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INTRODUCTION 

American mathematics educatJon has been marked by a massive examin­

ation and re-examination, frequently agonizing and critical 1 during the 

past decade. This scrutiny was given much of its original impetus by 

the launching of Russia's first Sputnik. American scientists generally 

attributed this spectacular success to the superiority of Russian scien­

tific education. The pranptings of many well-known American scientists 

were the beginnings of a very critical self-examination by American 

science educators. 

This scrutiny of mathematics education was originally directed to­

ward its subject matter. This close examination. quite appropriately , 

concerned itself with the content and method of scholastic mathematics 

education. Fran this initial critical observation evolved the School 

Mathematics Study Group, the Ball State Program 1 and other similar pro­

grams. 

While the original impetus for this examination of American mathe­

matics education was directed towards an investigation of the subject 

matter of scholastic and collegiate mathematics, much of the more recent 

inspection of higher mathematics education has been directed towards the 

possible methods of teaching large sized classes of mathematics students 

in colleges and universities. Soaring enrollments prompted this inquiry. 

1 



The investigation herein reported was undertaken in recognition of 

the need for more information concerning feasible methods for handling 

large sirz;ed collegiate mathematics classes:., Recognition was given to 

the fact that s:l..mj,lar :l.nvestiga.tions have been and are being conductedo 

Every college and university curriculum has unique featureso These 

features were deemed sufficiently numerous and unique to justify fur= 

ther e:xaminationo Since there has also been little research done on 

this problem in state supported institutions comparable to Wisconsin 

State University at La.Crosse, an investigation of this type is desir= 

able and appropriatea 

The basic question ·to be examined by this imrestigation is "Will 

the level of achievement of pre=ealeulus mathematics students be af= 

fected by the UH of a type of mechanical teaching device?oo The 

particular type of mechanical device will be des~ribed later in this 
- -

essayo The type of device is one that seems particularly well adapted 

to an institution of the kind mentioned in the preceding paragraph~ 

General Background and Need for the Study 

As stated preTiousl.T9 the past decade has been one of unrelent= 

ing changeo There ha.11 also been an increased and widespread recog;., 

nition that mathematics is tremendously important for the advancement 

of sciencec This recognition has been instrumental in prompting a re= 

examination not only of our ma.thematics curriculum but also of similar 

curricula in many countries of the worldo Kemeny9 1 in a report to the 

lJobn Go Kemeny.1> "Report to the International Congress of Math= 
ematicians 9 ~ The Mathematics Teaeher9 LVI (February, 1963) 9 PPo 66=78o 



International Congress of Mathematics at Stockholm, Sweden on August 

15, 1962, emphasized that this critical examination of mathematics 

has been quite universale Furthermore, this report states that: 

3 

There ar.e four areas of modern mathematics that are recommended 
by a ma~rity of the reports. These are elementary set theory, 
an introduction to logic, some topics from jodern algebra, and an 
introduction to probability and statistics. 

Much of the current discussion has been concerned with scholastic 

.mathematics educationo Perhaps, as Butler and 'Wren wrote in 1941: 

The reason why we heair .. ~o little of this criticism leveled at the 
teaching of calculus is simply because the matter of improving 
the teaching of college mathematics has as yet received almost 
no attention, at least in. the way of published suggestions.3 

H()Wever, one of the most serious problems confronting higher ed-

ucation today is the mushrooming college enrollmentso These large en-

rollments have necessitated some harsh and critical scrutiny of large 

sized classes of undergraduates .. Four approaches to this growing prob­

lem of dealing. with large college classes are suggested by Kuuisto.4 

The approaches he proposes are mechanical teaching aids, the large 

lecture class$ accelerated programs, and larger graduate schools. He 

includes t,elevision., teaching machines$ and other audio-visual aids in 

the first of his proposalso He feels that these have been over-em-

phasizedo He believes that too great an attempt has been made to 

·~hbid.,' p.. 69 0 

.3char1es H .. Butler and Fo Lynwoods Wren, Teaching of Secondary 
Mathematics» (New York, 1941), p., 475e 

hAllan lk.., Kuuisto, ''What are the Most Effective Methods of Deal­
ing with Larger Number of Students?", Higher Education El.~ Age£!: 
Revolutions., ed., G., Kerry Smith (Washington., 1962), PPo 173-l7o. 
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alleviate the college teacher shortage through the use of mechanical 

teaching aids. Furthermore~ he feels that these teaching aids are best 

suited for adult educationi ll'drillit courses~ and off-campus services 

rather than the general college courses. 
- -

Of these -four approaches-proposed by Ku.ui.sto; the only one; other 

than the mechanical devices~ which should logically be considered as a 

method of teaching is the use ·or large lecture classes. The other two 

approaches constitute more of an administrative problem than a meth­

odological problem. Kuuisto suggests that great care must be is.ken in 

selecting the ]>rofessor for large lecture classes in order to ensure 

that the best possible teacher has been chosen. 

There has been an increasing awareness in the last few·years of 

the need for undergraduate college credit through examination and 

advanced placement. The consensus of opinion has been that if a college 

student has the desire and the ability, he should be g:i.ven the oppor ... 

tunity to accelerate his college program, even though he may not have 

fuirflle d the :f orm.ii.l O ourse requirements• 

MeKeachieJ reports some studies which have indicated that those 

students who studied independently did better than those who did not. 

He is quick to point out~ however, that this compar:i.son was·based on 

the use of tests on the textbook used for the particular course in.;, 

volvedo These t.ests may or may not have tested all of the desirable 

outcomes of' the course. 

5w~ Jo. McKeaehie, 9 -Pr~eedures __ a,nd Techniqu~s ~:r Teaehing.i: A 
.. SµI"!9y_: e>f' JJ::xp~.r~~~ta1 ·:studj,Et~.a-". : .. The Amerioall_ College i ! P&chological 
.. ~ S0eial--Interpretatio1,1 ~ the Higher Learning., (New York, 1962), 

PPo :312mJ~6o 



The final approach to the higher educational problem of large en= 
-- - . - - . . .. -·· 

rollm.ents as advocated by Kuuisto is a change or intensification in 

graduate edueation,, The American graduate school is now in the process 

of expansion,, It is rather early to determine whether or not this ex= 

pansion has accomplished anything desirable :in terms of the problem or 
large college enrollments,, Nevertheless 9 it seems obvious that the 

nationns graduate schools are sufficiently committed to the doctorate as 

a basic qualification for college teaching,, Much of this expansion may 
. .. 

be in terms of a speeded=up doctoral program,, 
. . .. .. .. 

If Kuuietovs four approaches a.re accepted9 then9 as suggested 

prev:lously;mechanieal teaching aids and large lecture classes are the 

only two that are controllable by an individual college instructor or 

his pa.rt:i.cular department,, The other two approaches are more dependent 

upon administrative decisicms and.ll thus.9 are less likely to be ma.nip= 

.. ulated by individual faculty members or small faculty .. groups,, These 

. considerations pr0mptedthe decision to explore the mechanical tea©hing 
.. : " 

aids and large le~ture class approach,, 

The need for some feasible method of deialing with large numbers of' 

students in higher education cannot be disputed,, For example,\) the 

number of' students in the Wisconsin State University system has more 

than doubled in the la.st .four years,, 

The system has grown more in the la.st four years than it 
the J'.'irst -96,\) -rrom 189 .$'77 students to 389 :,92 this year,, 
growth6ra.te is expected to be about 7,\)000 a year for the 
years,, 

did in 
The 
next.two 

At Wisconsin State University at La.Orosse 9 the enrollment has inereased 

6_-__ ,..,,..,...,,,.... ................ __ , Wisconsin State Universities Report 9 XV 
_. (January)) 1966) .9 P• J,, 
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from a little more than eighteen=hundred in the fall of 1960 to over 

thirty=nine hundred in the fall of 1965e Similar increases have b'9en 

common not only in the Wisconsin system but in institutions of higher 

education throughout the countryo Thus~ there appears to be a need to 

develop means of dealing with this tremendous influx of undergraduate 

studentse 

Of course~ th~ growth in college enrollments ·would pose a less 

serious problem if there were not at the same time a shortage of c,apable 

teachers for these students~ Thia is especially apparent in the dis= 

cipline of mathematics., At WisconSin State Universit,y at Lacrosse for 

example 9 the mathema. tics department would like to add at least 'tlrn 

Doctors of Philosophy in mathematics and would add four if they were 

availableo The department 9 however$ will feel itself fortunate if it 

is able to secure one Doctor of Philosophy' in mathematicso 

Competence in undergraduate ma.thematics teaching has thus been 

equated with a doctorate in mathematicso While this may not be a com= 

pletely fair assumption9 it is nevertheless a criterion which is quite 

generally applied by educators throughout the United Stat,eso This 

criterion is applied not only by academic deans and other administrators 

but also by members of mathematics departments of American colleges and 

universitieso Therefore 9 while the assumption that competence in un= 

derg:raduate teaching is equivalent ·to a doctorate in mathematics: may 

not be the fairest or most logical~ it is an indication of the growing 

problem of staffing mathematics departments in American institutions of 

higher educationo 

The shortage of competent mathematics professors in American col= 

leges and uni:versities is inextricably combined with the large numbers 
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of students prevalent in these colleges and universities today. There-

fore, to attack the problem of large numbers of students is to attack 

the problem of such a shortage. Thus, any method for handling large 

numbers of students must be predicated upon the possible use of fewer, 

not greater, numbers of mathematics instructors . The assumption being 

made here , of course , is that higher educational institutions are inter-

ested only in competent mathematics professors. 

Such a shortage and such large numbers of students in these colleges 

and universities are an outgrowth, or quite possible the cause, of 

America's concern for an improvement of teaching in its schools . 

Brearley suggests that "ultimately the improvement ' of teaching on the 

college level depends upon three groups of persons, 117 Brearley lists 

these three groups as persons as financial supporters, educational admin-

istrators, and the teachers themselves . This research was concerned with 

the teachers themselves . 

Statement of the Problem 

The purpose of this research was to evaluate a method of handling 

larger than normal sized classes in undergraduate mathematics with the 

aid of a type of mechanical teaching devic e. The particular mathematics 

course was a pre-calculus course entitled "Algebra and Trigonometry" . 

This course . is a prerequisite for the calculus sequence for those students 

with three years or less of mathematics preparation in high school . Most 

of the students i nvolved in the research were freshmen, however, there 

were a few upperclassmen involved in this study. 

7H. C. Brearley, "College Classroorn_Teaching : Problems and Pro­
cedures," Peabody Journal .2f Education~ XXXVII (Summer, 1959), pp . 66-76 . 



Organization of the Study 

During the 1965 fall semester at Wisconsin State University at 

Lacrosse, Wisconsin, three sections of Mathematics 109, Algebra and 

Trigonometry, were given eleven review sessions during the semester. 

One of the sections involved was taught by Professor X and the other 

8 

two were taught by the writer. One of the sections taught by the writer 

was a large class that had a beginning enrollment of seventy-one 

students who completed the course. The writer's other section and 

Professor X's section had beginning enrollments of forty-three and 

thirty-eight students respectively, Thirty-six students completed the 

writer's smaller section and thirty-one students completed Professor X's 

section. Only data from those students who completed the course were 

used in this research. 

The purpose of this investigation was to compare the increase in 

the level of achievement of the students in the experimental group 

who used the mechanical teaching device-review method with the increase 

in the level of ac~ievement of the students in the control group who 

used the teacher-centered review method. While it is recognized by 

the writer that there are many outcomes that might have been properly 

considered as goals and objectives for a mathematics course of this 

type, the only outcome that was evaluated was subject matter achievement, 

Other related, concomitant, or aesthetic variables were not measured. 

Thus, no systematic effort was made to determine each students reaction 

to the review method to which the student.was exposed. Also, no 

attempt was made to determine each students feelings as to his 

academic success because of the exposure to the particular review 
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methodo 

The writer hopes that this study has produced some evidence which 

will contribute to a possible solution. of the problems of a. shortage of 

competent ma.thematics professors in American colleges and universities · 

and of the large numbers of students in these colleges and universities., 

To accumulate this evidence effect:ively9 two basiCJ consideraticrns were 

weighed before deciding upon a specific research design., The :first of 

thee considerations was the need for a valid research deslgno The 
... . ·... .. 

second of these considerations was the deeision to compare only the 

increase in achievement under the two different review methods" The 

need for results that would permit an evaluation of the increase in 

a(lhievement under each of the two review·methods d.iotated the use of 

some kind of standardized test., These tests were given to all of·the 

students in these three sections during the second week of the semester. 

At the end of the semester different forms of the same standardized 

tests were giveno These latter tests were given as the final e:xam~ 

ination for the course" 

During 'the semester.$) each instructor taught his sect:ion·at his 

own paceo No attempt was made to teach each section according to:a 

rigid timetableo This was also true of the spacing of the various 

unit tests duri:hg the aemestero The individual instructor was free 

to determine the placement of' these unit tests" 

At the start of the semester, each student in each of these three 

sectioM was assigned to either an experimental group or a control 

group" The experimental group con~isted of those students who attend"" 

ed the synchronized tape recorder and slide projector review method" 

The control group consisted of those students who attended the teacher= 
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centered, lecture and class-discussion review method. The placement in 

these groups was determined by the use of a table of random numbers. 

The students in each section were listed in alphabetical order with 

their last name first. Each student was then assigned a number on the 

basis of his position in this plphabetical order. Next, in a table of 

random numbers, a column of numbers was arbitrarily selected. Each 

section was assigned a different column from which the random numbers 

were selected. Since each section had less than one hundred students, 

only two digits were needed for each student. Since the table of random 

numbers consisted of numbers of more than two digits, each section 

arbitrarily assigned a set of two digits from each column. Then, using 

the appropriate column and the appropriate set for each section, one 

half of the numbers for each section were selected. If there was an 

odd number of students in a particular section, then one half plus one 

of the numbers for that section were selected. The students correspon-

ding to the numbers so selected were assigned to the experimental group. 

The procedure outlined perhaps was not completely ideal. However, 

as Lumsdaine states: 

Administrative conditions may require that the experi­
mental instruction be performed in groups. In that 
event, random assignment of individuals to treatments 
may still be feasible. If so, this procedure may be 
greatly preferable to the block assignment of intact 
classroom groups because it reduces unwanted variability 
due to population variables not randomly distributed 
in the intact groups. This procedure is often much 
more feasible in two-group (two treatment) experiments 
than in cases where a larger number of treatments are 
employed, particularly if the experimental variation 
is introduced only for a single lesson or class period. 
Under these circumstances, students in a given class­
room may be assigned randomly to two alternative 
groups, each of which is then instructed (and tested 
also, perhaps) in a separate room with one of the 
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alternative experimental instrumento8 

Thus 9 the method of random selection of the experimental group indicat-

ed above appeared satisfaetoryo 

An examination of the material to be covered during this pre=cal= 

culus course by Professor X and the writer determined the number of 

.review sessions to be giveno From this examination it was decided 

that eleven sessions were needed to review adequately the content of 

this pre=ealculus course~ 

The three experimental groups met as a single group eleven times 

during the semester" Since these review sessions were in addition to 

the regular daily class session.9 the review sessions were held during 

the weekday evening hourso The review sessions were condueted on 

Tuesday or 'I'hursday evenings from 7<J00 to a~oo P., M., The meetings 

were scheduled to precede the unit tests by a few dayso At these 

meetings 51 the students reviewed a unit or a portion of a unit of 

course content using the mechanical teaching deviceo This device 

consisted of a tape reH,order qnc:hronized with a slide projector., 

The slides were automatically projected on the screen and were 

automatically changed by the tape on the tape ::recordero The writer 

determined the length of time that the material on each slide was to 

appear on the screen., The material for the tapes and the slides was 

prepared by the writer,. The voice on the tape was that of the writero 

The three control groups also met as a Single group eleven t:imes 

during the semestero These meetings were condu~ted at the same time 

as the meetings for the experimental groupso At these meetings of 

, .... 8!o A:o Lumsdaine.9 Winstruments and Media of Instruct:ion~,tt Hand·~ 
book of Research ~ Teachin,1)) ed., No Lo Gage (Chicago,> 1963) » p., ~7" 



12 

the ciontrol group» the writer conducted a review·session using the 

same classro~m techniques that ~he writer used during his regular 

class sessionso Lecture techniques and formal and informal class 

discussion were usedo The material covered in these sessions was 

the same as that covered in the experimental review sessionso The 

writer made a deliberate attempt to review exactly the same material 

as that covered by the mechanical devic~o 



CHAPI'ER II 

BACKGROUND FOR THE PRESENT STUDY 

Introduction 

The general method of teaching &DT class is usua~ based on the 

individual teacher's educational philosophy, the teaching objectives 

of the particular faculty involved, the objectives of the individual 

teacher, and the particular course being taught. 

The classroom method moat gener.ally fo.llowed in the past has come 

to be called the teacher-centered claeeroom. This was characterized 

largely as a lesson-hearing, recitation method, where learning was 

considered a passive a.t'iair and teaching consisted mostJJ" of telling, 

task fixing, and testing. As Dale states •we know the ingredients of 

training but perhaps not of education.tt1 !ale goes. on to say that: 

Educatio.nal mate.rial thrives on inference -- on what is not there. 
With training materials inference: is at a minimum, the experiences 
to be undergone are all preplanned. You do not :need to think, 

1 you accept and· imita.te.2 · 

If we accept this distinction between education and training, it 

seems quite clear that the old teacher-centered classroom stressed 

a method which placed major emphasis on training, and not on education. 

1Edgar Dale, •New Techniques of Teaching u The Two Ends of the 
Log, ed. Russell M. Cooper (Minneapolis, 1958), p. 193. - - -

2 Ibid. 

l3 



As teachers became more aware of discoveries and advances in ed-

ucational psychology and of a broader concept of citizenship which 

placed the emphasis upon group interaction, there came a new method of 

teaching.called the pupil-centered classroom. Several new techniques 

have emerged from this pupil-centered approach to teachingo Two of 

the better known of these techniques are the project technique and the 

p~ob+em solving technique. Both of these have had significance in 

influencing mathematics te~ching methodso 

The present w~rld is considerably different from that of our 

fath~rs' and grandfathers'. As Tripp~t se~s this world of today: 

It is at once a largeT and a smaller world. It spins more rapid­
ly, is more dfnsely populated, more interdependent and inter.;;; 
related. It encompasses quasi-miraculous sot1rces of power. It 
~µgenders a host of ;r~sions and conflicts and seeming]Jr insol-
uble human problems .. · . 

The means of dealing intelligently with the prese~t and future prob• 

lems of today's world must be one of the major concerns of eduoationo 
. . 

Rosenbloom voices this thoµ.tht when,he ·says tnati 

I take as the main goa1 of educ~tion that of preparing the student 
to take his place in the adult worldo ·. To do this he must under­
stand the world around him== both the world of nature and the sooi­
ety in which he lives=- and must discover his own abilities and 
interests, he must develop these abilities as far as possible, 
and he must acquire a scale of values .which inspires him to make 
the best possible use of his talentso. Furth~rmore, he must be· 
prepared as a future ~rent to.transmit, as his children's first 
and most influential t,aoher, the cultural heritage of his society)i 

According to Price, who st,tes this t~ought_more fully~ 

~yronK., 'l'rippet, 0Are Fundamental Changes Req:uired in Higher 
Education?", Goals for Higher Education in a Decade of D9cision, ed. 
G. K~rry Smith (Washington~ 1962) ii p .. 27-.. - -

4Paul Co Rosenbloom, •The Role of Mathematics and Science in a 
Gene:f&.l Eduoation,ff m:imeo,raphed article, (Minneapolis, 1959), p. lo 
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In the future, a-college education must be considered general ed­
ucation for the great bulk of the population, whereas in the past 
a college education was designed for the privileged few. This 
fact-will have an important bearing on the ma.thematics that is 
ta~glit in our undergraduate college and university mathematics 
op~rses in the future. The mathematics courses that will be 
taught will be designed to help members of the general public to 
make a living and to discharge their duties as citizens. In­
order .. to provide the general education that will be required, 
colleges and universities must make certain th.at their students 
reach a higher level in mathematics than formerly-.5 

Thus, the goals for education stated previously by Rosenbloom must, fol-

lowing Price's reasoning, also be Rosenbloom's goals for higher education. 

In American education today there appears to be more concern with 

an acceleration of the education of some students. In higher education, 

advanced placement is becoming more and more of a routine procedure. 

Pressey6 argues that since the most outstanding creative work is done 

by quite young people, for them to remain in schools when they could 

have finished formal education earlier is a waste of their precious 

creative talents. He also argues that by encouraging young people to 

accelerate their education and to move more quickly- into their pro-

fessions, they might be more inclined to defer marriage until they were 

actually at work. His argument is given further emphasis by the careers 

of distinguished men such as Nobel Prize winners who finished their 

degrees early. Pressey? further states that there is little evidence 

to support enrichment programs as a means of meeting the needs of 

5a. Baley Price, "New Perspectives on Teaching Mathematics," 
(igh r Education in!!! Age of Revolutions, ed. o. Kerry Smith 

.. _ngton, 1962r; pp. 100-101. 

6Sidney L. Pressey, ·"Educational Acceleration: Occasional Pro­
cedure or Major Issue," The Personnel and Guida.nee Journal, XV 
(September, 1962), pp. 12-16. -

7 . Ibid. 
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bright studentso He also states that there is considerable data which 

suggest that most students in the upper twenty per cent of the ability 

range could profitable speed up their education with no attendant social 

maladjustmento 

There appears then to be sufficient evidence to support the con-

clusion that higher education should encourage students to concern them-

selves with ways in which they might profitable accelerate their educa.-

tiono That is, students in higher education should be encouraged to 

develop attitudes which will enable them to pursue their educational 

goals with a greater amount of initiative and independenceo 

In February of 1954 the conventiotl of the American Educational 

Research Association conducted a round table in Research in Science 

and Mathematics. Mallinson8 identified the five most needed research 

investigations in the teaching of mathematics, as determined by this 

round table, to be: 

(a) The identification of the concepts and functional competence 
in mathematics needed for the general education of all stu­
dents at the secondary level. 

Mallinson,9 the chairman of the round table, reported that most 

of the participants were of the opinion that many of the studies in 

the area of objectives for the teaching of mathematics deal with 

mathematical skills such as the ability to compute and to do square 

root rather than with concepts, competencies, and understandingso 

Further, the members of the round table felt that major emphasis is 

Be., G., Mallinson, 11The Five Most Needed Research Investigations 
in the Teaching of Science and Mathematics," School Science and Math-
ematics, LIV (June, 1954), pp. 428-430., - --

9Ibido 
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needed on identi,fying and defining those concepts, competencies, and 

understandings that may be suitable as objectives for general education. 

(b) The background in mathematics needed for teaching courses in 
mathematics for general educationo 

In Ma.llinsori'sl(J) reporti> he noted that recent surveys indicate 

that few if any colleges offer courses designed to aicl.t~achers in teach-

ing such courses in ma.thematics for general education~ 

(c) The development of tests that present situations in which the 
methodology of ma.thematics is tested rather than the skills 
of mathematics. 

As might be inferred from the preceding discussion, Mallinson11 

reported that the round table members~ definition of 11the methodology of 

mathematics' was meant to be the concepts 1 competencies, and understand-

ings of mathematics whieh were previously considered. The round table, 

of course, felt that these were desirable results of the teaching of 

mathematics, and that if these were considered to be results by the 

majority of mathematical educatorsi> then tests should be designed to 

measure them,, 

(d) The development of techniques for teaching mathematics in­
ductively and for teaching students to think mathematically. 

The participa.nts,Mallinson12 reported.f' agreed that while it 

is not difficult to state the objectives that are desirable in these 

two areas.f' particular methods of implementing these are lacking. 

(e) The need for non-technical publi~ations that will summarize 
the implications and practical applications of research in 
the teaching of ma.thematics. 

lOibid.i> PPo 42B-430 

llibido 

12''Ibid .. 
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Mallinsonl3 reported that the consensus of opinion of th~ round 

table members was that most classroom teachers, and some professional 

educators, have little opportunity to analyze the more or less technical 

literature that contains the research investigations in science and 

mathematicso Thus, the round table strongly urged that the American 

Educational Research Association prepare ti'laymen 1s reviewstt in these 

two areas, such as the one recently prepared for the field of teaching. 

