTER IV
STATISTICAL TREATMENT OF THE DATA

This study was conducted to answer the following guestion: Which one
of three approaches would be most effective in teaching the Introductory
College Mathemotics Course at Central State College; 1) the conventional
approach, <2} the vector spproach, or 3) the set theory approach?

Each of these approaches was defined end discussed in Chanter I.

The criteria which were used in making the decision relative te the
approach used were algebrale manipulation, trigonometric achievement,
and general problem solving ability.

The Cooperative Algebra Test (Form Y) was used to measure the
student's performance with regard to algebraic msnipulations The Rassa
mussen Trigonometry Test (Form B wss used to measure achievement in
trigonometry. The Sequential Test of Edueational Progress in Mathematies
(Form 1B) was used to determine the student's cspabilities with regard
to general problem solving.

A pre<test seguence had been comnleted by the first week of the
experiment, The students were administered the Cooperative Algebra
Test (Form 7}, the Rassmussen Trigonometry Test (Form A}, and the STEP
Test in Mothemsties (Form 1AY. During their senior year of high school,
the students had been given the ACT Program which consisted of subetests
in mathematics, BEnglish, social studies, and natural science. A come
posite scores is also computed on the basis of the raw scores made on

the ACT Program,
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In addition to theése tests, the Otis Self-Administering Intelligence
Test was also given. The results of this test were used only for deseripe
tive purposes.

Using the raw scores attained by the students on the various tests,
the following hypotheses were tested:

Hy « There will be no significant difference in the mean scores
of the three groups at the end of the experiment with re
gord te algebraic wanipulation at the five per cent level
of significance. :

There wlill be no significant difference in the mean secores
of the three groups nt the end of the oxperiment with re-
gard to achievement in trigonometry at the five ner cent
level of significance,

H., « There will be no significsnt difference in the mean scores
of the three groups at the end of the experiment with re.
gard te ability in general problem solving at the five per
cent level of significance,

In order to determine which tywe of anzlysis would be most benefi=
elzl in this situation, t-tests were run on each of the tests in the pre
test secquence. No significant differences were found between the mean
scores of the set theory group, at the five per cent level of significance,

On the basis of this evidence, it was nossible to assume that the
sample is, in fact, a randomly drawn sample from & given population,
namely the set of all freshmen students enrolled in the Introductory
College Mathematics Course at Central 3tate College during the fzll semesw
ter of 1963,

Although there were no significant differences in the achievement
~of the three groups as measured sy the American College Testing Program,
and the pre-test seguence in algebra, trigonometry, and general problem
solving, the analysis of covariance appeared to be the most appropriate

way of analyzing the data obtained from the testing program.

In using the analysis of covariance, the difference between pre-test
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and postetest scores regarding the particular trait, algebra, trigonometry,
or problem solving ability, was noted. This difference was then incor-
porated into the zmalysis, |

The way in which this‘was done was to corbine both test scores in a
linear operation, If Y, were the post-test score and Y1 the pre«test
score, then the adjusted score wzs egusl to ¥ = (Y2 - Yi) + k, where
k is 2 positive constant,

The adjusted Y score then became the postetest resullt and the AGT
score in mathematies was used as the pre<test score,

The value of k for all three traits, algebraic manipulation, trigoe.
nometric achievement, and general problem solving ability, w2s thirly.

Testing Hypothesis H,. The hyoothesis, Hy, stated that there would

be no significant differences between the mean scores of the three groups
with respect to the scores attained on a test of algebraic maninulation.
Using a random table of numbors, one of the scares from each group
was discarded. This was done to stabilize the analysis.
The computation for ihe inalysis of covaricnce was conducted, Table

XI shows this analysis, 6
3' :

29.8

The F.test yielded: F = W21 < F M4 = 2,65, .05

An Fevalue of ,121 is not sufficient evidence to reject the hypothe
sis that there are no signifieant differences between the mean scorss of
the three groups with regard to algebraic manipulation.

