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PREFACE 

A pressing problem in mathematics education today concerns itself 

with curricular resea.:t"ch.. I:1ore and more ma.them!itical discoveries are 

·being m~de annually and the student of mathematics should be instructed 

in such a way that he can benefit from these discoveries. 

This study has been conducted in the hope that the e·vidences pre

sented will be beneficial to the improvement of instruction in ma the

matics., both at the secondary and college level. 

The study was experimental in nature. It was conducted at Central 

State College. Edmond, Oklahoma, during the fall semester of 1963. 

The purpose of the study wa.s to determine which one of three 

approaches would be most effeetivo in teaching the Introductory College 

Mathem-1tics Course: the conventional approach, the vector ap9roach. or 

the set theory approach .. 

Indebtedness is acknowledged to Dr. W. 'fni'a.re Marsden, who served as 

chair:m£l.n of my advisory committee. for encouraging my interest in the 

problem and for his guidance throughout the study; to Dr. Richard 

R-3.nld.n and Dr. J •. Paschal Twyman for their suggestions and guide.nee 

relating to the statistical treatmont of the data; and to Dr. Richard 

Jungers and Hrs. Helen Jones for their assistance in the completion of 

this study. 

The author is e;ri'.leeially grateful to Mrs. Dorothea !J1.eagher? Chair

m-1.n o:f the Department of lhthe:matics .. Central State College, and her 
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staff without 'Whoso cooperation this study w-ould not have been possible. 

To those persons who offered encouragement and helpful suggestions, 

the ,suthor is also grnteful. 

To those members of m.y family who ha:ve aided rne in attaining this 

goal, I ce.n only st,y thank you. 'Do my wife, Sondra Jo, viho by her un

selfish sacrifices and encouragement contributed be:1ond wo:rds to the 

completion of this study, I aga.in humbl,y express my thanks. 
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CHAPTER I 

THE PROBLEM 

Introduction 

Mathematics is a branch of learning in which all or the major 

theories of two thousand years a go are still valid, yet never before has 

there been such a flood of fresh ideas. 1 Mathematics is also one of the 

fastest growing and most r adically changing of all the sciences. 

It should be noted that ma thematics 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 ha.s pre-

dieted and shown how to control r adio 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 ha.s begun to secure a portentous grip on the universe.2 

As the human r ace 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 Ma.thematics (New York, 1959), 
P• 17. 

2Morris Kline, M-l thematics and~ Physical World (New York, 1959), 
P• 9. 
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will require mathematics to compute tra jectories and t he time of rendez-

vous with the particular planet to be visited. The thrust of the space 

vehicle and its capacities f or fuel and supplies will all be arrived a t 

by the use of mathematical formulas . 

In the field of computer t echnology, great strides have been made. 

Computers have been bui lt which Hill do 5,000 additions a second for 

hours or days. At present, computers can solve problems much f aster and 

more accurately than human beings can. These computers can solve problems 

tha t a man's life is f ar too shor t to permit him to do.3 

Addi tion i s not the only operation t hat can be done. These "br ains" 

can also multiply, subtract, divide, and r etain information which might 

be useful in solving future problems. Their applicability i s quite 

extensive. They have been used i n solving probl ems dealing with traffic 

flow, communica tions, sa tel lite tracking, and other rela ted problems in 

such fields as physics, economics , education, and i ndustry. 

The Historical Development of .Mathematics. Mathematics has been a 

series of changes , adaptat i ons , a nd alter a t ions . What we now take for 

granted mat hemat i cally would have as tounded the mat hematicians of the 

past. This i s not because the mat hematicians of today are so outstanding, 

but r a t her t hat t he bases f or pr esent day s t udies have been l aid by such 

men as Euclid, Gauss, Newton, Leibnitz, Des cartes, Hamilton, Cantor, and 

others. 

One of t he f i r s t concepts to be of gr eat s igni fi cance was t he one

to-one correspondence.4 This idea was us ed by the sheepherders of 

3Edmund Callis Berkeley, "Giant Brai ns", ! Tr easury 2f. Sci ence, 
(New York, 1959), P• 216. 

4Francis J. Mueller, Arithmetic, Its Structure and Concepts 
(Englewood Cliffs, New Jersey, 1956), p.2. 



yore in keeping track of their sheep. For every sheep let out of the 

pens, a rock was pl aced 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 lim.i t a tions 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 ma.thematics 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 t he 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 mathematics 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 Euclid. It is said that, 11Euclid 

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 accumula ted ffe.thema.tica!7 knowledge of his time."; In his 

Elements, Euclid compiled most of the work in mathematics which had been 

. done up to his time, approximately JOO B.C. 

For nearly t wo thousand years, Euclid reigned supreme in mathema

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

.5o.E. Smith, History of Mathematics (New York, 19.56), p. 102. 



Bolyai, and Nicolai Lobachevsky simultaneousl y devel oped a new geometry 

which was properly titled, Non-Euclidean Geometry. 

Of t his discovery Bolyai said: "I have made such wonderful discov

eries that I am nzy-sel:f lost in astonishl!lent; Out of no thing I have 

created a new and another world."6 

Then, in 18.54, George Riemann reworded the fifth postulate of Euclid 

to s tate: Through a given point outside a given l ine, no lines can be 

drawn paral l el t o the given line. This again revolutionized t he mathe

matical community and gave birth to elliptic geometry. The basic 

properties of this t ype of thinking led to space curves and eventually 

Einstein' s theory of r el at i vity. 

Calculus has been one of t he ma jor accomplishments of man. The 

invention of the calculus in the seventeenth century initiated a long 

and exceedingl y productive period of research in both pure and applied 

ma.t hematics, f inally growing into the theory of functions of a real and 

of a complex variable, the study of differential equations, elliptic 

functions, differential geometry, and other concepts. These subjects 

proved to be of t he greatest interest, not only for the further develop

ment of pure ma. t hematics, but also for t heir applications to t he physical 

world. Newton and Leibnitz are credited with the di scovery of calculus. 

Between 1871 and 1874, Georg Cantor created a completel y new and very 

special ma t hematical discipl i ne, the theory of sets. A set is actually 

nothing more t han a collection of elements, but t he usefulness is f ar 

reaching. The concepts of set t heory have been very beneficial in the 

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

6Kline, Mathematics in Western Culture (New York, 1953), P• 410. 
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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 t wo 

corresponding points is the same for both triangles. 

Using sets, a person can describe both tinit~ and infinite sets. 

The relationship between sets can be s tated in the binary operations 

union and intersection. For example, the union of t wo sets A and Bis t he 

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 t he elements which are common to both. 

These opera tions are associative and commutative, two properties 

which are highly desirable in any mathematical system. 

The study of topology and modern al gebra are s teeped in set theory. 

Probability and s tat istics 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 mi~,h,t result. In tossing two coins, the elements 

ot the sample space would i nclude two heads, a head and a tail, a tail 

and a head, and t wo tails. Since there ar~ four el ements in the sample 

space, t he probabilit y of any one of them occurring is one-fourth. 

A popula t ion in an experimental s t udy is an example of a set of 

elements. The sample which is drawn from this populat i on would be a 

subset of the population since, by definition of a subset, every el ement 

in the sample i s an element of the population. 

Hamilt on i s given credit for discovering vectors. As r eported.: It 

came like a n ash, to relieve an intellectual need t hat had haunted him 

for fifteen years.7 Hamilton first called t hem tripl ets. because forces 

?James R. Newman, The World of Mathematics (New York, 1956), P• 162. 
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act in three dimensions. 

Vectors have many applica tions. TI1ey can be used extensively in 

physics, in geometry and trigonometry, and in related areas. 'rhe path 

of a guided missile, for example, can be described in terms of vectors 

as can its velocity and acceleration. Vectors can be incorpora ted into 

the solution of systems of equations, and they can be used readily in 

the simplification of mathema.tical proofs . 

One of the most important f actors concerning vectors is tha t they 

can be defined as an ordered pair, (X1 , X2), which is used in Euclidean 

two-space, or they can be defined as an ordered n-tuple, (X1 ,X2, ••• Xn). 

This represen~~tion is i n Euclidean n-space. 

The world of the mathematician i s not limited to one world of three 

dilllensions, but r a ther to a world of :ma. ny dimensions. Einstein extended 

our concept of depth by adding a fourth dimension, time. 

In solving a system of equations, three equations in three unknowns, 

each equation is written in linear form, aX1+ bX2 + cX3 = d where a,b, c, 

and d are constants. The unknowns x1, X2, and x3 are actually elements 

of a vector, (X1,X2,X3), and vector methods can be used to solve the 

system of equations. 

The solution of this particular system can be illustrated on a 

Cartesian coordinate system in three dimensions. 

Mathematics 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, ma t hematicians have had to invent new branches of mathematics 

and expand t he old ones. A superstructure of fresh ideas has been built 



which people trained in the classical br anches of the subject would 

hardly recognize as ma thematics at all. 

' 

For some people mathematics is an art to be pursued for art 's sake. 

\.Jhether or not this mathematics has any use is of little consequence. 

The very abstractness of mathematics m;i.kes it usetul. By applying 

its concepts to woradly problems, the l'IBtheinatician can oftentimes 

brush away the obscuring details and revea l simple patterns . 

Using mathematics, astronomers are able to calculate the positions 

of the planets at any time in the past or future and predict the coming 

and going of comets. 

In industry, statistioal methods have been developed for controlling 

quality in high-speed indus trial mass production. Mathematics is used 

to evaluate precis el;J telephone, r adio, and television circuits. 

Ma thematics is important to our society. It is important in industry 

where new technical designs require more sophistioated ma.thematics in 

solving related problems. In computer technology. new and improved 

mathematical interpretations are needed in order to develop faster and 

more a ccurate computers. Space travel is based on mathematical 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 ma thematics in their everyday work, the extent 

depending upon their own personal training. 

Mathematics is important to each one of us. Its importance will 

continue to grow as new methods and ideas ar e introduced. 

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

maticians have heen in the habit of correcting t heir errors--and seeing 
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their science enriched r ather than impoverished thereby. This gives them 

the right to contempla te the future with serenity."8 

Trends i!2 ~ Development of Ma thematics Education. Ma thematics 

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 increased in importance. Ma. thematics is no longer an 

activity for t he 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 ma thematics as an intellectual interest 

••• School courses and books have presented •ma thematics• as a series of 

apparently meaningless technical procedures. Such material is as repre-

sentative of the subject 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. 119 

During the past fifteen years there have been several groups which 

have a ttempted to upgr ade the level of mathematical knowledge in our 

elementary and secondary schools. Perhaps the most notable of these is 

the School Mathematics Study Group. 

This group was organized in 1958 with the financial support of the 

National Science Foundation. The work of the School Mathematics Study 

Group represents the largest united effort for i mprovement in the history 

of mathematics education. The project is national in scope. 

8tucienne Felix, The Modern Aspect .2£ Ma thematics (New York, 1960), 
P• JJ. 

9n1ne, Ha tb.ua U.es--4n Western Cultn»e, p . 9. 
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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 mathematics, "Care-

tul attention is paid to the appreciation of abstract concepts, the role or 

definition, development of the precise vocabulary and thought, experim.en-

tation, and proof. Materials arc chosen with the intent to capture the 

fascinating features of mathematics, creation and discovery, rather than 

utility alolU!t-• 10 

With regard to their program in intermediate mathematics, "Careful 

attention has been t aken to give the student some insight into the nature 

of mathematical thought as well as to prepare him to perform certain 

manipulations with facility." 11 

The development of the School Mathematics Study Group material is 

unique in that it represents the combined thinking or many people---

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. 'nle number of our citizens 
skilled in mathematics must be greatly increased and understanding 
of the role of mathematics in our society 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 St udy Group, Newsletter Number !J:., (New Haven, 
Connecticut, March. 1960), p.1. -

11Ibid. 
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so that students will be able in later life to learn the new !rthe
matical skills which the future will surely demand of them." 1 

Writing on behalf of the School Mathematics Study Group. Dr. Begle 

stated; •J:'"It.:J ••• further agrees that the present mathematics curriculum 

is out of phase with the actual need of our students as well as wl th the 

developments within the field of mathematics itself." 13 

Mathematics has changed. The professional mathematician has a deep 

understanding of the modern innovations in his subject matter area . Bu.t 

the student also needs to be aware of these ch~nges. He needs to know 

about sets, vectors, and the other concepts he will encounter in l ater 

life. The school is the best pl ace for him to learn about these t hings. 

According to one mathematicj_an, "Widespread unrest exists among 

professional ma thema. tioia.ns and educators regarding the present mathematics 

curriculum. This unrest is primarily due to the changed and changing 

nature of rnathem.i tics and its content, and to criticisms regarding the 

effectiveness, efficiency, coherence, and applicability of the tradi

tional courses." 14 

There ar e three other groups which have undertaken projects similar 

to that accomplished by the School Mathematics Study Group. The Univer-

sity of Illinois, Ball St.ate Teachers College, and the University of 

Maryl~nd were each financed by the National Science Foundation and wrote 

mathematics programs for the elementary and secondary school. 

12school Mathematics Study Group, Newsletter Number 1, (New Haven, 
Connecticut, March, 1959), p.4. -

13';. G. Begle, nThe School Mathematics Study Group,• !h!. .Mathematics 
Teacher, LI, (19.58), p.4. 

14 . 
Merle Milligan, "An Inquiry into the Selection of Subj~ct Matter 

Content for College Freshman Mathematics, 0 (unpub. F.d.D. dissP-~t.a tion, 
Oklahoma State University, 1961), p.J. 