Review of Relevant Li1erature 

In the past decade 51 there has been little completed research 

that fits nicely into any of these five categorieso Burkhard,14 in a 

thesis which was part of the requirements for a Doctor of Philosophy 

degree from Columbia University, published &iA Study of Concept Learning 

in Differential Calculusn in which she sought to determine the methods 

and materials needed to increase the students understandings of concepts 

in calculuso In her study, the mathematical literature was searched to 

determine the nature and :important aspects of the concepts of differ ... 

ential calculus .. Two hundred thirty--five students comprising nine 

differential calculus ela.sses were involved in the experimental portion 

of this studyo The students in the experimental group were taught with 

a greater emphasis being placed upon understanding the concepts of the 

calculuso Two classes were taught in the conventional manner with the 

major emphasis on skills and problem solvingo The differences observed 

lJibidog PPo 428=430 

lhsarahBurkh.ard.i nA Study of Concept Learning in Differential 
Oalculuss,n Dissertation Abstrac:ts 51 XVI.i Noo 2 (Columbia University.I) 
1956)0 
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between the two groups of students were prim.ari~ in the area of quality 

of concept, with the greater grasp of the concepts coming from the ex-

perimental group. '!'here were, however, no statistically significant 

results obtained from this study. 

A study conducted by Smithl5 is in this same general area of 

mathematicai concepts~ . In this study' an attempt was made to compare 

an s.lgebraie and a geometric method of teaching a college general 

mathematics course. A total of one hundred forty-one students were 

divided into three ··groups. The same instructor ta,ight eachgroup; 

using the algebraic method for the first group~ the geometric method 

for the second group9 and the third-group served as a control class. 

Altb,o~gh the results did not uniformly favor either method of presenta­

tion9 the advant&ge's 'oi the geometr:i.e method outweighed those of the 

algebraic method for most students. 

In the last several years there has been a great deal of discussion 

concerning the relative merits of acceleration and enrichment. Hyman., 

writing :l.n the Journal of Higher Edueation, proposes: 

That the Fund for the Advancement of Education oonduct an "ex­
perimenttt in which~ thousand_or s<;> students (would) receive 
syllabuses, t~xtbook, re~ew books., and library eardti, while 
an equal mm.bar of students (would) attend cl~sses.1° 

'Perhaps this would be an impractioal plan~ but Williamsonl7 has done 

15RQland Frederick Smith, "An Experimental Com~rison of Two . 
Liberal Art,s Courseis in Ge~eral Matllfl!matics at Syraous~ University," 

.Dissertation Abstra.cts9 XV, No. 6 (Syracuse University, 1955). 

,.... .. ~6LawreD;~f3 J,v. _ B:Y1!18.n,. "Advancing ~du.cation by Eliminating Classes ,11 
Journal of Higher Eduoation9 XXXII (April, 1961), pp. 213-215 • 

__ . 17Robert Gordon Williamson~- ui Theory of Learning and Its Appli­
cation t~ a Class in Co;I.lege Mathematics'~ff Dissertation Abstracts~- XVI, 
(University of Maryland, 1956) 9 P• 395. 
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some research which seems to indic:ate that Hyman 1s idea is not altogether 

impraotioal., 

Williamscml8 completed a disser·tat.ion on HA Theory of Learning 

and Its Application to a Class in College Mathema.ticsu. In this study 

he attempted to use a philosophical approach to deduce an original 

method for teaching college subjeet matter. He reviewed previous 

learning theories and developments :i.n modern science and mathematics., 

From this review he developed a theory of learning.,. A procedure was 

devised that applied this theory as a highly individualized method of 

instruction with particular emphasis on student self=involvement and 

student-teacher oonnnunicatione A single olass in freshman college 

mathematics was taught using this procedure and measuring results in 

relation to certain selec:ted factors~ This method permitted students 

to proceed at their own rate under individualiz:ed instruction., The 

study showed th.at student ratings and evaluations indicated a prefer~ 
J 

ence for this method over the conventional method of teaching and that 

significant gains in subject matter skill were aohievedQ It is worth 

noting9 howenrer, that the results of this study did not indicate whether 

this gain was in relation to the student 1s subject matter skill at the 

beginning of the course or in relation to what might be expected if 

they had been taught in the conventional manner., Also.I> the use of the 

words tmsubject matter skills 11 was not defined,11 and unless the words 

rvsubject matter skillsn denote those concepts.I) competencies, and 

understandings which the members of the round table felt were the high= 

ly desirable results of college general ma.thematics classes, then 
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Mallinson and the other members of the round table would agree that 

the study is not particularly :relevant to the question of how effi= 

ciently to secure these highly desirable results., 

The exploding ie:ollege population has been a source of much con= 

cern for all educators., This problem has been attacked by the members 

of Cornell Universityus mathematics department who sought a solution 

to the problem of teaching freshmen with vastly different interests 

and backgrounds in mathematics., In a study reported in School and 

Society.ill9 the members of Cornell University1s mathematics department., 

at the beginning of the s©hool year.il,divided their first=year calculus 

students into three groups on the basis of their mathematical and 

verbal aptitude test scores., If any obvious or necessary shifts were 

needed, these were made after three weeks of the session., According 

to the chairman of the department of mathematias:v the new,program 

allowed better equipped students to move faster than before and students 

with less prepar~tion to get more helpo At the same time no lowering 

of academic standards was permitted., The approximately one thousand 

students who registered for first=year calculus were placed in fifty 

class sections of about twenty students eacho Ten of these sections 

received a course that covered more material and theory than the 

former first-year course.,· After the first term$} twenty of these 

students were then transferred to a special section that covered even 

more ground., The other forty seotions received the typical calculus 

course meeting three hours a. week.ii but the 11 lower11 ten of these 

sections received an extra hour of olass work a week without college 

" . ?9itindividual Differences in College Mathematicsjln School and 
Society9 LXXXIV (December 8,, 1956) 9 Po 2040 



oredito The students in these ten sections seemed pleased with the 

extra instruction, particularly since man;r students had formerly hired 
--· -· 

tutors for extra work. However, there was no significant statistical 

change in achievement under this systemo 

Almost all colleges have at some time or other had some form of 

tutoring service.,. Hampton Institute has conducted a rather unique 

tutorial serviceo Hawkins20 writes about ttA Volunteer Tutorial 

System" in the-Phi Delta Kappa.no In this undertaking at Hampton 

Institute in Virginia, the tutors were required to have at least a 

general average of Bo The tutors were also required to have at least 

a B average in the subject to be tutored and a willingness to render 

service without receiving financial compensation. In addition to these 

requirements, a recommendation from the chairman of the department of 

the subject being tutored was required. It was felt that this arrange-

ment gave educational guidance, developed student leadership, and pro-

vided an opportunity for the gifted students to utilize their talents 

in the service of others. 

There have been man;r words written in recent years about the use, 

or possible use, of television as a teaching tool for relieving the 

shortage of classrooms and teachers.· Man;,y problems have arisen in the 

use of the medium, and many questions have been posed concerning the 

results of the use of this deviceo Perhaps one of the major worries 

is unconsciously implied by the following quotation from Da.let 

One hazard of mass education, of the use of larger and larger 
classes, is that the instructor must exactly define the right 

.... 2°'rhomas Ee Hawkins, "A Volunteer Tutorial System," Phi Delta 
Kappan, XL (January., 1959), PPo 16B-169·o -



answers and give grades and marks on this basis. The student 
answers questions, but he does not question answers. You ma;r 
sa;r that--this is not a necessar;r concomitant of huge classes, 
bu.t the ~ere fact of size makes it difficult to do a:rJf'thimg 
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else. We·· shall .not get differentiated responses if differenti-2 
ated responses are not reward~d by those who make up the tests. l 

Huge olasses are no'\;~~·· problem aeeording to Carpenter.22 In 

reporting on the results and impressions of the use of television at 

Pe:nns;rlvania State University, he states that the research people 

there who were connected with the use of television in teaching felt 

that: 

The more strict4'" an e;periment is controlled, the greater the 
probabilities that there will be non•signif'iea:nt statistical 
differences between scores of students taught by television and 
those taught eonventional~.23 

Furthermore, these research people felt that: 

We have the means tn television for :making a substant,ial con­
tribution to the solutio,of the ttquantity-111 problem in American 
ed'llcation. It remains to be shown tthow and to what extent• teach­
ing by television can contribute to the related pre>blem of,. iJn ... 
proving the 11qualitytt·· of college and university- teaohingo ~ 

Benner and·Rogers2'report on a television experiment at the Uni-

versity of Houston in the May.11 1960 issue of Tht:i'~thematies Teacher. -·· 
In this study, plane trigonometry was taught to approximately- two 

hundred and fitt:, students. The basic features of the plan weret 

21Edgar Dale, •New Techniques of Teaching," The Two Ends of the 
Log9 edo Russell M. Cooper (Minneapolisg 1958).11 p."193-;-- ----- ~ ~ 

··5i ·1!~~e Je,~~C:;e!t tti:::!i~1:11g,~:~n~11.:.~:i:!;~i;sA),. ~e ~11. 

!lniia.. 

11]:bido 

!Sctu,:r1'1 »aimer and ,Oufltil A. 1to11r1, •A Now Plan tor iutwote 
tq L&:r1,,,Cl~1,11 j.n Math1111,tia1 lQ' '1'1leyi,1ion and l'iltu,• The 
M&iMU.t!.111 'l'oaahlr, LIII (*f, 1910)1 ·»P~ 3'71•.'.375'. -



(a:) There-were six members of the mathematics department who 
gave twenty=serven lectures which were checked by 111,embers of 
the mathematics department and which were forty-four minutes 
in length; 

(b) two lectures were given each week, with each: 
film=shown twice over open circuit television (morn­
ing and evening)a_nd twice by projectors in viewing 
rooms of the Audio=Visua.l Center (afternoons and 
Saturday mornings)= provided on campus for all tele­
vised lectureso 

All students enrolled for credit were supplied with a 
television supplement which contained routine instruc­
tions for the course, a list of study aids, additional 
explanatiol'.l,s, and an incomplete set of notes on all 
lectures.,26 

(c) the students completed these notes as they viewed the lecture; 

(d) the students were divided into sections of approximately 
thirty students which were required to meet one hour per 
week in a ~onferenoe session with a member of the mathe­
matics department where the lectures were discussed, ques­
tions answered, homework collecteds, and reviewing for exam­
inations done. 

(e) In addition to these conference sessions, ten hours of help 
sessions were s~heduled~ at which a student assistant was 
in charge to answer questions about specific problems; 

(f) two comprehensive examinations of two hours length were 
preceded by a live television review and two, more limited, 
examinations which were given in the weekly conference 
sessiono 

The University of Houston mathematics faculty devised a plan for 

producing the television lectures which consisted of: 

(a) the assigning ofa topic to a lecturer who then produced 
rough notes which were presented to the other members of the 
ma.thematics faculty for criticism; 

(b) the refining of these rough notes~ using the criticisms given, 
into production form; 

(c) the taping of the actual lecture which was then made avail­
able to the ma.thematics department, along with the production 
notes, for furthe! criticism; 
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(d) the producing of the final production notes using the two 
sets of criticisms already given. 

In addition to problems from the production end of this television 

venturej certain student difficulties also became apparent. The taking 

of notes became more restricted9 since it was difficult to catch up it 

the student once fell behind as there was less material in view at an;y 

one time. This difficulty was alleviated somewhat by the distribution 

of the incomplete lecture notes. It was also impossible for the student 

to interrupt and ask a question of the lecturer. This was solved in 

part· by the lecturer himself in anticipating the usual f!P.J.estions when 

preparing his script and also by suggesting to the students that they 

write questions down and bring them up in the conference sessions. 

Perhaps the most immediate difficulty was the students' lack of experience 
. . . 

with this form of instruction. Most of this oourse 1s requirements were 

completely' voluntary and the necessary self=diseipline was often lack= 

ing, at least in the beginning. Orientation prooedures 9 such as a 
) 

p:re~~i~ry: ~!~ee~~~ a!ld the distribution of an orientation pamphlet, 

seemed to reduce this problem somewhat. The members of the ma.thematics 

department felt that this problem would continue to decrease in scope 

as more and more ~tu.dents bees.me familiar with this instraetional 

technique. 

Another study, more limited in scope than the two previously re­

ported, ~was conducted during the winter quarter, 1962, at George Pea­

body College for Teachers, Nashville, Tennessee11 • 27 Three different 

27 Horace Eo Williams, 11tA Study of the Effectiveness of Classroom 
Teaching Techniques Following a Closed-Circuit Television Presentation 
in Mathematics," The Mathematics Teacher, LIV (February, 1963), p. 94. 
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classes of a general mathematics course received a twenty-five minute 

presentation over elosed=oircuit televisiono The same presentatiem 

was given to the three classes at the same time 9 with three dif'ferent 

post-television methods practiced in the classroomse 

In the first method~ the television lecturer remained on tele­

vision and answered questions relayed to him by an ihstructor in the 

classroomo The television presentation was made from a studio with 

all three classrooms some distance removed from the television studio~ 

This necessitated the need for the relay to the television lecturero 

During this post lecture presentation9 the stress was on in.formal 
,,.•'. 

and personaliz:ed instruction with no new material presented. 

For the second method the classroom instructor simply answered 

questions asked by the students after the television lecture was 

presentedo The instruetor attempted to clear up any areas of diffi-

culty- revealed by the studentsrr questions. 

In the third method, the classroom instructor used the rest of 

the period following the television preparation to approach the 

lecture topics from a different point of view. He attempted to ac-

complish this not only by using lectures, but also by using iJJ.us-

trations and questions which he asked the students. 

After evaluating the data derived from this experiment, the fol-

lowing conclusions were drawng 

lo There was no apparent difference in the effectiveness. or of 
the retention by either of the three methods, 

2. Since there were very small differences in these three methods 
any one may be safely used by any one using a television pres­
entation. 
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McKeac:hie28 gives a:n excellent report o:n the procedures and tech= 

niques of teaching in a chapter of The Ameriaan ~legeo He stresses 

the difficulty of comparing different teaching methodso He asserts 

that this d:;tffic:ulty is due ma.inly to ineffective evaluation.9 changes 

in student motivationw and different levels of teacher effectiveness 

in terms of particular cour~e objectivese Consequently, it is dif-

ficult to compare po~itively and ~arefully two different methods of 

instructiono A general comparison then of the 1tautomated1t (that is 9 

television9 filmsw and programmed materials) teaching techniques and 

teacher procedures reveals no clear cut advantage for either of these 

uprocessesiu., For differing objeoti ves l) student characteristics and 

materials, each of the techniques indicated above has been shown to be 

superior for a particular situation., Much remains to be donej and the 

unifying thread running through all of the literature is the need for 

more and better articulated experimentationo 

While there bas been much publioity about the need for the re-

vision of the seeondary mathematics curriculum, there has been very 

little a·ttendant publicity about the collegiate mathematics curriculum., 

The layman at least, has been unaware of any need for a revision of 

colleg:la·te ma.thematfos: 9 let alone any notice that a.ny change is being 

madeo 

A comparison of almost any college or university catalog of today 

with the same institution 11 s catalog of ten or fifteen years ago will 

convince the examiner that @hange has taken placeo The traditional 

28w .. J., McKeachie 9 18 Procedures andTechniques of Teachingi A Sur­
vey of Experimental Studies 9 tJt The American College i A Psychological 
and Social Interpretation of The Higher-i::ei'rning9 (New-York9 1962) 9 
pp .. 312=3560 - -- ----
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college algebra; trigonometry; plane analytic geometry; solid analytic 

geo~etry; differential calculusg and integral calculus sequence or ten 

or fifteen years ago has often been replaced by a sequence generally 

consisting of elementary- analysis (algebra and trigonometry), an 

introduction to calculus (Including some advanced topics in algebra 
. -

as well as plane analytic geometry) 9 differential calculus» and in­

tegral calculus (including solid ana.J.Ttical geometry). 

It ls dirr:iLeult to determine whether this change in the collegiate 

mathematics curriculum preceded; or was preceded by» the corresponding 

chamge in the secondary and elementary mathematics curriculum. Regard-
. . . . ·- ·-· .. 

less of the order of cha.nge 9 this change is taking place. Furthermore, 

this Cl)lleg:late change is a dynamic process. This is quite significant 

and indi~ates that the collegiate educator9 as well as the seeonda.r;r 

edl::u,a.tor» now recognizes that the need for curriculum revision is ever 

This discussion has been concerned with the college mathematics 

curriculum. We have howevers concerned ourselves only with the needs 

or the prospective teachers of mathematics. But are the objectives 

for the education of teachers of mathematics the same as the objec­

tives for other students with an interest in mathematics? Dubisch9 

of the University of Washingtons puts the students of mathematics in 

four classes which are as followsi 

lo Those who plan to take an advances degree in mathematics. 

2. Those who plan to teach elementary or high school mathematics • 

.3. T:t_ie prospeetive majors in subjects that use mathematics exten-
s:ivel,rs such Els; engineerings physics» and chemistry. (We may 
also include in this group th.011H1 mathematics majors in college 
who p~n to enter an applied field such as computers ai'ter 
their ba~cala.ureate degree). 
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4 .. 'fhose students who are taking mathematics as an elective either 
because of-inherent interest in the subject (without planning 
to major in it or to apply it) or because of a college require­
ment for entrance or graduation.29 

While Dubis ch recognizes that each or these four groups has 

clifferent special needs; he -feels that there is enough similarity in 

their requirements to have them placed in the same class in college. 

Tb.is is especially true 9 since he advocates the teaching of mathematics; 

with tile emphasis on the thinking process. Thus, Dubiseh seems to 

be saying that for each of these groups 9 the dominant factor in teach­

ing each group should be the nature of mathematical structure. This 

need for an emphasis on structure has been advoeated by Bruner-3° in 

the Process of Education and Ma;rer-31 in The Schools. 

There appears then to be an enigma in the literature concerning 

undergraduate mathematics. The need for extensive, quality preparation 

for those who are going to teach or to use mathematics in their post 

collegiate careers cannot be denied. Contrast this with the shortage 

of qualified collegiate mathematics professors. Woven into -the prob­

lem is a need to continually strive for better and better college in-

structiono 

Breariey-32 lists six background factors for improvement of college 

instruction. The:r arei 

,-

-- 29Ro;r Dubisch1 ll!The Aims of Teaching Ma.thematics, 11 The Teaching 
~f Mathema.ti@s 9 (New York9 1963), P• 7. 

30Jerome So Bruner, The Process of Education (Cambridge, 1961), 
Po 11. - -

31Ma.rtin Mayer, The Schools (New York, 1961), p. 234°266. 

32 ___ __ H ... C., Bl:'ear:l,.ey 9 UC<>l'.!,ege Cl~ssroom. Teaching: Problems and Proce-
dures9 w !!_a.body Journal of Education, XXXVII (Summer, 1959), pp. 66-76. 



lo policies and emotional and intellectual climate;, 

2e type of classroom, 

J., previous training and intellect·ual :maturity of students; 

4 .. scholarsh:ip9 personality, and relative skills of teacher; 

5 .. nature of material and educational purpose of instruction; 

6~ aim or direction of teaching; 

a., information9 

b., skills 11 

c., insight or understanding9 
d., attitudes or points of view. 

Using these as criteria for improving instruction, the literature 
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seems to suggest that the teaching of a pre ... caleulus college ma.the-

ma.tics course to large classes using some type of mechanical teach-

ing device is feasible and that this is possible while improving the 

mathematical instruction involved., 

This conclusion must be qualified by the following admonition of 

Brown and Thornton~ 

The use of teaching :machines or programmed book materials in 
college ins't,ruetion presents special problems which merit con­
sidera tioJll by the instructor .. 

If programmed materials are to be used, programs will need to 
be found (not easy, but becoming easier) which meet one's ex­
pectations and specifications., 

Programs requiring nonportable machines (as opposed to book 
types or individual, low=cost machines which can be carried 
a.bout by the user) :w-ill require.special rooms; someone must 
be responsible, too9 for loading machines 51 keeping them 
functioning 51 and reclaiming and ana.lym.ng residual answer 
sheetso Programmed book materials 51 now becoming more common, 
have the advantages of portability9 flexibility, low cost, and 
individualiza.tiono 

The instructor who assigns·· programmed materials to students 
must give special consideration to changes this action is 
likely to require in the usual patterns of in-class and out­
of,,,class activitieso Instructors who use programmed materials 
for example~ sometimes find that it is possible to devote more 
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time in class to discussion and explanation of confusions or 
misunderstandings arising from out of class study of programmed 
materials and less to lecturing or other instruotor=presenta­
tion techniqueso 

Instruction must be given students in how to use programmed 
materials and equipment)3 

One must recognize, however.11 that the press of college enrollments 

may- be a blessing in disguise. It has forced the higher education 

community to examine different method~ of handling these larg.e num­

berso But if.11 as Baskin suggests~ 

Our job is to shift the focus in the college classroom so that 
the student beginJh to look more and more to his own resources 
for his learning., 

then these examinations may- improve the whole level of eolJ.egiat~ 

mathematics instruction. 

. . .3.3James W. Brown arid James W o Thornton.11 Jr,,, College Teaching: 
perspectives and guidelines.11 (New York.11 1963), p. 188. -

34~~~1 Elaslc!!J:, .. "Iri.dependent Study: Methods, Programs, and 
Whom? 111 Higher Education in An Age of Revolutions 9 ed. G. Kerry- Smith 
(Washingtonj ·1962,j P• 6;7 



CHA.Pl'ER III 

DESIGN OF TE PRESENT STUDY 

Introduction 

The basic objective of this research was an attempt to discover 

whether there was any significant difference between a review method 

featuring a mechanical teaching device and a review method based upon 
\ 

a teacher=centered lecture=discussion groupo To achieve this objective 

it was deemed essential to consider the following questionsi 

lo What are the different types of experimental designs 
which are applicable to this res.earch? 

2o Is there an experimental design which is better suited to 
this research than others? 

3o Are there statistics which will better enaple one to make 
an intelligent decision concerning the difference or lack 
of difference between the two methods? 

This chapter gives some of the more essential characteristics of a 

good experimental designo These characteristics were then used to 

evaluate several different experimental designs. This evaluation was 

the criterion used to determine the design or this researcho After 

the experimental design had been selected9 an examination of the 

different statistical treatments was oonductedo This examination 

attempted to ensure the use of statistical evaluations that would 

allow the most intelligent decision to be made concerning the relative 

mer'1ts of the two review methodso 
('-

.32: 
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.Theoretical Background 

It is difficult to :make an assertion concerning the purpose of 

all educational experiments. One can only make a supposition based 

upon the available evidence, and then await the scholarly suggestions 

of his colleagues and associates., 

Lindquist states thati 

The major purpose of psychological experiments is to describe 
the effect of certain experimental "treatments" upon some 
characteristic of a_particular population9 or to test some 
hypothesis about this effect.l 

,:· \~. 

His use of the term "treatment" refers to any variation in procedures 

which are to be observed and evaluated. While Lindquist's statement 

explicitly says "psychological experimentst1, the context of the remarks 

in which this statementrwas made makes it clear that he implicitly 

included educational experiments in this statement. Thus, his statement 

will be -accepted as the purpose of educational experiments. 

In general, experimental results will vary from subject to subject, 

experiment to experiment, and treatment to treatment. The results are 

influenced by variations in many different factor&, Thus, the obsertra= 

tion from a single experiment must be regarded as simply an estimate 

of the actual effect of the experiment. The actual effect is the re-

sult which would have been obtained if the experiment had been perfectly 

controlled and if it had involved all the members of the population 

being studied., Thus, as Lindquist states,i 

1E .. Fo Lindquist.9 "Des(gp and Analysis of Experiments in 
Psycholoil" and Education,tt Cambridge, Mass.,, 1956), p. 1., 



The usefulness or value of the experiment.I) therefore 9 depends 
upon two major characteristics of the estimate obtainedi 

lo its freedom from bias .ll and 

2o its precisiono 

An estimatE3 may be said to be free from bias to the degree 
that its average value .. for an increasing number of similar 
experiments tends to approach the 1•true tt value o The pre­
cision o:f the estimate depends upon the variability of such 
estimates for such a series of experiments= the less vari= 
able the estimatesg the more precise is any single estimate 0

2 

Most educational research will be concerned with an attempt to 

develop a more dynamic and viable theory of education and learning 0 

31.i 

Thus.I) educational experiments should have as their main objectives the 

descriptions of the effects of the treatments and the testing of specific 

hypotheses concerning the true effects of the treatments. Generally,, the 

simplest possible hypothesis which will explain the observations is ·test= 

ed firsto This hypothesis is usually that there is no true difference 

between the experimental treatmentso Thus.I) the purpose of most exper= 

iments is to test a nnu11u hypothesise Other hypotheses will be con-

sidered only if the "nulltt hypothesis is rejectedo 

Even if the hypothesis to be tested is true 9 the experimental 

observations cannot be expected to agree completely with the hypo= 

thetical observations., Lindquist statesi 

Noting the discrepancy between the observed effect and the 
hypothetical true effect9 we ask9 is this discrepancy too large 
to be reasonably attributed to 111 errorit 9 = too large to enable 
us to retain the hypothesis? If so 9 just how confident ma.y we 
be that the hypothesis is fa.lse? If the experiment has been 
properly designed,, we can supply objective and quantitative 
answers to these questionso Thus~ major objective of the. 
design of!!! experiment is to make such answers .E£1SSible';3' 

2Ibid., . .ll Po 2. 