Testing Hynothesis gg. The hypothesis, HZ, stated that there would

be no significant differences between the mean scores of the three groups
with respect to the scores attained on & test in trigonometry.
In this particular anslysis, only fourteen scores were used from

each group sinee this is the nunber of students who had had previcus



training in trigonometry, For the rest ol the samnle, the ore-test in

W

trigonometry was not a valid measuring device because these students ha

not had any experience with trigonometry.

TABLE XTI

ANALYSIS OF COVARTANCE: ALGEBRAIC MANIPULATION

Source df Sur of Squares Mean Squares SD
Among Heans P 7e2 3.6
Within Groups 65 1935.1 29,8 545

Again a2 score was randomly omitted from each of the three groups in
order to oblein s higher degree of stability in the statistical treatment
of the (u‘f?:‘j

The computation for the analysis of coveriance was conducted, The

information gathered from analysis is shown in Table XII.

- Fabest H D - == g, Yo - 7
The Fubest yielded: F = —gpls = 1.8 < 325 = 35,.05

An Favalue of 1.98 is not sufficient evidence to reject the hypothe
sis that thers are no sipnificaont differences between the mean scores of
the three groups with respect to trigonometric schievement,

Testing Hywothesis g3° The hypothesis, H3, stated that there would

not. be o significant difference belween the rean scores of the three
groups with respect to the scores attained on a test of general vroblem
solving ability.

A single score was omitted from sach group in order to lend stability
to the analysis.

Table ¥III shouws the data as related to the snalysis of covariznce,
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TABLE XIT

AHALYSIS OF COVARIANCE: TRIGONOMETRIC ACHIEVEMENT

Source daf Sum of Squares Mean Squares Sp
Among Means 2 266.9 133.4
Within Grouns 35 2,369.5 67.7 B2

TABLE XIII

ANALYSIS OF COVARIANCE: PROBLEM SOLVING ABILITY

Souree daf Sum of Squares Mean Squares 3D
Among Mesns 2 22.1 : 11.1
Within Groups 65 1,427,0 22,0 4,7

1e Fetest yi ds SR | Y R A = )
The Fetest yielde F —55%5 505 < 3.1 2,65,.05

An Pavalue of .505 is not sufficient svidence to reject the hypothew
sis that there are no significant differences between the mean scores of
the three groups with regard to achievement in general problem solving

ability.

The purpose of this study was to investigate which of three different
approaches to the study of the Introductory College Mathematics Course

would be most effective, The three approaches were: 1) the conventional
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approach; 2} the vector avproach; or 3) the set theory aporoach,

& A

The eriteriz used in making this decision were: 1) algebraic manip
ulation; 2} trigonometric achievement; and 3} general problem solving
ability.

Tests were given pfior to the experiment in order to mezsure these
traits. The t-test was used to determine whether or not there were any
significant differences between the three groups in any respect. No
differences were found,

On the basis of this information, the anclysis of covariance was
used to test three hypotheses., These hypotheses stated that there would
be no‘significant differences between the mesn scores of the three grouns
with respect to algebraic wanipulation, trigonometric azchievement, and
general problem solving ability.

In the analysis of covariance, the Fatest failed to indicate o sige
- nificant difference between the mean scores of the three groups at the
five per centllevel of significanee. The hypotheses of no significant
differences between the mean scores of the three groups with regard to

scores attained were not rejected,.



CHAPTER V
INTERFRETATION OF RESULTS

This study was conduclted to answer the following question: Hhich
one of three approaches would be most effective in teaching the Introw
ductory College Mathematics Course at Central State College: 1) the
conventional avwroach, 2) the vector approsch, or 3) the set theory
approach?

The Introductory College Mathematies Course wes defined as that
five-hour course in college mathematies which ineludes the study of the
basic elements of zlgebra and trigonomotry.