While each of these proer-,:i.ms }nH 1mon extensively utilized*' they 

M'lthelll.2l,tics Study Group.. At tho :}rcsont tir.1.0 11 other ,,rogra:as such D.$ 

the Clevele.nd Plren ~1!'e being introduced. This pl;;;n includes kindergarten 

through e'l'ado three. 

in our colleges ::.md m1i"irers:tties. In r, st,;d·,a.m.ent by the Commission on 

~.kd.:.herr.1e,tics: "!t is f'utilo to expect. the seeond!iry schools to move in 

-tlw direct:lon of u. moN' modern prograw. in r:t::,therrr:ttics if' the colleges do 

not n1::tke oxtcnsive chm1ges. in tho ,;.;pirit antl contont of their conrses.11 15 

A grou:i) ;ihich is very mllch interontcd in the nntherrr1 tics curriculum 

of' our collcgcc nrrJ ttnivorsities is th.c-:1 tb.t.hem.:_1 tics Asdocin,tion of 

support of the Nu.t:i.on~:1 Science Found,1tion, a co11r;'li ttm:1 h::i.s boen formed 

in rrw:th.enntics. This comr11i.ttee is titled, The Co1;1."Tllttee cm the Under ... 

graduat~ Pr-ogrcira in M~::. thoNJ. ticc ( CUPH). Some of it.s members n:.re John 

(i'., Kemeny, D:,rtmouth University, 1'~ .. G. Pcglo, Stn.nford Ur:ti;v-ersity, J .. L .. 

Hisconsina 

llQur colleges are being called U})On to fill a:n endless need for 
professional mD.them.:'l.tici.:lns, for rrrrthems.tio~:11.y tro.ined scientists, 
nnd for "~ vc.riety of' m:cthe:i::ti:ticnlly sldlled ;:,ersonnol in hundreds 

15cormssion on ~hther,t-'.tics, P.roe,rc~Il! E Co1legE;,_ frc,)crato1 _ 
1:htha7U'ltics, College Entrance Ex0i11inc1tion Bo::rd ~Ne:1 York 1 19.58 • P• 58 .. 
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of &etivities. Cur business schools often demand the very newest 
techniques developed by the m,;i.thematician. Medical research may 
soon require Jilr~l:.he1:mtical training com,::tr·able to that required by 
tho nuclear physicist. Our engineers must be prepargd to meet the 
needs of the rapidly changing American technology • 11 1 

In reference to tl1e educa t,ion prog:r-am in our colleges and un:t vcir-

sities they said:. 

0It is fr:i.ir to say that m~t,herilf1tles will play a central 1•ole in the 
American culture of tomorroH. We must train our young men and women 
to be able to attack r:11d solve problems that. did not exist when they r the present teacher~ attended school: problems which require the 
ability to think mthe:m!1tie:~lly .. -1'his requ.ires an odue:ational 
system the.t teaches not only· f'undamen'tc1.l m.9.thematical techniques. 
but stresses understanding and origimlity in its mathf.:lma·t.ics 
oourses. 11 17 . . 

M~thema.ties education must be geared to the future needs of its 

students. The mter:i.al to be used in m9,thelTl!lties courses, the meth.od 

to be used in instruction. and the aµproach to be used in presenting the 

fill), terial will b~ extremely import..'\nt. Research can be used to dete:t"mine 

a. more feasible approach to the study of ma. the111atios. 

In lieu of the oh~nges in mathematics and in mathe~tics education, 

and the importt.,nt :role mathematics plays in our lives, this study has been 

conducted in m:i.them-:-i.tics edurotion to determine the following: -rr;Jhich one 

of three app1~oaohos would be most effective in teaching the Introductory 

College M',._'lthcms,tics Course at Central St.-'.lte Colleget the conventional 

16committee on the UndergradU::-;.te Program in Mathematics, Recormnen
dations .f2t .!:h£_ ~aining 2.f Teachers £.! ~lathematies. The Mo.them?.tiea1 
Association of America .• (1961), -~.J. 

17Ib:i,d .. , PP• 3-4. 
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DE!i'INYTION 0'.£1' 'I'ERMS 

dei':lnecl. Othor t.erm.s ir.ill be defined .~s nced1:;c. 

~ Iutrcductorz Colle~ 1~,1.thenr:ti~ Cour::.,e will be defined t:.S tht1t 

combined course in pbne trigonor1et:ry •ind .cdvancad :J.gebra ~-rhich stresGcs 

the h;,.sic concepts of f.u.nctior1 11 1o:;r.rithnic c:nd ('X,?onr:J1tir.,l functionr:, 

trigonometric functions, com:,,lcx numhe:rs~ Golutions of lincxJ.r e<~tt::'.t.ions 

usir,g sir.ple HE ti•ix r.1:·n:l.:::":111'.·. t:io:f'. t d,.:t1:1J'.'=rl:n_i.r:sts} bi:n:mi::,.l tl::s.oron, 1:,errrm ... 

tt•,tions ::md conbin~•tii;;;nn, r,r.thcir:n.ti'Lc,0 1 induction, ::.m} in7,s,rsc t.rigonom.ctric 

functions .. 

cannot be l'i1(tasnred c'frt.,ectlyj each 2s tho d:'J.r;V\!1ce to ,,, 9c-.rticuh,r star or 

pb.net. It hD.~ extensive ::~nlicr:i.tionr. :tn scicrrwe. 011.gl£10J::1i11f_ 1 navigo.tion, 

and rel.;.ted fiold.si 0-nd is fnn:t-.moi1t:·.l to ~nny !J1•.::incL.os of higher m-::.the ... 

i:rr). tics. 

The Introductory Colloge l'.Ic:;thor.0 ttcs Cun:r·se is c:: five hom.~, one 

semester eourse :1.t Cnntr,~1 st,-, te Coll0c!c nnd i~: J..:l.ctr,d :l.n the, Gcntx-s.1 Stn te 

College Bull0tin si.s HTthem'ltics 165. 

'fhe iw,,in ohjoctlve of this course is tc str·~mcthcn the student's 



'I, l "J• 'l ,·b o::1c.cgrou.ru:t 1n rt gc:i rn try to prept:re him for e,ddi tional 

the bc:in:; ced on fanction thr.iory, c, :;;tudy of tho tionshi1 

length of .. o_f functi::m, one ·Joul<l s.·1y thc,t the 

function of' the 10~1c;th of ono zide.. Using func .. 

'1:h.e trtnreled by ;:1. in ::n rutomobile is dep:Jndent U;JOYl 

n.:nd t 

.\ given 

gre, vity of t,.ny JK'.rticuLn." gomnetric solid. 

The subject .rrntt.or· in the Introductory College tt,.thoni~d:.icB Course 

nbout trigonomotrl• 

'l'lw comrontiomd ~,.;yi:ro:ich r,rill bn d(if:i.nod t,.s th::t -----··- ~--- -

study of trigonometry which htLS boon ut:tlized in our s0cc:md~ry 

schools colleges the tuent.;y-fi ve yen rs. 'l'he 

on 

of tho e.lgeb:r.,dc nnd t:rigonomotric princ:t,)los. 

011 
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eular manipulo. tion. and · then utilizing it in a problem.9. tic si tUc:1. tion. Fo~ 

example. a student learns to factor a quadratic polynomial, then he uses 

this inform:1.tio:n in .finding the zeros of a qu.-:idl"a.tic equation or in 

.solving & problem which involves quadratic equations. 

The conventional approach can pe:i:hr.':.pS be st.tid to bo a more utilitarian 

approach to th(, study of mathematics,. 

A vector ·uill be defined &.s n directed line segment. 

'lbe vector a pr.roach will be defined as thD. t approach to tho study of 

algebra and trigonometry whereby tho nm.them~tical ideas c.ro expressed in 

terr® of vectors. 

A set will be considered to be t1 collection of' elements ( umw.lly -
numbers), otherwise undefined. 

The ~ theozx ?-Pef'Oach ·~tlll be defined as t.h;i t approach to the study 

of j.lgebra and trigon01,1Ert.;ry whereby the VLc2the:ma tic-c'"1l ideas are <ix,ressed 

in te:rms or sots. 

SOLUTIONS TO THE PRODLEI1 

The freslu::c:m struknt in college who is preparing himself to teach 

m.'.:tthomatics, or to become i;/.n ir1dustrial m,'3.thematician, or to become an 

engineer .. l'rrill nood a.dcqw,te n1,:2them9.tioal trc~ining. I!e will need to have 

g>n ur;1derstanding of thE) ~ thorrc ticu-11 teals he is utilizing if he ii; to 

be able to perform with [l.ny degree of co:m.potency. 'this s.s.m.e student 

he shouJ.d be able to .;,pply mathetr£tic0;l tools ,~ith facility,. 

t!ith :regr.rd to this study, there ill'~ tr.r0e pos:sible solutions to the 

problem. They are tho converition'J.l approach,. tho vector appror-eh, ::-.nd the 
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The first approach, the conventional approach, treats tho subject 

matter in th:& Introductory Collage !::tathem.si.tics Cou:t'se in much the same 

wa:y that the student has st-ad.led i.t in the seeondriry school. 'I'he emphasis 

is placed on tho basic algebraic mnipulations with direct application 

made to problerJ solving. J:i.1e student works with monollii.als, binomi..1,ls, 

and polynmuials and the basio ari thmctic operations of addition and 

multiplication, with va1•i2.L:lons.. 'l'rigonometry is developed in ;:i, similar 

way. The enphas:ls is plr .. oed on the t.1 ... J.gonoruetric functions, then lat.er 

shifted to th.0 solution of triangles. 

Onu of ·t~10 adYoClites of the eonventional api1roaeh to the study of 

nii.t.he.m.::-,tics OU[Jht to be ta..:i.ght. .f:1:om the concrete standpoint. be£ore trying 

to tench tho ubs traot. 18 A studont oD.n kuow all 1;'.bout. the algebraic 

two ~u'l<l two.. It. is a.lso po;;slbl(£l t.hat a. person wit,h an excellent knowledge 

of fi.oldrJ nri.~ht i1ot oven be abl.o to make ch~n1ge in 2. grocory st.ore. 

knowledge vf. tho c.bstrr.ot. But knol.lcdgo of the abstract does not 

guaranteo .f.'.1.c"llity io. the u..;;;e or the con.orate :principles of matheuatics .• 

The vector approach to t.li.u study of the;; Intx·odu<:tory College H"1the-

studying; gl3ebra and t:dg;ono111et.1,y.. Jh·om the standpoint of both applied 

'?hoy oan b8 ·o.s9d to describe J:>hysic:al ~e-lutionships such t.s velocity and 

nccel~ratlon .. 

18KJ..ir.1.f:, 1tTh:a Anoiilzlt vs. the t1od.erns. A New R1.t tle of.' t:1e B.ooks, 11 

l'h! Mg,tbematies Teacher. LI (19.58). p. 241. 
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Veet()rs c<',n be introduced as a ;,uroly 'l:uathew.1tical system, built 

on the :f'undariient.Ctls of algebr& .. A veetor is defined to be a directed 

line segm.ent. Using this definition, the basic operations of vector 

addition and multiplication can be stated., Vectors ann be used to des ... 

erihe effectively n...dimensional sp.3ees., Therefore, a vector field is a 

-l"egion of space such th0.t with each point there is associated for com-

plete characterization both a :magnitude and a direction, that is. a 

vector quantity. Comm.on vector fields nre the electrio. the nngnetic, 

and the gravitational fields,. In meteorology, the velocity of' the wind 

at each point of the atmosphere is an example of a vector field. 

Using this approach, the student studied :ilgebra in terms of vector 

not-:1t.ion. For ex:imple, the addition and multiplication of vectors. and 

the geometric interpretation of these operations were discussed. 

The student was tt\-'llght the importanee of the 1lgebraic prppe~ties of 
"! t 

commutativityj assoeia;tivity <1nd the nature .of the distributive l~w as it 
.. j i 

is rela.ted to vectors. 

For exa:mple, for vectors a., b., and c, a.+b = b+a, a+(b+e) = (a.+b} + e, 

and using the dot product, a·{b+c) = ~·b + a•c. 

In addition to this, the student was mi:i.de aware that every vector 

has an inverse. That is to say, for every vector a there is a vectov b 

such that a+b = o. In this case.his equal to ...a.. 

Trigonometry is the study of triangles. and triangles e,:in be construe-

ted using vectors. In relationship to this. o.ny an:gle can be deseribod 

,'.ls an angle between two vectors. The area of a trfangle orm also b~ 

computed using vector no't<:'<tion. 

Vectors CD.n bs used in t.heoretic:e.l :m.,thematics to prove thoorems 

and corolla.rios. By using veetors-,. a compl,ex: n'k"1.thenl'),tiet.1l concept o.'.ln 

often times be greatly simplified. As demonstr~ted, vectors can be used 
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to desoribe physic'3.l relationships .• i.e. 1 velocity and acceleration. and 

in. simpler terms. they · can be r~lt1ted to a reefa.ngular coordi~-ta system 

as designed by Das co-rtei,. 

One of the ad-voc~tes for the use of vectors in studying algebra nnd 

trigonometry is Arthur H. Copeland. Hesays,uThe impression is held that 

the einployment of these modern techniques [\,.ectorsJ p::resupJJoses a hi_gh 

degree ~Jf sophistic,.'1tion on the pc.rt of ·the student. This is not the 

case,. The £:studentJ can be prepared for the mode:rn tacbni•1ues and they 

should not causo any more difficulty than the older methodih~119 

!ftth regard to the np~)li<:i.:tbility of the modern methods, namely vectors. 

he continues• uorten ft· modern method h.c'ls a much broader range of a.pplica ... 

bility than the older methods. although the two methods can be applied 

with oomp~rable difficulty to the development of o. given subject., For 

example. a vector e.lgohra is used to sjJ1J.pli:fy the development of analytic 

geometry ,;,_nd nlgabra and to unify the two subjects* The time saved hy 

this simplifice. tion is sufficient for the development of the vector algebra. 

Moreover., -vectors ere sufficiently siroilD.r to numbers so that by studying 

vectors a student. c.~n review his ordinary algebra without being subjected 

" . d· 'lJ n20 vO a course 1n pure r1 ... 

Set theory Cfm also be used in developing the Introductory College 

Mathematics Course,. fl net is nothing more than a collection of elements, 

but its uses are fr1r reaching .. 

The set theory approach is more closely orionted to the conventional 

approach than is t.he vector approach.. However. there is still a gre.2.t 

------------~-·-u~ 
19Arthur H .. Copeland.- Geometcr. Algebra, .:n2d Trigo~~neta l2l, Vector 

Methods (I~ew York, 1963), p .. 3. · 

20Ib. . 5 .. id., P• • 
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deal of dif'fe1•0noe betwer.m thG up>Jro[~ches. 

Algebr::i. is a study o.f the re:11 number system. but the way in ·which· 

this study is developed is very important. 