3 Ibid.,.9 Po 60 



Using these criteria. then9 Lindquist asserts that a good ex-

perimental design must~ 

1., --insure that the observed treatment ef'.fects are unbiased 
estimates o.f the true effects., 

2., --permit a quantitative description o.f the pr&cision o.f 
the observed treatment effects regarded as estimates o.f 
the •true'8 effects .. 

3 .. --insure that the observed treatment effects will have 
whatever degree of precision is required by the broader 
purposes of the experiment., 

· 3 .. --make possible an objective test o.f a specific hypothesis 
concerning the true effects; that is9 it will permit the 
computation of the relative frequency with which the ob­
served discrepancy between observation and hypothesis 
would be exceecded .if the hypothesis were true o 

·5. --be eff'ic:i.entj that is 9 it will satisfy these require­
ments at the minimum "eostW 9 broadly conceived.,4 

In considering various experimental designs, these criteria rill be 

used to determine the desirability of the different designs., 
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Several basic designs have been listed by Lindquist.,5 These are 

simple-randomized designs 9 treatments by levels designs, treatments 

by subject designs, random replications designs, factorial designs 9 

and groups-within-treatments designs .. 

The simple-randomized design is one of the most important ex-

perimental designso It is not only used by itsel.f9 but it is also 

used in many o.f the more complex designs used .for experimental re-

searcho In this design each treatment is independently administered 

to a different group, with each group drawn at random from the same 

parent populationo 

4Ibido9 Po 60 

'Ibid., 
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In the treatments by levels design9 the treatments are admin­

istered to samples that have been "paired~ with respect to a par­

ticular ttcontroltt va.riableo This design increases the precision of 

the treatment comparisons by the use of this 00mat©hing up00 process 0 

The null hypothesis usually tested is that the population mean is 

the same for all treatments. 

The treatments by subjects design has the treatments adminis= 

tered in succession to the same subjects~ and not to different groups 

of subjects. The use of this design increases the precision of the 

experiment through the elimination of between-subject differences 

which are a source of error. This design can rarely be used in learn­

ing experiments since the experimenter must be interested in the 

cumulative effects of the treatments. 

The random replications design is generally used when the 

population consists of a finite number of groups of which only a few 

may be represented in any one experiment. The experiment is independent= 

ly duplicate~ for each of the groups. The design employed in each ex= 

periment may be the simple-randomized design or some other· design.., 

From a tests of significance standpoint9 the random replications 

design is essentially the same as the treatments by subjects design. 

The faetorial design allows one to stud:, several experimental 

variables simultaneously. This increases the precision or:the ex= 

periment and permits an examination of the possible interaction be­

tween treatments and levelso There is a great similarity between the 

factorial design and the treatment by levels design.. If a variable is 

:i.ntrod:u.aed and it · is not known in advance 9 if the second variable is 

related to the first, then the design to be used w:1.11 be a factorial one.., 
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The groups=within=treatments design is used when the purpose of 

an experiment is to generalize for a population which :consists of many 

subpopulations and it is not possible to duplicate the experiment for 

each of the subpopulationso If the groups are not of the same size 9 

then it is usually desirable to give all the groups the same weight in 

' the treatment comparison~ even though the groups differ in sizeo 

The designs listed above are rarely used in exactly the same form. 

as described in any actual researcho Most research designs employed 

in actual practice are combinations of the basic designs presented 

previously a 

The selection of a particular design must also be concerned with 

the question of validity., Campbell and Stanley make a distinction 

between internal and external validity., They state that internal 

va.lidi ty must answer the question a1Did in fact the experimental treat= 

ments make a di.fference in this specifiic experimental instance?i~6 

External validitySi they sayll must concern itself with the question WTo 

what populati~ns 9 settings 9 treatment variables 9 and measurement 

variables can this effect be generalized'2w,7 

Campbell and Stanley then list twelve different classes of vari= 

ables which must be controlled in the design of the experimento Fail= 

ure to control these variables might produce effe1;;ts which may influ= 

ence and interact with the experimental stimulu!:lio Their list o.f' vari= 

6Donald To Campbell and Julian C. Stanley9 !!Experimental and 
Qu.asi=Experimemtal Designs for· Research on Teaching 9 ttt Handbook of 
Resear~h on Teaching~ edo No Lo Gage~ (Chicago~ 1963)~ Po 1750 ~ 

7Ibid., 
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lo Histo;z, the specific events occurring between the firstand 
second measurement in addition to the experimental variableo 

2o Maturation.9· processes within the respondents operating as a 
function of th, passage of' time per se (not specific to the 
particular events), including growing older, growing hun­
grier, growing more tired, and the like., 

3o Testing, the effects of taking a test upon the scores of a 
second testingo 

4o Instrumentation, in which changes in the calibration of a 
measuring instrument or changes in the observers or scorers 
used m.a.7 produce changes in the obtained measurementso 

, 5 o Statistical regression31 operating where groups ha.ire been 
seleeted on the basis of their extreme scores., , · 

60 Biases resulting in differential seleetlon of respondents 
for the comparison groupso 

7 o E?9?erimenta.l mortality) or differential loss of respondents 
from the comparison groupso 

8. Selection=ma.turation31 interaction, and so forth, which, in 
certain of the multiple-group quasi-experimental designs, 
might be mistaken for the effect of the experimental variableo 

9o The reactive or interaction effect of testing, in which a 
pretest might.inc~~ase or decrease the respondent's sensi= 
tivity or responsiveness to the experimental variable and 
thus make the results obtained .for a pretested 'population 
unrepresentative of the effects of the experimental variable 
for the unpretested universe from which the experimental 
respondents were selected. 

lOo The interaction effeets of selection biases and the experi= 
menta1 variable o · 

llo Reactive effects of experimental arrangements 9 which would 
preclude generalization about the effect of the experimental 
variable upon persons being exposed to it in none:x:perimental 
settingso 

120 Multiple=treatm.ent interferenceii likel7 to occur whenever 
multiple treatments are applied to the same respondents, 
beeause t~e effects of prior treatments are not usually 
erasableo 

8 . Ibidog PPo 175=1760 
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Of these twelve variables9 the first eight pertain to internal 

validity and the last four to external validity. 

C~pbell and Stanley then discuss sixteen different designs which 

they categorize as pre=experimental, true experimental,, and qu.a.si=ex­

perimenta.l designs. Only the three experimental designs which they 

classify as true e:x:perimenta;l designs will be discussed here since they 

appear to be the ones which have the most to recommend them for researeh 

of the type being conductedo An appraisal of the sources of invalidity 

for these designs is given in TABLE Io This is a portion of a similar 

table prepared by Campbell and Stanleyo Particular emphasis should 

probably be placed upon the footnote to this tableo The table is only 

meant to be a guide for the reader 9 and not a 11hard and fastrrft rule 

which must be accepted as Wtruthtt o 

In discussing these three true experimental designsi 

An X will represent the exposure of a group to an experimental 
variable or event9 the effects of which are to be measured~ 0 
wi:Ll, refer to some process of observation or measurement, the xis 
.and ons in a given row are applied to the same specific persons,, 
The left=to=rignt dimension indicates the temporal orderj) and 
xos and oos vertical to one aaiother are simultaneous,,9 

The symbol R will indi~ate a random assignment to the different treat= 

:ment groupso Of the three true experimental designs listed by Campbell 

and Stanley9 lO the Pretest=Posttest Control Group Design is the more 

widely usedo The form of this design :is as follows~· 

9Ibid.,,, Po 1760 

lOibid., 

R 

R 

X 



This design controls for all sources of internal valid.ityo It does not 51 

however, control for any of the sources of external validityo The most 

serious deficiency here is that it does not control for the interaction 

between testing and the experimental variableo While this design does 

not control for interaction between selection and the experimental 

variable, this is not too important in research on teaching since.the 

population to be studied is a captive oneo Generalization to the 

average t:iti~,en is not necessaryo This design does not control for re­

active arrangementso This phenomenon discourages generalization when 

the experiment is conducted in a setting which is patently artificial. 

The solution to this problem is to disguise the experiment as much as 

possibleo This is not as difficult in research on teaching as it is in 

other forms of psychological experiment&tiono 

The Solomon Four-Group Design has the following form~ 

R 0 

R 0 

\R 

R 

1 

.3 
0 h 

X 05 

06 

This design ·:was all of the Cllontrols of the Pretest-Posttest Control 

Group Design and, in addition9 it controls for the interaction between 

testing and experimentationo Thus 51 generalizability is increasedo By 

com.paring O with O ~ O with o4, o5 with O 9 and O with O 9 the 
2 1 2 6 5 3 

effects of experimentat:fon can be ascertained more completely., This 

deSign does not control for reactive arrangements and :I.nt,eraotion of 

selection and e:x:peri.mentationo However~ the discussion concerning the 

Pretest-Posttest Control Group Design is as pertinent for this design. 
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TABLE I 

SOURCES OF INVALIDITY FOR TRUE EXPERIMENTAL DESIGNS 

Sources of Invalidity 
Internal External 

• s::I 0 1H >< 0 ct-I +> ft-I .... 0 ~ II> 0 >< 0~ 
>< .µ 

s::I ~ .. s::I ~ Ill II> 
m s::I~ +> 0 

s::I +> A o A 0 A I A 
II> II> .~ ~ 0 s::I O s::I l»•rl s::I 0 .... s:I 

_,., 11>•,.,0+l+>O•rl +> +> 0 ., a II> M 
f;+> bOe IQ,,.,.,., O•ri+> 

IISs::I lt:l+>r-illS+>IIS 
0 M •n 11> o Qf Mo M 
+> ::S+>+> MG>+> ll> G>::, 
Ill+> tO Ill bOr-i M+>r-i+> .,... as «> s::: «> a> o s::: 1> m 
lr: X E-t H ~ C/l X H Cll X 

True Experimental Designs: 
Pretest-Posttest Con- + + + + + + + 

trol Group Design 
+ 

R O X 0 
R O 0 

Solomon Four-Group 
Design 

R 
R 
R 
R 

0 
0 

X 

X 

0 
0 
0 
0 

Posttest-Only Control 
Group Design 

R 
R 

X 0 
0 

+ + + + + + + + 

+ + + + + + + + 

~~ 0 .... I> ., r-i 11) 

Qf +> .... bO ~4-f M_,., Mo t~ •n M ., +> ., G> .µ Q) 

+> Ill +> r-i "1 M r-i +> s::I ., s:: ., ll> M ::SA 
H E-t H C/l ~ <C XH 

? ? 

? ? 

+ ? ? 

Note: In the tables, a minus indicates a definite weakness, a plus 
indicates that the factor is controlled, a question mark indicates a 
possible source of concern, and a blank indicates that the factor is 
not relevant. 

It is with extreme reluctance that these summary tables are pre­
sented because they are apt to be "too helpful," and to be depended 
upon in place of the more complex and qualified presentation in the 
text. No+ or - indicator should be respected unless the reader com­
prehends why it is placed there. In particular, it is against the 
spirit of this presentation to create uncomprehended fears of, or 
confidence in, specific designs.11 

11Ibid., p. 178. 



The Posttest-Only Control Group Design has the form 

R 

R 

X 01 

02 • 
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This design also controls for all sources of internal validity and for 

the interaction of testing and experimentation. It does not measure 

the effect of interaction of testing and experimentation, however. 

This is often not a problem since one is often only interested in an-

swering the question of whether or not there is interaction and not of 

how much interaction. Since there is no pretest in this design, it 

seems logical to assert that there is not as much reactive interference 

in this design as in the others. One cannot say, however, that there is 

no reactive arrangements]) only that there appears to be less in this 

design than in the other two. 

Hypotheses 

The hypotheses of this study concern the achievement of the ex-

perimental group9 using the mechanical device for review9 versus the 

control group9 using the teacher=oriented type of review methodo These 

hypotheses will deal with the lack of significance between the two 

levelsi of ac:hievemerit .. They will be stated in tenns _of means and vari-

ances of the different groups under considerationo 

The hypotheses to be tested in this research are as follows: 

1. There is no difference between the means of the experimental 
and control groups. 

2. There is no difference between the variances of the experimen­
tal and ~ontrol group$o 



These hypotheses will be tested under the assumption that1 

1~ Each treatment group will be randomly selected from the 
appropriate subpopulation of the population testedo 

43 

2. The distribution of these subpopulations will be normal. 

J. All of these distributions will have the same variance ( 0"' 2)e 

To further illustrate these assumptionsi suppose that we wished to 

test the equality of six population means using six independent random 

samples. Thus we wish to test the null :tzy'pothesis 

against the alternate hypothesis 

H i' at least two means are not equal 

wher~ µ .51 j = 1 51 29 = = - 9 6 is the mean of the jth population. The 
J 

jis represent the six different treatments given to the six different 

popi1lationso The size of the population that has received treatment j 

will be denoted by nj and xij will denote the ith observation receiving 

treatment j 9 where i .,., 1 9 2 fv = = = 9 nj. We will also denote the mean of 

the population I"EH]eiv::'Lng treatment j byµ j and the variance of the 

population receivi.11.g trea:tment j by O""" ~ o Thus., we :may say that the 

x are independently and normally distributed with mean _,,I.A- and 
ij j 

vari@lnc:e ~ 2 ., 

Now ~onsider the identity x1j "",/A-+ ( ?- j = .,,t.A-) + (xij 

If we let (.3 j ""Pj = ~and 

where 

N"" 

r .L nj ,,µ j / N 9 

J = 1 

n. n J # 

=P. ). j 



then 

r 

nj (µ j - µ) • 

j • l 

r - 2 nj µ = N µ - N fa • O .. 

j • l 

If we also define ~ij • xij - _,,L,,<.. j' then eij has mean O since the 

mean of Xf_j is p. j ~ Since the eij and ~j differ by . a constant 
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they both have the same variance o-- 2• Thus the assumptions 1, 2~ and 

3 given above may be written 

eij are independently N(O, cT" ~) 

r r 

L nj Bj ... 0 (which reduces to L Bj • O if all nj = n) .. 

j = l j • 1 

Now the null hypothesis and the alternate hypothesis may be written 

Hai Bj • O, j = 11· 2, - - -, 6 

H1~ not all the Bj are zero .. 
th . 

Thus, each Bj is a measure of the deviation of the j population 

mean,from the average of all six population means .. If all 6 means 

are equal, then every Bj is zero .. 

The Research Design 

The research design for the present study was based on The 

Sol?mon Four-Group Designa The C0'1parison of achievement between two 

different review methods for a pre-calculus undergraduate mathematics 
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course was the ba:sic rationale for conducting this research,. 

The research was conducted on three sections of Mathematics 1099 

Algebra and Trigonometry9 at Wisconsin State University at LaCrosse 9 

Wisconsin during the fall semester of the 196.5-1966 academic year., 

There were five sections of Mathematics 109 during the fall semester,. 

Of the three se~tions on which the research was conducted9 two were 

taught by the writer and the other by another professor in the depart­

ment., 

Each of these three sections was divided into two groups; an 

experimental group and a control group. This division was accom­

plished by the use of a table of random numbers. The three experi= 

mental groups had eleven review sessions during the semester. During 

these review sessions~ the experimental group watched and listened 

to a tape recorder synchronized with a slide projector., The three 

control groups al.so had eleven review sessions during the semester., 

These review sessions were conducted by the writer using the same 

techniques that were normally used to teach the writer's two sections 

during the semester. The same material was covered by both types"of 

review 5lessionso 

In the experimental review sessions, the students were seated in 

an a.udi torium and listened to a tape recorder o A slide projector was: 

synchronized with the tape recorder. At different times 9 a slide 

would be proje~ted on a screen at the front of the auditoritun. The 

material on thfi slide was considered by the writer to be very basic 

to the Qourse and eonsisted of definitions, theorems; proofs of 

selected the~rremi~ and e~mples of certain basi,;: concept~ p::resented in 

the <'$QUJ,·~e~ Th~ material :r@viewed bf th~ tape :retH.'!rid,e:r wa~ the, baiji@ 



material presented during the regular class periodso Each of these 

eleven meetings was of abo~t one hour in lengtho These meetings were 

conducted by an audio=visual technician with little formal training in 

ma.thematiCSo 

In the control review sessions; the students were seated in a 

large classroomo The writer conducted these review sessions using 

the usual leeture techniques with formal and informal class discussiono 

During these sessions9 the writer reviewed the same material that was 

reviewed during the experimental review sessionso These sessions were 

conducted at the same time 9 but in a, different building9 as the 

experimental review sessionso 

At the beginning of the semesterj the writeros large class and 

the other professor's class were given a pretesto The test which was 

given consisted of two of the Cooperative Ma.thematics Tests of the 

Educational Testing Service of Princeton~ New Jerseyo The tests which 

were given were the Algebra III test, Form A~ and the Trigonometry 

testjl Form Ao Eaoh of these tests was forty minutes in length.,. In 
, 

order to determine the effect of this pretesting upon the posttest 

results, the control group and the experimental group in the writeros 

smaller class were ea.oh d1.v:fded into two groups through the use of a 

table of random numberso One of the experimental groups and one of the 

control groups in this smaller class were also given the prete·st 9 while 

the other experimental group and the other control group in this 

smaller olaes were not given this pretesto 

The Cooperative Mathemat:ic:s '!'eats were prepared by the e:taf'f' of 

the E.dueational Testing Service :in ciooperation with many well known 

ma.themati~s teaijher-1 throughout the United States. This QQlleetive 
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action produced pretests that were administered to a national sample of 

students in 1960. These pretests were then reviewed and intensively 

revised., The new pretests were again administered to a national sample. 

From these latter results it was determined that these revised pretests 

were valid measures of developed abilities and thus their content val­

idi.ty was acceptable.. The writer and Professor X examined the Algebra 

III tests, Form A and Form B.9 and the Trigonometry tests 1 Form A and 

Form B9 and compared their content with the material to be covered in 

Mathematics 109., From the examination and oomparisonp th£, writer and 

Professor X judged that the content of these tests wa::; iralid wit,h 

respect; to the course content and educational aims of Mathema.tics 109. 

The internal consistency of the Cooperative Mathematics Tests 

was measured by the Educat,ional Testing Service., These reliabilities 

were computed from random subsamples using the Kuder=Richardson For­

mula. 200 The writer also computed reliabilities .for each of the four 

tests mentioned above. These reliabilities were determi~ed by com­

puting a coefficient of c:orrelation using the 111 odds=evensn method. 

In this method, the number of correct odd responses and the number of 

correct even responses on each test were correlatedo These correla­

tions were adjusted by the use of the Spearman=Brown prophecy formula. 

Both sets of reliabilities are given in TABLE II., From these two sets 

of reliabilities~ the writer decided that these tests were internally 

consistent for the subject matter and the students tested., 

In order to facilitate the discussion which follows 9 the follow= 

ing notation will be usedo The control and experimental groups of the 

writer 1s large class will be denoted by c2 and E21 respectively. The 

control and experimental groups of the other professoros class will be 
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denoted by c1 and E11l respectively. The group of students in the 

writer's smaller class who were in the experimental group and who were 

~o~ given a pretest will be denoted by E4ilN· The group of students in 

the writer rs ·smaller class who were in the experimental group and who 

were ~iven a pre~est will be denoted by E41)p• The group of students in 

this class who were in the control group and who were not given a pre­

t~st wil~ be_denoted by c4,N• The group of students i.n this class who 

were in the control group and who were given a pretest will be denoted 

TABLE II 

COEFFICIENTS OF RELIABILITY FOR THE COOPERATIVE 
MATHEMATICS TESTS USED IN THE STUDY 

Test 

Algebra III, Form A 

A~~ebra III, Form B 

Tr:i.gonometry9 Form A 
. . -· 

Trigonometry, Form B 

Reliability 

Educational Testing 
Service* 

.84 

.eo 
0 78 

.Bo 

* Computed using the Kuder-Richardson Formula 20 

Writer** 

.79 

.72 

.77 

.86 

H--:, Computed using the· "odds-evens" method, adjusted with the 
_ .Spearman-Brown Prophecy Formula. 

At the end of the semester, the students in these three classes 

were given a posttesto The test which was given was Form B of the 

Algebra III Test given in the pretest and Form B of the Trigonometry 

Test given in the pretest. 
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By considering the posttest scores for the students in the writercs 

small classs the main effects of experimentation9 the main effect of 

pretesting, and the interaction of testing with experimentation was 

estimatedo A simple 2 x 2 analysis of va.rianc.e design.I> as given in 

TABLE III, using the posttest soores 9 was used for this estimationo 

The main effect of expel"imentation was estimated from the column means 
-- -··-

of TABLE IIL The main effect of pretesting .,.-as estimated from the 
~ -- --

row means __ of TABLE' IIIo The interaction of te~ting with exper:i;meu1ta-

tion waB estimated -from the cell means of TABLE III., 

TABLE III 

ANALYSIS OF VARIANCE FOR SELECTED MEANS 

Control _ Experimental 

Pretested___,.., 

Unpretested -

The review,materials for both the control and experimental groups 

were developed by the writero In order to estimate the applioability 

of this review technique .:for instrucrtorVs other than the writer9 Si 

2 x 2 analysis of variance design, as given in TABIE IVsi using the post-
--- .. - - . . . -

test scores, was 'used for·this estimationo The main effects of ex= 
-- . 

perimentation were estimated from the column means of this tableo The 

main effects of the_parti~u~r instructor were estimated from the row 

means of thi&i tableo 'l'he interactio:n of the partioular instructor 

a:nd experimentation -was estilll&ted .fr0111 the Cllell means of thiis table o 



'!'ABIE IV 

ANALYSIS OF VARIANCE FOR MEANS 

Control 

Writer c4 ,, ch · ,,N · 9P 

Other Professor 

50 

Experimental 

E2,, E4 9N9 E4,,P 

El 

This design was based upon The Solomon Four~roup Design& This 

design permitted estimation for the main effects of experimentation» 

for the main effects of pretesting,, for the main effects of the 

instructor 9 for the main effects of the interaction of the instruetor 

and experimentation,, and the main effects of the interaction of pre= 

testing and experimentation., 



CHAPTER IV 

ORGANIZ'An'ION AND ANALYSIS OF 'l'HE DATA 

Introduction 

The present study was concerned with the __ relationship between 

achievement in pre-calculus math~tics and two revi.ew ·techniques. 