The conventional annroach to the study of mathematics was defined
as that appraaoh,which hzs been used during the part twenty<five years
in many of our secondary schools, colleges and uniéérsities.

The subject mattor which 15 taught in the Introductory College
Mathematies Course could slseo be developed using vectors or set theory.
The approach which is used could be an immortant factor in the design

af the methemoties currieculum.
Summary

This study was an experimental study. The samole was chosen from
a group of freshman students who met the following stondards.

1) They were freshmen who were enrolled in their first college
mathemrtics course, '

2} They were gradustes of 2 high school in the United States
during the spring of 1963,

5t



3} These siudents had chosen mathematics, pre-enginecring, or
pre=professional work as their major field of study,

b}  They had taken the American College Testing Program prior to
their enrollment at Central Stote College.

The population was defined to be the set of 21l freshman students
at Central State Qollege who were enrolled in the Introductory College
Mathematies Course during the £211 semester of 1963.

The sample consisted of 72 students, This szmple was divided into
three sube-grouns of 24 students each. One of the groups studied the
course material using the conventional ap reoach, The sscond group used
the vector sovovroach, and the third group studied the material utilizing
the theory of sets,

The duration of the experimeni was one semester,

The students were tested before and after the neriod of instruction
in order to note any cheanpges which could be attributed to the particular
approach used,

The pre«test segquence included the Americen Testing Progrem, the
Cooporative Algebra Test (Form Z), the Rassrussen Trigonomeiry Test
(Form A), and the Sequentinsl Test of Eduecational Progress in Mathemetices
(Form 14).

The ACT Program was administered to the students during their senior
year in high school. The results of this tesfing progran are used for
placement purposss in the colleges and universities of Oklshoma,

The post-test scquence consisted of the Coopsrative Algebra Test
(Form Y), the Rassmussen Trigonometry Test (Form BJ, and the Sesuential
Test of Edueational Progress in Mathematics (Form 1B).

The eriteria which were used in making the cholce regarding the most
effective aprroach are as follows: 1) algebraic manipulation; 2) trigo-

nometrie achievement; and 3) general vroblem solving ability.



The Coonsrative Algebra Test nmeasured the studentts ability to
handle basic algebraic manipulations., The Rassmussen Trigonometry Test
was used to measure the student's achievement in trigonometry. The

»

Sequentisal Test of Edueational Progress in Mathemsties

measure the student's ability in general problem solving.

The instructors for the three groups were chosen on the basis of
interest in the study, background with regard to mathematiesl preparce
tion and teaching experience, and 2 declared interest in teaching the
course using one of the three aporoaches,

In treating the data statistieally, the t-test was utilized to

. .

determine whether or not there was a significent difference betweecn the

three grovps with respect to the scores achieved on the pre-test seouence,

Ho signifieant differences were found at the five ner cent level of

On the basis of evidence obltnined, it was assumed that the sample
was actually 2z random sample from the defined population and thot eny
deviations would in fact be due only to chznee Lactors.

Uperating on this zssumption, the dote was trected using the ansle

< ysis of ecovariance,
Conclusions

Three hypotheses were tested in this exverimental study. They

were:

Hy = There will be no significant difference in the mean
scores of the three groups 2t the end of the exveriment
with regard to algebraic menipulations 2t the five per
cent level of signifieance.

Hy = There will be no significant difference in ihe mean
scores of the three groups at the end of the experiment
with regerd to achievement in trigonometry st thse [ive
rer cent level of significance.
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HB ~ There will be no significant difference in the mean
scores of the three grouns at the end of the exper
iment with regard to ability in general problem
solving a2t the five per cent level of significance,

In each ease, 2 value of F = 3.14 was needed in order to reject
the hypotheses of no signifiecant difference between the mean scores of
the three grouns at the five per cent lavel of significance.

With regard to algebralce manipulation, the Futest indieated an IP
value of .121.

The hypothesis of no signifieant differences between the three
groups with regard to algebraic manipulation was not rejected.

