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CHAPTER I
INTRODUCTION

American mathematics education has been marked by a massive examin-
ation and re-examination, frequently agonizing and critical, 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 promptings 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. From this initial critical observation evolved the School
Mathematics Study Group; the Ball State Program, 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.
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The investigation herein reported was undertaken in recognition of
the need for more information concerning feasible methods for handling
large sized collegiate mathematics classes. Recognition was given to
the fact that similar investigations have been and are being conducted.
Every college and university curriculum has unique features, These
features were deemed sufficiently numercus and unique to justify fur-
ther examination, Since there has also been little research done on
this problem in state supported institutions comparable to Wisconsin
State University at LaCrosse, an investigation of this type is desir-
able and appropriate,

The basic guestion to be examined by this investigation is “Will
the level of achievement of pre-calculus mathematics students be af-
fected by the use of a type of mechanical teaching device?® The
particular type of mechanical device will be deseribed laﬁer in this
essay, The type of"&evi@e is one that seems particularly well adapted

to an institubtion of the kind mentioned in the preceding paragraph.
General Background and Need for the Study

As stated previcusly, the past decade has been one of unrelent-
ing change, There has also_been an inereased and widespread recog-
nition that mathematics is tremendously impertant for the advancement
of science. This recognition has been instrumental in prompting a re-
examination not only of our mathematics curriculum but alsoc of similar

curricula in many countries of the world, Kemenys1 in a report to the

Lyohn G. Kemeny, "Report to the International Congress of Math-
ematicians,* The Mathematics Teacher, LVI (February, 1963}, pp. 66-78,




International Congress of Mathematics at Stockholm, Sweden on August
15, 1962, emphasized that this critical examination of mathematics
has been quite universal. PFurthermore, this report states thats

There are four areas of moderm mathematics that are recommended

by a majority of the reports. These are elementary set theory,

an introduction to logic, some topics from modern algebra, and an

introduction to probability and statistics.

Much of the current discussion has been concernmed with scholastic
mathematics education., Perhaps, as Butler and Wren wrote in 1941:

The reason why we hear so 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 suggestionso3

However, one of the mest serious problems confronting higher ed-
ucation teday is the mushrooming college enrollments. 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.h
The approaches he proposes are mechanical teaching aids, the large
lecture class, accelerated programs, and larger graduate schools. He
ineludes television, teaching machines;, and other audio-visual aids in

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

phasized. He believes that too great an attempt has been made to

2Tbid., p. 69,

3Charles H. Butler and F. Lynwoods Wren, Teaching of Secondary
Mathematics, (New York, 1941), p. L75.

hAllan &, Kuuisto, "What are the Most Effective Methods of Deal-
ing with Larger Number of Students?®, Higher Education in an Age of
Revolutions, ed. G. Kerry Smith (Washington, 1962), pp. 173-176.
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.éilevigte the collggq teacher shortége through the use of mechanical
teaching aids; Furthermore, he feels that these teaching aids are best
suited for adult education, *drill" courses, and off-campus services
rather than the general college courses.

Of these four approaches proposed by Kuuisto, the only one, other
than the mechanical devices, which should logically be considered as a
method of teaching is the use of 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 taken in
selecting the professor for large lecture classes in order to ensure
that the best possiblé teacher has been chosen,

There has been an increasing awareness in the last few years of
the need for undefgradnate college credit through examination and
advanced placement. The consensus of opinion has been that if a college
student has the desire and the a’b’ility; he should be given the oppor-
tunity to accelerate his college program, even though he may not have
fulfilled the formal course requirements.

McKeachie® 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 comparison was based on
the use of tests on the textbook used for the particular course in-
volved, These tests may of may not have tested all of the desirable

outcomes of the sourse,

~

SWQ Jo McKeachie, "Procedures and Techniques of Teachings A
_Survey of Experimental Studies,® The American College: A Psychological
~and Social Interpretation of the Higher Learning, (New York, 1962),

PP. 312356,




The final approach to the higher educational problem of large en-
rollments as advocated by Kuuisto is a @hagge or intensification in
graduate education, 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 of
large college enrollments., Nevertheless, it seems obvious that the
nation's graduate schools are sufficiently committed to the doctorate as
a basic gualification for college teaching. Much of this expansion may
be in terms of a speeded-up doctoral program,