Usin~ the set theory a:y:i:roacll. the student is introduced to sets 

and their proportie::;., l·Jith a short background in logic. the real number 

system is developed usin€j; an axiom1.tie :1rocedure. For exampl~. th~ student 

might be given the set of nntura.l numbers.. Fro111 this the student can 

d~fine the set of positive integers: i.e .• , 1,2,3 .... n.nd the set of' all 

integers I, where .any integer is the difference hatween two natural num

bers. For e:lt3tn:ple, J = .5-2, -5 =- 8-1:,3., and so on. i,Jhile this might 

appoo.1• to bf). trivial, it does give tho student some be1sis on which to 

begin his study. The properties of eo.tmuut,1titlty "md nsr1oe~'l.tlvity o-1n 

be substa,ntie:t.ed, 2s well as those properties relo. ted to identities, in

verses,, and the disl:.ribut:i.ve l..-2.w. 

In cont:1.nuing this line of thought., the :rational numbe:t'"s can be 

defined as being the set of all numbers of the torm a./b where a and bare 

integet"s and h is not e:iurll to zero .. 

Again the student iB info:r.mod of tho im.po1•tance .of the n:mthematieal 

properties imrol ved, namoly associe ti vi ty,. commutativity• idonti ti(::ls, 

inverses, <lnd tho distributive l:aw. 

In solving equations. the student discm.1s0s solution sets. 'fi'or the 

quadr.citic equc1tion x2 ... 5x+6 = O,, the solution set wou.ld include 2 and 3. 

since these two values of x satisfy the equation. 

Trigonometry is developed using-sets and function notations and this 

informr;;tio.n :t"eln'.!:.ed to the study of conplex numbers. 

Sets ontar mathematics not only in its f,)undations and language but. 

also in its mc,them..<t-tienl structure.. For example. the theory o.f probability 

is concerned with nu.<nericfi,l moasures of subsets of some space,. St:ltisties 
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the b&.sic ideas will still be the same • 

. CRITERIA FOR CHOOSING BETWEEN SOLUTIONS 

In order to choose which one of three ;;:pp:ror,,.ches, the conventional 

approach,. the vector approach, or the set theory ar.mroaeh, would be most 

effective in teaching the Intl'oductory College ~Tat'he:m:itics Course~ the 

author chose three criteria. 

The criteria are: 1) algebraic :manipulation; 2) trigonometric 

achievement; and '.3) general problem solving ability. 

The student who com~:iletes the Introd1-1ctory College Ma thematics Course 

at Central State College should be able to perform adequately the basic 

lll9.thema.tical skills, he should have an underst.anding of algebra i;,.n.d 

trigonometry and their inter-relationship. and he should be ablo to solve 

basic problems which use, algebra and trigonometry in their solution. 

The criteria to be used in this stucly in choosing the appropriate 

solution to this problem regarding approach effectiveness; i.e • ., eonven-

tiont,l. vectors, or sets. D.l"e as f'ollot•rs. 

1) The student should be able to perform the basic ,'llgebr:J.ic 
manipulations. This incl;udes the addi t:l..on, subtr3ction, 
:.multiplict'l.tion, and division of 11lgeb:raic expressions, 
factoring,· logari thm1c operation, G.nd the solution of 
aqua tions in one unknown .. 

2) The student should be proficient in trigonometry. He should 
know the b:isic trigonometric functions. their usefulness in 
proving identities, and their role in the solution of tri&ngles. 

3) The student should be a.blo to solve problems which involve 
algebraic nnd trigonometric principles. These problems vtlll 
be siml.ar to ones he would encounter in everyday situations 
or it he were en1ployed in industry. 

BACKGROTlND F'OR TULS. STUDY 

There a.re several r;tud:ies being conducted at tho present time de-.'.'l.ling 



with the Iilfl. themt, tics curriculum .;,, t the coll ego f'roshman level.. One of 

these is at the University of R°r'.lnsa.s. It is the intent of the Dep,".l.rtment 

of Ma~"'tematics at the University or Ka:nsas to design a two semester sequence 

of freshmc.'\n. cow:-ses in mathemc1. tics to be taken by the typieel student in the 

college of liberal arts and soienees. It is to be designed to provide 

mthematioal tr-aining for those stujents tdth special interests in the social. 

biological. and management s.eiences. and for those who would like to te.ke 

a terminal course in mathemr,1.tic:s as a pnrt of a liberal education. 

The goals of this program enn be stated as follows: 

l) 

2) 

:3) 

To provide mathem-:'.tic,~l training for those stucknts in fields 
other than me.thematics. This training will allow these students 
to utilize the m."'lthem:rtical tools in their work. 

To provide mathematical educat'.i.on which t:dll be rm integral part 
of their liberal education •. 

To provide the type of Ilh1. the:ma ti cal training which will enable 
the ntudent to further. ooue3.te himself in prop:rrC1.tion for the 
type of WE.them;;tticB he will need in his work. Le., st2.tisties., 
computers, and so on. 

During the first semester. the student will study the f'ollo11<:ring topics; 

a) solutions of systems of' linear eqtJ;ations; b) matrices; c) sets,. rele"tions. 

and functions; d) counting problems;. e) probc.bility theory tor finite sample 

spaces; and f) flow charts. The pL2n for the second snmes:ter includes an 

introduction to diff ere.nti;;;.l and integral calculus• 'W'i th applications to the 

study of contim1ous probability distr.ibutions,. 

While no quantitfl.ti·ve da.ta is av&ilable as t.o tho success of this 

p:i:-ogram, indications are that it is being readily received by the students 

and the ma.thc:mntics staff members at the Unive~sity of !vrnsas. 

An experimental study ,ias conducted at Oberlin College during the 
22 

1957-58 school year. Its purpose was to gain knowledge which would allow 

22John D. Bo.um. »&thematics,, Sel£ ... Taught,u 
Mon~hly. 65 (November,. 1958), PP• 701-705. 

The American }fu.themD.tical - -
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l',nd yet not im:ret,sf) th~ sir,t· of its fse1.culty proportio:nu.lly to the sizes 

o:f' incroasc in tho student popul.?,c'3 .. 

In thL:; study, st:u.dorrt.s in the <'3X;::;Driment:il group spent tuc ... thirds of 

their normsl cl[1ss time in the clrrssroom, tho othc-;r one ... third in <2Utc.lidc 

study. The 01.rt:,ide study consisted of independerit. study on. the p·1rt of the 

'J.'1110 hypotheses we:r~ !:,ested in this study: 

a) Th?.t students who study freshm~m nr:. thonrit.ics by the 1.wu:,l 
clnssroom method will not le3.rn significantly more thm1 
stur},:'lnts who study on their 01m for 11pprox:'Lmc tely one-third 
of the :5chool yo:'.r-. 

b) '.l'h.est students who study freshman m~them1tics by the usu.ci.l 
0L'.!.ssroo1ii method :·,ill il_ot a;cdn si;:::::rific~ntly over e-;tudents 
who st.udy indepently for cp,,roximc,,tely one-third of the 
yo::ir in their -?:.bility to :-d:.t'lck ri0r,:- r~.ci.them:::ticel concepts. 

B'.:lsed on the t-tf.ist of significn.nc0, no significnnt differences uero 

8.ttnine,:-1 ,';l,nd th8 cor1clus:ions l'!:r'.che-1 st.·,.t,;,:d th·,_t th.,:) stnd0.Y1ts uho b~.d done 

the :independent study ·:r1ore prob0.bly e:he::d o.f thH control grm.1p. 'rr"lis 

Thero ~night be :n.i.eztions r'.c!.isrJd conc(?rning tho t,;.m-third.s to one ... 

thil"d ratio used i:n this c1r.:~erimontJ.l r;tudy. No justific1.::tion can be 

giv·en for this choice. but further research in this t;;,,r:1e of tilinldng might 

be benoficit•.l, e.c;1cci0~lly since om· ~olloges :c_:nd. uni·1ersi ties e.ro being 

f'i?.ced with B. student "co,::iuL::tion exnlosion.11 .- . ' 

A new progrmn is currently underwny .:.,,t Tulc.ne University. Its intent 

is to develop a 1pure 1 progrD.m for able students involving ri.cceleration, 

but, more b~>.s:i.oi~lly, l:1ying G. foundation for 11dvnnecd work-----0 penetration 

m':l.the:m-::.t:i.cs at Tulnne University. 



There are throe f'act;1J:'f; involved in this progr;1m which make this study 

1U'lique. They are: 

1.) Small classes (i~ot :more tht!Ln Z5 students) 

2) Research. mathentitici.ans as teachers 

J) High uptrard mobility ot students and the development of a spirit 
of inquiry. 

There ,'ire no results available at this time rerarding this study. 23 

Mathematics and tl'l,0,thelll8.tics education have undergone and are ex~)ected 

to eontinue to undergo vast changes. In keeµing 1Jace with thes.e changes, 

it should be quite evident that 11we need freo_uent, repetitive prodding to 

keep on the best pa.th. We tend to claim th.,t 1n"!them-"1tics stimuJE.tes clear 

thinking, then tea.ch it as meaningless memorization 'snd routine having 

little to do with' thought. Being a drillmr.1-ster,, stressing routines, etc •• 

makes the teaehel"•s lif~ easier but harder to justify."24 

One of the le,s.ding ll!B.thefilc'ltici.ans in the SehoQl 1'13.themei, tics Study 

Group has this to S,?-y reg0:rd"i.ng ma.t.hem,'ol.t-lcs and educr.t"ion: 

ii-The w·orld of today dem'.'lnds more m?.themntical knowledge on the part 
of more people than the world of yesterda.y, and the world of tomorrow 
will demand even more. It is t.heref ore important tm t m'1 theuvJ. tics 
be taught in ~ vibrant, and imaginative way which will mlce students 

_ aware th.'.1t it is a living, growii:,' subject -which plays nn important 
part in the contemporary world.II"' 

Ma.theme.tics education which makes the student aware th;;,,t. m.."lthe_rn..3:t.ics 

is a living, growing subject and an impoi·tant part of our contempora:1:7 

2.3.A.D. t'falL.'lc~, · 11 1Jew UndergraduD.te Courses in I"lathem.'ltics11 , Science 
Course I,np£OY,!,ffie1't f.J;-ojeo'f:.!., Nation,:11 Science Foundation • .{1962), P• 54. 

24r1. Rich.?.rdso-n. Fu:ndo.menbls of .M:=tthenr.ttios (New York, 1941), p.4. 

25E.G. Begle, nTh(;) School Mathematics Study G-roup.n 2.'e.• cit., p. 616. 



world can be accompli.shed. If' tho 1::mgu~ge of the subject, the vehicle 

of com0irunica tion. were improved, the task of te.:1ching m.1.t'hem"' tics could be 

greatly.implemented • 

. With. a.n eye to the future, this study hes boon conducted to determne 

the following: Hhich one of three approaches; the convention.2.1. the vector, 

or the sgt theory 8.-:,pror.ich, 'fiV;uld be most effective in t~ching tho Intro ... 

duetory College Mathem/.'.i.tics Course at Central State College? 



Clli\PTER II 

THE EXPERIHENTAL DESIGU 

This study was an ex:-perlmantal study, the chief purpose being to 

analyze and determine which one or three ai::mroaches would be most effec-

tive in teaching the Introductory College M--2theMties Course at Central 

State College. In doing this~ experimentation was de.fined as: ltThe 

trial of a planned procedure accompanied by oont?'ol of eondi tions and/ or 

controlled variation of conditions together w:i th the observation of results 

for the purpose of discovering relationships and evaluating the reason

ableness of a given hypothesis.tt26 

In this experiment, the Introductory College M'a.them::;.tics Course we.s 

taught by three different approaches.: 1) the conventional a.pprogch; 

2) the veetor approach; and 3) tho set theory arqroc'lch. In each case, 

the m.i.them:'lt:leal concepts were basic,:1lly the same. The important i.mpli-

cation here is that perhaps th~ tt-10 groups studying the material from 

the veetor ap;;iroaoh ~.nd. the set theory ap;:-,roach would be more uroductive 

than the group using the conventional apnro.:wh. Thctt is to say., they 

would be able to perform mathematically the basic skills., yet they would 

have a knowledge of vectors or sets. 

~ Exi.,~.9~ Q!sign. During the fall semester of 1963a; there 

were approximntely 180 students enrolled in the Introductory College 

Mathematics Course nt Central Stnte College. These students were freshmen 

26lli.r't,er V. Good •. Dioti<:>nary ~ Ed.ueation (f~ew York, 1945), P• 95. 

26 
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who indicated an.interest.in pursuing n nw.jor in m~thell13.tics. physics, 

chemistry, or in o. professional field such as engineering. law, medicine, 

and so forth. 

By standards previously set. these students were advised to enroll 

in this course on the basi.s or scores made on the t.1a:thellk'ltics section of 

the test administered by the American College Testing Program prior to 

their e:ru"ollment in college.. Ii' a student :ranked between the fiftieth 

-and eighty ... fifth percentile. he would. take the Introductory College M!ath-

ema.tics Course. If his score was above the eighty-firth percentile, he 

was advised to take the first course in the calculus. A rartldng below the 

fiftieth percentile indicated a need for remodial uork, and the student 

was adtised to ta.ke a m.~thoma.ties course which would prepare him for the 

advanced sequence of mathemc1.tics oourses.. These tAdva11ced eolll:'ses would 

include the Introductory College Ma them..-::.d:.ics Course, ealeulus, and so on. 

The population for this study wa5 defined as the set of m:J.tbema.tics 

mD.jors and pre-professio:nS<l students enrolled in the Introductory College 

Mathema.ties Course a.t Central State College during the fall semester o:f 

The sample for this experiment consisted of t.hree mutually exclusive 

subsets of the population just defined,. E-2ch of' these subsets consisted 

of 24 students, a total of 72 students being involved in the study. 

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

basisi 

1) A graduate of a high school in the United Sta.tes during the 
s.pring of 1963. · 

2) The Introductozy College Mathenntics Course was the student• s 
initial course in college mthem~tics .. 

3) The student was regularly enrolled at Central Stat.e College as 
a full-time student. 
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14,) Ths student completed thlc course uith t, gr2.de of A, B. C, D,. or 
F r.1nd took 0.ll of' the tHsts Ecbct.ntstercd during the t.ime of the 
experiment. 