With regerd to achievement in trigonometry, the Fotest yielded an
P value of 1.98.

The hypothesis of no significant differences between the three
groups with regard to trigonometrie achievement was not rejected.

With regard to general problem solving ability, the Fatest yielded
an F value of .505. -

The hypothesis of no sisnificant differences between the three
groups with regard to general problem solving 2bility was not rejected,

One of the limitadions on this study was the noture of the testing
instruments., Bach test favored the conventional group., It was not
possible to use a tést which could measure the student's ability to
manipulate vectors, or sets, as this test would be meaningless for the
students using the conventional approach,

Keeping this in mind, and realizing that there were no significant
differences between the three grouns with regard to algebraic manipue
lation, trigonometric achievement, and general problem solving ability,
the following conclusions were reached:

1} It appears that the students who study the Introductory College
Mothematics Course at Central State College using the vector



approach or the set theory anprosch will have gained more
subject-matter wise, thon those students who are instructed
using the conventional approach,

2} It appears that the students studying algebra and trigonometry
using vectors or sets score comporobly with the group using the
conventional approach with regard to basle zlgebraice manipulaw
tion.

3} It appears that the study of algebre and trigonomelry using
vectors or sets does not limit the student in achieving in
trigonometry.

4} With respoet to general problem solving ability, no significant
differences were noted., It appears that the approach to be
used in this case would be arbitrary.

5} The fact that there were no signifieant differences between the
two groups using the veetor and set theory approach could lead
to some gquestlion 25 to which one is more effective. At this
time, it appears that the choice agsain is an arbitrary one,

The cholce would depend to a certain extent upon the curricular
design into which the approach would be incorporated,

Imlications

While the sample for this particular experiment was 2 smell one,
and the populatiocn was chosen from a single institubtion of higher learne
ing, some benefits can undoubtedly be derived {rom it.

A greast deal of research is necded in order to find better ways and
means to teach mathematies st the secondary school level and in our
eolleges and universities.

This study could serve as 2 pilot study for further studies which
could culminate in an ultimate solution to this and similar problems.

More snd more advonced mathematical ideas are being introduced inte
the seeondary schools and into the first two yesrs of the collepge program.
How much mothemnties can be taught, and to whom, will be gquestions which
will need to be answered.

Research studies such as this one could be beneficial in this

respect,



Recomendations

Several aspeets of this study suggest areas for further vesearche

Some of these ares

1)

3)

h)

5)

Thoere is & definite need in the field of mathematics for stond-
ardized tests to measure the various aspects of student achieve-
ment in mathematies. These tests need to be structured so as
not to be biased toward any one approach in the study of mathew
maticss

There is o definite need for this experiment to be replicated
in a number of colleges and universities with a larger sample.
& more rigorous testing wrogrem should be adhered to in order
to evaluate finer differences in student growth.

A study of this type shounld be followed by a study analyzing
the studentts achievement in a subsevuent course. Mony of
thess students will teke 2 course in caleculus, How they
achieve in this course after having exnerienced the vector or
set theory appreach could be significant.

More interwdepartmental cooperation is definitely needed in

order to design courses such as this one, using conventional
means, vectors and/or sets, which can be used by scientists,
sostal scientists, psychologists, business students, as well
as by o mathematics major,

A& closcr look at the mathemstics curriculum is needed. It is
possible that the entire four yewr program should be rewrititen
to overcome duplication, eliminote unnecessary areas of instruc«
tion, and improve instructional technioues,



BIBLIOGRAPHY



61
BIBLIOGRAPHY

Allendoerfer, Carl B., and Cletus O, Qakley. Principles of Mathematics.
New York: Melraw.Hill, 1963,

American College Testing Program. Using the ACT Scores on Your Campus.
Chicagos Science Research Associates, 1960,

Baker, I.C. "Not What Can be Tought, but that Should be Taught." The
Amerdican Mathematical Monthly, LXIX (May, 1962), &26@28.