In one of these review methods, the students, in a group, listened to a 

tape recorder that reviewed·· the material that had , been presented dur­

ing the particular unit being reviewedo The students also watched a 

screen on which slides were projected by a slide projector that was 

sync,hronized with the tape recordero The students who .reviewed using 

this method were calle:d the experimental group .. In the other review 

method, the students, also in a single group, listened to a review of 

the same material conducted by the writer~ This presentation consisted 

of botn lecture and .f'ormal and informal class discussiono These·· ,.stu-

d~nts, unlike those in the other group, were permitted to ask: pertinent 
.. I . ,' ' i ' 

cgp.estions .. This latter group was called the control groupo 

The basic design of' the study followed The Solomon Four-Group 

riesigm as given by Campbell and Stanley .. l The u:s~ of .• this design en'.'." 

abled the researcher to estimate more accurately for the main effect of 
; 

pretesti~g and for the main effect of the researcher as the instructoro 

lI.lonald T. Campbell an~ Julian C. Stanley, "Experimental and 
Quasi~Experimental· Designs for Research on Teaching, n Handbook of. 
Rest;)arch· ~ Teaching., ed. N. L. Gage., (Chicago, 1963), pp. 183-1950· 

51 



These estimations and the comparison between achieve.ment under the 

control method and under the experimental review method were generally 

accomplished through an examination of the pretest and posttest scores 

of the students in the three classes .:involved in this researcho The 

tables and descriptive analysis of the data presented in this chapter 

indicate t,he signi:t:ictint f'i,ndings concerning the achievement under tlae 

t1to.different methods of. reviewo 

Statistical Treatment 

The statistics employed in the analysis of the relationship be-. 

tween the variables. in the present research were chi-square and 

Snedecor's F - ratioo In addition to these two statistics, the t -

ratio and the statistic r 

2.~026 [(II - ;) log •! - I (n.1 - 1) log •~ J 
j,,.. l 

were alsc,, usedo 

Concerning the chi-square statistic,1 Van Dalen and Meyer state 

the following~ 

The basic notion underlying the chi-square technique, stated 
in:term.s of the null hypothesis, is that the observed fre~ 
quencies in a category are a chance departure from the hypo­
thetical or expected frequencies for the eategoryo. These ex= 
pected frequencies are derived from any definition one might 
want to give the null hypothesis= - = 

'j(_ 2 ·'"' Sum. of (0 = E)2 
' i'. 

where O • observed frequency in the category 

E = expected frequencyo2 

2Debold Bo Van Dalen and William Jo Meyer, Understanding 
Educational Research, (New York, 1962), po 3300 



ThE!. F = ratio is defined as the rati.o between two quotientso Each 

of the q,iotients is a chi-square value which is divided by its own num-

ber of degrees of freedom. Symbolically the F - ratio may l:e defined as 

F 

Lindquist notes thatg 

It should be apparent from the definition of F that the ratio 

between the estimates L (X = M)2 (n = 1) of the population 

variance derived from two r~ndortl. Bamples drawn from the same 
normal population is distributed as Fo Accordingly, given the 
variance estimates obtained from different populations$ we may, 
on the assumption that the populations are normal, test the 
hypothesis that the populations have the :same variance,) 

The t = ratio is defined as the ratio between a randomly selected 

normal random variable expressed in units of the population standard 

deviation and the square root of a randomly selected.chi=square divid-

ed by its degrees of freedomo If Xis normally distributed for a 

population whose mean is ;U and whose variance is (T 2, if zc:: = )[ = µ » 
er-

and if we select a z at x·andom from this population and independently 

se+ect a chi=square at random from the chi.=square distribution fork 

deg:rees of freedom, then we may symbolically format - ratio as 

followsi 

When we wish to ·test the hypothesi.:si Ha that two means are equal.,, the 

t;;. distribution may be usedo Johnson and Jackson state thatg 

. 3E., Fo Lin.dq;v.ist,,, ''De~ign and Analysis of Experiments in 
Psychology and Education,oo (Cambridge,i MasseJ 19)6), po 1i'5 .. 

j 



For samples drawn from a normal population, therefore• we 
know the sampling distribution oft, and accordingly may 
use the table oft to test the hypotheses H0 whenever it 
specifies, or we may assume that the sample we have 
actually observed has been drawn from a population normal• 
or reasonably normal, in form.4 

The statistic 

2.3026 
C 

[< N - r) log s; -

r 

I (nj - 1) log ·iJ 
j = 1 

may be used to test the hypothesis that several vaJ:>iances are equal. 
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This is frequently necessary in analysis of variance pX'oblems in which 

we might doubt that a numbe~ of population variances are equal. Guenther 

discusses this statistic in the following manner: 

Under the assumptions that (a) r X'andom samples are dl"llwn from 
r populations and (b) the r populations are normal, the statistic 

r 

2.io2s [CN - ,.) log ,; - I (n.-l)logs~J 
J J 

j = 1 
is approximately distributed as 
freedom if H0: di = d·~ = 

chi-square with X' - l degrees of 
~ = 0"'2 is true. HeX'e 

r 

- 1 s 2 are the r 
r 

sample variances. The sample sizes 

X' 

-·L nj = N • 

j = l 
Also .r 

S2 .. 
I { n. - 1) s~ 

·P J J 

j = 1 
N - r 

and 

4Palmer o. Johnson and Robert w. B. Jackson, Modern Statistical 
Methods: Descriptive !.22. Inductiv:$ 1 :(Chicago, 19595, p. 151. 
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r 

C .>ll l ot• . 1 I I. 1. l J 
1 ~ji,,,1.nj=l N=r 

The more the s21 s differ from one another, the larger this statis­
tic becomeso jif the sj aire all nearly the same, then the statis= 

tic is small .. Hence Ho is rejected only for large values .. 5 

These four statistics are the major ones used in the analysis of 

the data accumulated fo~ this research study., In order for the reader 

to more fully understand the discussion presented on the following 

pages9 the following definitions are given., 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(j) 

(k) 

A random variable is a variable quantity whose value is 
determined by the outcome of a random experiment .. 

A p~ulation is a set or collection of obse:rvation&:10 

A sampl~ is a subset or a part of a populatione 

A arameter is a quantity that could be computed from a 
po ulation if the entire population were availableo The 

" mean µ and the variance <:r 11:. are parameters. 

A statistic i,s a quantity computed from a sample .. The 
sample mean '.t and the sample variance s2 are statistics., 

A hypothesis is an assumption about the form of a population 
or its parameters .. 

A null hypothesis is a hypothesis of no differences between 
the form of a population or its parameters .. 

A test is a rule or procedure used for deciding whether to 
accept or reject the hypothesise 

The critical region is the set of outcomes for the ex= 
periment which leads to the rej ec·tion of the hypothesis .. 

A Type.!, error is committed when a true hypothesis is rejected. 

A Type II error is committed when a false hypothesis is 
accepted. 

!5william C. Guenther, Analysis of Variance, (Englewood Cliffs, 
1964), PP• 20=21o 
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(1) The level of significance is the probability of committing 
a Type I error and will be denoted by the Greek letter oC o 

(m) The ~ of the test is the probabilit,y of rejecting the 
hypothesis., 

(n) .AJ, random sample is a sample chosen from a finite population 
in such a way that evfpry sample of the same size has an equ,al 
chance of being selectedo 

(o) lri!J. unbiased estimate of a parameter is a statistic whose = 

average value is equal to the parametero The sample mean X 
and the sample variance 

n 

~2 ... I ex.it, = x'.)2 1 en = l) 

i l!!l l 
are unbiased estimat.es of the population mean A and the 
population variance er 29 respectivelyo 

It was the objective of this research to determine if, at the 005 

level of confidence9 the observed frequency of the variables considered 

was a chance departure from the expected frequency for the given categoryo 

madeg 

In the discussion which follows, these assumptions were explicitly 

(a) the number of random samples were drawn from the same number 
of populations.I) 

(b) these populations were normal, and 

(c) each of the populations had the same variance. 

The latter assumption is made only when testing the hypothesis of 

eqilal. means o 

As stated previously, most of the students enrolled in Mathematics 

109 were freshmen. Furthermore, most of them were first=semester 

fresbmeno Practically all of theee students pre=registered for the 

fall semester at four pre=registration days during the preceding Julyo 

WA@~ reiistering, these students merely indicated the course which 

tn@y wi1hed t~ tak@ durin1 th, fill ~@m@it@r. Th@y wer@ ~1ven ~~ 
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opportunity to select instructors or sectionso The section assignments 

were made by members of the Registrar 1s staff during the interval be-

tween the students registering and the first of September., There was 

no known pattern to this assigmnent., Therefore, it seemed reasonable 

to assUll'le. that the placement of the students in the different sections 

of Mathematics 109 was done on a random basis. Thus, it appeared rea .... 

sonable to make the assumption that the three sections involved in 

this research were, in fact, normal populations with respect to the 

mathematical preparation and ability of students in attendance at 

Wisconsin State University, La Crosseo 

Since the students in each of these sections was assigned to an 

eJq?erimental or control group through the use of a table of random 

numbers, it seems logical, from the foregoing discussion, to assume 

that, c1, E1, c2, E2, c4. aP' c4 9 Eh . , and E1. . were each normal 
, ,N ,P q,N 

populationso This assumption will be used throughout the ensuing 

discussion~ Th~ pretest was given, not to check on the normality of 

these populations, but to furnish further information through the use 

of gain scores., 

Analysis of Pretest Score!Sl 

With the three assumptions as stated previously, the null hypothe-

sis that the means of the algebra pretest scores of C1, E1, C2 9 E2,, 

c4,p, and B4,p were all equal was true at the five per cent level of 

significance., That is Ho: aXc1 = aiE1 = aXc2 = aXE2 = axc4,P"' 

al.s· was accepted for c<: = o05o 4,P 



TABLEV 

ANAIL):SIS OF VARIANCE FOR THE MEANS OF 
THE ALGEBRA\ PRE'I'EST SCORES 

Source of 
Variation 

Among Groups 

Within Groups 

Total 

172.,6088 

2,64:2:0 2697 

2,814,,8785 

* Sum of Squares 

** Degrees of Freedom 

~k Mean Square 

**** F = ratio 

5 

101 

106 

t Not significant at the 5% level 

MS *** 

:26 .. 16ll 
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In this notation,> a'Ylc ,> denotes the mean for the algebra pretest 
l 

scores of the control group for section one., Similar interpretations 

are to be given to the other notationse The computational results are 

summarized in TABLE Vo Thus, if one makes the assumption that the 

samples were drawn randomly from normal populations with equal var= 

iances, the hypothesis that the means of the algebra pretest scores 

were the same was accepted at the five per cent level of significance" 

From TABLE V it is seen that F5; 101 "" lo32 for this study. In F.5 9 lOP 

the five represents the number of treatments less one$ The one hundred 

one represents the total number of all the observations for all of the 

treatments less the number of treatments., Since 1..32 is less than 

2.37"" F9.5, 59 60, the acceptance of the hypothesis of equal means for 

the algebra pretest scores was permissible at. the five per cent level 



of significance., This use of F0 95i 59 60 rather than F0 95$ 59 1011 

which is not commonly found in tables of the F-distribution, is not 

uncommono Lindquist points out, that: 

..... the c.ommon procedure in practice is to use the F for the 
nearest combination of smaller degrees of freedom that can be 
found in the tableo6 ~ 

This procedure will be followed throughout the remainder of this 

chapter., 

I:n accepting Ho 1n the previous paragraph, the assumption was 

59 

made that the variances for the algebra pretest scores of the different 

groups were equalo Using Bartlett 1 s test we may test the hypothesis 

Ho. that all of the variances were equal against the hypothesis H1 that 

at least two variances were differento In this testj the statistic 

r 

203026 [ (N = r) log fl: .., · .. I (nj = 1.) leg s~ J 
cr j "' 1 

was usedo Thia statistic is approximately di.stributed as chi-square 

with five degrees of freedom if Ho is t~eo For this hypothesis:.}) 

N .. 107 and r"" 60 The basic computations of this statistic for this 

hypothesis is given as followsz 

l" 

C"'l4-. l. [I 1 
'.'.rrr .... fJ j al l nj = 1 

C "" 1519 477 "" L03006 
1Ii1 ,o5o 

= 1 J Kf-r 

°F;., F. Lindquist, "Design and Analysis of Experiments in Psychologr 
and ~duca·tion, l1l (Cambridge, Mass" , 1956), p" .39 o 



s~ = 2642.27Q,51 = 26.16109 
101 

203026 l(N - r) log s2 -
C L p 

= 2.23.53(143.18366 = 140.26372) 

= 2o2J53(2.91994) 

"" 6v53 

(n - 1) log s2 l 
j j J 

2 
Since 6 • .53 is less than 11.07 = )(. : 95; .5, the hypothesis of equal 

variances was aceeptedo This calculation reinforces the assumption 

that the variances of the various groups were equalo 

Source of 
Variation 

TABLE VI 

ANALYSIS OF VARIANCE FOR THE MEANS OF 
THE TRIGONOMETRY PRETEST SCORES 

d.f .~Ht-

60 

Among Groups 5 2)o0540 

22.9393 

l.OlU 

Within Groups 2j316.8703 

Total 

% Sum · of +Squares, 

** Degrees 0£ Freedom 

*** Mean Square 

**** F - ratio 

101 

106 

Not significant at the 5%: level 
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Under the three previous assumptions, the null hypothesis 

Ho' tX'c1 • tll'z1 • t 1c2 • txE2 = tl:c4,p • t:icg4,P 

was testede Here again, the notation tfc1 is used to denote the mean 

:for the trigonometry pretest scores of the control group for section 

onee Similar interpretations are also to be given to the other nota-

tion. The computations for the acceptance or rejection of this hypoth-

esis is given in TABLE VI. The hypothesis of equal means would be re~ 

jeeted if F5, 101 is less than F0 95, 5, 101• Since F5, 101 • 1.01 is 

less than 2.37 = F095; 5, 6ov the hypothesis of equal means was accepted 

at the fi've per cent level of significance. 

Hypothesis 

TABLE VII 

HYPOTHESES CONCERNING MEANS TESTED 
USING PRETEST SCORES· 

Equal means of the algebra pretest 
scores for all groups 

Equal means of the trigonometry pretest 
scores for all groups 

'Not significant at the 5% level 

F - ratio 

1.32 1 

1.01' 

Again, the acceptance of this hypothesis of equal means for the 

trigonometry pretest scores was based on the assumption that the 

variances of the different groups were equal. Through the use of 

Bartlett's test, the hypothesis Ho that all of the variances were equal 

was tested. For this hypothesis also, N = 107 and r u 60 The com-

putations for the statistic used in this test were as follows:: 



r 

C=l+ l [I 
3(r = lJ j = 1 

""151,477 = loOJ006 m,os6 

r 

s! -= 2 (nj • 1) s~ 
j ... l 

N = r 

""2316e8703J = 22.93931 
101 

r 

2,,~026 [ (N = r) log s~ - I (nj - 1) log sj] 
j) '"' l 

... 2.2353(137 .. 41858 = 135049325) 

... 202353(1.92533) 

""'4oJO 

Since 4o30 is less than llo07.., 0)( 2 ·S the hypothesis of equal 
o9 H 

variance$ was acceptedo The assumption that the variances of the 
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trigonometry pretest scores 0£ these groups were equal was reinforced 

through these calculations., 

TABLS:VIII 

HYPOTHESES CONCERNING VARIANCES TESTED USING PRETEST SCORES 

lfypothesis 
' 

Equal variances of the alge'bra pretest 
scores for all groups 

Equal variances of the trigonometry pretest 
scores for all groups 

V Ntrt eignii'ican~ at the si;, level 

2 ')( - ratio 

4.3Qi 
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The results of these analyses are smnmarized in TABLE VII and 

TABLE VIIIo These results indicate that these research groups had 

means and variances that were statistically equalo Sinc_e it had been 

assumed that these groups were a random sample from a normal population 

of students at Wisconsin State University, it was deemed advisable to 

carry out further analysis of the data and t,est other hypotheseso 

~alysis of Posttest Scores 

After a semester of experimentation on groups whose means and 

variances on the pretests were Sit.'ati.stically equivalent at the five 

per cent level of significance, were the means and variances of the 

groups still statistically equivalent? That is, should the hypothesis, 

Hog Aic "" A~ "" Aic "" A:iE "' Aic . "" AXE . . "' Axe ·. "" AXE · 9 be l l 2 2 4$P 49P 4jN 49N 
accepted for o< "" .. 05? The notation !i'ci denotes the mean for the 

algebra posttest scores of the control group for section oneo The 

other notations are to be similarly interpretedo TABLE IX:: gives the 

summary of computational resultso This table shows that F7 ffi 111 ""l.69'., 

The statistical acceptance of the hypothesis of equal means of the 

algebra post test scores for the eight groups tii'as possible at the five 

per cent level of si.gnificance since F7, 117 "" L69 is less than :2 ol 7 "" 

Fo959 7$ 60• 

The acceptance of the hypothesis of equal means for the &lgebra 

posttest scores was based upon the assumption that the variances of 

the eight groups were equalo Again, the use of Bartlett 0s test per= 

mits a statistical evaluation of the hypothesis of equal varianceso 

The basic computations for testing this hypothesis through the use of 



Bartlett 1 s test were as followsi 
r 

C:=1+ 1 [I 1 = 1 J 
3Cr = l; j : 1 nj - 1 . N = r 

,., 12526379 ... 1.26592 
9895088 

r 

s~ ~ L (nj = 1) sj 
j "" l 

N = r 

""2949015796"" 250,20648 
117 

r 

2 0 3026 r(1 = r) 
C L log •! - I (nj - l) log •j] 

j .. l 

,., L81892(163o97667 = 158094918) 

""lo81892(5.027li9) 

"' 9o:Jl4 

In these eomputations N = 125 and r .. 8., SinG:le 9ol4 is less than 14.07 .. 

~2095, 1, the hypothesis of equal variances of the algebra posttest 

scores for these eight groups was accepted at the five per cent level 

of significance .. 

The hypothesis, Hoi TXc1 .. rrXE1 ,., ~ 2 "" ,rf~ = rXc4~P "' T1E1.i,,P "' 

ric4,N ... irXEh,lf11 'Was also tested. Here irJCc1 denotes the mean for the 

trigonometry posttest scores of the control group for section oneo 

Similar interpretations are to be given to the other notationso The 

summary of the computational results for the testing of this hypothesis 

is given in TABLE Xo From these computations.9 F7i 117 .. 1.26. At the 

five per cent level. of significance i,he hypot,hesis of equal means of the 
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trigonometry posttest scores was accepted since F7» 117 = 1.26 is less 

than 2o17 = F095; ?» 6oo 

TABLE IX 

ANALYSIS OF VARIANCE FOR THE MEANS OF THE ALGEBRA POSTTEST SCORES 

Source of 
Variation 

Among Groups 

Within Groups 

Total 

298.6690 

2$948.1310 

3j246.8000 

* Sum of Squares 

** Degrees of Freedom 

iHHf> Mean Square 

**** F - ratio 

1 42.6670 l.69u 

117 25.1977 

124 

Not significant at the 5% level 

Bartlett 1s test was then used to determine statistically whether 

the assumption of equal variances of trigonometry posttest scores for 

the eight groups was warrantedo In the following computations of the .. 

statistic used in Bartlett 1 s test9 N = 125 and r = 8. 
r 

C=l+ 1. [I 
.3 (r ... l} j ,,. 1 n 

1 - l ] 
= 1 N - r 

r 

S2 = 
p I (nj - l) S2 

j 
j "" l 

N-r 



sp2 = 4185029757 = 35.77177 
117 

r 

2: .. 3026 [ (N - r) log s~ - 2 (nj - l) log sj J 
C j = 1 

m l.81892(181076418 - 178.58471) 

m l.81892(3.17947) 

= 5.78 

Since 5. 78 is less than l.4 .. 07 = ;( 2 :95, 11 the hypothesis of equal 

variances of the trigonometry posttest scores for these eight groups 

was statistically accepted at the five per cent level of significance .. 

TABLEX 

!:NALYSIS OF VARIANCE FOR THE MEANS OF 
THE TRIGONOMETRY POSTTEST SCORES 

Source of 
Variation 

Among Groups 

Within Groups 

Total 

.355 .. 0420 

4$715 .. 4o60 

5,070 .. 4h.80 

* Sum of Squares 

** Degrees of Freedom 

*'**' Mean Square 

**** F - ratio 

7 

117 

12.4 

Not significant at the 5% level 

50.7203 

40 .. 3026 

1.26• 

The use of the experimental review technique gave results which 

did not differ statistically from the control review technique when 

this statistical comparison was made with respect to the means and the 



variances of the algebra and trigonom~try posttest scores of the dif'-

ferent groupso After the experimental treatment, there was no statis-

tical difference at the five per cent level between the means and be-

tween the variances of the algebra and tri~nometry posttest scoreso 

Next, a comparison of the posttest ac.ores of z4,N and the post= 

test scores of c4,w was _made. These scores would contain no inter­

action between pretesting and posttesting. If the results of the com-

parison verified the results already obtained, then this would lend 

some credence to the assumption that there was no interaction between 

pretesting and the experimentationo This would follow even though the 

µumber of students involved was smallo 

TABLE ll 

A'INALYSIS OF VARIANCE FOR THE MEANS OF THE ALGEBRA 
POSTTEST SCORES OF B4 N nm THE MEANS OF 

. ' . . 

THE ALGEBRA POSTTEST SCORES OF C4,N 

Source of SS* d .. f.** MS*** 
Variation 

Among Groups 3806778 l 38 .. 6778 

Within Groups lt.51.1000 16 2801938 

Total 48907778 17 

* Sum of Squares 

ff Degrees of Freedom 

*** Mean Square 

**** F - ratio 

Not significant at the 5% level 

F**** 

l.37 1 



The hypothesis, Ho:: AXith· = )c4 . '·. :was then tested. The re-
,,1 . ,N i 

sults are summarized in TABLE XIo Since Fi, 16 = 1.37 is less than 

4.49 = F.95; 1, 16, the hypothesis of equal means for the algebra 

posttest scores for the two groups E4,1 and c4,1 was accepted. 

Bartlett•s test was then used to test the hypothesis that the 

variance of the algebra.posttest scores for the experimental group 
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E4,j was equal to ~he variance of the algebra posttest scores for the 

control gro~p c4,,. The computation of the statistic used to test 

~his hypothesis was as follows: 

r 

C = 1 + 1 [I 1 - 1 ] 
·· 3(r - 1) j = 1 nj - l N - r 

= 3217 • 1.06382 
3024 ' 

r 

s: • L (nj - i) s3 J (N - r) 
j ... ; 

= 28.19375 

= 2.16446(23.20256 - 22.93672 

• 2.16446(.26584) 

.., .58 

Since .. 58 is less than J.84 ... X. 2 .,5, 1, the hypothesis that these 

variances were equal was accepted at the five per cent level of sigpif-

ieance. Thus, there was no statistical difference between the variances 

of the algebra posttest scores for the experimental and control groups 

whieh were not preteste4. 



The hypoth~sis that the mean of the trigonometry posttest scores 

of the experimental group li\,N was equal to the mean of the trigonometry 

posttest scores of the control group C4,1 was then tested. TABLE XII 

smnmarizes the computational results. Since F1, l6 • lo05 is less than 

4.49 • Fe 95; 1, 10, this hypothesis was accepted for~• .05. That 

is, there was no statistical difference between the means of the trig-

onometry posttest scores for the non-pretested experimental and control 

groups. 

TABLE.fill 

A.\N.ALYSIS OF VgRIANOE FOR THE MEANS OF THE TRIGONOMETRY POSTTEST 
SCORES OF E4,I AND THE MEANS OF THE TRIGONOMETRY 

POSTTEST SCORES OF Ch,I 

Source of 
Variation 

hong Groups 

Within Groups 

Total 

55.22$0 

8}ilo2750 

896.5000 

* Sum of Squares 

** Degrees of Freedom 

*** Mean Square 

~ F - ratio 

dof•**· 

1 

16 

17 

Not significant at the 5% level 

55.2250 

52.5797 

L05 1 

. Next.. the hypothesis, H-: · s2: • . s2. was tested .....,,, using 
., "1.J T E4,u . T c4,m' "'J 

Bartlett's testo The results of the comp-g.tation of the statistic used 

for this test are given on the following page: 



r 

C • l + J{r :: 1) C ~ 1 

"' 3217 = Ld6J82 
3024 

r 

s! ~ ~ (nj = 1) s~ / (N = r) 
j "" l 

~ 52.,57969 

2 .. 3026.,[(N - r) log 
C , 

~ 2ol6446(27o5JJ12 = 26.,48424) 

~ 2016446(1 .. 04888) 

= 2 .. 21 

10 

Since 2 .. 27 is less than 3 .. 84 ~ ?( 2,, 95, is the hypothesis that the 

variance of the trigonometry posttest scores for the experimental group 

E4,N was equal to the variance of the trigonometry posttest scores for 

the control group C4,N was accepted for o<:: ~ .. 05o Thus, there was also 

no statistical difference between the variances of t~e trigonometry 

posttest scores for the non-pretested experimental and control groups .. 

A comparison of the algebra posttest scores for the pretested 

experimental groups and the pretested control groups was then made., 

The hypothesis, Hog A~"" AXcp» was tested .. Here, AXEp denotes the 

mean of the algebra posttest scores for the pretested experimental 

group., The computations are summarized in TABLE XIII., Since F1, 105 ~ 

0.,00 is less then 4 .. 00 "" F ,. 95i l, 60D the hypothesis that ·the mean of 

the, algebra posttest scores of the pretested experimental group was 

equal to the mean of the algebra posttest scores of the pretested 
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control group was accepted at the five per cent level of signifieanceo 

Under the three basic assumptions, the means of the algebra pretest 

scores for these two groups were equalo The experimental treatment, 

then, did not result in any apparent statistical difference in the 

experilllental group at the five per cent level of significanceo That 

is, there was no significant difference in algebraic achievement be-

tween the two review methods. 