'i'ho di::itribution of tho s::mrple ~w,ong the grou~1G 1'-tn.s determined by [>,, 

l",'.3.ndom selection. Th0 po·:-::ul·1 tion met prior to onrollmont tor the f~~11 

semester and dreu lots trhieh SJ:H:::cified t:·ic course section in i::rhich they 

would he r,m.~olled. '.!'he procedure usa1 :five C"-l!'d.s :numbered 1,2,3,4, e:,.nd 

5 n.nd the students d1·ew these e:~rds succe~sivoly. 'i'lw Btuclen·tfs name 

A desc:t'iption oi' thc.;J i:ndivi<lusl g1•oups is 1.".S io11cws: 

Grou:p A ... 'l'his group c,v-:!i.s the control groixp. They ::;t.u<li<)d the 
subject mn.tter from the conventional rl)'.~:t'or,ch. The 
toxtboo!,: uso<l by this group was College :!:J..gobr;} £:!!! 
'rrir~onomotry by Fischer ,tnd Ziebuhr. 'I'his book is 
____ ......_ 

be:ing used by st:veral of the St:..te colleges of Okla
homs, nnd has boen in circulntion ::1bout four ye:-'.rs. 

Group B - This group ,J-:is one of two experiment'll groups.. They 
stuJ_ied the subject rrb.t'tcr f1·0111 the vector" 2.ppro:::ch. 
The textbook used ·wns Gf)om0try1 Algehrc~, ~nd T~igono!,11-
etr·:v 2il. .:L.~:;:.l:.2!: 1J~t:l!-&d~1 written by A1:tha:r H. Cot)f1land. 
This book ;m.s -,mblishod lc1te in the S;-'}!'ing of 196.3. 

Grouti C - This group ,;ns the c:;0cond ex,neriment£>;1 c;roup.. They 
studied the subject Ill.'1.t.ter from the sc,t theory a.pproJ.ch. 
A new edition of a textbook by Allendoerf er and Of'l.kley 
wa::; used. It is titlc.J., Principles of Fbthen:ntics. 
This book is currently being used atthe University 
of Y.d.ssissi;)},i, the UniV'ersi ty of Ce.1:1.fornir,, rc.1nd th.a 
the University of Kansas. 

The subject m'1ttl')r w:2s hasicnlly the snme in er::tch of ther,0 groups. 

The prim,.,.ry difference uas in the o.p:.\1:-or:ch used in instruction.. For 

exirn1ple, uhilo t.hc co:(1vo~tional c,9ron.eh utilized sfandD.rd ~:,rocodures in 

developing the t,lgebr1•1e structure0 the vec·::.or e.,iproc,ch. utilized vcctoi•s. 

Tho group using the set theory approach eras doing br:tsicc'clly the same thing 

utilizing sets a<,~,d ;m t.xio:mrt.ic [,ppro,:1.ch. 



~rhi~; i:t1c1ux1·~d 

-Jith the ;:;. tudy 

lity .. 

.. 

.. 

In thin 

1) '\m::iric:~n Coll,: '?,sst is tc,:; t ,fr1:i:::l1 i2: .t10,r bc'o:L1g ,'.tdwinist,:,rcd 
throughout the Un.i. ted st~1te;1.. In Okl.":hJ':1'.3. it i,; bd.:11,; re:::uirori 
for ontr,nwe iuto tha st~ te.-su;)r,orted institutions of higher 
lec:.rn:ing. This is ·1 test se(ram:1ce whtch rio7nJ"G four :'.1'.'tnG: 

Gh• 
is n.lr.to c:. 

1 Sttt-:J i,(:;!;, 
c,Jt1,·.o·.d.te c,coro 

turr\l ::~::,cionc,3, ,:~·-r.rJ 1Ykt t·horrr·~ ti0c. 'rl1cre 
b::s0:J. on t,y3 O'\re:rdl t~3c:,t re,,ults., 

r1nti:wr1t t,ics :::c,:Jre :i.s being 1.1.scd by most of tho colleges 
univcn,s:Uic<, i11 OJ::bho:nci., includ:'Lng Stnte /})1.J.::~ge "Ud 

Strt. to Uni ve;-:si t.~, i',:,r cement purposes. 

2) 'The Goocor9.tive I\l:1eh1:~e 'l'est :is test which mE1:1:;u:re,; ;.bility to 
do h,,si.:, t, rnrtl,,,ulYt:lon. This tost is used by Oklehom:1 

tr.:;, Utliver~ji ty in it::.: f'reshm".n ori,mt:\tio:r1 progr:c~m. The 



relinb:il'lty cocfficic,nt for ·U,jt·; tor,t :ls .90 u}th -~ sb:n(lc::rd 
er:ror of .oz. In this Dtnd.y. the test was used to me 1:.m.:re 
t:b.e stnrh..:(1t1 s ;~.b:1 l i ty to do h·,,rrie ;1,lgebrlic in<>:n.i:.:ml~tions. 
This test. a'.:c :.cs.rs to he uell-designod to perform this t!J.sk. 
fho problem~ :\re h:,,$",:Lt; in. nt, t.11r-.3 :, tid i'h>t m1duJy eoI'()lH,,. 

JO 

3) Tho f(".ssmusE, ·.:m 'T'1·te;ot,;)i'1SJtrv1 'To: t l,H:,•:Dm~e:~ ,, hHi ty in trigor.ometcy • 
placing thA emphr1sis on tho theory underlying trigonometry, r!lther 
th-1:n 0,1 cm'irn.t:,.t.Jim. ".'he r·nl:l··bil:; ty c0e~T:h.1t",nt :l.~1 .93. '.:'hio 
test vJ'<'ls used to mez:,.sure trigonometric rtchievement. '.L'he test 
i.n{;lv.des trr1e-fc, 1r;e it.0,;u, 1"1ultl,,1 s, (!:_10ice ·:u0s tio:r.s • ·->.l''l-:1 J, 

lllc'Ytching section, r-.11 of uhich m'lke it highly comprehensive in 
n,,:~,u:ce. 'J'lw tr·uc-f'J.l:-w t,oc 1:ion ;"i~;;h l::. bo :.:. N0-3.k ,)oint ::,ince the 
student might be encour:1.ged to guess r1t the t1.nswer. The t:::ssu.mp ... 
t:i.on ,ts.s nn•:k th·: t tM.s )01\.'s:l'bi 1_1 ty ·.:~v' ;:;rcvc.ls::inl in .:.--:11 throe 
grou:i')s n.nd might not. therefore. be unf'avort:>.ble to t>.ny one of 

I 'I, .. ~ I 

5) 

th~ throzi gro .. i::.s. 

T.be ~:ac_ucntLl Test of '8,-lu<nt.ion'.'l P:;;·ocr(-,;·j,'; in K.1'thar.1etics is a 
teat of generc,l nbility in problem solving utili:z.ing both :2.11?,e-

i.,t,;:hr,e·~, F~"- tthr:ie· !:.·.'_·t111·:•c'·,: .. __ ,1t_r~. "'onr:e .... _-.·_t.itns,~ ,.J,F·:fo of onc cr5.tic, i1}J·1stery o:t' 
J... 1....-... ~....:o'. "' .I ... ... ,, is tested hy problems uhich require 

ur1d0't's L:-;n:iii:nc t.:nd. -, .. :..,;:1.i.::c~t.ixt 1.n t.h:, C':'.):rtt.o,d, oI' ::;i t.~1.-- i.:.l:rns of' 
prn.etic?l sig.nific.:,ncE",; t,) th13 r.t.n~lenL. 1127 A second nrit:1.c said., 
11It ic ~utst7.'i:'1dinc: :i,o:i tcw,~.1s ..:,:t ro".r;~.C'iog 'l>.n:3,:n·sV::t.1d:h1p; ;,s op ... 
posed to rote m€!mory, o. ::;,1::i c'lt.ion of ·,r:i oci:11es c.11d sk:ills, 
abilltiu: inv,:,J.ve:tl L's inter,::r·eU.n6 :'."'.'td a:n<i,.,rr:;V,1din0 en <.:tY,os0d 
to rote memory. u 28 '!'l-wi ')!'o{,J omt1 :-'\rB ... ni te ,e;jJ,1t1a.r \c, !:11.e' type 
of problem thc.t :, sh1dect might snconnt::,r in rJ. worldrlg situstion. 
Onrc} 0f the cri t.icisms of thi a toi,t :L, l)v• t it is l1i3hly vorbD.1 
in r,~tu;;.·c.. 'h:i.:~ i:::; r: J:1.i,L:Lnc;t ;'.'OE:::ihillty. ]y1t on t.11;::; ,L, •:,he. 
m'.:'!.tics sectior:i, it tl:id not sGm11 to he so., 

The Otis Sel.f-A..dm:i.nist(lri:ng InteTl.ie;enae Test it> :;0 dP-vice for 
me::su.ring intellig.-:mce"' 'The result,.:; of this test wer·e used 
for desc:ript.:i.,1T1 pur;-K ·· '"'"'. ,vtly. 

The pUr}X)Si3s of the tost/i. ng progr:Jm irere to mernJU!'e p;rowth on the 

27oso.•:,;r K .. Buros~ The .Fifth Menbl Me,,"surements _YBlirbook, (Hi.<>'hlu.nd 
)
..._... ~-- Ci 

Pa:rk, i.~ew Jorf:ey, 1959 , p,. 570. 

28Ibid, P• 571. 
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for this purpose,. The results of the ACT Program in M~thematics were con ... 

sidered to be a p:re .. test of' the students ability in m-lthe:nntios. 

Ih!_ ·resting Schedule. By the nature of the aou.:rse content and the 

criteria on which this study is b:i.sed, the follovrin.g testing schedule was 

maintained. 

The Sequential ·rest of Educational Progress in Mathemn.tics (Form 1A) 

was administered during the first two days of the semester. 'rhe test 

required seventy minutes, therefore two class periods 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 instruction.. 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 trigo

nometry in their respective sections 0.nd the time lapse gave them a break 

in the testing sequence. 

The Otis Self-Administering Intelligence Test was given to the stu. 

dents during the tenth ueek of the semester. Since this test was to be 

used for descriptive :purposes only. the time of administration was of 

little consequence,. 

The fin:11 testing sequence. the post-tests, were taken ea.re of dur

ing the fim:-.1 ·week of the semester. During the last two regular class 

periods, the Cooperative Algebra Test (FoJ:>m Y) and the Rassmussen Trigo-.. 

nometry Test (Form B) were administered. During the two ... hour i'inal exam 

period provided for eaeh cL1ss, the Sequential Test of Educational Pro

gress in Mathem",tics (Form 1B) were administered in a straight seventy 

mit1ute sequence. The choice of £ilw.1 testing was a m,itter of convenience. 

The Ste.tistieal Treatment 2f the ~. In this experiment. the 



treatment of the data. was accomplished by the use of the 11.nalysis of var ... 

ianae and the analysis of covariance. These procedUl"es sagreg.o.te from 

comparable groups of data tho arithmetic means of the products of the 

paired deviations of two or more variitbles, measured from the respective 

means of the variables. The independent variable W'ls the o.ppron.eh; i.ee, 

the eonventio:oo.l a.pproaeh. the veetor approach, or the set theory approach. 

The dependent variable ·was the soores obtained on the various tests which 

were administered to the students participating in the study. 

ASSUMPTIONS UNDERLYING THIS STUDY 

In order to maintain a logical foundation for this study. the inves-

tigator made the following assumptions. From these assumptions. postu. 

lates were derived._ postulates which lead directly into the hypotheses to 

be tested in this experiment. 

Assumption I w Students who complete the Introductory College 
Mathem2tics Course should be well g~ounded in 
their ability to do bisia nlgebraio m-'.l.nipulations. 

Postulate· 1 - Students nho complete this course using the 
conventional a?rroach will be @.dequately pre
pared to handle basic algebraic m·mipulations. 

Postu.la te 2 - Students who complete this course using the 
veetor approach <vn.11 be adequately prepared to 
handle the b~sio algebr&ie manipulations. 

Post.ulate 3 ... Students who complete this eoru-se using the set 
theory a;pproaeh will be adequately prepared to 
handle the basic algebraic m:mipulations. 

Assumption II - Students who complete the Introductory College 
~them3.tios Course should be well grounded in 
their ability to deal with trigonometric problems .. 

Postulate 1 ... Students who complete this course using the con
ventional a1_)~.roach will be adequately pre;m·.red to 
h~ndle problems in trigonometry. 

Postul'.'lte 2 ... Students who complete this course using vector 
methods will be adeq,uatel,y prepared to w.ndle 
problems in trigonometry. 



Postufatc. .'.3 Students who complete this course using the set 
theory approach idll he :,,:deqt:tE1tely prep,"lred to 
handle problems in trigo:nometry. 
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Assumption III ... Students who complete tho Introductory College 
Mn.them!1ti.cs C'.ourse r5hould be 2.dequately p:rep2.red 
to handle basie 11:r.:tthemt,tical :oroblems involving 
,~ilgebraic and trigonometric principles. 

Post;ttlate 1 ... Students who complete this course using the con
ventional ap\,roach will be adequz1tely prepared 
to handle basic mnthelll!',ticnl }:i:roblems involving 
c1lgebraic and trigonometric principles. 

Students who complete this course using the vector 
approach will be o.dequ8.tely prep,:i:re>d to solve 
basic mathe.mc1.tioal problems involving algebraic 
and trigonometric principles. 

Postulate J ... Students ·who eomrJlete this course using the set 
theory t!pproach will be adequn.t~ly preprlrcd to 
solve btic.ic JU;:1. the:m9...tieal probl.ems· in:;;101~~ing D~l$ 
gebraie nnd trigonometric principles. 

Assumption IV 'Ihe testing instruments used in this cx:periment 
:u~e vAlid measuring instruments H'i th regard to 
ascertaining the student's achievement in algebra, 
trigonometry. and gener.o,1 problem solving ability. 

UYPO.'l'il!!::SF.S ·ro BE 'rESTED 

On the b0,sis of the assumptions just stated, the follow1ng hy:;Jotheses 

were tested in this study: 

Hypothesis H2 ... 