Begle, E. G. "The School Mothem-ties Study Group,” Mothemnbices Teacher,
LI {December, 1958), 616.18,

"4 Study of Mathemotical Abilities," American Mathematical
Wanthlz IXIX (December, 1962}, 1000~02,

Bernstein, Allen L. "Recent Research in Mathematies Teaching." Michipgon
Education Journal, XL (November, 1962}, 262.73,

Birnbaum, Z. W, Introduction to Probability and Msthematical Statistics,
New York: Harper and Brothers, 1962,

Buck, R. C. "The CUPM Citalog Survey.® The American Mothematienl
Monthly, LXIX (April, 1962), 30406,

Batler, Charles H., and Lynwood Fe Wren. The Teaching of Secondary
Mothematies. Wew York: McGrawuﬂlll, 1960,

Copeland, Arthur H., Sr. Geomctry, Algebrs, and Triconometry by Vector
Methods, Hew York: MaeMillan, 1962,

Christilles, W. E. "The Need for an Emphasis Upon Creative Development
in the Teaching of Hathematies,® The American Mathemrtical
Monthly, IXIX (&pvll 1962}, 308=09.

College Entrance Ixamination Board. A Description of the College Board -
Achievement Tests. Princeton: College Entrance Examination Board,
1962,

Cook, Desmond L. The Relation of Possible Hawthorne Effsct Components
Yo Stages of Bxperimental Invesalratlan. Lolumbus: Ohio State
University, 1962.

Cunninghame-Greene, Raymond. "Industrial Mothematies.' The Mathemae
tienl Gozette, XLVI (Mmy, 1962), 106.10.

Dixon, Wilfrid J., and Frank J. Massey, Jr. Introduction to Staolisw
tical Analysis. New York: MeGrowlill, 1957,

Drew, J, Williem. "The Mathematies Curriculum in the Small College,”
gge Ameriean Mathematiceal Monthly, IXIX (August-September, 1962),
L,




L
™

Eves, Howaxd,
Rinshort nnd Comy_

Hewr Yorks:

& ,,.110'[1,, C: L’qu
The

3

Fisher, Hoherit C.; end Allen U, Ziebur. Inteproted Alpebra

nomstry. Inglewood CLiffs, HoJ.: Prentice-Hall, Tnce, 1

]

dern Dlementary Stoticsties,

Inn.. 1)00.

ﬁround, John B,
Prontioaiisl

L..J B

Garrett, Henry . Stotistics in Poyvehology and Udueatlon. New York:
Longmnns, hroeq sl Com y 1958,

Dictionary of Uducation. iHew York: HelrawoHill, 1945,

gee "Advineed Placement Mothemntics - For thowmt"
I + nt £ 5
Peachor, LV (Wovember, 1982, 560-66,

Hoel, Paul G, JIntroduction to Mothematicsl Dbotistics. Hew York: Wiley,
1957,

il Y, El@men s of Statisticenl Inference Boston:

Huntsherger, Dav of
Bzcon, Inc., 196

Moy, Kemmeth O, "Small Versus Lorge Closses," The imericon Mothematicesl

Honthly, LXIX (May, 1962), 4j3wg&.

Milligen, Merle. "in Inguiry into the Selection of Subject Mz
Content for Collepe Freshm:n Mathe: T (Unpub, Ed.De dissertoe
tlon, Qllohoms State Universi

Marray, Fo do ”T&xﬂ tion for
Mo thomationl ]

Necley, Jo Hoe "that to do About o Hew Kind of Freshuon,'
Mbthemrtical Yonthly, LXVI (ugptemmer. 1959), 5u+muu.

e U4 Generation of High Schonl Cnleulus,.® Amoriesn Hothemnw
tic-l Monthly, LXVITI (Decth sr, 1961), 1004-05,

Recommenditions on the Urdergroduste Progrsm fov Enginecrs snd Physieists
hematicsl Uonthly, LXIX (May, 1962), 339.47,

k3

The Ameriean B

Rourrers, Herman Heary, ¥.L. Gage, ond J. F. Rumzele A Procticsl Imtroo
duction to Mensuroment and fvainetion. New York: Harper ond
Brothers, 1100.