TABLK,XIII 
.. 

ANALYSIS OF VARIANCE FOR THE ~S OF THE ALGEBRA'.1 POSTTEST 
SCORES OFT$ P~T$STED EXPERIMENTAL GROUP 

AND THE PRETESTED CONTROL GROUP 

Source of 
Variation 

Among Groups 

Within Groups 

Total 

o .. ool4 

2,74801668 

2, 748.168~ 

* Sum of Squares 

** Degrees of Freedom 

*ff Mean Square 

**** F - ratie 

l 

10.5 

106 

Not significant at the 5%;,,level 

0 .. 0014 

26 .. 1730 

0 .. 00 1 

The test of the hypothesis;_8?z As2Zp"" As2Cp' was then performed,. 

The computations for the statistic used in Bartlett's test were as 

follows: 

r 

C=l+ 1 [~ 
· .3(r - l)' . .L 

J ... l 



Cm 291.927 ""1.00953 
289.170 

j "" l 

·~ 26.17301 

Jr.' 

2,.3026 
C 

[<N = r) logs~ - L (nj - 1) .log sjJ 
j ~ l 

""2.28085(148"87425 = 146.01048) 

""2.28085(2.86371) 

""6.53 

12 

Since 6 ... 53 is great.er than 3o84"" 1(2,, 9,; 19 the hypothesis that the 

variance of the algebra posttest scores for the three pretested exper-

imental groups was equal to the variance of the algebra posttest scores 

for the three pretested control groups was rejected at the five per 

eent level of significanceo This implies that the experimental treat= 

ment, resulted in a change in the variability of the leyel of algebra. 

achievemento An examination of TABLE XXIV reveals a greater variation 

:in :r,he control groupo The calculations of the sample variances for 

these two groups helped to reinforce this conclusiono The sample 

variance for the three control groups c19 c2» and C4 p, considered as .~ 
a single sample, was calculated to be 340850 In contrast$ the sample 

variance of the sample formed by combining the three experimental 

groups EJJ E2$ and E4;)p was found ti) be 16.980 Thuss- there was a smaller 

variation in algebrai. achievement through the use of the experimental 

treatmento 



TABLE.XIV 

ANALYSIS OF VARIANCE FOR THE MEANS OF THE TRIGONOMETRY 
POSTTEST SCORES OF THE PRETESTED EXPERIMENTAL 

GROUP AND THE PRETESTED CONTROL GROUP 

Source of 
Variation 

Among Groups 

Within Groups. 4.,1.560058~ 

Total 4,15Bo2991 

* Sum o:f Squares . 

** Degrees of.Freedom 

*** Mean Square 

**** F - ratio 

1 

105 

106 

Not significant at the 5% level 

202404 

3905815 

Comparisons were also made of the trigonometry posttest scores 

73 

for the pretested experimental groups and the pretested control groupso 

The hypothesis, Roi -rXEp· ··rlcp' was testedo. The mean of the trigonom= 

etry posttest scores for the pretested experimental group was denoted 

by TX&p• TABLE XIV sUllllllarizes the results of the compu,t~t,i.ons used in 

testing this hypothesiso Since F19 105 • Oo06 is less than 4.00 • 

F09.5; l, 60' the hypothesis that the mean of the trigonometry posttest 

scores of the pretested experimental g:i:-oup was equal to the mean of the 

trigonometry posttest scores of the pr~tested control group was accepted 

at ~he five per cent level of significance. Since, under the original 

as~tions, the trigonometry pretest scores for these two iroups were 

equal, the increase in trigonometry achie~ement was statistically the 



same for the two review methodso 

The hypothesis, Hot Ts2Ep "'TS2Cp, was then tested. The com­

putations for the statistic used in Bartlettis test are summarized 

belowi 
r 

Cml+ 1 [L 1 = l J 
'3(r - 1) j ~ 1 nj - 1 N - r 

I!" 291,927 "' 1..0095.3 
289.\)170 

r 

L (nj - 1) s3 / (N = r) 
j = l 

""26.17301 

r 

2.J026 [ (N - r) log •! - j~J. (nj - J.) log s~ J 
""2028085(167.73750 = 167041959) 

""2.28085(031791) 

"" 0 73 
. 2 . 

Since "73. is less than 3.84 "' "'.X,. ,95$ l' the hypothesis that the 

variance of the trigonometry posttest scores for the pretested exper= 

imental group was equal to the variance of the trigonometry posttest 

scores of the pretested control groups was accepted at the five per 

·cent level of significanceo Therefore, there was no statistically 

apparent change in the variability of trigonometry achievement using 

either the mechanical review device or the non-methanical review 

approacho 

This research design was constructed to enable generalizations 

to be made concerning above normal-sized classes and different 



professors at Wisconsin State University, La Crosseo The next two 

comparisons were made in an attempt to secure more complete evidence 

which might help to make these generalizationso The first of these 

75 

comparisons was concerned, with the experimental and control groups of 

the above normal-sized classo 

The hypothesis, Hoi .&Y.c2 = AIE2» was tested to aid in this 

generalizationo The computations for the statistic used in testing 

this hypothesis are summarized in TABLE YJfJ. Since F1, 56 = OoOO is 

less than 4o08 = F095t lj 4o» the hypothesis that the mean of the 

algebra posttest scores for the control group c2 was equal to the mean 

of the algebra posttest scores for the experimental group~ was 

accepted at the five per cent level of significancet 

TABLE XV 

ANALYSIS OF VARIANCE FOR THE MEANS OF THE ALGEBRA POSTTEST SCORES 
FOR THE CONTROL GROUP C::~ AND THE ALGEBRA POSTTEST 

SCORES FOR THE EXPERIMENTAL GROUP E2 

Source of 
Variation 

Among Groups 

Within Groups 

Total 

0.0690 

1,05602069 

1,05602759 

* Sum of Squares 

** Degrees of Freedom 

*** Mean Square 

**** F - ratio 

1 

56 

51 

Not significant at the 5j level 

0.0690 

18.8608 



The variances of these two groups were then comparedo The hypoth-

esis, 2 2 Hoi As c2 "" As E:;r' was tested to aid in this comparison. '.!?he 

l;)a~ic computations of the statistic used in testing this hypothesis 

·are given below: 

'"'51 ... L01786 
;o' 

r 

l - l J 
:n - 1 N - r 

j 

s! ... I (n - 1) s 2 / (N = r) 
j j 

j ... 1 

• 18086084 

r 

203026 [ (N - r) log s~ - L 
C j = 1 

• 2026220(71043136 = 70.18760) 

= 2.26220(1024376) 

... 2.81 

Since 2o81 is less than 3o84 ~ )(. 2• 951 19 the hypothesi~. that the 

variance of the algebra posttest scores for the control group c2 was 

equal to the variance of the algebra posttest scores for the ex:perimen-

tal group E2 was accepted at the five per cent level of significanceo 

-The next hypothesis to be tested was Ho:: or"Xc2 = or"X~o 'l'ABLE'.XVI 

summarizes the results of the computations for the statistic used in 

testing this hypothesis. Since F1 j 56 "'0.06 is less than 4o08 • 

F0 95, 1, 409 the hypothesis that the mean of the trigonometry posttest 

scores for the control group c2 was equal to the mean of the trigonom­

etry posttest scores for the experimental group E2 was accepted at the 



five per cent level of significance. 

TABLE XVI 

A\NALYSIS OF VARIA:NCE FOR THE MEANS OF THE TRIGONOMETRY POSTTEST 
SCORE'S FOR THE CONTROL GROUP c2 AND THE TRIGONOMETRY 

Source of 
Variation 

POSTTEST SCORES FOR THE EXPERIMENTAL GROUP E2 

77 

Among Groups 2.0861 

l,895o93ll 

1,898.0172 

l 2 .. 0861 o.06r 

Within Groups 

Total 

* Su of ~µares 

** Degrees of Freedom 

***' Mean Square 

**** F - ratio 

56 

57 

• .Not significant at the 5j level 

The hypothesis, Hog Ts.i0 = Ts2E 9 was then tested. Bartlett's 
2 2 

test was again used to test this hypothesiso The summary of the com-

putations for the statistic used in this test are given below: 

r 

C•l+ ... 1 [I 
3(r - 1) j ... 1 

= 51 = 1.01786 
>O 

r 

_1_- 1 l 
nj - l r N = r j 

s 2 = ~ (n 4 = 1) s~ ;· (N - r) 
p j "" l ., J 

= 33085591 



. r . 

2;.3026 [(N = r) log Sj = . I (nj = 1) log sJ]. 
C . j • 1 

. "" 2o 26220(85066264 ~: $5o6J6J2) 
. ~t··' 

- 2026220(002632) 

,., 006 

Since ·.,.,06 is less than 3o8k = 'X. 2 09,i l.1! the hypothesis that the 

variance of the trigonometry posttest scores for the control group 

c2 was equal to the variance of the trigonometry posttest scores for 

the experimental group , 2 was accepted at the five per cent level of 

significance .. 

These comparisons of the posttest scores of the control group 

c2 and the experimental group E2 reveal no statistical difference 'be= 

tween the two groupso This evidence seems to indicate no appreciable 

difference between the experimental and the control groupo 

This next comparison will be an attempt to secure more evidence to 

permit a generalization concerning a different professor and the ex:per-
,i;:D ,:,:=t. •. 

imental treatmento The hypothesis, Hog Alcl ... AIE19 was tested t6· 

determine the effects, if any/I of the other professor and the e.xper= 

,imental treatmento The computations for the statistic used in testing· 

this hypothesis are summarized in TABLE I.VIL Since F1 , 2, ... Oo56 is 

less than 4ol8 ... F0 95, 1, 29g the hypothesis that the mean of the 

algebra posttest seores for the control group c1. was equal to the 

mean of the algebra posttest seores for the experimental group E1 was 

accepted at the five per cent level of signifieaneeo 



TABLE XVIT 

ANALYSIS OF V.A:RIANCE FOR THE MEANS OF THE ALGEBRA POSTTEST SCORES 
FOR THE CONTROL GROUP Cl AND THE ALGEBRA POSTTEST 

SCORES FOR THE EXPERIMENTAL GkouP El 

Source of 
Variation 

~ong Groups 

Within Groups 

Total 

2lo147J 

l,;09700462 

1.1)118.1935 

* Sum of Squares 

** Degrees of Freedom 

-!Ht* Mean Square 

**** F - ratio 

1 

29 

30 

Not significant at the 5'1i level 

2Ll473 

3708292 

To (Q:ompare the variances of these two groups, the hypothesis.I) 

H0 i Ts61 ""Ts2Ei9 was tested,, The computations for the statistic 

used in the test of this hypothesis are summarized belowi 

r 

C=l+ 1 [I l - l J 
31.r ~ 1) j .,. l nj m l w-::r 

"" 6243 = L03498 
6032 

r 

s!' ... I 
j "" l 

(n - 1) s~ / (N - r) 
j j ' 

"" . .:no82918 

79 



.... :2.22h78(45.75707 = 44.47646) 

• 2.22478(1028061) 

"" 2.85 

Since 2.85 is less than 3o84 • '?l. 2•95; 19 the hypothesis that the 

variance of the algebra posttest scores for the control group c1 was 

equal to the algebra posttest scores for the experimental group Ei was 

accepted at the five per cent level of significanoeo 

TAJ3LE XJIII 

A:NALYSIS OF VARIANCE FOR THE MEANS OF THE TRIGONOMETRY POSTTEST 
SCORES FOR THE CONTROL GROUP c1 AND THE 1'RIGONOMETRY 

POSTTEST SCORES FOR THE EXPERIMENTAL GROUP E_i, 

Source of 
Variation 

Among Groups 

Within Groups 

Total 

l:i..6890 

l.9357.,3110 

1»36~0000 

* Stun of Squares 

** Degrees of Freedom 

*** Mean Square 

**** .F - ratio 

'.l 

29 

30 

Not sign±ficant at the 5j level 

.... 

4.6890 

46.79348 

The hypothesis, Ho~ r1'c = ~ s was then testedo The results of . 1 J.»:L 

the computations for the statistic used in testing this hypothesis are 

summarized in TABLE XVIII. Since F19 29 = 1.00 is less than 4ol8 ~ 

F .. 95; l.11 251, ,the hypothesis that the mean of the trigonometry posttest 

scores for the control group c1 was equal to the mean of the trigonom= 
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etry posttest scores for the experimental group E1 was accepted at the 

five per cent level of significance., 

Finall.J', the variances of these two groups were compared., The 

2 2 hypothesis, Hc,t Ts Cl"" Ts Ei' was testedo The summary of the eom.-

putc1tions for the statistic used in this test was as followsi 

= 6243 ,.. 1.03498 
603~ 

r 
s2 = ~ 
P L 

j ... l 

... 46080383 

. 203026 [(N- r) 
C 

... 2022478(48043812 - 48.33551) 

... 2022478(,,10261) 

"' Oo23 

Since Oo23 is less than 3o8h. "' °X.. 2 095; p the hypothesis that the 

variance of the trigonometr;r posttest scores for the control group c1 

was equal to the m:t~~ce ;or the trigonometry posttest scores for the 
, 

experimental group E::i_ was accepted at the five per cent level of 

signifieanee., 

While these comparisons revealed no statistical difference be-

twe~n these two groups, an examination of TABLE XVII shows greater 

va!iation among groups for the algebraic achievemento This conclusion 

was reinforced by an examination of TABLE XXIVo This examination re= 
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veals a much greater variance for the control group c1 than for the 

experimental group Ei. o The c.onclusion here, then, was that Professor 

X1 s students using the control review method developed greater variation 

than using the experimental review methodo This conclusion applies 

only to aigebraic achievemento 

HYPOTHESES CONCERNING MEANS TESTED USING POSTTEST SCORES 

Hypothesis F - ratio 

Equal means of the algebra posttest scores 
for all groups l.,69n 

Equal means of the trigonometry posttest scores lo26 1 

for all groups 

Equal means of the algebra posttest scores lo37n 
for the non-pretested.groups 

Equal means of the trigonometry posttest scores lo0.5@ 
for the non-pretested groups 

Equal means of the algebra posttest s'cores for the o.oon 
pretested experimental and pretested control groups 

Equal means of the trigonometry posttest scores for the 0.061 
pretested experimental and pretested control groups 

Equal means of the algebra posttest scores for the large- 0.00 1 

sized class 1 s experimental and control groups 

Equal means of the trigonometry posttest scores for the 0.06 1 

large-sized class 1 s experimental and control groups 

Equal means of the algebra posttest scores for Professor X 0.56 1 

class 1s experimental and control groups 

Equal means of the trigonometry posttest scores £err 1.001 

Professor X class's experimental and control groups 

Not significant at the 5f:. level 



TABLE XX 

HYPOTHESES CONCERNING VARIANCES TESTED USING POSTTEST SCORES 

Hypothesis 2 
~ ... ratio 

Equal variances of the algebra posttest scores 
for all groups 

Equal variances of the trigonometry posttest scores 
for all groups 

Equal variances of the algebra posttest scores 
for the non-pretested groups 

Equal variances of the trigonometry posttest scores 
for the non-pretested groups 

Equal variances of the algebra posttest scores for the 
pretested experimental and pretested control groups 

5.78 1 

Equal variances of the tri.gonometry posttest, scores for 0. 73 1 

the pretested experimental and pretested control groups 

Equal variances of the algebra posttest scores for the large 2o8lu 
sized class's experimental and control groups 

Equal variances of the trigonometry posttest scroes for the 0.06 1 

large-sized class 1 s experimental and control groups 

Equal variances of the algebra posttest scores for Professor 2.85 1 

»:class's experimental and control groups 

Equal variances of the trigonometry posttest scores for 0023 1 

Professor X class's experimental and control groups 

Not significant a:t the·5% level 
1 t Significant at· the ,% ·level 

The results of the analyses using posttest scores are summariZBd 

in TABLE xm and TABLE XL These results show there was no significant 

statistical difference between the means and the variances of the 

posttest scores for the different groups involved in the stud.yo From 

these results and from the results conc.erning pretest scores reported 
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previously, the conclusion was drawn that neither the experimental 

review method nor the control review method resulted in any apparent 

significant statistical difference in either the level or the variation 

of algebraic or trigonometric achievemento 

Analysis of Comparison of Pretest and Posttest Scores 

The previous comparisons were concerned only with pretest or post­

test scores. None of the hypotheses were concerned with any combination 

of pretest and posttest scores. In order.to examine any increase in 

algeb:raic or trig(?nometric achievement, hypotheses concerning both pre­

test and posttest scores were testedo Since raw scores earned on dif­

ferent forms of a test are not directly comparable, the raw scores 

were replaced by converted scoreso These converted sbores were deter­

mined by the Educational Testing Service by taking raw scores on alter­

nate forms of the algebra and trigonometry tests, equating them statis­

tically, and converting them to a common score scale so that scores on 

both forms of the same test are comparableo In this section, all of the 

results have been obtained by the use of converted scoreso 

A comparison of the means for the pretest and posttest converted 

scores of both the Algebra III Test and the Trigonometry Test is given 

in TABLE llL In TABLE :XX.:II, mid-percentile ranks are used. 11ather. than 

score meanso TABLE XXIII uses percentile bands instead of mid=percen­

tile ranks or mean scores., These mid-percentile ranks and percentile 

bands are based upon nationwide college norms developed by the Educa­

tional Testing Serviceo TABLE XXIV gives a comparison of the variances 

and the change in the variances of the diffe~ent groupso From an ex= 

amination of' TABLES XXI, XXII, AND XXIII, there also appears to be no 
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outstandingly significant differences between the experimental method 

and the control method in regards to achievement or variation in 

achievement. 

Group 

Cl 

m1 

Average 

G2 

~ 

Average 

C4»P 

E4,p 

Average 

c4,1 

E49m 

Average 

Composite 
. Average 

T.ABL.B XXI 

A COMPARJ:SQJ OF MEANs* FOR '!'HE PRETEST AND 
POSTTEST CONVERTED SCORES 

,Trigonometry Algebra .. 

, (A) (B) (&) (B) Trigonometry 

lit.4.29 151.65 J.h3o7l 151..24 7.36 

139S7 152.93 143.71 154oJ.4 1.3.36 

142.16 152.23 14.3. 71 152.55 10.07 

142.48 155.31 146.59 157.69 12.83 

lh2 .. 31 155.93 146.79 157 .. 52 13.62 

142.40 155 .. 62 J.46.,69 157.60 13.,22 

146.2~ 16lc,ll 147.22 15Bo56 14.89 

140..56 154.00 140.67 153 .. 00 13.44 

143.39 157.56 143094 155.78 14,,17 

155.80 159.20 

150.50 154.25 

l5Jo44 157.00 

142.50 154.74 l45.36 156,,GO 

* Rounded off to the nearest hundredth 

(Gain) 
Algebra 

7.53 

l0ol+3 

8.8L. 

ll.10 

10.73 

10.91 

lL34 

12.33 

11.84 



TABLE IlII 

A COMPARISON OF MID-PERCENTILE RANKS FOR THE PRETEST kND 
POSTTEST CONVERTED SCORES(BASED ON MEAN SCORES*) 

86 

Group Trig.onometry Algebra (Gain) 
(A) (B) (A) (B) Trigonometry Algebra 

Cl 32 61 32 S4 32 to 61 32 to 5h, 

E-i 9 67 .32 67 9 to 67 32 to 67 

Average 25 67 32 61 25 to 61 32 to 61 

C2 25 72 38 83 25 to 72 38 to 83 

E2 25 77 38 BJ 25 to 77 38 to 83 

Average 25 77 38 83 25 to 77 38 to 83 

c4,p 39 88 38 83 39 to 88 38 to 83 

E4,p 18 72 18 61 18 to 72 18 to 61 

Average 25 81 32 73 25 to 81 32 to 73 

c4,N 77 83 

E4.,N 61 67 

Average 67 13 

Composite 72 13 
Average 

"~Rounded off to the nearest integer 

A comparison of the means of the algebra pretest and posttest 

converted scores for the experimental groups is given in TABLE XXV. As 

expected, the hypothesis that the means of th.ese two groups of convert-

ed ~cores were equal was rejected. In testing this hypothesis, 
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F11 l02 was computed to be 520250 Since this was considerably greater 

than F0 95, 1, 60 ""h .. OO)i the hypothesis was rejectedo Certainly)i 

growth in achievement during the 'semester under the experimental tr.eat= 

ment would be desirable, and to be expected .. 

TABLE XXIII 

A COMPARISON OF PERCENTILE BANDS FOR THE PRETEST AND 
POSTTEST CONVERTED SCORES(BASED ON MEAN SCORES*) 

Group Trigonometry 
(A) (B) 

C1 13=54 48-81 

E1 5-39 48=81 

Average 9-48 48-81 

c~ 9-48 54=8.5 

~.' 9=48 61-88 

Average 9-48 61=88 

chiP 18=61 11=95 

E4,p 5-39 54=85 

Average 9=48 61-94 

C4,N 61=88 

E4,N 39·-11 

Average 48,=81 

Composite 54-85 
Average 

*Rounded off to the nearest integer 

Algebra 
(A\) (B) 

14-50 32-73 

14=50 50=83 

14=50 44-78 

22-54 67=91 

22=.54 67-91 

22=54 67-91 

22=54 67-91 

7-32 44=78 

14-50 54-81 

67-91 

50-83 

54-81 

54=·87 



Group 

Cl 

E1 

Average 

C:2 

E:2 

Average 

ch P .,) 

E4 ,iP 

Average 

G4.9N 

Eh»N 

Average 

Composite 
Average 

TA:BLE XXIV 

A COMPARISON OF VARIANCES* FOR THE PRETEST AND 
POSTTEST CONVERTED SCORES 

Trigonometry Algebra 

88 

(Change) 
(A) (B) (A) .. (B) Trigonometry Algebra 

38 115 66 138 +i1' +72 

45 89 53 59 ,. +44 + 6 

41 103 60 102 +62 +42 

69 71 85 61 + 2 =18 

15 11 55 36 + 2 =19 

13 74 10 52 + 2 =18 

58 llO 58 59 +52 + 1 

41 53 18 58 .:fl2 +40 

50 82 38 59 +32 +21 

11 58 

175 99 

111 16 

88 69 

*Rounded off to the nearest integer" 

The inequality of the algebra pretest and posttest mean converted 

scores for the e:xperimental groups does not imply that the variance of 

·these two groups of converted test scores were equalo The hypothesi~ 

that these variances were equal was then tested using Bartlett's testo 



The computation of the statistic used in this test for these groups of 

converted scores was as followss 

r 

C = 1 + 1 . [· I 1 = 1 J 
3(r = 1) j = l nj = l I - r 

"" 103 ... l. 00980 
102 

r 

s2 ... L (nj ... 1) sJ 
j__ ... l 

N-r 

... 78735 = 61.70455 
1276 

r 

2o.3©26 
C 

[ (II - r) 1og S! ~ L (nj - 1) log •J J 
j "" 1 

:.,2.28024(182.6126.k ... 182027961) 

= 2.28024(.33303) 

"" 0 76 

Since o 76 is less than 3.84 "" X 2 095, -~'. the hypothesis of equal 

variances was aceeptedo Thus, the experimental treatment did not re= 

sult in a change in the variances of the algebra test seoreso This 

suggests that the variability in algebra achievement was not statis-

tieally affected by the use of the experimental tread:.mento This implies 

that, if one of the fifty-four students in the experimental group that 

took both a pretest and a posttest was selected at random, then the 

probability would be ninety-five per cent that the students' posttest 

converted algebra score would be no farther from the mean of the post-, 

tes~ converted algebra scores than the studentsv pretest converted 

alg~bra score was from the mean of the pretest converted algebra scoreso 



That is, the growth in algebraic achievement was no greater for those 

who scored high on the pretest than for those who scored low on the 

pretesto From this, there is the implication that the experimental re-

view method was as effective for low achievers as for high achieverso 

It would appear that further examination in this area would be desir-

ableo 

TABLE XXV 

AiNJLYSIS OF VARIANCE FOR THE MEANS OF THE ALGEBRA PRETEST AND 
POSTTES'l' GOlllVERTED SCORJS FOR THE GROUPS E1, ~ 9 MD E4.,p 

Source of' 
Variation 

Among Groups 

Within Groups 

Total 

.3.,102 .. 1535 

6.,05509616 

9,l58 .. ll5k 

* Sum of Squares 

H Degrees of' Freedom 

*** Mean Square 

**** F - ratio 

1 

102 

103 

a, Significant at the 5% level 

3,10201538 

59oJ72~ 

The means of the trigonometry pretest and posttest converted 

scores for the three experimental groups., considered as a single group., 

are, compared in ua3LE XXVL, Again, the rejection of the hypothesis 

that the means of these two groups of converted scores were equal was 

to be expected .. For testing this hypothesis., F1, 102 was computedo 

Since F1, 102 • 69 .. 55 is greater than 4 .. 00 = F1, 60' the h~othesis was 

rejected .. Growth in trigonometry achievement during the semester would 
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be desirableo The experimental procedure would be nearly" useless if no 

achievement was noted under this treatmento 

MJALYSIS OF VARIANCE FOR THE MEANS OF THE TRIGONOMETRY PRETEST 
Allffl POSTTEST CONVERTED SCORES FOR THE GROUPS E1.11 E:2 9 MD Bi,_,p 

Source or 
Variation 

Among Groupe 

Within Groups 

Total 

4,75100096 

6,96709039 

llj)718o9135 

* Sum of Squares 

***' Mean Square 

**** F - ratio 

1.02 

103 

uv Significant at the 5% level 

6.803128 

The means of the trigonometry pretest and posttest converted 
,;31: 

scores for the experime~tal groups were unequalo This in~q,ality of 

means does not imp~ that the variances of these two groups of converted 

test scores were equal., Bartlett 1 s test was used to test the hypothesis 

that the variances of the trigonometry- pretest and posttest converted 

scores for the experimental group were equalo The computation of the 

statistic used in this test for these groups of scores was as followsi 
·, 

l" 

C•l+ l [I l ... l J 
3{r = 1) j '"'l ~j = l. I= r 

,., 103 .. L 0098.0 
lo2 



r 

I 
j • l 

N - r 

= 70.97943 

r 

:L~026 [<11 - r) log •: - L · (nj - l) log s~ 
' j = 1 

= 2.28024(188.81628 - 188.53119) 

= 2.2802~(.28509) 

• .66 
0\/ 2 Since .66 is less than J.84 = A 095. l' the hypothesis of equal ' .. . 

variances was accepted. That is, the variance of the trigonometry 

pretest converted scores of the experimental groups E1, ~, and E4,p 

was not statistically different from the variance of the trigonometry 

posttest converted scores of the same experimental groups at the five 

per cent level of significance. Here again, the experimental treat-

ment did not result in any greater statistical variability in trigonom-

etry achievement. Here again, this implies that the experimental re-

view method was as effective for those scoring low on the trigonometry 

pretest as for those scoring h~gh on the trigonometry pretest. Further 

examination in this area would also appear to be desirable. 