There will be no signif'ictmt differonee in the 
mean scorE,s of the throe grcmps at tho end of the 
experiment with :reg:,,rd to ability in Algebraic 
m9.11ipulTtion t:.t the 5 per cent level of signifi-
00.:nce., 

There will be no signifie':,nt diff ercnce in the 
me?.n scores of the three groU!)S at the end o.f the 
ex1?oriment with regnrd to achievement in trigo .. 
nometry at tho 5 per cent level of signifie,,mce. 

There ·will bo no sig:aificcmt difference in the 
mean rrnores of tho three grouns at the end of the 
experiment with regn:rd to c.bility in problem 
solving at the 5 per cent level of significc~nce. 



In any experimental study of this type, there are certain limitations 

which seem to be prevalent,. Some of these include size of the sample, 

durntion of tho experiment., outside interests of tho student. and so on. 

One limitation which c:ould be an important fa.ator was th.e instructor 

for eaeh group .. It was neces:;s,s..ry. in this study, to use three different 

instructors. However, to use one instructor for all three section."3 might 

also be folly. To substantiate the validity of using three instructors, 

the follor.dng criteria. w.ere ftdhered to: 

1) Each instructor indicnted an interest in taking :part in the 
study. 

2) E!!ch instructor indiCB.ted ,3.n intere~;t and preference for teach .... 
ing the particular apprO!lch to be used in his section of the 
coUl"se. 

j) ~eh inst.ruetor held a 111'lster•s degree in tho field of' m:lthe
maties and h:1d a least 4.5 semester hours of graduate work in 
ma them.11 ties• 

This i.ras an experimentsl study in mathem:1tics education. The sample 

for this experiment was a set of freshm.~n students from Central Sta. te 

College. They were randomly assigned to each of three groups. 

Du.ring the f.n.11 semester of 196). tho students were instructed in 

ulgebra and trigonometry with applications. At the beginning of the 

course. they t:1er'G tested to. mer.sure ability in algebrA. t.rig'Jnometry. 

and general problem solving nbili ty. At th© end of the experiment. they 

were ~.gain tested along th:szs same lines. 

The ~J'lalysis of V'ariance and the 2.nalysis of covaria.nce were util-

ized to deterllline whether or not there were any signific;mt differences 

between the throe groups ,nth reg-a.rd to mean scores at the five per cent 
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hnrel of signi.f."ice.~1ce. 

Throe hy;3othoses wer-CJ tot1t0d. The first l1y/)Oth,ssis rel,,:,. ted it;;_-rnlf 

to algoh:r2.ic :,ichtevement, the second. to tr:igor10m0tric :Jchievmnent. ,;.:r.1d 

the third to general problem c:-,olving thility. 



CH1\P'IT:1t III 

rrION OF DATA 

Irit:l"'oductio.n 

question.11.e.:i::re (.Append:i.x A) and rI tasting ,rogro.m were utilized in this 

study. 

The questionn::tire was designed to prov:l.de inform.,ition regarding the 

brickground o.f the student: i.e.• the location of his hometown. the size 

of hi.s high school grad1mting class, h.i..s p:re;:.E'l.re.tion in mathe.mc1tics, his 

professiont,1 rc,mb:i.tions and intentions. 

The prl1n,"-l'Y purpose of the testing progrc.im was to meti.Dure the che,nges 

which occuz·red in rfl!:tthem'.ltict:.l nchieveme1'lt Nith regard to the different 

approaches. Infor:rr1. tion tvis e.lsc gathered which could be used to co:mf)'lre 

the members o.i' the sample as well as to describe them. 

!h~ {Juestionna.:lre. During the flrst Heek o.f the experimental study, 

a questionnaire was distributed ?ctnong tho studentr; in tho three experi ... 

mental groups.. 'fue informo,tlon gathered from this questionmdre Wits 

used in part to determine nhether or .not the r:tudents hEill met the req_uire .. 

111ents for p'.lI'ticipr1tion in the study M stc0.t.cd in Chrcpter II. 

There 'ft:rere severitl factors which were eo.nside:red to be of im;tiortance 

by the investigator with regard to the description of the sample. 

For example" the studont•s hometown might be a key factor.. If .:ill 

of the students in one grOU!J crane from a large city, and the students in 

J6 
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a secc,:n,1 group e:1.me from c1, rural 2.ret1, ,1 bi10ts might be introduced. 'l'his 

could ba due to g d:lf:ference in the educrttinn0.l ttern of the schools. 

th.e qtv:YJ.:Lty of the inst:r.ucM.on~l str-.ff • o:r the lea.rr:d.ng f,s.e1.li tics vrhieh 

Central St2te College is the fastest-groi;'ling of the six sbte colleges 

in Ok1ahon13.. Being 1000.ted just ten miles north of Oklahont1 t'ity. a 

metropolitm1 a:re0., would :m:-i.ke it secl".l tl:t1t most of the stucfonts would 

come from the Oklahoma City ai•ea. 'fhi.s is true.. B11t there are :many stu ... 

dents who come from other parts of tho state as well. 

Table I is a re1:iresentation of' the distance that the students travel 

to become students at Central St'l te College. To f acili tn. tfci this operation, 

DISTRIBU'.I'!OW TABLE: DIST.AlJCE HOME 'l'OHN FRO}l CSC 

------·--------· --,-..,,-..·---~-----~------------
Distance Conventional Vectors 

0 "' 2.5 miles 11 12 13 

26 100 m.i..lc'.iS 7 9 5 

101 - miles 6 :3 6 

The sir.e of the school system uh:tch q student attended might be a 

factor nhich is important in o. study of this type. As seen in Table I. 

1M:.ey of the ti tude:nts did come from t~e gret, ter Okl{,homo. City nro,1. How-

ever, there appears to be ,:, lD.rge nu.:mber of h.i.gh schools in this area 

which are :not very large by ordinary sbndnrd.s. Tc,b1e II offers infor ... 



r!l.E\ tion regarding the size of c;; tudent1 s high school g.r,S:duc, ting class. 

TABLE !I 

Size Vectors Sets 
~ -

0 100 6 11+ 10 

101 .... 250 10 6 7' 

251 - 500 8 Ji 7 

grounds o:f tho studerrts in th1\'.l, tb..ree grot:i.ps. 

It is u,sua11y :recomrr1e:nded thr; t c1. student he.ve at 1enst two years of 

high school pre:oaration in 11lgebra and a yec1r of plane geometry before 

enrolling in the Introductory College Mti.them~ttics Course. Approx:i.w1tely 

ninety per cent of the stude11ts in the sample ti!et this requirement. Sev ... 

e:ral stude-nts had a much .stronger background in mt:\themo.tics than was 

requ:1:r(,d. Trigonometry was taken by fourteen of the students in each 

which is considered to be p:repara:t::.cry f'or calculus, was taken by only 

three students. 

Table III shows the high school prepc'.ll."D,tion in mathcm'J.tics of the 

students i11 the s:::,,mp1e. 
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'l"ABLE III 

DISTRIBUTION Til,BLE: IN }I!Gll SCHOOL 

---,,------"-----.,.~-~ ... -~------------
Vectors Sets -

2l~ 24 

24 24 

Algebra II 22 21 21 

14 14 

Solid f}eometry 7 10 8 

2 2 

Ma'them<i t:i.cal Analysis 2 0 1 

Many of t,he stud .. Jnts who attend Centrnl State Collerxe do so knowing 

that. they will finish their degree progr~m somewhere else .. 

'£his is es,Jeeit1lly true with those students who wish to become 

engineers, doctors• 1r,wyers, and so on. Table IV is a renresentation of 

this d5str:ibution as it affects the three eXI)erimental groups. 

TABLE IV 

D!S'rRIBUTION 'X'M3LE: 'l'HE: S1'UDENT'S HA.JOR FIELD OI<' S'l'UDY 

Vectors __________ , ___ _ 
11 

10 

J 

11 

2 

10 

9 

5 
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During the tenth week of the sc)mestort the Otis Self-Administering 

Intelligence Test tli;;u:; adm:'rnisterl.3d to the students in the three ex:oeri-

mental groups. 'l'he inf'orm0,tion gathered from this test is offered here 

in a descriptive role. 'l'nble rt shows the distribution o!' the IQ scores 

e.s they are related to the three groups. 

TABLE V 

DIS1'RifJU'r!ON TABLE: SCORES F'fWH Tfffi! OTIS rm:ELLIGENCE 

Scores 

128-132 

123-127 

118-122 

n:; ... 117 

108 ... 112 

103 ... 107 

98 .... 102 

Convention~l 
• ll ~ 

1 

4 

1 

7 

6 

5 

0 

Vectors 

0 

3 

10 

.5 

'.3 

2 

1 

2 

5 

7 

7 

2 

0 

---------------,~-

Grtides nre f, factor which can be used to show achievement in fil:l,the ... 

mo.tics. 

The grades given in this course were evalu,'ltions of the tec1cher in-

dependent of the testing program conducted with regard to this study. They 

are offered her$ for descriptive purposes £md t,tlll not be used in the 

sta'tistic,:;al an°dysis of the de.ta. The distribution of grades according 

to groups is given in Table VI. 

It should be :noted here that students who did not successfully 
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e:o:roplete the course were excluded fl'om the study. Only me,:nrl.ngful grades 

sueh. as A,. B, C,. D. or F were aoeeptable. 

TABLE VI 

DISTRIBUTION TABLEi GRADES ATTAINED !ii! MhTHEM/.\'.l1ICS 165 

Grade 
F D C B A 

Group 

Conventional 3 4 9 5 :; 

Vectors 4 3 8 5 4 

Sets J 2 10 lJ, 5 

!!!!. Results £.! .!::h2, Testing Program. During the course of this exper

imental study, several mthematics tests were administered to the members 

of the s~mpling body. 

These tests included algebraic mc-inipulti.tion, trigonometric achieve

ment,. and general problem solving ability in m~them~tics. 

In addition to these tests, the Otis Self-Administering Intelligence 

Test. was also given. 

Prior to their enrollment at Central State College. each member of 

the sample ·was adm:inistez-ed the American College Tosting Program. This 

program yields five test scores. They are: 1) Mathem<J.tics; 2) English; 

J) Soei:?,1 Studies; 4) Naturnl Science; and 5) a Composite score. 

A com;:.ilete listing of the raw scores ril1d~ on each of the tests is 

given in Appendix B. For the sa.ke of brevi. ty • Tabla VII is given on t-he 

next page to show the mean scores achieved o:n ea.ch test by the three groups 

as well as the me!?.n sc-o:re for all threo groups. This d.?.ta is in reference 



TABLE VII 

TEST SCORES: DEPEiiJDENT 'IT /\RI ABLE STA TIS TICS 

MEANS 
Test Conventional. Vectors. Sets Totals tcv t t 

M Ohle M o lil.e N _;:_Lile JL.$ oliJe cs vs .. 
Cooperative Algebra 

Pre-test 32.8 90 Jl.8 89 30.9 89 31.8 89 .26 .. 78 .41 
Post-test ;4.J 98 32.5 97 :;3.5 97 JJ.4 98 

Rassmussen Tl'igonometry a 10 55.3 l2 .55.8 12 54.8 11 ... ~62 .... 84 .... 18 Pre-test 53.2 
Post-tent 58.9 20 62.3 28 57.7 18 .59.6 2.3 
Post.test.a 67.6 40 68.) 40 61.0 28 6;.6 :35 

STEP Mathematics 
Pre-test 23.9 69 24.0 69 24.4 69 24.l 69 -.07 ..... 32 · ..... 27 
Post-test 26.7 78 28.3 81 27.6 80 27.5 80 

ACT Mnthe:matics 21.6 72. 21.0 72 21.0 72 21.2 ?2 .24 .38 o.oo 
English 18.0 55 17.2 54 19.1 56 18.1 .55 .60 .... 94 -l.4J 
Social Studies 18.? 55 1? .• 4 54 18.l s~ :) 18.1 55 .81 .44 ... .52 
N:a.tural Sciences 20.9 72 21.1 '72 21.4 72 21.1 ?2 .... 13 .... J, ... 18 
Composite 19.7 69 19.7 69 19.9 69 19.8 69 o.oo .... 21 .... 22 

Otis Intelligence Ul+.J 112.8 115.3 114.1 .74 -.45 -1.39 

n ::!: 24 24 24 72 

a) Only those students with a b0.ekground in trigonometry were included. 

tl 
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to the pre.test and post .. test sequence. In addition. percentile .scores are 

included for ench of thQ tests. 

It should be noted that only forty-two scoros were recorded fo:r 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 tasting results on this particul.D.r test were not possible. 

The t ... tfist vms usod to comp&re the mean scores of the three groups. 

The results of this test of sj.gnifioance are n.lso listed in T@.ble VII. A 

t .. w;;.lu.o of 1.68 wns needed at the five per cent level of significr,mce •. 

This d:i.d not occur :ln .any caso. 

In addition to the mct?.ns 9.nd the t-tost, the reliab:llity correlation 

coefficients were computed .fo:r, the vc1rious tests. In 't'ablo VITI. T~ble IX, 

and Table X, scatter di,;16-r.arrm arc used to show the correlation betti'EH'm the 

pre-test and ~)ost .. tost scores on the C,30jr:icrative Algebra Test. :the R-tJ.ssmus

sen Trigonometry 'Past,, and the Sequential Test r;,f Fdu~tional ·r,,:-ogress in 

Mt..thematics. Tho highest correlation was recorded on the Cooperative Alge

bra Test... It was • 75,. The STEP test hs,d a eorreb.t:lon coefficient of .6J. 

and the Rassmussen Trigonometry Test had a eo:rrelc1tion of ,.58. 

0th.er correlation coefficients ~:ere com:,:->uted and seatt,er diagrams for 

these tests a.re ineluded in Appendix C, 

SUMMARY 

On 'l:.he basis of tho information gathered using a questionnaire and an 

extensiv-e testing program. the groups were fairly well matched. 