Research Desira ond Annlvsis. Second Armrmanl Phi Delis K
ont Bdueztionzl Resenrch, Bloowington, Indiznos Ph¢ D'L

Inc., 1961.




63

Rosenbloom, Paul €, "Implicotions for the Colleges of the New Schocl
Programs." The Ameriesn Mothemntiezl Monthly, IXIX (April, 1962},
255259,

o "arge Senle Experimentation with Mothematics Curriculum.”
Research Design and Anslysis. Eds. R. O. Collier and S. M. Elam,
Second Amnusl Phi Delts Kn TS SJMGOulum en Edueatieonal Hssearch,
¢he 1 B,. 1961' Phe )*10.

Senford, NWevitt. The American College. New York: John Wiley and Sons,
Inc., 1962,

*The Suceessful College. " HEA Journzl, (November, 1962}, 11,

b AR,

Smith, Robert E. "A Desk, Some Chairs, 2nd 2 Blackbosrd.® The American
Mothemoticol Monthiy, LEIX (Augnst.Sentenmber, 196/). 55863,

Snedecor, George W. Statisticn]l Methods. Awmes: Towa State College Press,
1959,

Steel, Robert G. D., and Jomes H. Torrie. Princioles snd Procedurss of
Statistics. MNew York: MeGrow-Hill, 1960,

Steller, Bs T. "Should There Be A Choice of Questions in an Bxamination
Papert® The Mathematicnl Gazette, XLVI (February, 1962), 1314,

Tuenty-5ixth Yeorbook. Rvaluotion in Mathew-ties, Uashinghtons
National Council of Teachers of fHathem:tiecs, 1961,

Ulmer, Gilbert, and Doncld Eillotsome "The Tecching of Mathenatics at
the College and University Level." Rewvicuw of Educatlional Research,
XXXT (Junb, 1961), 3th.22,

Van Dalen, Deobold B. Understending Hducstional Research. Hew York:
MC‘ frc_‘T'Y-EIlll F) 1962 'y :

Van Bngen, Henrey. "Plans for Reorganizotion of College Presaratory
Methematies" Sghosl Science and Mothemotics, LVIIT (April, 1958},
279.

Watson, Goodwin., "What Do We Know About Learning?® HEA Journsl, LIT
(Mareh, 1963), 20.22,




6l



APPENDIX

Appendix A

A Questionnaire

65



MATHEMATICS QUESTIONNATRE

Name ) . Age
(Tast) (First) (MI)
High School where Graduated Ir. of Graduation )
Home Town ‘ , ' _Size of High School
(City) (State) Gradusting Class
Iist the mathematics eourses you took in high sehool:
Course No, of Semesters

1e '

24

3

b,

Se
List the msthematics coursss offered hy your high school bubt not taken

What is your clase standing at Central State College?

{(i.e., First semester freshman, second semester freshman, etc.)

At the precent time, whot is vour intended major(s)?
(i.e., Mathom:tiscs, Physics, Pre«engineering, ete,)

1.

2,

Intended Minor(s)t

1.

Z,

List any mathematics courses you have taken at Central State College
prior to this course:

1.