If Kuuisto's four spproaches are accepted, then, as suggested
previously, mechanical teaching aids and large lecture classes are the
only two that are controllable by an individual college instruetor or
his particular department, The other two approaches are more dependent
upon administrative decisions and, thus, are less likely to be manip-
ulated by_individualrfaculﬁy members or small faculty gréﬁpgo These
considerations prompted the decision to explore the mechanical teaching
aids and large lecture class approach,

The need for some feasible method of dealing with large numbers of
students in higher education camnot be disputed. For example, the
number of students in the Wisconsin State University system has more
than doubled in the last four years,

The system has grown more in the last four years than it did in

the first 96, from 18,577 students to 38,592 this year, The

gzgﬁz?érate is expected to be about 7,000 a year for t@e nex§,tW®

At Wisconsin State University at LaCrosse, the enrollment has increased

6. s Wisconsin State Universities Report, XV
{January, 1966), D. 3.




from a little more than eighteen-hundred in the fall of 1960 t¢ over
thirty-nine hundred in the fall of 1965, Similar increases have been
common not only in the Wisconsin system but in institutions of higher
education throughout the country, Thus, there appears tc be a need to
develop ﬁeans of dealing with this tremendous influx of undergraduate
students.

0f course, the growth in college enrollments would pose a less
seriocus problem if there were not at the same time a shortage of capable
teachers for these students, This is ezspecially apparent in the dis-
cipline of mathemati@s?' At Wisconsin State University at LaCrosse for
example, the mathematics department would like to add at least two
Doctors of Philosophy in mathemstics and would add four if they were
available, The department, however, will feel itself fortunate if it
is able to secure one Doctor of Philesophy in mathematics,

Compe%ence in undergraduate mathematics teaching has thus been
equated with a doctorate in mathematics, While this may not be a com=
pletely fair assumption, it is nevertheless a criterion which is quite
generally applied by educators throughout the United States, This
eriterion is appligd not only by academic deans and other administrators
but alse by membérs of mathematics departments of American collegss and
universities, Therefore, while the assumption that competence in un-
dergraduate 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 instituticns of
higher education,

The shortage of competent mathematies professors in Amgrican col-

leges and universities is inextricably combined with the large numbers



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 coileges
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."7 Brearley lists
these thred 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 device. 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 involved in the research were freshmen, however, there

were a few upperclassmen involved in this study.

7"H. C. Brearley, "College Classroom_Teaching: Problems and Pro-
cedures," Peabody Journal of 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

two were taught by the writer, One of the sections taught by the writer
was a large ¢lass 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 cf 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 achievement 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 hight 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



mnethod,

The writer h@p@s_thatﬂthis study has produced scme evidence which
will contribute to a possible solution of the problems of a shertage of
compstent mathematics professors in American colleges and universities
and of the large numbers of students in these colleges and universities,
To accumulate this evidence effectively, two basic considerations were
weighed before deciding upon a‘sp@@ifi@ research design. The first of
theme considerations was the need for a valid research design. The
second of these considerations was the decision to compare only the
increase in achievement under the two differsent review methods. The
nesd for results that would permit an evaluation of the increase in
achievement under each of the two review methods dictated the use of
some kind of standardized test. These tests were given to all of the
students in these thres sections during the second week of the semsster.
At the end of the semester different forms of the same standardized
tests wers giveno These latter tests were given as the final sxame
ination for the course.
own pace, No attempt was made to teach each section according to a
rigid timetable, This was also true of the spacing of thé various
unit tests during the semester, The individual instructor was free
to determine thérplacement of these unit tests,

A%t the start of the semester, each student in each of these three
gections was assignedrt@ either an experimental group or a control
group., The experimental group consisted of those studsnts who attend-
ed the synchronized tape recorder and slide projector review methed.

The conbrol 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 alphabetical 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



11

alternapive experimental instrument,O
Thu59 the method of‘random selgction of the experimental group indicat-
ed above appeared satisfactory.

An examination of the material to be covered during this pre-cal-
culus sourse by Professor X and the writer determined the number of
‘review sessions to be given, From this exaﬁingtion it was decided
that gleven se&siéna were needed to review adequately the gontent of
this pre-calculus course.

The three experimental groups met as a single group ele?en times
during the semesﬁef; Since these review sessions were in addition to
the regular daily class session, the review sessions were held during
the weekday evehing hours., The review sessions were conducted on
Tuesday or Thmrsday evenings from 7:00 to 8:00 P, M, The meetings
were scheduled to precede the unit tests by a few days., At these
meetings, the students reviewed a unit or a portion of a unit of
course content using the mechénical teaching deviee, This device
consisted of a tape recorder synchronized with a slide projeétor.