The backgrounds .of the students in each of the three groups appeared 

to be similar, The distance tr8veled by the students to get to the Cen

tral State College campus, the size of the student's h:i.gb. school gradua

ting class. and the prepa.ration o:f' the students in mathe:iootics, wet-& 



TABLE VIII 

SCATTER DIAGRAM: STEP PRE-TEST SCORES VS. STEP POST ... TEST SCORES 

Post.test 

Fre-te~t 

36 ... 39 

JZ-35 

28-31 

24-27 

20 ... 23 

16-19 

12 ... 15 

1\l = 72 

r = .6.3 

1.5-18 

I 
I 
Ill 

19..22 2J ... 26 

I I 
II /Ill/ 

Ill I/Ill 

Ill Ill// 

II I 

27 ... :;o .31-34 35 ... 38 

I 
I I I 
Ill/ Ill I I II I 

Ill/Ill Ill I 

Ill/I I 
I I 
I 

39..,42 lfJ ... 46 

I l 

I 

:g 



TABLE IX 

SCATTER DIAGRAM: TRIGONOMETRY PRE.TEST SCORES VS• TRIGONOMETRY POST~TEST SCORES 

Post ... test 

Pre .. test 

71 .. 75 

66 ... 70 

61 .. 65 

56 ... 60 

51-55 

46-.50 

41-4.5 

36-40 

N = 42 

r = .59 

45...49 .50 ... .54 

I I 
I II 

I 

I 

55-59 60 .. 64 

I 
I 

Ill I 
II Ill/ 
Ill I 

65 ... 69 

II 
I/Ill 

I 
I 

70 ... 74 75 ... 79 

Ill 

I 

I 
I 
I 

80 ... 84 

I 
I 

I 

.f':" 
\.r. 



TABLE X 

Sc.{lT'.I'ER DIAGRAM: ALGEBRA PRE-TEST SCORES VS. AIGEBM POST ... TEST SCORES 

Post.test·· 
1.5-19 20-24 25 ... 29 30-;4 35 ... 39 40 ... 44 45...49 50 ... 54 55 .. 59 

.Pre ... t~st 

50=54 I I 
45-49 fl I II I 
4-0 .. 44 I II II Ill 
3.5-)9 I Ill II Ill/ I 
30-31.f. I Ill Ill !Ill/II I 
25 ... 29 II II II/Ill!/ I 
20-24 II II Ill II I 
14 ... 19 l/1 Ill/ 

............,., . .,......,.,.,..,.... ..... ~~~~~~~~~~--................ ~~~ ............. ~ ................ -.~ ........... _. .... ~----~--.... ----......... ~.-..---............ ~ .... ~~--........ --~ ..... ~--......... -.~~----.... ..-~ ... ..-
Ii = 72 

l'" = .75 

-g:. 
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all noted to be quite similar. 

One factor which might have been a significant one. is the choice 

of' mjor field of study. However. according to information gathered in 

the questionn"lire. approxim'ltely the same number ot students in ea.eh 

group indicqted an int~rest in pursuing a Vl1lthemn.ties major. pre.engineer

ing, or a professional field or study. 

Grades, which might be an indicator of student interest and potenti:11, 

we;r;-e also evenly distributed between the thr,ee groups. Only students with 

meaningful grades o:f A, B, c. D, or F were included in the study. 

On the basis of' the t-test, no significant differences 'p·ere noted 

between the three groups with regard to the pre-test sequence at the five 

per cent level or significance. 

The correlation coefficients indicate a fairly high correlation 

between the pre-tests and post-tests in t'-lgebrn, trigonometry, and gen

eral problem solving ability as measured by the Cooperative Algebra Test. 

tho· Rassmussen Trigonometry Test. and the Sequential Test of Educational 

Progress in M?.them-~tios. 



CHAPTER IV 

S'l'ATISTICAI, 'rREATMENT OF THE DA.TA 

This study wtis conducted to answer the following question: Whieh one 

of three approaches would be most effective in teaching the Introductory 

College Mathemti.tios Course at Central State College; 1) the conventional 

approach. 2) the vector approach. or 3) the set theory approach? 

Each ot these approaches was defined and discussed in Chaptel:' I. 

The criteria. which were used in m'.'lking the decision relative to the 

approach used were algebraic manipulation. trigonometric achievement. 

and general problem sol'u1.ng ability. 

The Cooperative Algebra Test (Form Y) was used to measure the 

student's p~rfornnnee with regard to algebraic :mc.~nipulation. The Rass

mussen Trigonometry Test (Form B) was used to measure achievement in 

trigonometry. The Sequential Test of Eduo:1tional Progress in M.athem'.ltics 

(Form 1B) was used to determine the student's capabilities with regard 

to general problem solving • 

.A pre ... test sequence had been completed by the first week of the 

experiment. The students were administered the Cooperative Algebra 

Test (Form Z), the Rassmussen Trigonometry Test (Form A), and the STEP 

Test in M9.theme.tics (Form 1A). During their senior year of high school,. 

the students h.ad been given the ACT Program which consisted of sub-tests 

in mathematics. English, social studies. and natural science. A com

posite scores is also computed on the basis of the raw scores made on 

the ACT P~ogram. 

48 
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.In addition to these tests, the Otis Self...,Admi.nistering Intelligence 

Test was also given., The results of this test were used only for descrip-

tive purposes. 

Using the raw scores attained by the students on the various tests, 

the following hypotheses were tested: 

11here will be no significant difference .in the mean scores 
of the three groups at the end of the experiment with re
gard to r,lgcb:r~dc tt1r'.2nipullc tion at the five per cent level 
of significance. 

There will he no significant difference in the mean scores 
of the three grour)S nt the end of the experiment with re
gard to achievement in trigonometry at the five per c0:nt 
lova1 of significe.nce. 

There will be no s:ignifico.nt difference in the mean scores 
of the three groups at the end of the experiment with re ... 
gard to gbi1ity in general problem solving at the .five per 
cent level of signi.fict:mee. 

In order to determine which type of analysis would be most benefi.,. 

eial in this situation, t-tests were run on each of thE1 tests in the pre .. 

test sequence. No signific[',nt, differenc.es ;,,m.re found between the mean 

scores of the set. theory group, at the five per cent level of significnnce. 

On the basis of this evidence. it w11s possible to 2ssume thc,t the 

s1:1.mple is, in fact, a randomly drawn sample .from a. given populntion, 

namely the set of all freshm,"ln students enrolled in the Int:rod:uetory 

College Mr1them,'ltics Course at Central State College during the fall semes-

ter of 1963,. 

Although there wore no significant differences in the achievement 

of the three groups t:,s measured hy the American College Testing Program, 

<1ml the pre-test sequence in algebra, trigonometry• and general problem 

solving, the 2.nalysis of covarianee appeared to be the most appropriate 

way of an-:alyzing the data obtained from the testing program. 

In using the analysis of covariance, the difference between pre ... test 



and post ... test scores regarding the particular tr1:i.it., algebra .• trigonometry--. 

or problem solving ability. was noted11 This difference was then ineor

pora ted into the analysis .• 

The way in which. this'was done was to combine both test scores in a 

linear operation. If Y2 were the post-test score and t 1 the µre.test 

score• then the adjusted score was equal to Y = (Y2 ... Y1) + k, where 

k is a positive constant. 

·The adjusted Y score then becnme the post.test, result and the ACT 

score in mathematics was used as the pre-test score. 

The value of k for all three traits, algebraic manipulation, trigo~. 

nometrie o.chieveme.nt, and general problem solving ability, was thirty. 

Testing Htpothesis !1- The hypothesi-s, H1 • stated that there i'.-vould 

be no significant differences be't< • .reen the mean scores oi' the three groups 

with respect to the scores att,:;i.in.ed on a. test of algebraic manipulation. 

Using a random table of numbers, one of the scores from each group 

was discarded. This 1'.'f.:1.S done to s·tnbilize the analysis. 

The computation for the amlorsi·s or covariance was conduetmi. Table 

XI shows this analysis. 
j.6 

The F-test yielded: F = ---- ::: .121 < ;.14 = Fz,65,.o.5 

An F-va.lue o.f .121 is not sufficient evidence to reject the h.ypothe ... 

sis that there are no significant differences between the mean scores of 

the three groups vii.th regard to nlgebraic manipulation. 

Testing Hypothesis Hz• The hypothesis. R2 ;. stnt,ed that there :would 

be no significant differences between the mean scores of the three groups 

with respect to the scores attained on a test in trigonometry. 

In this particular analysis,. only fourteen soores were used from 

each .~roup since this is the number of students who had had previous 
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training ,in trigonometry. For the rost of the sample, the !)re-test. in 

trigonometry was not. a V[l.lid measuring devlce because these students had 

not had any ex9arienee with trigonometry. 

TABLE XI 

ANALYSIS OF COVARIA)JCE: ALGEBRAIC HltN!PlJLATION 

--
Sour ca df Su11 ot Squares Mean Squares SD 

l\Jnong Means 2 1.2 3.6 

Within Groups 65 19:35.1 29.8 5.5 

Again a score wns randomly omitted from each of tho three groups in 

order to ob'tP.in a higher degree of stability in the statistic3.l treatment 
- ' l 

of the cb,tn. 

The com.1)utation for the an:1.lysis of covariance -was conducted. The 

information gathered from analysi,s is shcn..m in Table XII. 

The F ... test yielded: F = 1i~:~ · = 1.98 <" 3.25 = F2 , 35, .o.5 

An F ... value ot 1.98 is not sufficient evidence to reject the hypothe ... 

sis that there are no signifie:~nt differences between the mean scores of 

the three groups with respeot to trigonometric, achievement. 

Testin~ ~nothesi1;1. !;.• The hypothesis, H:3• stated that there would 

not be a significant difference between the mean scores of the three 

groups with respect to the scores attained on a test of general problem 

solving ability. 

A single score was omitted from en.eh group in order to lend stability 

to the analysis. 

Tabla XIII shows the data as related to the analysis of covariGnce. 
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TABLE XII 

A:tl!ALYSIS OF COVARIAtijCE; TRIGOI~m,mTRIC ACHIEVEHENT 

Source df Sum of.squares Mean Squares SD 

Among Maa.ns 2 266.9 tn.4 

Within Groups )5 2.369.5 67.7 8.2 

'.£ABLE X!ll 

AIIJA.LYSIS OF COVARIANCE: PROBLEM SOt\JING ABILITY 

Source df Sum of Squares M.ean Squares SD 

Among Mes1ns 2 22.1 11.1 

Within Groups 65 1,427.0 22.0 4.7 

11'1!..e F-tast yi.elded•. F· =. 11.1 - co5 < ':ii 14 = '.4' 
.i..u. 22.0 - •..J .,i- r 2,65, .05 

An F .. value of .505 is not sufficient evidence to reject the hypothe. 

sis t.hat there are no significant differences between the mean scores ot 

the three groups with .regard to aehievem.ent in general problem solving 

ability. 

SUMMARY 

The purpose of this study was to investigate which of three di.f.ferent 

approaches to the study of the Introductory College Ma.thematics Course 

would be :most effective. The three approaches were: 1) the conventiom.l 
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approach; the vector approach; or 3) the set theory approach. 

The criteria used in maki.ng this decision were: 1) algebraic m:nrl.p ... 

ul.at,ion; 2) tr:i.gonometrie achievement; and J) general problem solving 

ability. 

Tests were given prior to the experiment in order to meflsure these 

traits. The t ... test was used to determine ·(.,:rhcth.er or not there 1;1ere any 
significi'l.nt di:f:farences betw0on the three groups in any respect. No 

differences mare found. 

On the basis of this in:form:1tion. the analysis of covariance was 

used to test three hypotheses. These hypotheses stat0d that there would 

be no significant differences between the me:m scores of tho three groups 

with respect to algebraic manipula:t.ion, trigonometric achievement, and 

genero.l problem solving ability. 

In tha lmalysis of covariance, the F ... test failed to indicate a sig ... 

. :nificant difference between the mec:m scores o:t the three groups at the 

five ·per cent. level .of significance.. The hypotheses of no significant 

differences between the mean scores of the three grou.ps with regard to 

scores attained 1rere not rejectedw 



CHAPTER V 

INTERFE.ETATION OF RESULTS 

This study was conducted to ~mswer the .following question.: . Which 

one of three approta.chc.s would be most effective in teaching the Intro

ductory College 'M9.thematics Course at Central State College: 1) the 

convention~l approach. 2) the vector appro~ch, or J) the set theory 

nppro.a.ch1 

The Introductory College .:fbthem<J.ties Course wes defined as that 

five-hour course in college math.em:'ltics which includes the study of the 

basic elements of algebra nnd trigonometry. 

The conventional aop:roach to the study of m.r:-ithematics wns defined 

as that approach which has been used during the pa.rt twenty.five years 

in many of our secondary schO(>ls., colleges and universities. 

T'ae subject 11i.'9.tt0r which. is taught in the Introductory College 

Mathemmties Course could nlso be developed llSing vectors or set theory. 

The appro~eh which is used could be an importn.nt factor in the design 

or the me.themc".!.ties curric.mlu.m. 

Summary 

This study was an experimental study. The sample was chosen from 

a group or :freshman students who met the following s't,?.ndards. 

1) Tuey were :freshmen who uere enrolled in their first college 
mathemtics coux-se. 

2) They were grad~tes of a high school in the United States 
during the · spring of 196J. 
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3) These students had chosen nnthe:m;;;tics, pre-engineering, or 
pre ... professional work as their m'1jor field of study. 

4) They had taken the American College Testing Program prior to 
their enrollnient. at Central St&te College. 

The population was defined to be the set of all freshman students 
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at Central State College who were enrolled in the Introductory College 

Ms1thema.ties Course during the fall semester. of 1963. 

The sample consistecl of ?2 students. This se.mple was divided into 

three sub-groups of 24 students each. One of the groups studied the 

course Illr'.lterinl using the conventional ap-,roach.. The second group used 

the veotor approach. nnd the third group studied the material utilizing 

the theo:ry of sets. 

The duration of the experiment was one semester. 

The students were tested beifore and after the period of instruction 

in order to note any changes which could bo attributed to the particular 

approach used. 

The pre ... test sequence included the American Testing Program, the 

Cooperative Algebra Test (Form Z). the Rassmussen Trigonometry Test 

(Form A), and the Sequerrtj_nl Test of Educational Progress in Mathenntics 

(Form 1A}. 

The ACT Program wtts administered to the students during their senior 

year in high school_. The results of this testing program are used for 

placement pu.rp.oses in the colleges and universities of Oklahoma. 

The post-test sequence consisted of tho Coopertltive Algebra Test. 

(Form Y), the Rassmussen Trigonometry Test (Form B), and the Sequential 

Test ot Educ.9:tional Progress in Mathenaties (Form 1B). 