This research study was designed to allow for testing the effect 

of pretesting. ~. comparison of the posttest converted scores of the 

non;-pretested experimental group with the pret.est converted scores of 

the control group consisting of the groups Ci, c2, and C4,p was then 

made. The hypothesis H-: aXc· ,., = Ai,i;. , was first tested. Here' 2Xc 
~"U -·· P ..e.4.,N P 

denotes the mean of the algebra pretest converted scores of the control 



groups C19 C2 9 aind c4,po The computations used for testing this hypoth­

esis are summarized in TABLE XXVIIo Since F1 6l • 6049 is greater , 
than 4oOO • F 095; l, 60' the hypothesis that the mean of the algebra 

pretest converted acores of the control group consisting of the control 

groups Ci, C2, 04,p was equal to the mean of the algebra posttest con­

verted scores of the experimental group B4,N was rejected at the five 

per cent level of significanceo This conclusion, along with an exam­

in~tion of TlllBLE XXI, implies that the experimental treatment did re-

sult in an increase in algebra achievemento 

TABLB", :D.VII 

4W~YSIS OF VARIANCE FOR THE MEANS OF THE ALGEBR& PRETEST CONVERTED 
SCORES FOR THE CONTROL GROUPS®!, 029 mD 04,p AND THE ALGEBRA 

P~TTEST CONVERTED SCORE'S FOR THE EXPERIMENTAL GROUP E4,N 

Source of 
Variation 

Alm.ong Groups 

Within Groups 

Total 

49806841 

4,68403001 

5,182.9842 

* Sum of Squares 

** Degrees of Freedom 

*** Mean Square 

**** F - ratio 

1 

61 

62 

vv Significant at the 5% level 

498 .. 6841. 

76 .. 7918 

&,comparison of the variability of these two groups was then made. 

The hypothesis, Ho& 8 a2Cp • As2Elt.,N' was tested" The computations for 

the statistic used in Bartlett's test were as followsi 

i' 
! 



r 
C=l• 1 [' 

J(r -1) L 
j ll!I l 

= 72,517 = 1.04833 
69,174 

r 

s2 • I (na, - 1) s3 I (N - r) 
j = l 

"" 75 .. 1S246 

r 

2."t'26 ~If - r) log s~ - L (n.l - 1) log •J J 
j ... l 

,,. 2.19645(115 .. 00391 - 114 .. 88240) 

• 2.19645( .. 12151) 

Since .27 is less than J.84 • '?( 2 .. 9.5; l' the hypothesis that the 

variance of the algebra pretest converted scores of the group consisting 

of the control groups c1, c2, and C4,p was equal to the variance of the 

algebra posttest converted scores of the experimental group Eh,N was 

accepted at the five per cent level of significance. 

Similarly, the hypothesis, Hag tXCp = ~h,N' was also tested. 

The mean of the trigonometry pretest converted scores of the control 
J ' 

groups c1, c2, and c4,P was denoted by tXCp" TABLE XXVIII summarizes 

the results of the comput&tic>tls used for testing this hypothesis .. 

Since F1, 6l • 4 .. 60 is greater than 4, .. 00 • F. 95; 1, 6o, the hypothesis 

that the mean of the'trigonometry pretest converted scores for the con-

trol group eonsisting of o1, c2, and c4,P and the mean of the trigonom­

etry posttest converted scores for the experimental group E4,N was re­

jected at the five per cent level of significance. 
' .! 



T.MBLE XXVIII 

AtlTM.YSIS OF VARIANCE FOR THE MEANS OF THE TRIGONOMETRY PRETEST 
CONVERTED SCORES FOR THE CONTROL GROUPS c19 c2» AND C4,p 

AND THE TRIGONOMETRY POSTTEST CONVERTED SCORES 
FOR THE EXPERIMENTAL GROUP E4,I 

Source or 
Variation 

Among Groups 

Within Groups 

Total 

327.,2779 

4.9339.,436~ 

4,(>66.,7143 

* Swn. or Squares 

** Degrees of Freedom 

*** Mean Square 

**** F - ratio 

l 

61 

62 

nt Significant at the 5% level 

32702779 

71 .. 1383 

2 2 · The hypothesis, H0z ts Cp"" Ts Eh,N» was tested next .. The com= 

putations for the statistic used in Bartlett's test of this hypothesis 

I" 

C ""1-+ 1 [ I 1 - l J 
J(r = 1) j ... 1 nj = l N - r 

= 72,517 • 1.04833 
69,174 

r 
2 ~ 2 sp = ~ (nj - 1) sj / (N - r) 

j ... l 

= 70 .. 85961 



:r 

2.~026 [ (N - r) log s~ -jf 
1 

(nj - 1) log •j J 
u 2.19645(112087440 - 110.65096) 

= .2.19645(2.22344) 

... 4.88 

Sinee 4.88 is greater than 3.84 = X 2 095; 1-' the hypothesis that the 

variance of the trigonometry pretest converted scores of the control 

groups was equal to the variance of the trigonometry posttest convert-

ed scores of the experimental group E4,N was rejected at the five per 

cent level of significance. An examination of TABLE XXIV reveals that 

the variance of the experimental group Eh,N was much greater than the 

variance of the pretested control group. One possible conclusion might 

be that the experimental treatment combined with the lack of any pretest 

"bias" resulted in increased variability. There is little, if any, 

eVi:dence to support this conclusion. 

TJGBLE XXIX 

HYPOTHESES CONCERNING MEANS TESTED USING 
PRETEST ~ND POSTTEST CONVERTED SCORES 

Hypothesis F - ratio 

Equal means of the algebra pretest and posttest converted 52.251 1 

scores for the experimental groups 

Equal means of the trigonometry pretest and posttest con- 69.55,v 
verted scores for the experimental groups 

Equal means of the algebra pretest converted scores of the 6.49'' 
control groups and the posttest converted scores for 
the non-pretested experimental group 

Equal means of the trigonometry pretest converted scores of 4.60 11 

the control groups and the posttest converted scores for 
the non-pretested experimental group 

• v Significant at the 5% level 



TABLE XIX 

HYPOTHESES CONCERNING VJRIANGES TESTED USING 
PRETEST AND POSTTEST CONVERTED SCOR;f:S 
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Hypothesis 'X 2 = ratio 

Equal variances of the algebra pretest and posttest 0076 1 

converted scores for the experimental groups 

Equal variances of the trigonometry pretest and posttest o.66° 
, converted scores for the experimental groups 

Equal variances of the algebra pretest converted scores 0.271 
of the control groups and the posttest converted 
scores for the non-pretested experimental group 

Equal variances of the trigonometry pretest converted 4088 10 

scores of the control groups and the posttest converted 
scores for the non-pretested experimental group 

Not significant at the 5% level 

ii Significant at the 5% level 

The results in this section were obtained from comparisons of the 

pretest and posttest converted scoreso The results are summarized in 

TABLE XXIX and TABLE xxx;. , From these results one can conclude that the 

experimental treatment did result in an increase in the level of both 

algebra and trigonometry achievemento One can also conclude that the 

use of the pretest did not significantly affect the posttest scores 

st~tisticallyo The experimental treatment did not result in any change 

in the variability of either alg;el:lra or trigonometry achievement. That 

is, the grouping of the scores around the mean remained ·the same under 

the experimental treatmento The final comparison in this section 

suggests.11 however 1 that the use of the pretest might have influenced 

the variability of trigonometry achievemento This might indicate a 



desirability for further study in this area., 

Analysis of Comparisons Concerning Class Size and Instructor 

All of the previous comparisons were concerned only with the 

effect of the experimental treatmento The. last two of these compar-

98 

isons were an attempt to develop more evidence to permit some generaliza= 

tion conc.eming the use of the experimental review method and larger than 

normal-sized classes or an instructor other than the writero 

The next comparisons were made in an attempt to estimate the inter= 

action of testing and experimentationi the interaction of large classes 

and experimentation, and the interaction of different instructors and 

experimentationo The effects of these interactions were estimated by 

the use of a simple 2 x 2 analysis of variance. 

For these comparisons 9 the assumptions which were made were the 

same as those previously giveno These were that the four cells rep­

res~nted fuur random samples drawn from four populations, that each of 

the four populations was normal, and that each of the four populations 

had the same variance., It has been shown that these assumptions were 

plausibleo 

The first of the~e comparisons explored the effect of testing, 

the effect of experimentati.on, and the effect of interactioTI between 

testing and experimentation on algebra achievemento The three hypoth-

eses that were tested in this comparison wereg 

l .. ~ 

i 0 
2 .. Ho 

Q 
Q 

g 

There was no ,difference between the means of the 
algebra pos·ttest scores for the control review 
method and for the experimental review methotL 

There was no difference between the means of the 
algebra posttest scores for the pretested group 
and for the non-pretested group., 



Hn I n 0 

0 0 
There was no interaction between the effects of 
experimentation and pretesting on algebra achieve­
ment. That is, the effects on algebra achievement 
of experimentation and pretesting were additive. 

The results of the computations used to test these three hypotheses 

are summarized in TABLE XXXL 

TABLE XXII 

ANALYSIS OF VARIANCE OF ALGEBRA POSTTEST SCORES 
WITH MEANS ADJUSTED FOR DISPRQPORTIONALITY 

Source of 
Variation 

Treatment 

Testing 

Interaction 

Within 

Total 

Degrees 
of 

Freedom 

1 

l 

1 

Sum of Squares 
Unadjusted Adjusted1' 

5.75515 6.07442 

8 .. 85400 9.17327 

47.53323 47.21396 

1.21 3,184.65762 

124 3,246.80000 

* Adjustment term= =.,31927 

Not significant at the 5% level 

Mean 
Scyµare 

6.07442 

9.17327 

47.,21396 

F - ratio 

.. 23 u 

L 79 1 

In this comparison, the frequencies for the four different sub-
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groups were disproportional., This disproportionality was corrected by 

the technique discussert by Wert, Nei.dt, and Ahmanno 

When correcting disproportionality in a double classification 
with two categories within each classification - - - a simple 
and time-sawing formula is available. For the purpose of 
developing the formula, a, b, c, and d, are designated as the 
frequencies in the four cells as in Table 81. 



Stub Items 

Total 

TABLE 81 •. SYMBOLIC~ DESIGNATION 
OF CELL FREQUENCIES IN A 

FOUR-CELL TABLE 

Headings 

a b 

C d 

k3 k4 

Total 

kl 

k2 

The mean score of k1 eases is represented by i1, the mean 
score of k2 cas.es by~, the mean score of 1c3 cases by i 3., 
and the mean score of k4 cases by X40 Furthermore, the 
difference between i'1 and x'.2 equals Di 2:'S whereas the - - , 
difference between~ and~ equals n3,4• The adjustment 
term for disproportion is equal to 

(ad - bc)2 [<tc1)(k2)(Dl,; i)2 + (lc.3)(k4)(D3, 4)2] 
k1k2k3k4 

= 2(Di, 2)(~, 4Had - be) 

J 
This adjustment term, if positive, is to be subtracted from 
the sum of squares for interaction and added separately to 
the sum of squares for each of the two main effects, these 
sums of squares having been computed in the conventional 
mannero If negative, the adjustment term is added to the 
sum of squares for interaction and subtracted separately from 
the sums of squares for each of the two main effectso7 

The F - ratio5. for a particular source of variation were computed 

by dividing the mean square for· the source by the mean square of the 

7James Eo Wert, Charles Oo Neidt, and Jo Stanley Ahmann, 
Statistical.Methods in Educational and Psychological Research, (New 
York, 1954), PPo 212-2130 
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source by the mean square of the variation within the groups., For the 

hypothesis~» the appropriate F - ratio was computed to be o23o Since 

this was less than 3.,92 = F095, l, 1209 the hypothesis that the mean of 

the algebra posttest scores for the control group was equal to the mean 

of the algebra posttest scores for the experimental group was accepted 
i 0 

at the five per cent level of significanceo For the hypothesis Ho 9 

the F - ratio was computed to be o35o Since this was less than 3o92 ~ 

F095$ l, 20» the hypothesis that the mean of the algebra posttest scores 

for the pretested group was equal to the mean of the algebra posttest 

scores for the non-pretested group was accepted at the five per cent 

level of significanceo 
i u i 

For the last of these three hypothesesj Rei 9 

the F - ratio was computed to be lo79o This was larger than the F -

ratios computed for testing the first two of these three hypotheses., 

However, this value was less than 3o92 = F095, l, 1200 Therefore, the 

hypothesis that there was no interaction between the effects of exper~ 

imentation and pretesting on algebra achievement was accepted at the 

five per cent level of significanceo Thus, the conclusion was draw 

that pretesting had no significant effect upon algebra achievement as 

evidenced by the scores on the algebra posttesto 

Since it was concluded that pretesting had no significant effect 

upon the algebra posttest converted scores, an analysis of covariance 

was then performed with the pretest converted ~'cores being the covariate o 

In performing the analysis of covariance the following assumptions were 

made& 

lo A. random sample of size l was draw from each of 107 
populations; 

2o each of the 107 populations was normal» 



,)o each of the 107 populations had the same varianeeJ 

4o the population means within each group lay on a straight 
line; a:nd 

5o the slope of the line was the same for' each group. 

lO~ 

The;previous discussiom in this chapter has shown that these assump-

tions were also reasonableo 

Analysis of eovari~nce was used to permit correction for 

initial differences in algebra acq,:t'evemento Since a pretest had. 

been given and since it was determined that the pretest had no eftei'ct 

upon the posttest converted scores, the writer decided to use the pre-

test converted scores for the covariate rather than some other criteria 

which might not be as immediately accessible as the pretest converted 

scores. The hypothesis tested was Hoz the ncorrected~ control review 

method effect was the same as the «corrected" experimental review 

methed effect for algebra achievemento The results of the computations 

used to test this hypothesis are summarized in TAB~ XX:XIIL For this 

hypothesis, F1j 104 • 047 which was less than hoOO • F0 95; l, 6oo 

Therefore, the hypothesis that the "corrected" control review method 

effect was the same as the «corrected~' experimental review method 

effect for algebra achievement was accepted at the five per cent level 

of significanceo Thus, the conclusion was again made that there was no 

difference between the two review methods for achievement in algebrao 

In the next comparison, the effect of testing, the effect of 

exp~rimentation, and the effect of interaction between testing and 

e:lqlerimentation on trigonometry achievement was examined. For this 

eomparison, the three hypotheses that were tested were: 

' l. Ho There was no difference between the means of the 
trigonometry posttest scores for the control review 
method and for the experimental review method. 
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ff t 
2. Ho . 

t :t'here .was no difference between the means of the 
trigonometry post test scores for the pretested group 
and the non-pretested group. 

I ff f 
3o ·Ho 0 • There was no interaction between the effects of 

experimentation a•d pretesting on trigonometry 
achievement. That is, the effects on trigonometry 
achievement of experimentation and pretesting were 
additive. 

The results of the computations used to test these three hypotheses 

are summarized in T.AIBLE XD!Io 

TABLE llllI 

ANALYSIS OF V.4lRIANCE OF TRIGONOMETRY POSTTEST SCORES 
WITH MEANS ADJUSTED FOR DISPROPORTIONALITY 

Source of 
Variation 

Treatment 

Testing 

Interaction 

Within 

Total 

Degrees 
of' 

Freedom 

l 

1 

1 

121 

124 

Sum. of Squares 
Unadjusted Adjusted* 

16060313 17.77201 

15.64893 16.81787 

73.11426 7L94.532 

4»965.08168 

,,070.,44800 

* Adjustment term= 1.16894 

Not significant at the 5% level 

Mean 
SquaN 

17.77201 

16.81787 

71.94.532 

41.03373 

F - ratio 

' Since the frequencies for the four different subgroups in this 

comparison were disproportional, this disproportionality was corrected 

using the same technique which was discussed previously. The F - ratios 

used to test these hypotheses were computed in the same manner as those 

used to test the similar hypotheses for algebraic achievement., 



Source ss l 
X 

Treatments 21.46600 

Error 6 ,,653. 31900 

Total 6,674.78500 

TABLE XXXIII 

ANALYSIS OF COVARIANCE FOR THE ALGEBRA CONVERTED TEST SCORES 

SP2 ss 3 S$ I 4 
y y 

.22613 .00300 33.40367 

2,723.33462 8,466.97200 7,322.25416 

2,723.56075 8,466.972 7,355.65783 

1. Sum of Squares for Pretest Converted Scores 

2. Sum of Products 

3. Sum of Squares for Posttest Converted Scores 

4. Sum of Squares for Residuals 

5. Degrees of Freedom 

6. Mean Square 

7. F - ratio 

Not significant at the 5% level 

d.f.5 

l 

MS' 6 
y 

33.40367 

104 70.40629 

F7 

.47• 

I-' 
0 .::--
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For this hypothesis Hos the appropriate F - ratio was computed to 

be .. LJ .. Since this was less than 3.,92.., F0951 l, 120 .9 the hypothesis 

that the mean of the trigonometry posttest scores for the control group 

was equal to the mean of the trigonometry posttest scores for the experi­

mental group was accepted at the five per cent level of significance .. 
. n n 4 For this hypothesis Ho 9 the F = ratio was computed to be o ·· lo . Since 

this was less than 3,,92.., F., 95, 1, 1209 the hypothesis that the mean of 
) 

the trigonometry posttest scores for the pretested group was equal to 

the mean of the trigonometry post test scores for the non-pretested group 

was accepted at the five per cent level of significance,, For the last 

of these three hypotheses, % ' 0 
9 the F - ratio was computed 'to be L 750 

This was larger than the F - ratios computed for testing the first two 

of these hypotheses .. However, siTice this v§lue was less than 3~92 = 

F095, 1, 120.9 the hypothesis that there was no interaction between the 

effects of experimentation and pretesting on ·trigonometry achievement 

was accepted at the five per cent level of significaneeo Therefore, it 

was again concluded that pretesting had no significant effect upon 

trigonometry achievement as evidenced by the scores on the trigonometry 

posttest., 

Since the conclusion wa~ Jn,ade that pretesting had no significant 

effect upon the trigonometry posttest converted scores, an analysis of 

covariance was performed with the pretest converted ,cores being the 

covariate., Again, the use of the pretest converted'i;cores as the 

covariate was dictated by the accessibility of the pretest converted 

scores., In performing this analysis of covariance., ·the assumptions 

were the same as those used for the previous analysis of covariance,, 



TABLE XXXIV 

ANALYSIS OF COVARIANCE FOR THE TRIGONOMETRY CONVERTED TEST scoru:s 

Source ss l SP2 ss 3 ss' 4 5 ' 6 F7 d.f. MS 
X -:, y y 

Treatments 152.08100 21.~0159 3.o68oo 39.59454 1 39.59454 .64' 

Error 6,184.66700 4,o66.37972 9,108.78200 6,435.16287 104 61.87656 

Total 6,336.74800 4,087.98131 9,111.85000 6,474.75741 

1. Sum of Squares for Pretest Converted Scores 

2. Sum of Products 

3. Sum of Squares for Posttest Converted Scores 

4. Sum of Squares for Residuals 

5. Degrees of Freedom 

6. Mean Square 

7. F - ratio 
I-' 

' Not significant at the 5% level ~ 
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This analysis of covariance was used to permit correction for ini-

tiau.. differences in trigonometry aehievemento The hypothesis tested 

was 1fo: the "corrected" control review method effect was the same as 

the "corrected" experimental review method effect for trigonometry 

achievemento TABLE XXXIV summarizes the results of the computations 

used to test this hypothesiso Since, for this hypothesis, F1, 104 = 

064, is less than 4 .. oo = F. 95; 1, 60j) the hypothesis that the "correct­

ed" control review method effect was the same as the «corrected" exper-

imental review method effect for trigonometry achievement was accepted 

at the five per cent level of significanceo Therefore, it was again 

concluded that there was no difference in trigonometry achievement be-

tween the two review methods. 

From the preceding analyses, the conclusion·was drawn that there 

was no significant difference between the regular review method and the 

review method using the mechanical device for students at Wisconsin 

State University, La Crosseo The design of this research study also 

permitted a comparison between experimentation and different professorso 

The next group of analyses was concerned with estimating the effect 

of experimentation, the effect of different professors, and the effect 

of interaction between experimentation and different professors .. The 

same assumptions that were made in estimating the interaction of test-

ing and experimentation were used for these analyseso 

The first of these comparisons explored the effect of experimenta-

tion and different professors upon algebra achievemento The three 

lzypotheses tested in this comparison were& 
i 

1 .. Ho g There was no difference between the means of the 
algebra posttest scores for the control review 
method and for the experimental review methode 



0 
0 There was no difference between the means of the 

a:Lgebrai posttest scores for tlie group taught by 
the writer and for the group taught by Professor Xo 

108 

There was no interaction betweeil the effects of .. ex­
perimentation and of different professors on algebra 
achievemente That is 9 these effects on algebra 
achievement were additiveo 

TABLE XXXV summarizes the results of the computations used to test 

these three hypotheseso The same techniques were used for testing these 

hypotheses that were used in testing the interaction between e:xper-

imentation and pretestingo 

ANA1LYSIS OF VARIANCE QF ALGEBRA POSTTEST SCORES WITH 
MEANS ADJUsrin FOR DISPROPORTIONALI'I'I 

Source of 
Variation 

Degrees 
of 

Freedom 

Mean. F - ratio 
Sum of Squares . 