The slides were automatically projected on the screen and wers
aptomatiéally changed by the tape on the tape recordsr, 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 writer,

The three control groups also met as a single group eleven times
during the semester. These meetings weré conducted at the same time

as the meetings for the experimental groups. At these meetings of

8

L A, A, Tumsdaine, "Instruments and Media of Instruction," ggndm
book of Research on Teaching, ed. N. L. Gage (Chicago, 1963}, p. 657,
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the control group, the writer conducted a review session using the
same classroom techniques that the writer used during his regular
class sessions, Lscture techniques and formal and informal class
discussion were used, The material coversd in these sessions was
the same as that covered in the experimental review sessions, The
writer made a deliberate attempt to review exactly the same material

as that coversd by the mechanical device,



CHAPTER II
BACKGROUND FOR THE PRESENT STUDY
Introductiaon

The general method of teaéhing any class is usually based on the
individual.teacher's educational philosophy, the teaching objectives
of the particular faculty involved, the objectivés’of the individual
teacher, and the particular course being taught.

The classroom method most generally followed in the past has come
to be called the teacher-centered classroom. This was characterized
largely as a lesson-hearing, recitation method, where learning was
considered a passive affair and teaching consisted mostly of telling,
task fixing, and testing. As Dale states "We know the ingredients of
training but perbaps not of education,“l Dale goes on to say thate

Educational material 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,

,you accept and imitate, ‘

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," The Two Ends of the
Log, ed. Russell M, Cooper (Minneapolis, 1958), p. 193.

2Tbid,
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~ As teachers became more aware of discoveries and advances in ed-
uqational psychology and of a broader concept of citizenship which
placed the emphasis upon group interaction, there came a new method of
teaching ealled the pupil-centered classroom, Several new techniques
have emerged from this pupil-centered approach to teaching, Two of
the better known of these techniques are the project technique and the
problem solving technique, Both of these have had significance in
influencing mathematics teaching methods,
The present world is considerably different from that of our
fathers® and grandfathers'. As Trippet sees this world of todays
It is at once a 1argér and a smaller worlde It spins more rapid-
ly, is more densely populated, more interdependent and inter-
related. It encompasseés quasi-miraculous sources of power. It
engenders.a host of %gnsions and conflicts and seemingly insol-
uble human problems.,
The means of dealing intelligently with the present and future prob-
lems of today's world must be one of the méjor concerns of education.,
Rosenbloom voieces this thought when.he says that:
I take as the main goal of education that of preparing the student
to take his place in the adult world., To do this he must under-
stand the world around him == both the world of nature and the soci~
" ety in which he lives «= and must discover his own abilities and
interests, he must devélop these abilities as far as possible,
and he must aequire a gcale of values whieh inspires him to make
the best possible use of his talents, Furthermore, he must be
prepared as a future Earent to transmit, as his children's first

and most influential téacher, the cultural heritage of his soc:".eety,,LL

According to Price, who states this thought more fully:

3Byron K. Trippet, "Aré Fundamental Changes Required in Higher
Education?®, Goals for Higher Education in a Decade of Decision, ed.
G. Kerry Smith (Washington, 1962), p. 27.

hP’aul C. Rosenbloom, "The Role of Mathematies and Science in a
General Education," mimeographed article, (Minneapolis, 1959), p. 1.
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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 mathematics that is
taught in our undergraduate college and university mathematics
courses in the future., The mathematics courses that will be
taught will be designed to help members of the general public teo
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 that their students
reach a higher level in mathematics than formerly.
Thus, the goals for education stated previously by Rosenbloom must,; fol=-
lowing Pricet's reasoning, alsc 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 ereative 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., Pressey7 further states that there is little evidence

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

5G Baley Prlce, "New Perspectives on Teaching Mathematics,®
ngher Education in an Age of Revolutions; ed. G. Kerry Smith
(Washington, 1962), pp. 100-101,

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

TIbid.,
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bright students, 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
maladjustment,

There appears then to be sufficient evidence to support the con-
clusion that higher education should encourage students te concern them-
selves with ways in which they might profitable accelerate their educa-
tion, 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 independence,

In February of 1954 the convention of the American Educational
Research Association conducted a round table in Research in Science

8

and Mathematics, Mallinson~ identified the five most needed research
investigations in the teaching of mathematiecs, 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 understandings,

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

8Co Go MallinSon, "The Five Most Needed Hesearch Investigations
in the Teaching of Seience and Mathematics," School Seience and Math-
ematics, LIV (June, 1954), pp. 428=430,

7 Tbid,
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needed on identifying 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 education.