Ze
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TABLE XIV

TS NPACEPNIOOTI QNSRS T Sy Ly A SYYIFE TR A AT L
ES:  STUDENT SCCRES OO COOPERATIVE ALGERRA TEST

Student Conventional ) : Vectors ) , _ Sets o
HO e Pre-test Pogtmtest _ Pretest Postutest Pre~test Post-test

51 58 b6 45
46 32 31 37
L3 47 38 31
3 27 41 45
42 L2 22 18 32
b7 53 39 ha 31
33 34 28 32 31 34
26 26 15 25 3 35
45 42 17 21 383 ho
10 38 46 34 37 36 37
11 23 20 35 il 52 50
1z 24 31 31 22 2% 19
13 28 32 33 24 26 B
14 28 3% 36 32 28 26
15 25 24 35 39 32 24

17
33
34

fe
@40

P Po D

e
e

IR A I
I ON DD O )

OGO O U o

16 ) 10 15 23 2 3
17 22 26 34 i1 32 35

18 36 33 42 33 17 27
19 29 g1 2l 25 31 38
3) 28 1 240 2 37

1
21 3k 39 42 48 2 L
22 33 3G ) 34 22 20
29 15 27 22 27 30 35

2l 26 22 1o 36 27 32

24 24 24 24 2h

H
[\

89



TABLE XV

RAYW SCORES: STUDENT SCORES ON RASSHUSSEN TRIGONOMETRY TEST

Student Conventional , Vectors Sets ‘

Ho. _ Pre.wtest = Postetest Pre.test Post-tost Prestest Pogt=test
1 69 83 54 82 56 70
2 — 40 61 72 — 60
3 61 71 - 63 54 58
4 45 58 65 79 - 57
5 —— 39 - 54 62 58
6 74 79 64 69 - 62
7 - 65 - 62 59 68
8 - L"B - 51 e 48
9 52 55 51 57 49 52
10 56 67 53 61 55 54
11 o 57 €9 75 68 82
12 — 48 42 65 5l 50
13 - 59 . L5 - L6
o e 63 59 68 L5 57
15 57 53 - 63 48 57
16 SH 46 -— 50 - 59
17 50 63 ) 60 - 49
18 - 49 57 69 — 59
19 39 5 Lé 61 65 72
20 56 68 -— 50 59 63
21 4o 55 - 57 58 L6
22 43 59 L5 B —— 49
2k — val 62 65 e w1
B o= 14 24 1% 2l 14 24
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RAW SCORES:

STUDENT SCORES OW STEP TEST IN MATHENA

TABLE XVI

TICs

Student Conventional Veclors ‘ Sets v
_Ho, Pre.test Post.test Pre.test Post«test Prestest Post-test
1 28 s 53 27 30 34
2 29 36 32 Z29 28 32
3 32 71 17 27 19 21
b 19 17 30 38 29 37
5 26 30 17 25 26 51
& 390 33 30 29 2l 25
7 23 Z1 25 35 24 22
8 26 17 19 23 26 33
9 23 35 21 29 25 28
10 38 i3 28 26 22 26
1l 13 25 33 36 28 39
12 27 24 20 30 25 34
13 21 19 19 18 25 26
14 19 24 23 25 26 27
15 15 20 25 27 21 25
16 29 31 1k Z8 19 25
17 20 17 22 28 23 28
18 20 z25 36 34 17 21,
19 pal 22 16 17 24 27
20 12 23 16 22 28 22
21 30 29 29 36 24 27
22 23 27 30 30 2h 24
23 13 19 26 26 24 28
24 22 24 18 33 25 20
§= 24 24 24 24 28 24
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TABLE XVII