Unadjusted Adjusted* 

Treaitment 1 5.75515 6.04194 

Professor 1 178012773 180.41.h52 

Interaction l 234.03548 23L 74869 

Within 121 29828088164 

Total 124 3,246.80000 

* Adjustment term is 2028679 

Not signif':i,;~nt at the 5% level 

et Significant at the 5% level 

Square 

8.,04194 0341 

180041452 7" 72 1 0 

231.74869 9. 91 1 0 

23.,379.19 

For the hypothesis ~ 9 the computed F - ratio was .. 340 Thus the 

redundant conclusion was made that the mean of' the algebra posttest 

scores for the control review method was equal to the mean of the al= 

gebra posttest scores for the experimental review methodo The testing, 
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.. ' . 
and acceptance, of If6 developed no new evidenceo However, in testing 
fl H6, an F - ratio of 7o72 was computedo Since F1, 12 = 7.72 is greater 

V V 
than F0951 l, 120 • 3092, the hypothesis Ho was rejectedo Thus, it 

was concluded that there was a difference between the mean of the al-

gebra posttest scores for the group taught by the writer and the mean 

of.the algebra posttest scores for the group taught by Professor I. .. 
. . . ·- i y ' 

New-- evidene~ was also discovered in testing the hypothesis Ho o 

For this hypothesis, an F - ratio of 9o91 was eomputedo Since F1, 121 = 
i f ff 

9.91 is greater than F095; l, 120 • 3092, this hypothesis ffo was also 

rejected. That is, the hypothesis that there was no interaction between 

the effects of experimentation and of different professors on algebraic 

achievement was rejected at the five per cent level of significanceo 

These latter two conclusions appeared to indicate a bias between 

the writer and both of the review methodso However, it was possible 

that there was no significant difference in gain in algebraic achieve-
I 

~ent between the two instructors. In order to determine the plausi~ 

bility of this conclusion, an analysis of variance of algebra converted 

gain scores was developed. 

Using these gain scores for algebraic achievement, the three 

hypotheses that were tested wereg 

1 .. 
V 

Ho 

fft 

2. Ho 

g 

g 

There was no difference between the means of the 
algebra converted gain scores for the control review 
method and for the experimental review methodo 

There was :no differenc~ between the means of the 
algebra converted gain scores for the group taught 
by the writer and for the group taught by Professor Xo 

3o ~,n g There was no interaction between the effects of ex­
perimentation and different instructors on algebra 
achievement as evidenced by algebra converted gain 
scores. 
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The results of the computations used to test these three hypotheses 

are summarized in T&BLE IlXVIo 

TABLE .lllVI 

ANALYSIS. OF VARIANCE OF .ALGEBRA GAIN SCORES WITH 
MEANS ADJUSTED FOR DISPROPORTIONALITY 

Source of 
Variation 

Treatment 

Professor 

Imteraction 

Within 

Total. 

Degrees 
of 

Free.dom. 

l 

l 

l 

103 

106 

Sum of Squares 
Unadjusted Adjusted* 

21001592 25.,09209 

ll5o75775 119 .. 83392 

180034007 176026390 

4,937 .. 52177 

5,254063.5.51 

* Adjustment term. is =h.007617 

Not significant at the 5% level 

Mean 
Square 

25009209 

119 .. 83392 

176026390 

47093710 

F = ratio 

.. 52n 

2o50V 

3o68n 

For the hypothesis ~.11 the computed F - ratio w~s o52o Since 

F1,;' l0.3 = o.52 is less than F0 95, l., 60 '"' hoOO, the hypothesis that the 

mean of the algebra converted gain scores for the pretested control 

group was.equal to the mean of the algebra converted gain scores for 

the pretested experimental group was accepted at the five per cent level 

of significance,, This result reinforced the previous conclusion that 

the two review methods were equal:cy- effective in producing growth in 

algebraic achievemento 
1 n 

For the hypothesis Ho 9 the computed F - ratio was 2~50. Since 

11 , 103 • 2.50 is less than F095; 1~ 6o '"'4.00, the hypothesis that the 

mean of the algebra converted gain scores for the pretested group taught 
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by the writer was equail to the mean of the algebra converted gain scores 

for the pretested group taught by Professor X was accepted at the five 

per cent level of significanceo From this result and an examination 

of TltBLE lXI, the conclusion was drawn that there was actually no 

statistical difference between the two professors in producing growth in 

algebraic achievement in their students at Wisconsin State Universityj 

La Crosseo 
i i i 

For the hypothesis Ho 9 the computed F - ratio was J.,68. Since 

F1, 103 ""3.68 is less than F095, l., 60 = hoOO, the hypothesis that 

there was no interaction between the effects of experimentation and 

differ~nt instructors on growth in algebra achievement as evidenced by 

algebra gain scores was accepted at the five per cent level of signif= 

ieaneeo From this result, it was concluded that there was no apparent 

statistical interaction between experimentation and different instruc= 

tors for algebra achievemento Thia conclusion was drawn on the assump= 

tion that increase in achievement was more desirable than the attain= 

ment of a specific achieve:mei:rt li\eore& 

The next comparisons attempted to estimate the effect of exper= 

imentation and different 1 professors upon trigonometry achievemento The 

three hypotheses tested wereg 

i u 
2o Ho 

I i i 
3., Ho 

g 

There was no difference between the means of the 
trigonometry posttest scores for the control review 
method and for the experimental review methodo 

There was no difference between the means of the 
trigonometry posttest scores for the group taught by 
the writer and for the group taught by Professor X. 

There was no interaction between the effects of ex­
perimentation and of different professors on trig= 
onometry achievemento 
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TA~LE XXXVII summarizes the results of the computations used to test 

these three hypotheseso 

TABLE XXXVII 

ANALYSIS OF VARIAiNGE OF TRIGONOMETRY POSTTEST SCORES 
WITH MEANS ADJUSTED FOR DISPROPORTIONALITY 

Source of 
Variation 

Treaitment 

Professor 

Interaction 

Within 

Total 

Degrees 
of 

Freedom 

l 

1 

1 

121 

124 

Sum of Squares 
Unadjusted Adjusted* 

16060313 19066286 

118057566 121.63539 

163050574 160044601 

h» 77L 76347 

5., 670 ~'h4800 

* Adjustment term is 3005973 

Not significant at the 5% level 

i t Significant at the 5% level 

Mean 
Square 

19066286 

121.,63539 

160o4h.60l 

39.43606 

F - ratio 

o50ff 

3o08V 

}i.071 i 

For this hypothesis~, the computed F - ratio was o50o Since 

F1, 121 m 050 is less than F095, l, 120 a 4oOO, the redundant conclusion 

was made that the mean of the trigonometry posttest scores for the con-

trol review method was equal to the mean of the trigonometry posttest 

scores for the experimental review methodo Here also, the testing and 

acceptance of 116 developed no new evidenceo This procedure merely con­

firmed a previous conclusiono 
t ff 

For the hypothesis Ho, the computed F - ratio waa 3o08o Since 

F1, 12l = 3~08 is less than F0 95, 1, l20 ~ hoOO, the hypothesis that 

the mean of the trigonometry posttest scores for the group taught by 
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the writer was equal to the mean of the trigonometry posttest scores 

for the group taught by Professor X u.ae accepted ijt the five per cent 

level of significanceo 
i ff i 

For the hypothesis Ho , the computed F - ratio 

was found to be 4o07" Since F1, 121 = 4o07 is greater than F. 95; 1, l20 = 
4.oo, the hypothesis that there was no interaction between the effects of 

experimentation and of different professors on trigonometry achievement 

was rejected at the five per cent level of significanceo This conclusion 

and the relatively large value of the F - ratio computed for the hypoth-

' ff esis Ho prompted the decision to examine the trigonometry converted 

gain scores with another analysis of variance. 

Using the converted gain scores for trigonometry achievement, the 

three hypotheses tested were~ 
u 

1. Ho 

i V 
2. Ho 

0 
0 

g 

There was no difference between the means of the 
trigonometry converted gain scores for the control 
review method and for the experimental review method. 

There was no difference between the means of the 
trigonometry converted gain scores for the group 
taught by the writer and the group taught by 
Professor Xo 

g There was no interaction between the effects of 
experimentation and different instructors on 
trigonometry achievement as evidenced by trig­
onometry converted gain scoreso 

The results of the computations used to test these three hypotheses 

are summarized in TABLE IXETIIIo 

For the hypothesis~~ the computed F - ratio was lo94. Thus 

F1, 103 = lo94 is less than F095; l, 6o • 4oOO and the hypothesis that 

the means of the trigonometry converted gain scores for the control 

review method was equal to the. mean of the trigonometry converted gain 

scores for the experimental review method was accepted at the five per 

cent level of significance. It was noted, however, that the value of 
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this F = ratio was considerably larger than that of any of the cor= 

responding F = ratios computed previouslyo It appeared then that there 

was a greater variation.between the two review methods jf'pr trigonometry 

achievement than for algebra ach:Leveimento 

TABLE XXXVIII 

AN.KI.ISIS OF VARIANCE OF TRIGONOMETRY CONVERTED GAIN 
SCORES WITH MEANS ADJUSTED FOR DISPROPORTIONALITY 

Source of 
Variation 

Treatment 

Pro.f'essor 

Interaction 

Within 

Total 

Degrees 
of 

Freedom 

1 

l 

l 

10.3 

106 

S'Wl'l. of Squares 
Unaidjusted Adjusted"~ 

107 0°77744 12L84220 

261 .. 67782 275.74258 

526075410 512.68934 

6»464025793 

1,360oh.6129 

* A:djustme:nt term is =14006476 

Not significant at the 5j level 

nu Significant at the 5% level 

Mean 
Square 

l2L84220 

275074258 

512.,68934 

62075979 

F - ratio 

L9h 0 

L..391 u 

8ol7R i 

i u 
For the hypothesis Ho$ the computed F = ratio was 4o39~ Since 

F1, lOJ ""4Q39 is greater than F095» l, 60"' 4oOO, the hypothesis that 

the mean of the trigonometry converted gain scores for the pretested 

group taught by ·the writer was equal to the mean of the t,rigonometry 

converted gain scores for the pretested group taught by Professor X 

was rejected at the five per cent level of significance" The rejection 

of this hypothesis appears to contradict the previously accepted. hypoth-

esis that there was no difference between the means of the trigonometry 

posttest scores for the group taught by the writer and by the group 
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taught by Professor L Howe-ver, .this hypothesis was based solely oh re= 

sults from pretested students, while the previous hypothesis was based on 

results from posttested studentso Thus, it appeared that groups c4,N and 

E4.,N had an influence upon the previous hypothesise From these results 9 

it appeared that further study in this area would be desirableo 
y i u 

For the hypothesis Ho 9 the computed F - ratio was 80170 Since 

Fl, lO:,"" 8011 is greater than F09.5; l.,, 60"" 4oOO, the hypothesis that 

there was no interaction between ·the effects of experimentation and 

different instructors on trigonometry achievement was rejec·ted at the 

five per cent level of significanceo The rejection of this hypothesis 

and the rejecti.on of the previous hypothesis concerning interaction be= 

tween experimentation and instructor based upon a comparison of post-

test scores resulted in the conclusion ·that instructor bias was intro-

duced into the research studyo 

An examination of TABLE XXI relealed that the bias which was intro-

du.ced into the study wa~ in favor of the writer for ·t.rigonometcy achieve= 

mento, One possible explanation of thi:s appare:nt, bias wa.s the fact that 

the wri.ter in his teaching as well as in both review methods de·veloped 

the trigonometric functions from a "circular function" approacho Profes-

sor X might have used a more traditional 11right-triangle 11 development of 

the trigonometric functionso Neverthelessj it appears that further 

study in this area would be desirableo 

The design of this research study also permitted a comparison be-

tween experimentation and class size~ The final set of analyses was 

concerned with estimating the effect of experimentationl the effect of 

class size j and the effect of interaction bet,ween experimentation and 

class sizeo Agains the same assumpi,ions that were made in estimating 



the interaction of experimentation and testing were used for these 

analyseso 

TABLE XlllX 

ANALYSIS OF VA1RIANCE OF ALGEBRA POSTTEST SCORES WITH 
MEANS ADJUSTED FOR DISPROPORTIONALITI 

116 

Source of 
Variation 

Degrees 
of 

Freedom 

Mean 
Square 

F - ratio 
Sum of Squares 

Unadjusted Adjusted* 

Treatment 1 5-75515 7062982 7062982 0)0 11 

Class size 1 94.,07638 95095105 95095105 3.82 1 

Interaction l 106062536 104.,75069 104o75o69 4.17111 
r 

Within 121 J,i040oJ4Jll 25012680 

Total 124 J.9246080000 

* Adjustment term is 1087467 

Not significant at the 5% level 

vv Significant at the 5% level 

The first a~alysis explored the effect of experimentation and 

class .size upon algebra achievemento The hypotheses tested in this 

analysis werei 
i 

lo Ho i There:was no difference between the means of the 

iii 

Ho 0 
0 

algebra posttest scores for the control review 
method and for the experimental review methodo 

There was no difference between the means of the 
algebra posttest scores for the above normal­
sized class and for the normal-sized classeso 

There was no interaction between the effects of 
experimentation and of class size on algebra 
achievemento 

TABLE XXXIX summarizes the results of the computations used to test 
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these three hypotheseso The same techniques were also used for testing 

these hypotheses that were used in testing the interaction between ex-

perimentation and pretestingo 

' For the hypothesis Ho, the computed F - ratio was 030. Since 

F1, 121 a 030 is less than F. 951 1, 120 = 3.92, the hypothesis that the 

mean of the algebra posttest scores for the control review group was 

equal to the mean of the al~ebra posttest scores for the experimental 

review group was accepted at the five per cent level of significance. 

The testing of this hypothesis~ developed no new evidence. However, 

the acceptance of this hypothesis again confirmed the conclusion that 

there was no difference in either review method with respect to achieve-

ment in algebra. 
! V 

For the hypothesis H0 9 the computed F - ratio was 3.82. Since 

t ' 
121 = 3o82 is less than F09,i l, 120 = 3.92, the hypothesis Ha was 

statistically accepted at the five per cent level of significance. Thus, 

it was concluded that the mean of the algebra poattest scores for the 

above normal-sized classes was equal to the.mean of the algebra post-

test scores for the normal-sized classes. However, since 3.82 was 

relatively close to 4eOO, further examination was deemed advisable. 
t i i 

For the hypothesis Ho , the computed F - ratio was 4.17. Since 

F1., 121 = 4ol7 is greater than F09S; l, 120 = 3.92, this hypothesis was 

rejectedo Thus, it was concluded that there was interaction between 

the effects of experimentation and the effects of class size. 

, This last conclusion appeared to indicate a non-linear function­

al relationship between review method and the class sizes used in this 

investigation. However, it was also possible that there was no signif'-

ieant difference in ~2! in achievement in algebra between the two 
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different sized classeso In order to determine the statistical correct-

ness of this conclusion, another analysis of variance of algebra convert..; 

ed gain scores W§S developedo 

The three hypotheses tested using the algebra gain scores werei 

2o 
w ff 

Ho 

ii u 
3e Ho 

z There was no difference between the means of the 
algebra converted gain scores for the control review 
method and for the experimental review methodo 

There was no difference between the means of the 
algebra converted gain scores f or . tl:le above normal­
sized class and the normal-sized classeso 

There waa no interaction between the effects of ex­
perimentation and class size on algebra achievement 
as evidenced by algebra converted gain scoreso 

The results of the computations used to test these three hypotheses are 

summarized in TABLE XLo 

TABLE XL 

ANALYSIS OF VARIANCE OF ALGEBRA CONVERTED GAIN SCORES 
WITH MEANS ADJUSTED FOR DISPROPORTIONALITI 

Source of 
Variation 

Degrees 
of 

Freedom 

Mean 
Square 

F = ratio 
Sum of Squares 

Unadjusted Adjusted* 

Treatment l 2lo01592 22038010 22.38010 o45U 

Class size 1 25 .. 25021 26061439 26061439 054 1 

Interaction 1 93046379 92009961 92009961 ios.50 

'Within 103 5., 114 .. 90559 49.65928 

Total 106 5.,254063551 

* Adjustment term is -1036418 

Not significant at the 5% level 
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For the hypothesis~, the computed F - ratio was o38o Since 

F1, 103 = 038 is less than F095; l, 60 = 4oOO, the hypothesis that the 

mean of the algebra converted gain scores for the control review group 

was equal to the mean of the algebra converted gain scores for the ex-

perimental review gToup was accepted at the five per cent level of 

significance., This result confirmed the previous conclusion that the 

two review methods were equivalent in producing achievemen~ in algebrao 
! 1 

For the hypothesis Ho 3 the computed F - ratio was o54o Since 

Fl, 103 • 054 is less than F095 , l, 60 = 4.00, the hypothesis that the 

mean of the algebra converted gain scores for the above normal-sized 

class was equal to the mean of the algebra converted gain scores for 

the pretested students in the normal-sized classes was accepted at the 

five per cent level of significance. This result confirmed the accept-
i V 

ance of the previous hypothesis Ho which also concluded that there was 

no difference between algebra achievement and class sizeo 
1 V I 

For the hypothesis Ho , the computed F - ratio was 1.85. Since 

Fl, lOJ = 1.85 is less than F095; 1, 60 1$. li;~pO~ the hyppt.h.es~s t}?.at 

there was no interaction between the effects of experimentation and 

class size on algebra achievement as evidenced by algebra converted 

gain scores was accepted at the five per cent level of significance. 

This result contradicted the previous conclusion which was based upon 

posttest scores rather than converted gain scoreso On the assumption 

that increase in each student's individual achievement was more desirable 

than the attainment of an arbitrary level of achievement for the entire 

class, the concl1Jtsio11t"Wras drawn i;tlat there was no interaction between 

experimentation and class size for algebra achievement. 
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The final comparisons explored the effect of experimentation and 

class size upon trigonomet,ry achievement., The hypotheses tested were: 

lo 
u 

Ho 

2o 
i n 

Ho 0 
0 

There wa.,s no difference between the means of the 
trigonometry posttest scores for the control review 
method and for the experimental review methodo 

There was no difference between the means of the 
trigonometry post.test, scores for the above normal­
sized clas,s and for t.he normal-sized classeso 

There w~s no i.nteraction between the effects of 
experimentation and of class size on trigonometry 
achievement" 

TABLEXLI summarizes the results of the computations used to test these 

hypotheses,, The testing of these hypotheses used the same techniqµes 

that were previously used in testing the interaction between experi= 

mentation and pretestingo 

TABLE XLI 

ANALYSIS OF VARIANCE OF TRIGONOMETRY POSTTEST SCORES 
WITH MEANS ADJUSTED FOR DISPROPORTIONALITY 

Source of 
Variation 

Treaitment 

Class size 

Interaction 

Within 

Total 

Degrees 
of 

FI·eedom 

l 

1 

l 

121 

124 

Sum of Squares 
Unadjusted Adjusted~ 

16,,60313 18056789 

43005763 4.5002239 

93009761 91.13285 

4,917068963 

5 ,070oli4800 

* Adjustment term is 1096476 

Not significant at the 5% level 

Mean 
Square 

18o56789 

45002239 

9L13285 

40064206 

F = ratio 

.,46 1 

LllY 

2024 1 
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ff 
For the hypothesis Ho» the computed F - ratio was o46o Since 

F1, 121 = 046 is less than F.951 l» 120 • .3.,92, the hypothesis that the 

mean of the trigonometry posttest scores for the control review group 

was equal to the mean of the trigonometry posttest scores for the ex-

per_imental review group was accepted at the five per cent level of 

significance., From this, and previous conclusions, the decision wais 

made that there was no statistical difference between the results ob-

t~ined by either review method for both achievement in trigonometry and 

achievement in algebra .. 
u u 

For the hypothesis Ho 9 the computed F - ratio was 1.11. Since 

F1, 121 = 1 .. 11 is less 1;,han F.,9.5; 1, 120 • 3092, the hypothesis that 

the mean of the trigonometry posttest scores for the above normal-sized 

class was equal to the mean of the trigonometry posttest scores for tht 

normal-sized class was accepted at the five per cent level of signif= 

icanee~ That is, there appeared to be no statistical difference between 

the class size used and achievement in trigonometryo 
u u u 

For the hypothesis Ho 9 the computed F - ratio was 2o24o Since 

F1, 121 m 2o24 is less than. F095; l, 120 • 3.,92, the hypothesis that 

there was no interaction between the effects of experimentation and of 

class size on trigonometry achievement was accepted at the five per cent 

level of significance., That is, the conclusion was drawn that the 

functional relationship between the variable denoted as experimentation 

and the variable denoted as class size was linearo 

Even though the three preceding hypotheses were accepted, since 

a comparison of algebra converted gain scores was made estimating the 

effect of experimentation, the effect of class size, and the effect of 

interaction between experimentation and class size, a similar comparison 
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was also ~ade using trigonometry converted gain scoreso 

Using the converted gain scores for trigonometry achievement, the 

three.hypotheses tested werei 

1 .. 

2 .. ~u 

0 
0 

0 
0 

There was no difference between the means of the 
trigonometry converted gain scores for the control 
review method and for the experimental review method .. 

There wt'.$·no difference between the means of the 
trigonometry converted gain scores of the above 
normal-sized class and for the normal-sized classes. 

Jo Hr1 Vu 

0 
0 

" There was no inte~action between the effects of 
experimentation and of class size on trigonometry 
achievement as evidenced by trigonometry converted 
gain scores., 

The results of the computations used to test these three hypotheses 

are summarized in TABLE ILII. 

TABLE XLII 

ANALYSIS OF VARIANCE OF TRIGONOMETRY CONVERTED 
GAIN SCORES WITH MEANS ADJUSTED 

Source of 
Variation 

Treatment 

Glass size 

Interaction 

Within 

Total 

Degrees 
of 

Freedom. 

1 

l 

l 

103 

106 

FOR DISPROPORTIONALITY 

Sum of Squares 
Unadjusted Adjusted¥ 

101.7174h 11.3.14143 

76017699 81.54098 

22lo67o66 216030667 

6,954084220 

7,360\46729 

* Adjustment term is =5036399 

Not significant at the 5% level 

Mean 
Squlim'e 

113.14143 

8lo54098 

216.30667 

67.52274 

F .,,: ratio 

L68Y 

1.21V 

.3o 20° 
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For the hypothesis ~ 9 the computed F - ratio was 10680 Thus 9 

F1 , 103 ,.. lo68 is less ·t.han F.95; 1 , 60 "" 4.00 a:od the hypothesis that 

the mean of, the trigonometry c.onverted gain scores for the control review 

method was equa+ to the mean of the trigonometry converted gain scores 

for the experimental review method was accepted at the five per cent 

level of significanceo Again, it was noted that the value of this F -

ratio was mµch larger than any of the corresponding F - ratios computed 

·for algebra converted gain scoreso This result confirmed the previous 

conclusion that there appeared to be a greater variation between the 

two review methods for trigonometry achievement than for algebra achieve-

ment. 
i R 

For the hypothesis Ho» the computed F - ratio was 1.21. Since 

F1, 103 • 1.21 is less than F095; l, 60 = 4.00, the hypothesis that the 

mean of the trigonometry converted gain scores for the above normal-

sized class was equal to the mean of the trigonometry converted gain 

score for the normal-sized class was equal to the mean of the trigonom-

etry converted gain score for the normal-sized classes was accepted at 

the five per cent level of signifieanceo This confirmed the preceding 

conclusion based upon the trigonometry posttest scoreso Thus, ~here 

appeared to be no statistical difference between the type of review 

method and the sizes of the.classes used for this researcho 
i V i 

Fpr the hypothesis Ho 9 the computed F - ratio was ).200 Since 

F1 , 103 ,.. 3o 20 is le.ss than F 095, l, 60 "" 4.00, the hypothesis that 

there was no interaction between the effect of experimentation and the 

effect of class size on trigonometry achievement as evidenced by 

trigonometry converted gain scores was accepted at the five per cent 

level of significanceo This conclusion reinforced the previous con-



clusion tha1t there was a linear relationship between the variable de= 

noted as experimentation and the variable denoted as class size .. 