In Mallinson'sl® report, he noted that recent surveys indicate
that few if any colleges offer courses designed to aid teé¢hers in teach-
ing such courses in mathematics for general education.

(¢) The development of tests that present situwations in which the

methodolegy of mathematics 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 "the methodology of
mathematics®' was meant to be the concepts, competencies, and understand-
ings of mathematics which were previously considered., The round table,
of course, felt that these were desirable results of the teaching of
mathematics, and that 1f these were considered to be results by the
majority of mathematical educators, then tests should be designed te

measure them,

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

The participants, Mallinsonl? reported, agreed that while it
is not difficult to state the objectives that are desirable in these
two areas, particular methods of implementing these are lacking,

(e) The need for non;te@hnical publications that will summarize

the implieations and practical applications of research in
the teaching of mathematics,

101pid,, PP, 428-h30
H1piq,

1254,
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Halllnson 13 reported that the eonsensus of opinion of the round
table members was that most classroom teachers, and some professional
educators, have little opportunity to analyze the more or less technical
literatu:e that contgins the research investigations in science and
mathg@aties, “Tpns, the round table strongly urged that the American
Educational Research Association prepare,“laymen's reviews® in these

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

In the past deeade; there has been little completed research
that fits nicely into any of these five categories., Burkhard,lh in a
thesis which was part of the requirements for a Doctor of Philosophy
degree from Columbia University, published ®A Study of Cencept Learning
in Differential Calculus® in which she sought to determine the methods
and materials needed to increase the students understandings of concepts
in caleculus. In her study, the mathematical literature was searched to
determine the nature and important aspects of the concepts of differ-
ential caleulus, Two hundred thirty-five students comprising nine
differential calculus classes were involved in the experimental portion
of this study. The students in the experimental group were taught with
a greater emphasis being placed upon understanding the concepts of the
caloulus, Two classes were taught in the conventienal manner with the

major emphasis on skills and problem solving. The differences observed

lBIbidag ppo’ h-28=h-30

1hSarah Burkhard, "A Study of Concept Learning in Differential
Oalculus," Dissertation Abstracts, XVI, No., 2 (Columbia University,

1956) .
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:between the two groups of students were primarily in the area of quality
of concept, with the greater grasp of the concepts coming from the ex-
perimental group, There were, however, no statistically significant
results obtained from this study.

A study conducted by Smithl5 is in this same géneral area of
mathematical concépts; In this study an atteﬁpt was made to éompare
an algebraic 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 taught each group,
using the algebraic method for the first group, the geometric method
for the second groupy, and the third group served as a control class,
'Aiihbﬁgh the resﬁlts did not uniformly favor either method of"presenta-
tion, the advantages of the geometric method outweighed those of the
algébraic 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 in the Journal of Higher Education, proposes:

That the Fund for the Advancement of Education conduct an “ex-
periment® in which a thousand or so students (would) receive
syllabuses, textbook review books, and library cardg, while
an equal mumber of students (would) attend classes.

Perhaps this would be an impractical plan, but Williamsonl! has done

15Roland Frederick Smith, "An Experimental Gomparlson of Two
Liberal Arts Courses in General Mathematics at Syracuse University,"
Dissertation Abstracts, XV, No. 6 (Syracuse University, 1955).

_ 16Lawrence W, Hyman, "Advancing Education by Eliminating Classes,™"
Journal of Higher Education, XXXII (April, 1961), pp. 213-215,

, 17Robert Gordon Wllllamson, “A Theory of Learnlng and Its Appli-
_catlon to a Class in College Mathematics," Dissertation Abstracts, XVI,
(University of Maryland, 1956), p. 395.
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s@mg research which seems to indicate that Hyman's idea is not altogether
impractical,