Tho c:i:-iteria uhich were used in making tho choice regarding the most 

effective approach are e,s follows: 1) algebraic manipulation; 2) trigo

nometric achievement;. and 3) gen.eral problem solving ability. 



The Cooperative Algebra Test meas'!lred the student's ability to 

handle basic 8-lgebrEdc nt."'lnipulations. The Rassmussen Trigonometry Test 

was used to measure the student. 1s achte-vement in trir,onometry. The 

Sequent.i~-1 Test of Educatiomil P.rog:r0ss i.l'l ~hthemD.tics W?1.s used to 

measure the student1 s ability in general problem solving. 

The instructors .for the three groups were chosen on the basis of 

interest in the study,. bs.ekground with rogard to m~.thematiee.l prepara ... 

tion and tee.ching experience. and a dec:le.red interest in teaching the 

course using one of the three .?.pprMches. 

In treating the d.8,ta stEJ.tisticclly, the t-test was utilized t.o 

determine whether or not there was a signif'ic2nt dif.ference betwee.n the 

three groups with respect to tho scores a.obie:ved on the pre ... test sequence. 

No signif'ic~nt differences were found at the five per oent level of 

significnnce. 

On the basis of evidence obfadned, it was assumed that the sm,tple 

was actually a random sRnple f'ror;1 the defined population and th£. t f'.ny 

deviations would in fact be due only to chimce factors. 

Operating on this assumpti?n, the dAk; was t:ree.tod using the anal-

' ysis of covariance. 

were: 

Conclusions 

Three hypotheses were tested in this ex;:ieriment,.1.l study.. They 

Hz 

... 'There will be no significant difference in the .mean 
scores of the three groups at the end of the ex~eriment 
with reg:1rd to algebraic m::-nipulations at the five per 
eent level of signifie3.nce • 

... '!'here will be no significant difference in the mean 
scores of the three groups at the end of the experiment 
with regt1rd to achievement in trigonor11etry at the five 
per cent level of significance. 



- There will be no significant difference in the mean 
scores of the three groups at the end of the exper. 
iment with regard to ability in general problem 
solving at the five per cent level of significance. 

!n each case, a value of F = J.14 was needed in order to reject 
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the hypotheses of no significant difference between the mean scores of 

the three groups at the five per cent level of significance. 

With regard to algebraic mEmipuL.~tion. the F..:test indicated an l!' 

value of .121. 

fh.e hypothesis of n~ significant differences between the three 

groups with regard to <'tlgebraic msnipula tion was not rejected. 

With regard to achievement in trigonometry, the F ... test yielded. an 

F value of 1.98. 

The hypothesis of no significant differences between the three 

groups with regard to trigonometric ~chievement was not rejected. 

With .regard to general problem solving ability, the F-test yielded 

The hypothesis of no significant differences between the three 

groups with regard to general problem solving ability was not rejected. 

One ·Of the limitations on this study uas the wtu:re of the testing 

instrura.ents. Each test favored the conventiontll group. It was not 

possible to use a test whieh could measure the student's &bility to 

I!llJ.nipulate vectors. or sets, as this test would be meaningless fm:· the 

students using the conventional approach. 

Keeping this in niind, nnd realizing that there were no significant 

differences between the three groups Nith regard to algebraic mnipu-

la-tion. trigonometric achievement, and general problem solving ability, 

the .following conclusions were reached: 

1} It appears that the students who study the Introductory College 
M:lt~em.'1ties Cours~, at Central State College u.sing the vector 



approach or the set theory .1ppro0,ch will h~vo gained more 
subjeot ... mtter wise, tkm those students who are instructed 
using the conventional approach. 
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2) I.t appears that the students studying algebra and trigonometry 
u.sing vectors or sets score compD.ro.bly with the group using the 
conventional approach with regard to basic ~.lgebraie manipula ... 
tion • 

.3) It llJ>pears tha. t the study of algebrt:. a,nd trigonometry using 
vectors or sets does not limit the student in nehiev.ing in 
trigonometry. 

4) With respect to general problem solving ability .. no significant 
differences were noted. It appears tha.t the approach to be 
used in this case would be arbitrary. 

S) The faot 'tha.t there were no significant differences between the 
two groups using the vector and set theory approach could le~d 
to some question as to which one is more effective. At this 
time, it appears that the choice again is an arbitrary one. 
The choice would depend to a certain extent upon the currieulJ:i.r 
design into which the approaeh would be incorporated. 

Implications 

While the sample for th.is particular experiment was a small one, 

and the population was chosen from a single institution of higher learn-

ing, some benefits can undoubtedly be deri vod fr.om it. 

A great deal of research is needed in order to find better ways and 

means to teach mathematics ,.,.t the secondary school level and in our 

colleges 3nd universities. 

This study could serve as ~ pilot study for further studies which 

could culroinnte in an ultimate solution to this fmd similar problems. 

More And moro advrmced ma them1 tica.l id ens are being introduced into 

the secondary schools and into the first two years of the college program. 

How much mo. the:m. ties can be ta.ught, and to whom. will be questions which 

will need to be answered. 

Research studies sueh as this one could be beneficial in this 

respect. 
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Recommendations 

Severa.l aspects of this study suggest areas for further research. 

Some of these ci.re: 

1) There is a. definite need in the field of mathemn.tics for stand
ardized tests t,o measure the various aspects of student achieve .. 
ment in mc1.thematics,. These tests need to be structured so as 
not to be biased toward any one approach in the study of nn the ... 
ma.tics. 

2) '!'hero is ~ defini. te need for this experiment to be replicated 
in a number of colleges and universities with a lurger sample. 
A more rigorous test:lng progr~m should be adhered to in order 
to evaluate finer differences in student growth. 

)) A study of this type should be . followed bY' a study etn'.:\lyzing 
the student• s achievement in a subseqnont course. M'.:.,ny o.£ · 
these students will take a course in 0.1lculus. How ·they 
aeh:teve in this course after hRving experienced the vector or 
set theory· approach could be signifie:~nt. 

4) Mora inter-departmental eooperation is definitely needed in 
order to design courses such :1s this one, using conventiom.1 
means. vectors and/or sets. which can be used by scientists, 
social scientists, psychologists, business students. as well 
as by a nmthematios major. 

5) A closer look at the mathem.n.tics curriculum is needed. It is 
possible that the entire four ye;,r program should be rewritten 
to overcome duplicrition, eliminate unnecessary areas of instruc.. 
tion. and improve instructional techniques. 



BIBLIOGRf', PHY 

60 



61 

BIBLIOGRAPHY 

Allendoerfer. C:i.rl B., and Cletus o. Oakley. PrinciplErs .2£ !~thematics .. 
New York: MeGr~w-Hill, 196). 

American College Testing Program. U:sing !.h!. ACT. Score~ 2!l Your Campus. 
Chicago; Science Research Associntes, 1960. 

Baker, I.e. ttNot 'Wh!1t Can be '?o.ught, but Whnt Should be Taught.11 I!'!!.. 
American Mathematical Montl;tly, LXIX (May, 1962), 426 .. 28., 

Bagle, E,. G,. ttThe School l-!athem:1tics Study Group/' Me.thematics Teacher, 
LI (December. 1958), 616 ... 18. · 

• nA Study of M1them.0,tic._1.l Abilities,n Amerie:1n 1-hthematieal 
--] ... ~o-n ... t-hl;z, LXIX (December, 1962.), 1000..02. 

Bernstein. Allen L.. 8Reeent Research in Ma.thematics Teaching." Michigan 
Education Journal, XL (Novemb~r, 1962), 262-?J. 

Birnbaum, z. w. Introduction~ Probability~ *3.them,::.tical Sfatistics. 
New York: Harper t>.nd Brothers, 1962. 

Buck 1 R. C. 6 'rhe CUPM C-lt!tlog Survey.n ~ Amex-ien.n Mfi.them!itieul 
Monthlz• LXIX (April, 1962). 304-06. . 

Butler, Charles R .. , and Lym10od F. Wren. The T,~aching ,.2! Secondary 
Mathemtics. New York: McGraw-Hill, l9b0., 

Copeland, Arthur H., Sr. Geometry, Algebr~. filE. Trir;onomet~z & Vector 
Methods. New· York: MacMillan., 1962. 

Christilles, W. E. 11 The Need :for an Emphasis Upon Creative Development 
in the Teaching or Mathem..'1ties.'t The Amerie-1n Mathem2ticnl 
Monthl:t;, LXIX (April., 1962), 308-09. . . 

College Entrance Ex.3.mination Boa.rd. Ii Description .2£ ~ Colle~e Board 
Achievement Tests. Princeton: College Entrance Examination Board, 
l9b2. ' 

Cook, Desmond L. !h!, Relation .2! Possible Hawthorne Effect Components 
J:g Stages 2.£. Ex.perimen't,'ll Inv!stigo1tion,. Columbus: Ohio State 
University, 1962. · 

Cunninghame-Greene, Raymond. "Industrial MBthem3.ties., 1t 

ticn.1 Gazette, XLVI (May,' 1962), 106-10. 
The Ma.thema-_ ....... _.._ __ 

Dixon. Wilfrid J~, and Frank J • .t-hssey, Jr. Introduction to Ste.tis ... 
tionl Analysis. New York: McGraw-Hill, 1957. 

Drew, J. Willia.m. u The Mri. thenn ties Curri cnlum in the Small College. n 
The Ameries.n Ms.them~tical :VJ.Onthly;, LXIX (August-September, 1962), 
b&4. 



62 

Fa,llt)U, .. H Tho Tea eh:Lng of Li cs fDr 1:1" :n:1 gomont (!,:,_rcc1•t: .. n 
The Af1e1:~1..£'..~th0n:~Ll Hf~t,\~lz, LXIX ( Fobru".l"Y • 1962), ])~8,"9 • 

Fisher~ Rohort C • ., e.nd i\11.en n. Ziohur .. 
Cliffs, N .. J.: 

F:reundt John u~. ilir:11':.l'fl Ij:Jc,11ont·.l:"JL ~icr;. Englouood. Cli:ttn, U.,J.: 
P:r{)titicoc,,lb 11 ~ Inc •• 1900. 

Garrett, Hc:mry E. St·:d:.:1_'.~'tlc..§. in ~cho1oe;1L :c1:nd Educ,d:,:ion. Yo.rk: 
LonGm,ms~ Green t\nd Company .• 1958. 

York: I:foGrm1-Hill., 19L~5. 

Hoel• Prrnl G. 
1957~ 

Intvcxluction ~. ~,r:~therir~tg·). :;\t·tistics. New York: Hiley, 

Huntsherg0:r. 
Allyn and 

M:illigrcm, Merlow 
Content f t)r 

ilAn Inquiry into tho z.;olection of .Subjt)ct ttc:J:' 
CollE:r•;e Freslun,:,n theiri:,,tics *n (Unpub. EtL '!)., dissertn ..... 

t:ionj [-:t:,te University, 1961). 

Murrey@ F .. J.. rlJT.duc,:c tion for ,'.01:icd !JLc1.thcmr:.tics l 11 1:4.c~ "i\,nr::ric,n 
~:,JJ12J.1r\~.J,.i~lll B[mthl;yo LXIX (H"LY, 1962), 3'+7..,57. 

Neoley, ,L H. 0 Hlut to do .A.bout ci, New Kind of Frosh,irm.ll ;\.inoricr,n 
;;;.;;;;.c,;.;;.c,:.:;;;;c'"",,.;;..;::;,;:;.,=, l\~:<.rq:thly• LX.\r'I (Deotomber, 1959), _584-t36. 

11Recornmend·: tion:; on the Undcrgrr·du,~tc Engi:nz'lers Physicists. n 

~. Arr~ti~J'l Hct!1emH ticel )j;i_ptl11Y., LXIX (H,:;.y., 1962) ~ 339-47. 

Rm:E1er·D, Herm,0.n Henry, N ,.L,, G,1. gc, "nd J., F. 
duction to Men.m1rom.2int r:vtc,ln2 tion. -~"" --:; ~---- __ .,....,._:.= __ _ 

Brothers;, 19oO. 

Rmmrel. i frr:ct,;i_g:'):. J:,r~
\'il!:m York: fI?,r:)er end 

R0·-;e:1rcll Jl~ffi.vJl {113;'1 J~m1,yaj&. 
on B}i:uc?, tiont.1 Rese:,.rch. 
L1c., 1961 .. 

Seccind ,~,n,·ru"ll Phi Dolts Kn.p::1c, Sy;:r:(;os:ium 
Bloom .. i.ngton 11 :Cnd5.,;.7,:rlt\: Phi Ik,l tt'.. , 



6j 

Rosenbloom, Paul C. 11 I.nrplico.tions for the Colleges of the New School 
Progr::\ms. 11 !l]& Jl.111erie2n M:1them:i. tie~! Monthly. LXIX (A1::iril. 1962) • 
255 ... .59. 

-----· 11 L:t:rge S co.le Ex:periment11 tion with Ma. thenn tics Curriculum. ii 
Research_Desiz11. al?§. tL.~.~si,2.. Eds. R~ O. Collier and S. M. Elam. 
Second Annual Phi Delto. Kappe. SyrrI9osium on Ed11c3tion1.l Rese3:rcht 
oh. l B, 1961, PP• 5 ... 10. 

Sanford,. Nevitt,. 'l'hu Arne:rice.n Collefi.e. New York: John W5.1E'ly and Sons, 
Inc*• 1962. 

11 The Snccoc;sf'ul CoJJ.ege. 11 f'J.!Yl. Jottrrud, (Novem:b0r 1 1962),. 11. 

Smith, Robert E. 11 1'1. Desk. Some Chai:t·s • :md :1 BJ.s:ckbo::,:rd..'1 The A:merie::in 
MzJ~.Tilir& k.[onthl;z-.,. LXIX (~,ugust ... S,g,tembcrt 1962), 65's:6J. 

Snedecor, George W. St:1 tisticc,1 Methods. Ames: Iow::1 St:~d:.l'J College Press, 
1959. 

Ste®l• Robe:t:'t G. D. • and J~,mea H. Tox·rie •. 1?:r:iJ,1ci olf:ie1 ,::,r1d Procedures g! 
~ta~~ti~· .Nou York: McGraw-Hill, 1960. 