The results of the comparisons reported in this section are sum= 

marized in TABLE XLIII and TABLE XLIVo The comparisons revealed no 

superiority for either review method, either instructor.!) or either 

class-size for algebra ac:hievemento Furthermore, these comparisons re= 

,vealed no superiority for either review method or for class=size for 

trigonometry achievememrt,, Hweverjl these comparisons did reveal !:iii 

significant statistical interaeti.iion between experimentation and instruc= 

tor.., This interaction seemed to favor the writer and the experimental 

method for achievement in ·trigonometry o This interaction creates an 

area into which further invest,igation could be profitably pursuedo 

The analyses reported in this chapter reveal no significant statis= 

tical difference between revi.ew method,, class=size, or instructor for 

either algebra or trigonQ11'letry achievement with ·the exception reported 

in the preceding paragraph,, While some of the compa.ri.sons gave F = 

ratios which appeared to contradict each other, many of these w~re made 

from different sub-populations so t,hat ·t.he groups were not directly com­

parableo However, if the maiD criteria for judging the effectiveness 

of' review method,i class=size, or instructor is gain in algebra or trig­

oricttr:etry achievement, the analyses in this chapt,er revealed no difference 

in effectiveness except for the combination of instructor and trigonom­

etryo 

Chapter V provides an int.erpratati.01'1 of these results and analyses 

through a summary of the findingso Conclusions and implications re­

lative to the findings and recommendations for further research will 

complete this final chapter,, 
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TABLE' XLIII 

HYPOTHESES TESTED CONCERNING THE EFFECTS OF EXPJERIMENTATION» 
CLASS~SIZE, AND INSTRUCTOR ON ALGEBRA ACHIEVEMENT 

Hypothesis 

Equal means of the algebra posttest scores for the 
control and the experimental review method 

Equal means of the algebra posttest scores for ·the 
pretested and non-pretested groups 

No interaction between pretesting and experimentation 
on algebra achievement 

Equal ''corrected" effect on algebra achievement for 
the control and the experimental method 

Equal means of the algebra posttest scores for the 
writeris and Professor X:1s group 

No interaction between experimentation and instructor 
on algebra achievement 

Equal means of the algebra gain scores for the control 
and the experimental groups 

Equal means of the algebra gain scores for the writer's 
and Professor X1 s group 

No interaction -0etween experimentation and instructor 
on gain in algebra achievement 

Equal means of the algebra posttest scores for the 
large-size and the normal-size class 

No interaction between experimentation and class size 
on algebra achievement 

Equal means of the algebra gain scores for large~size 
and normal=size classes 

No interaction between experimentation and class size on 
gain in algebra achievement 

Not significant at the 5% level 

uu Significant at the 5% level 

F - ratio 

0.23 1 

0.35, 

1.79, 

o.47 1 

2050 8 

3.,68 1 

8ol7Y y 
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TABLE XLIV 

HYPOTHESES TESTED CONCERNING THE EFFECTS OF EXPERDIENTATION, 
GLASS-SIZE, AND INSTRUCTOR ON TRIGONOMETRY ACHIEVEMENT 

Hypothesis 

Equal means of the trigonometry posttest scores for the 
control and the experimental review method 

Equal means of the trigonometry posttest scores for the 
pretested and non-pretested groups 

No interaction between pretesting and experimentation 
on trigonometry achievement 

Equal ncorrectedn effect on trigonometry achievement for 
the control and the experimental method 

Equal means of the trigonometry posttest scores for the 
writer's and Professor X's group 

No interaction between experimentation and instructor 
on trigonometry achievement 

Equal means of the trigonometry gain scores for the 
control and the experimental group 

Equal means of the trigonometry gain scores for the 
writer's and Professor I 1s group 

No interaction between experimentation and instructor 
on gain in trigonomet,ry achievement 

Equal means of the trigonometry posttest scores for 
the large-size and the norm.al-size class 

No interaction between experimentation and class size 
on trigonometry achievement 

Equal means of the trigonometry gain scores for 
large-size and normal-size classes 

No interaction between experimentation and class size 
on gain in trigonometry achievement 

Not significant at the 5% level 

ii Significant at the 5% level 

F - ratio 

0 •. 43, 

0.41 1 

10751 

8.171 i 

1.11 1 

3.,20 1 



CHAPI'ER V 

INTERPRETATION OF RESULTS 

Review of the Purpose and Design of the Study 

This report presents a description of a study that was concerned 

with an evaluation of a review method for an undergraduate pre-calculus 

mathematics course featuring a comparatively inexpensive mechanical 

deviceo Re(Cognizing that soaring college enrollments and a shortage 

of qualified professors have created expanding and increasing educa-

tional problems 9 the present study used two different types of review 

techniques for a pre-calculus course in algebra and trigonometry in an 

attempt to discover a method for possible alleviation of these prob-

lemso The major purpose of the study was to compare the effects of a 

conventional review method with the effects of an experimental review 

method9 featuring a mechanical device 9 on students algebraic and 

trigonometric achievemento 

The research design used for this study was a modification of 

the Solomon Four=Group Design described by Campbell and Stanley1
0 

This study was only concerned with the relative merits of the two re= 

view methods in producing an increase in algebraic and trigonometric 

achievemento 

1Donald T,, Campbell and Julian C., Stanley9 "Experimental and 
Q:ua.si=Experiinental Designs for Research on Teaching9 il Handbook of 
Research~ TeacM.ng 9 edo No L. Gage 9 (Chicago, 1963) 9 Po 17.50 -

127 
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Three sections of Mathematics 109, Algebra and Trigonometry, were 

selected to participate in the present study dur::l.ng the first semester 

of the 196.5-1966 academic year at Wisconsin State University, La.Crosse. 

Two of the sections were taught by the writer and the other by another 

member of the ma.thematics department at 'Wisconsin State University, 

~Crosse. The two sections taught by the writer consisted of fifty­

eight students and thirty-six studentso. The section taught by the 

other professor consisted of thirty-one students., Thie student partici­

pants were assumed to be a random selection from a normal population 

of students at Wisconsin State University, LaCrosseo It was estab­

lished that this was a reasonable assumption. 

The instruments used in this study were Cooperative Mathematics 

Tests of the Educational Testing Service of Princeton.9 New Jersey .. 

Two tests were given as pretests and two tests were given as posttests. 

Form A of the Algebra III Test and Form A of the Trigonometry Test were 

given as pretests and Form B of the Algebra III Test and Form B of the 

Trigonometry Test were given as posttestso The data thus provided was 

analysed to determine the relationship between the kind of revJ.ew method 

used by the students and their algebraic or trigonometric achievemento 

Stati.stical analyses were made to determine differences between 

the experimental review method and the control of "conventionaltt review 

method .. The analysis was primarily concerned with a comparison of the 

achievement produced by the two different review methods .. The design 

of the study also permitted auxiliary comparisons of the effects of 

class size and of the class :instructor under the two review methods., 

The statistics employed were Snedeoor 1s F - ratio and chi-square. 

These statistics were used to compare the sample means and sample 
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variances.of the different groups of students involved in the research. 

Summary of Findings and Conclusions 

Several hypotheses were tested in this research. Since there 

was a considerable degree of similarity between some of these hypoth­

eses, findings are slJJIUDariz-ed in terms of the major questions relative 

to the investigation. The sig:n.ifioant findings reported are in terms of 

the college students included in this study' as representative of college 

students enrolled at Wisconsin State University, La.Crosse. 

l. Will the increase in achievement in algebra of the group 
using the control review method differ from the increase in 
achievement in algebra of the group using the experimental 
review method which featured an inexpensive mechanical de­
vice consisting of a synchronized slide projector and tape 
record.er? 

There were no significant differences between groups with regard 

to increase in achievement in algebra. This conclusion was deduced 

from four separate and distinct analyses of variance and one analysis 

of covariance. Two of the analyses of variance were computed using 

means of the algebra posttest scores. The other two analyses of var-

iance were computed using the means of the algebra gain scores. The 

student's gain score was determined by subtracting the pretest convert-

ed score from the posttest converted score. The analysis of covariance 

was computed by using the algebra posttest converted scores with the 

algebra pretest converted scores as the covariate. In all of these 

comparisons, there w~s no statistical difference between the experi-

mental review method and the control review method for the students 

involved in this study. 



2. Will the increase in achievement in trigonometry of the 
group using the control review method differ from the in­
crease·· in achievement in trigonometry of the group using 
the experimental review method? 
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There were no significant differences between groups with regard 

to increase in achievement in trigonometry. Four separate and distinct 

analyses of variance were used to deduce thi.s conclusion. Two of these 

were computed using the means of the trigonometry posttest scores. The 

other two were computed using the means of the trigonometry gain scores. 

An analysis of covariance was also computed by using the trigonometry 

posttest converted scores and the trigonometry pretest converted scores,, 

For all of these analysesjl there was no statistical difference between 

the two different review methods for the students involved in this 

study,, 

3., Will the increase Jn achievement in algebra be affected by 
a CQ!llbination of class size and review method? 

When an analysis of variance was performed on the means of the 

algebra posttest scores using review method and class size as the 

sources of va.riation9 there was a significant statistical interaction 

between the type of review method used and the class size at the five 

per cent level .. The size of the sample used for this analysis was 125. 

However9 since increase in algebra achievement was the desired char= 

acteristic, an analysis of varianee was performed on the means of the 

algebra converted gain scores with the same sources of variation. In 

this analysis~ there was no significant statistical interaction between 

the type of review method used and the size of the class. While these 

results were not conclusive, the conclusion was made that there was no 

relationship between the review method used and the size of the class 

when increase in algebra achievement was the desired characteristic .. 



131 

This conclusion was limited1 of course, to groups of the same size 

that were used in this resear~h. 

h. Will the increase in achievement in trigonometry be affected 
by a combination of class size and review method? 

When an analysis of variance was performed on the means of the 

trigonometry posttest scores using review method and class size as the 

sources of variation9 there was no significant statistical interaction 

between the type of review method used and the size of the class. An 

analysis of varianrt]e was also performed on the means of the trigonometry 

converted gain scores using review method and class size as the sources 

of variation. There was no significant statistical interaction between 

the type of review method used and the size of the classo Statistical 

s:ign:ificance was measured from the five per cent level. The sample 

size for the firs·t of these analyses was 125' and the sample size of 

the second analysis was 1079 but the second sample was a subset of the 

first sampleo From these results it was concluded that there was no 

relationship between the review method and the size of the class upon 

algebraic achievement. 

5. Will the increase in achievement in algebra be affected by 
a combination of different professor and review method? 

When an analysis of variance was performed on the means of the 

algebra posttest scores using review method and different professor 

as the sources of variationj there was a significant statistical inter= 

action between the type of review method and the particular instructoro 

This was true at the five per cent level of signif'foance for a sample 

size of 125. Again;) since incirea1:1e in achievement in algebra was the 

desired characteristic, an analysis of variance was also performed on 

the algebra converted gain scores with the same sources of variation~ 
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The sample 1rl,ze tor this analysis was also 1070 For this analysis1v 

there was no statistical interact.Ion between the type of review method 

used and the particular instructoro Here again, the results were not 

completely conolusivej) but.9 since increase in algebra achievement was 

considered to be the desirable result1v the conclusion was made that 

there was no relationship between the type of review method used and 

the two instructors who were teaching algebra and who were involved in 

this researcho 

.60 Will the increase in achievement in trigonometry be affected 
by a combination of different professor and review method? 

There was a significant statistical interaction between the type 

of review method used and the class instructor9 when an analysis of 

vai·iance was per.f'ormed on the means of the trigonometry post.test scores 

using re:v1ew method and different professor as the sources of variationo 

1il1hen ana-.Iysis of variance was performed on the means of the trigonom-

etry converted gain scores using review method and class instructor as 

the sources of variation9 there was also a significant statistical 

interaction between the review method used and the instructor teaching 

the olasso This was apparent when increase in student achievement in 

trigonometry was being evaluated., In facti the F - ratio computed 

from the converted gain scores wais much larger that the F - rati~ com-

puted from the posttest scoreso This indicated greater interaction 

between review method and class instructor when measured with converted 

gain scores than when measured with posttest sooreso An examination 

or the data indicated a much smaller mean for the converted gain scores 

of the group that was taught by the other professor and that used the 

control review method than for any of the other groups<> There was 
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little difference between the mean of the group that was taught by the 

writer and that used the experimental review method and the mean of 

the group that was taught by the writer and that used the control 

methode Both of these groups has means which were nearly twice the 

value of the smallest mean mentioned above,, The conclusion was then 

made that the increase in trigonometry achievement was affected by a 

combination of review method and professore The data seemed to suggest 

that the combination of control review method and Professor X was least 

effer©tive in prodtwing an increase ,in st,udent achievement in trigonometry., 

This certainly suggests that this is an area where further research would 

be desirable and pro.fitableo 

Implfoations 

The findings suggest the following i:mplications for the further 

study of this type ()Jf meoha.ni2'lied review device i 

1. Information obtained in the prese:nt study suggests the 

utility of the research design in further study of the use 

of' this mechanized review method by undergraduate students 

of pre=calculus m.athema.ticse Since differences in achieve= 

ment between groups were primarily concerned with an in= 

crease or gain in achievement, factors in the studentsv 

baokground that were not included in this investigation may 

have influenced his increase in achievement~ More specific 

differences would be no·ted when considering this increase 

in achievement as an individual :rather than a group phe:nome-
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2o Individual~ investigating the use of the review method 

discussed in this study should construct review materials 

which will reflect the experience and attitudes of all 

persons involved in the s·tudy., This should reduce the 

interaction between type of review method and class in­

structoro Perhaps the only way to minimize this inter= 

action will be to immerse each individual involved as com= 

pletely as possible in the study itself" 

3e The findings reveal that the differences in achievement in 

algebra were not affected as much by combinations of review 

methodj) class sizeSJ and instructor as was achievement in 

trigonometryo This suggests that there may be something 

inherent in the course content in trigonometry that is in= 

fluerioed by different combinations of these factors., The 

results of the study seem to imply 'that the greatest in= 

crease in achievement is brought about by a combination of 

trigonometry content1 mechanized review method, and a large 

class., 

Suggestions for Further Study 

The conclusions and implications of the present study suggest 

more refined and intensive investigations which will consider the 

following recommendationsi 

1., An intensive analysis should be employed to consider the 

type of student that would have the greatest increase in 

achievement using this review method for algebraic content 

and for trigonometric contento This would permit a better 



evaluation of the optimal use for this mechani~ed revieWJ 

methodo 
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2,, It appears to be advisable to investigate in much more 

depth the relationship between the use of mechani~d re­

view method and the class instructor. That is; what kind 

of professor is most effective in producing increase in 

achievement when using this review method? 

3,, It also appears to be advisable to investigate mucp. more 

deeply the relationship between the use of this review 

method and the size of the class involved. 

4o The Illtl.ltiple relationship between this review method9 the 

particular instructor, and the size of the class should be 

investigated to determine the combination that will deliver 

the optimum results in terms of increase in achievement. 

Concluding Remarks 

In the pa.st decade 9 much has been written about mathematics 

education in this countryo Initially, most of this discussion was 

focused upon the elementary and secondary ma.thematics curriculum.. In 

the la.st few years 9 however; the collegiate mathematics program has 

also been subjected to a great amount of penetrating and enlightening 

review. Some of the impetus for this review has been given by the 

soaring enrollments in higher education, the shortage of qualified 

:ma.thematics professors, and the tremendous increase in technology and 

knowledge. These three events have been well documented, and, if our 

system of higher education in mathematics is to remain dynamic and 

continue maximally to contribute to our society and culture, then 
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methods must be found that will enable higher education effectively 

and economically to solve these problems .. 

This study has been an attempt to secure some evidence that may 

enable higher education, and particularly higher education in math­

ematics, to solve the problem of soaring enrollments and a growing 

shortage of qualified mathematics professors~ This research has in­

dicated a method that might be used to relieve some of the pressure on 

understaffed collegiate mathematics departments., The findings suggest 

the possibility of handling large sections of pre-calculus algebra and 

trigonometry with the a:i.d o.f the mechanized review method described in 

this study., While this research was not adequate for a final and de­

finitive statement concerning this possibilityj the findings were 

adequate enough to suggest that further study in this area would be 

desirable and that such study should be heartily encouraged. 
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APPENDIX 

c1 TEST RESULTS 

Student Trigon~metry Scores Al~ebra Scores 
Number Pretest .. Posttest Pretest Posttest' 

Converted Raw Converted Raw Converted Raw Converted Raw 

1 149 14 151 16 138 9 144 15 

2 147 13 173 31 167 28 170 31 

3 150 15 163 24 144 13 1,·2 20 

4 140 9 154 18 144 13 142 lJ-1, 

5 144 11 154 18 157 21 157 23 

6 137 7 136 6 136 8 123 2 

7 149 14 145 12 146 14 144 1.5 

8 144 11 164 25 lhO 10 162 26 

9 132 4 145 12 138 9 149 18 

10 139 8 137 7 141 11 139 12 

11 137 7 134 5 136 B 147 17 

12 155 18 155 19 143 12 156 22 

13 145 12 152 17 147 15 149 18 

14 145 12 149 1, 141 11 165 28 

15 142 10 155 19 140 10 159 2b 

16 154 17 165 26 149 16 167 29 

17 144 11 146 13 136 8 146 16 
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APPENDIX ( Continued) 

El TEST RESULTS 

Student Scores .ll!ge~!:a Scores 
Number Post test Pretest Post test 

Converted Raw Converted Raw Gonvert,ed Raw 

1 140 9 160 22 141 11 157 23 

2 1.37 1 168 28 147 1.5 156 22 

3 134 5 157 20 147 15 164 27 

4 134 5 143 ll 135 7 154 21 

5 155 18 164 25 155 20 161 25 

6 142 10 160 22 144 13 162 26 

7 145 12 148 14 150 17 1.56 22 

8 140 9 152 17 lh3 12 154 21 

9 135 6 154 18 1.36 8 154 21 

10 129 2 136 6 136 8 lh4 15 

11 l44 11 157 20 136 8 146 16 

12 132 4 146 13 146 14 142 1h 

13 145 12 157 20 158 22 164 27 

14 142 10 139 8 138 9 144 1, 



Student 
Number 

1 

2 

3 

h 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
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Trigonometry.Scores Al1:1;ebra. Scores 
Pretest Post test Pretest Post test 

c:onv1arted Raw Converted Raw Converted Raw Converted 

l47 13 164 2, 158 22 161 

154 17 170 29 153 19 156 

142 10 143 11 138 9 156 

1.31 3 149 15 133 6 146 

1.37 7 154 18 138 9 162 

149 14 161 23 155 20 -162 

134 5 157 20 153 19 157 

145 12 152 17 149 16 170 

126 0 149 15 141 11 147 

147 13 154 18 140 10 156 

147 13 149 15 147 15 156 

152 16 152 17 147 15 166 

140 9 163 2h 14.3 12 161 

129 2 149 15' 143 12 151 

154 17 149 15 135 7 154 

l49 14 167 27 164 26 182 

139 8 154 18 152 18 156 

132 4 151 16 1.38 9 154 

150 15 167 27 158 22 164 

129 2 1.45 12 138 9 154 

142 10 161 23 155 20 169 

Raw 

25 

22 

22 

16 

26 

26 

23 

31 

17 

22 

22 

22 

25 

19 

21. 

38 

22 

21 

27 

21 

30 



Student 
Number 

22 

23 

24 

2.5 

26 

27 

28 

29 

Student 
Number 

l 

2 

3 

4 

5 

6 

7 

8 

9 
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Trigonom~try .. Scores Algebra Scores 
Pretest Post test Pretest Posttest 

Converted Raw Converted Raw Converted Raw Converted 

1.52 16 173 31 1.55 20 164 

135 6 148 14 136 B 146 

150 1.5 165 26 160 23 16.5 

1,0 15 152 11 136 8 147 

lh2 10 145 12 143 12 154 

149 14 154 18 147 15 1.57 

135 6 143 11 135 7 146 

144 11 164 2.5 161 24 164 

C 
4,P 

TEST RESULTS 

Trigonometry.Scores Algebra Scores 
Pretest Post test Pretest Pbsttest 

Converted Raw Converted Raw Converted Raw Converted 

149 14 1.51 16 141 11 151 

149 14 1.54 18 150 17 157 

139 8 16.5 26 l46 14 167 

149 1h 171 JO Jli6 lh· 161 

145 12 170 29 153 19 154 

1.44 11 161 23 144 1.3 159 

135 6 142 10 141 11 147 

162 22 173 Jl 164 26 172 

1h4 11 163 24 140 10 159 

Raw 

27 

16 

28 

17 

21 

23 

16 

27 

Raw 

19 

23 

29 

25 

21 

24 

17 

32 

24 
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APPENDIX ( Continued) 

E2 TEST RESULTS 

Student . .. _. Trisonometry Scores Algebra Scores 
Number Prenest Post test Pretest Post test 

Converted Ra.w Converted Raw Converted Raw Converted Raw 

1 135 6 142 10 138 9 142 l4 

2 152 16 165 26 150 17 162 26 

3 lk2 10 167 27 150 17 164 27 

4 140 9 lh5 12 140 10 159 24 

5 150 15 164 25 158 22 169 30 

6 132 4 148 14 1.50 17 149 18 

7 152 16 154 18 149 16 154 21 

B 132 4 155 19 133 6 147 17 

9 137 7 160 22 140 10 157 23 

10 145 12 163 24 147 15 162 26 

ll 147 13 151 16 150 17 157 23 

12 149 14 155 19 147 15 156 22 

13 150 15 155 19 141 11 1.59 24 

14 142 10 143 11 146 14 161 25 

15 149 14 165 26 164 26 159 24 

16 147 13 152 17 150 17 156 22 

17 145 12 155 19 146 14 152 20. 

18 139 8 155 19 143 12 159 24 

19 131 3 145 12 146 l4 161 25 

20 131 3 157 20 140 10 161 25 

21 127 1 151 16 135 7 156 22 



Student 
Number 

22 

2.3 

24 

25 

26 

27 

28 

29 

Student 
Number 

l 

2 

3 

4 

5 

6 

7 

8 

9 
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.A.PPENDIX (Continued) 
E2 TEST RESULTS 

. Trisonometry Scores Algebra Scores 
Pretest Post test Pretest Post test 

Converted Raw Converted Raw Converted Raw Converted 

144 11 167 27 153 19 159 

139 8 154 18 147 15 157 

165 24 176 33 J.64 26 162 

139 8 15h. 18 141 11 151 

142 10 17.3 31 155 20 167 

132 4 145 12 147 15 154 

155 18 157 20 146 14 165 

lJ?·· 7 149 15 · 141 11 151 

E49 p TEST RESULTS 

·••«•-·•·. - ...• ·-

...... Tr·i~onometry Scores .· •.. Algebra Scores 
Pretest F'osttest Pretest Post test 

Converted Raw Converted Ra Converted Raw Converted 

149 14 164 25 141 11 167 

144 ll 154 18 143 12 152 

145 12 155 19 J.41 11 152 

1.39 8 154 18 146 14 157 

145 l2 157 20 JJ6 8 lld 

137 7 157 20 140 10 154 

137 7 139 8 136 8 152 

127 l 145 12 lJ6. 8 139 

142 10 161 23 147 15 157 

Raw 

2h 

23 

26 

19 

29 

21 

28 

19 

Raw 

29 

20 

20 

23 

17 

21 

20 

12 

23 
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APPENDIX (Continued) 

c4,N TEST RESULTS 

Student Trigonometry Scores Posttest Algebra Scores Posttest 
Number Converted Raw Converted Raw 

1 160 22 154 21 

2 160 22 164 27 

3 160 22 152 20 

4 160 27 159 24 

5 148 14 149 18 

6 149 15 164 27 

7 167 27 167 29 

8 149 15 149 18 

9 146 13 169 30 

10 152 17 165 28 

E 4 N TEST RESULTS 
' 

Student Trigonometry Scores Posttest Algebra Scores Posttest 
Number Converted Raw Converted Raw 

l 165 26 162 26 

2 152 17 165 28 

3 145 12 149 18 

4 170 29 162 26 

5 143 11 144 15 

6 160 22 164 27 

7 133 4 147 17 

8 136 6 141 13 
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tlie summers of 1957 and_l958; attended the University of 
Minnesota as a member of:a National Science Foundation 
Academic Year I:rist:i.tute from June; 19.59 to August, 1960, 
attended the University of Minnesota during the summer of 
1961;-_a.ttended-Oklihoma State University during the summer 
of 1963 a.nq"fre>m June, 1994 to August, 1965; completed 
requirements for the Doctor of _Education degree in May·~ 
1967. 

Professional experience: High scllool teachE3r of Mathematics 
and General Science-in Franklin Consolidated School, Latimer, 
Iowa, 1950-1951; high school teacher of Mat,hemat:[~s and 
English i,n Crystal Lake Consolidated School, Crystal Lake, 
IO'li'a-, 1951..;1952; · high school teacher of General Science in 
Estherville· Consolidated School, Estherville, Iowa'9 195'2~ 
1953; high school teacher of Mathematlcs :in Vandalia 
_Community Uriit School, Vancialia, Illinoisll 1953-1957; p.igh 
'school-teacher of Mathematics in Streator Independent School, 
Streator, -Illinois, 1957~1959; college teacher of Mathematics 
in Wisconsin State College, now Wisconsin State University, 
Lacrosse, Wisconsin, 1960-1967. 