RAW SCORES: OSTUDSHT SCORES QN ACT PROGRAN

Student dathematlos English , Social Studies Natural Science - Commosite
No o _Conv, Vectors Sets Conv. Vectors Sets Conv. Vectors Sets Conv, Vectors Sets Conv, Vectors Sets
1 25 24 23 22 23 18 28 15 22 31 21 20 29 21 21
2 26 19 13 18 16 20 15 15 22 23 17 2B 21 17 21
3 19 25 20 9 23 16 14 20 11 19 26 17 15 24 15
L 17 21 24 16 15 23 25 15 16 20 18 21 20 17 21
5 24 18 14 24 pl 18 21 1l 16 28 13 23 Zh 14 18
6 22 28 19 26 18 19 15 15 18 20 20 16 21 23 18
7 23 23 14 17 18 18 15 28 16 17 22 23 12 23 18
8 28 17 23 27 9 18 29 15 20 25 18 18 27 15 29
9 18 18 14 14 20 18 11 15 16 13 22 23 14 19 18
10 2h 23 23 24 25 22 25 28 21 23 29 26 22 26 2
11 14 20 28 11 20 17 17 22 16 18 27 24 15 22 22
12 19 24 20 9 20 16 14 15 11 19 23 17 15 21 16
13 20 16 22 18 13 23 15 4 22 18 7 23 i8 1z 23
14 22 17 23 17 17 25 17 20 22 21 24 20 19 20 23
is5 23 20 26 17 9 18 15 1l 16 17 12 17 18 13 19
16 21 16 27 18 21 23 29 20 21 30 20 26 25 19 24
17 20 25 18 14 22 20 10 22 15 24 28 18 17 2h 18
18 2k 25 21 21 19 15 15 25 15 13 28 18 18 24 17
19 19 22 273 17 7 20 4 11 20 19 15 25 17 1L 22
20 17 16 18 16 16 20 25 17 15 20 15 20 20 16 18
21 26 18 24 22 16 24 20 15 24 28 22 25 2l 18 2l
22 22 28 24 19 18 10 20 20 17 19 30 25 29 24 19
23 14 21 21 18 18 20 16 19 24 15 21 13 16 20 21
24 23 22 21 17 18 18 23 20 18 21 28 20 21 20 19
B = 24 24 24 24 2h 20 24 24 2l 20 24 2h 24 24 24
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TABLE XVIII

SCATTER DIAGRAM: ACT MATHEMATICS SCORES V3. ALGEBRA POST.THST SCORES

Seores 16..26 21=25 2630 31-35 36440 41.;&:,5 4650 5155 5660
2530 / / / /
25-27 / /111 / / | /
22424 / 1111 // T/ VT ) /! / |
19-21 / | /1] 1 1 /] /
16.18 /! /1111 /] /! / / /
13-15 / | / /] /]

=172

r = 33

197



TABLE XIX

SCATTER DIAGRAM: ACT MATHEMATICS SCORES VS, TRIGOHOMETRY POSTLIEST SCORES

Seores 35-39 Looldy 4549 50-5% 55.59 6064 65.69 7074 75=79 80-84

28-30 / / / /
25.27 / /1 /! /! /
22.24 |/ /111 /! /11 I / /
19-21 / /1] // /7] / /! /!
1618 /! /i /
13-15 / /! /1

§=72

r = .27

Hid



SCATTER DIAGRAM:

TABLE XX

ACT MATHEMATICS SCORES V3. STEP POSTTEST SCORES

Scores 1518 1922 23.26 27-30 3134 35-38 39-42 L3446
2830 / / » /
25.27 // /1] / / /
RZ w2l / /! [1117LE 1 111 /1] /
19~21 / {1117 /1] /1 /1] /1]
16.18 // /] /1] {1/ /]
13-15 /] / / /!
No=72
r = ,26

|2



TABLE XXI

SCATTER DIAGRAM: ACT COMPOSITE SCORES VS, ALGEERA POSTLTEST SCORES

Scores 1519  20-24  25.29  30-3%  35.39  A0-B4 BS.49 50-5% 5559

2932 /
25.28 / / /
2124 / / /! 1 1 [ 1 /!
17-20 /111 [y i 1 / /!
1416 /! /! /11 /! / /
10-13 /
W=7
r = 38

94



SCATTER DIAGRAI:

TABLE XXII

ACT COMPOSITE SCORES VS, STEP POSTWTEST SCORES

35-38

Seores 15«18 19.22 2326 27-30 31.34 3942 4346
2932 /
25.28 / /! /
212k / 1 1 T /117 /!
17-20 /! 1111111 111 /1111 /1] i :
1316 / !/ /117 / 1/ /

Gul2 /

H =72
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