Steller, E. 'i'.. nshould There Be A Choice of Questions in an Examin,rt.ion 
n Ifl--2, Iilfathcr11;1;!:ic;l, Gazette, XLVI (February, 1962) 2 lJ,,,14. 

Twenty ... Six:th Yec,rhook. Ev:1lu0. tlon in M,1. them" t'i.cs. •:Jashit1gton: 
Nnt:i.onal Counei.l of Teachers of' Mathenntiea. 1961. 

Ulmer, Gilbert;, and Do:n'lld. E:illotsom. 11 The Teeehing of" then?.tics at 
the College and University Level.II ReYicm 2! E:h1caLfon:-i,l F,eseareh1 

XXXI (Jru1e, 1961), 31l.i-.. 22. 

1/an Dalen. Dcohold B. Understanding Educ:c,t~l ~e~9ll. J:,le,:rr York: 
McG:rt:rN·-Bill, 1962. 

Van Eng0n .• B:c,nry. 11 PuM'lS for Reorgr-miz.1tion. of' College P.rc;:Eratory 
1-rithcm:d:J.cs.n Scho:Jl Science 1!l.d 1Vi;::.the1nntiGsi LVIII (April., 19.58), 
279. 

Watson. Gooduin. "Whnt Do "file Know About Lenrning? 0 [!I';A Journ"11, LII 
(}h:rch, 1963). 2Q,,.22. 



APPE1-LDIX 



APPENDIX 

Appendix A 

A Questionnaire 



I1/.i.THE1:'fil TICS QTJE~frIO:Nl-lAIRE -~,~- ---... _ .. ,,_-..,_.,.._ 

(First) 

High School where Gradtrnted ....... -· ...... -~--- Yr. of Graduation _____ , 

Home Town -..,-.-... -.. -··--~~·--------- Size of High School ____ .., 
(City) (State) Graduating Class 

List the mathematics courses you took in h:igh school: 
Com;;'.?~ 1. ______________ _ 

3. _______ _ 

4·-------~~------------~~----------~----- ------· ~----------~-----

List the, rTu'lthem:1tics cours:,s o:f'fored by your h:ie:h school but not taken 
by you: 

hlhat is your cl2;;;s sta.:nding at Central St,ite College? ____ . 
(i.e., First semester freshmn:n. second semester freshm.,,,.n, et;:r-

At the nres:ont time. wh,t is your intended mBjor(s)? 
(i.e.t - Mnth0m:1tics. Physics, Pre ... engineering, et.c.) 

1. __________ ~------~--~----~~--~ 

Intended Mi:nor(s)7 

z. --------~~--------------....... ~--------
List any mr1themntics courses you. have ~1ken at Central St,".\t.e College 
prior to this course: 

1. ~------~~----~~--~--~----~----~---
2. ____ , ______ ..,.. __ ___... _______ ... 

66 
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'l':A.BLE XIV 

RAW SCORES: STUDFmT SCORIGS OH COOPERATIVE ALGE8R.l\ 'l:E:ST 

Student Conventional Vectoro Sets 
':'.Jo. Pre ... te~.t Post ... test Pre-test Po~t .. test Pre ... test Post ... test -- . ~ - . ;t,S 

l 51 58 46 t; .. 5 '33 17 
2 46 32 31 37 2.l+ '.38 
3 43 47 38 31 26 34 
l.i, 36 27 41 l}5 !-1,8 !4,3 

5 1,J,2 42 22 18 26 32 
6 47 53 39 1}2 2l~ 31 
7 33 34 28 32 :31 34 
8 26 26 15 25 J4 35 
9 45 42 17 21 38 40 

10 38 46 34 37 36 37 
ll 23 20 35 44 52 50 
12 24 31 31 22 22 19 
13 28 32 33 24 26 4-0 
14 28 34 36 32 28 26 
15 25 24 35 39 32 24 
16 40 40 15 23 29 31..i, 

17 22 26 36 !+l 32 35 
18 36 33 42 33 17 27 
19 29 31 21..t, 25 31 38 
20 16 28 11} 20 l-1,2 37 
21 y.i, 39 42 48 32 40 
22 33 JO 46 Y4 22 20 
2J 15 27 22 27 30 J5 
2!.t, 26 22 }-1,0 J6 27 32 

-
lJ ::::; 24 24 24 24 24 24 

°' co 



TABLE XV 

R1U1 SCORES: ST1JDEHT SCORES ON RASS1:mssm1 TRIGmIOMETRY TEST 

Student Co:nventiona.l Vectors _ Sets . _ 
No. Pre ... test P<:>st ... test Pre-test Post ... test Pre ... t\:.ist Post-test 

1 63 83 51.i, 82 56 70 
2 ~-- 40 61 72 -,@ii, 60 
:3 61 71 ..... 6'.3 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 -- 48 -- 51 ..,_ 48 
9 52 55 51 57 49 .52 

10 56 67 53 61 5.5 54 
11 --- 57 69 75 68 82 
12 -- 48 42 65 51ai, 50 
13 -~ 59 ..... 45 -.. 46 
14 ..... 63 59 68 45 57 
15 57 53 ~.- 63 48 57 
16 54 46 -- .50 --~ 59 
17 50 63 46 60 _.., 49 
18 -- 1+9 57 69 -- 59 
19 39 5li 46 61 65 72 
20 56 68 -- 50 59 63 
21 49 55 

.. _ 
57 .58 46 

22 43 59 45 61+ ...... l}9 
23 46 64 -- 53 49 ' 67 
24 ...... 71 6Z 65 ...... 41 

N = 1t.i, 21+ 14 214, ll} 24 

°' '° 



TABLE XVI 

RAW SCORES; S'l'ODE?JT SCORES Dr~ STEP TEST !N ~tA.TI-1EJlitL'i.TICS 

Student Conventional Veoto:rs Sets 
NoL __ _ ----~~-test Post-test Pre!"test_ Post-test Pre-test Post-test 

1 ;8 45 31 27 30 ;4 
2 29 36 :)2 29 28 32 
J 32 Jl 17 2? 19 21 
4 19 17 JO :,8 29 37 
5 26 30 17 25 26 31 
6 30 38 30 29 24 25 
7 2; 21 25 35 24 22 
8 26 17 19 23 26 33 
9 23 35 21 29 2.5 28 

10 )8 41 28 26 22 26 
11 18 25 3:3 36 28 39 
12 27 24 20 JO 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 14 28 19 25 
17 20 17 22 28 Zj 28 
18 20 25 J6 )f} 17 21 
19 21 22 16 17 24 27 
20 12 2:3 16 22 28 22 
21 JO 29 29 36 24 27 
22 23 27 :30 30 24 24 
23 13 19 26 26 24 28 
24 22 24 18 33 25 20 

N ::: 24 24 24 24 24 24 --..I 
0 



TABLE XVII 

RAW SCORES: STUDEl:J'r SCORF.!S ON ACT PROGRA1:i1 

Student llathe1\1!itios English . .. Social Studies Natt1re,l science CQmuosite 
Jlo. Conv. Vectors Sets Conv. Vectors Seti:; Conv. Vectors Sets Conv,. Vectol:"s Sets Conv. Vectors Sets 

l 25 24 23 22 23 18 28 16 22 Jl 21 20 29 21 21 
2 26 19 13 18 16 20 15 15 22 23 17 28 21 17 21 
3 19 25 20 9 23 16 14 20 11 19 26 17 15 24 15 
4 17 21 24 16 15 23 25 15 16 20 18 21 20 17 21 
5 24 18 14 21-t, 14 18 21 11 16 28 13 2.3 21-t, 14 18 
6 22 28 19 26 18 19 15 15 18 20 20 16 21 21 18 
7 23 23 14 17 19 18 15 28 16 17 22 23 18 23 18 
8 28 17 23 27 9 18 29 15 20 25 18 18 27 15 20 
9 18 18 14 14 20 18 11 15 16 13 22 2.3 14 19 18 

10 24 23 23 24 25 22 25 28 21 23 29 26 22 26 23 
11 14 20 28 ll 20 17 17 22 16 18 27 21.J. 15 22 22 
12 19 24 20 9 20 16 14 15 11 19 23 17 15 21 16 
lJ 20 16 22 18 13 2; 15 4 22 18 7 23 18 12 2:3 
14 22 17 23 17 17 2.5 17 20 22 21 24 20 19 20 23 
15 23 20 26 17 9 18 15 11 16 l? 12 17 18 13 19 
16 21 16 27 18 21 23 29 20 21 JO 20 26 25 19 24 
17 20 25 18 14 22 20 10 22 15 24 28 18 17 21} 18 
18 24 25 21 21 19 15 15 25 15 13 28 18 18 Zl• 17 
19 19 22 23 17 7 20 14 11 20 19 15 25 17 ll} 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 2~; 28 22 25 2ii 18 24 
22 22 ZB 24 19 18 10 20 20 17 19 30 25 20 24 19 
2; 14 21 21 18 18 20 16 19 24 15 21 18 16 20 21 
24 23 22 21 17 18 18 23 20 18 21 2(3 20 21 20 19 

N = 24 24 24 21+ 24 24 24 21,1, 24 24 24 2l} 24 2l~ 24 ---.J -





TABLE XVIII 

SC1\T'l'ER DIAGRAM: ACT Wi.'!'HEMllTICS SCORES vs• ALGE.BRA. POST ... TEST ..,,,,vn1;,,., 

Seorg~ 16 .. 20 

28 ... JO 

25-27 

22 ... 24 

19-21 

16-18 

lJ-1.5 

I 

I 

fl 

I 

N ::: 72 

r = .JJ 

21-2.5 26-30 
-

I 

I 
Ill/ // 

Ill 

/Ill II 

I 

31-35 J6...40 41-I!j 46 ... 50 

I I I 
Ill/ / I 

I I Ill II/Ill l/ // 
I/Ill/I Ill II I 

ll I I I 
II II 

51 ... 55 56-60 
_---.1 

I 
I 

~ 



TABLE XIX. 

SCA'C'r'8R DIAGRAM: AC'r MATHEMATICS SCORJ!~S VS. 'l'RIGONOHF.:TRY POST-TES'l1 SCORES 

Scores JS-39 40-44 45-49 50.54 55-59 60-64 65.69 70.74 75-79 80-84 
......... ~~~~~----.... ~~ .............. ~ .... ~--~---............... , ..... ~--~~~ .... ~~~~ .... --~~----~~ ...... --~--~ ..... ~~~~~--~~--~~~ ...... ~~~~----~--~ .............. 

28-JO I I I I 
25-27 I II II II I 
22 ... 24 I /III II Ill !Ill/ Ill I Ill I I 
19 .. 21 I Ill II I I II II I II II 
16 ... 18 ll //Ill Ill! I I 
13 ... 15 I II II I 

N = 72 

r = .27 

~ 



TABLE XX 

SCA 'fTER DIAGRA}h ACT MA THEMATICS SCORES VS. STEP POST-TEST SCORES 

Scores 15-18 19 ... 22 2.J...26 27-30 .31 ... 34 35 .. 38 .39...42 4,-46 

2e ... Jo / I I 
25 ... 27 II Ill I I I 
22 ... 24 / II /I/Ill/ Ill/Ill/ Ill Ill I 
19 ... 21 I Ill/I Ill Ill Ill Ill 
16-18 // II Ill/ Ill II 
lJ ... 15 II I I II 

N = 72 

r = .26 

v1 



'I'A BLE xx:r 

SCATTER DIM}RAM: ACT co:M'POSITE SCORE:S vs. ALGEBRA POST ... TES.T SCORES 

......... .-~~,~-------------..-............. _...__. ................ ____ ................... ~~ ...... ----...................... ...-~ ..... -----..-----~~----~--~----~--~------~ ........... -
Scores 1.5 ... 19 

29 ... 32 

25 ... 28 

21-24 I 
17-20 

14-16 II 
10-lJ 

N = 7Z 

r = .38 

20 ... 24 25 ... 29 

I 

II II 
I/Ill /Ill/ 

II Ill 

30-31+ 35 ... 39 40 .. l~ 45-49 50-5!.t- 55 ... 59 

I 

I I 

II/Ill I Ill/ ///Ill Ill fl 

ll!IIIIII/I Ill!/ I II 

II I I 

I 

'a!. 



TABLE XXII 

SCAT'rER DIAGRAlJ!: AC'l' COMPOSITE SCORES vs. s·rEP POST ... TES1' SCORES 

... ~ ........ ~ .... -----~~~~~-~~--~~ ..... ~~~~--~~~~--~~~~~~~~~~.._~~~~~~~~--~~~ .......................... ~--------~~,,..~~--~~ .... ~--.... ~~ .... -
Scores 15-18 19.22 23-26 27-30 31 ... 34 35-38 39-42 l+J-46 

2.9 ... 32 I 
25 .. 28 I II / 
21-24 I !Ill lllll!IIII/I Ill II Ill II 
17-20 II l/l!III/ /Ill/// !Ill! I II II 
13 ... 16 I II /Ill I Ill I 
9 ... 12 I 

N ~ 72 

r = 

-.J 
-.J 
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'1hozis: A 

Pers ta: Born in R:rr:::nquillr,. Colombin, Bou th Amo:ric:1, 
Jonur,ry 0 193J. tho son of FrI,d J .. :md R. Plnchy .. 

Educe.tion: t-J:,tondcd sr:hool in T;:,r:n.de,ll r.nd Huron, South 
; gre.duc.tod from Greeley High School, Greeley, Colorr:do, 

in 1951; ,3.ttendE!d Black Hills Teu.chcrs Colletse, Spee:rfish, 
South Il1kotr1 one yc-:ir; recci ved the BJ.chelor cf Arts degree 
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c1f Educ.::\tion degree from Adams Skto College in An.gust~ 
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in August, 1961;. completed thc:i roquiremcnt.s tho Doctor of 
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Uni vcn·r;j;ty ~ Stilltn tor• Oklchom:,, August, 1961+. 

Profoss::Lcnvi,l Exporience: 'J':n1ght d:uring tho 1955 ... 56 school ye:'r nt 
Bent County Hie:h School, kis Ani1:1:1.s, ColorrH:lo; entored the 
Un:it1,d Str>. tos Army in 1956; served three yE.·t•rs rJs ic Germ.0-n 
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