18 completed a dissertation on "A Theory of Learning

Williamson
and ItSIApPlication tc a Class in College Mathematics¥, In this study
he attempted to use a philosophical approach to dedugce an original
method for teaching college subjest matter, He reviewed previous
learning theories and developments in modern sclence and mathematics,
Frqm_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 communication, A single class in freshman college
mathematics was taught using this procedure and measuring results in
relation to certain selescted factors., This method permitted students
to proceed at their own rate under individualized instruetion., The
study showed that student ratings and evaluations indicated a prefer-
ence for this method over the conventionzl method of teaching and that
significant gains in subject matter skill were achieved. It is worth
noting, however, that the results of this study did not indicate whether
this gain was in relation to the student's subject matter skill at the
beginning of the course or in relation to what might be expected if
they had been taught in the cenventional manner, Also, the use of the
words "subject matter skills" was not defined, and unless the words
"subject matter skills* denote those concepts, competencies, and
undserstandings which the members of the round table felt were the high=

ly desirable results of college general mathematics classes, then

Bpid, p. 395,



21

ﬁéiliﬁson and the other members of the round table would agree that
the study is not particularly relevant to the guestion of how effi-
ciently to secure thess highly desirable results.

The exploding college population has been a source of much con-
cern for all edueators, This problem has been attacked by the members
of Cornell University's 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 §g§291 and
Society,1? the members of Cornell University's mathematics department,
at the beginning of the school year, divided their first«year calculus
students into three groups on the basis of their mathematical and
verbal aptitude test scorés, If any obvicus or necessary shifis were
needed, these were made after three weeks of the session. According
to the chairman of the department of mathematics, the new program
allowed better equipped students to move faster than before and students
with less preparation to get more help, 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 each., 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 sections received the typical calculus
course meeting three hours a week, but the "lower® ten of these

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

e 19"Indiv1dua1 Differences in College Mathematics," School and
Society, LYXXIV (December 8, 1956), p. 20L.
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credit, The students in these ten sections seemed pleased with the
extra ipstructiong particularly since many students had formerly hired
tutors for extra work, However, there was no significant statistical
change in achievement under this system,

Almost all colleges have at some time or other had some form of
tutoring service., Hampton Institute has conducted a rather unique

20

tutorial service. Hawkins“~ writes about %A Volunteer Tutorial

System" in the Phi Delta Kappan. In this undertaking at Hampton

Institute in Virginia, the tutors were required to have at least a
general average of B. 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 finaneial 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 many 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., Many problems have arisen in the
use of the medium§ and many questions have been posed concerning the
results of the use of this device, Perhaps one of the major worries
is unconsciously implied by the following quotation from Dale:

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

Honhomas E, Hawkins, "A Volunteer Tutorial System,* Phi Delta
Kappan, XL (Jamuary, 1959), pp. 168=169.
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answers and give grades and marks on this basis, The student
answers questions, but he does not question answers. You may
say that this is not a necessary concomitant of huge classes,

but the mere fact of size makes it difficult to do anmything

else, We shall not get differentiated responses if differenti-
ated responses are not rewarded by those who make up the tests.21

Huge classes are not & problem according to Carpenter.22 In
reporting on the results and impressions of the use of television at
TPennsylvania State University, he states that the research people
there who were connected with the use of telévision in teaching felt
that:
The more strictly an experiment is controlled, the gfeater the
probabilities that there will be non=-significant statistical
differences between scores of students taught by television and
those taught conventionally, 23
Furthermore, these research people felt that:
We have the means in television for making a substantial con-
tribution to the solution of the Yquantity® problem in American
education, It remains to be shown "how and to what extent® teach-
ing by television can contribute to the related problem of, im=
proving the ®quality® of college and university teachingo2h
Benner and'Rogersngreport on a television experiment at the Uni-

versity of Houston in the May, 1960 issue of Thé?Mhthematics Teacher,

In this study, plane trigonometry was taught to appréximately two

hundred and fifty students., The basic features of the plan weres

21Edgar Dale, "New Techniques of Teaching,® The Two Ends of the
Log9 ed, Russell M, Cooper (Minneapolis, 1958), p. 193,

~ 22@a Re Carpenter, "Teaching and learning by Television,® The
Two Ends of the Log, ed, Russell M. Cooper (Minneapolis, 1958), Bs 217,

B1eLd,
Blithid,
agghavigs Benner and Curtis A, Rogers, "A New Plan for Imstructe

ing large Olasses in Mathematiss by Television and Films," The
Mathematies Tea@hegb LIIT (May, 1960), PP. 371=375,
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i

There were six members of the mathematics department who
gave twenty-seven lectures which were checked by members of
the mathematics department and which were forty-four minutes
in lengthsg

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

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
explanation, and an incomplete set of notes on all
lectures,

the students completed these notes as they viewed the lectures

the students were divided into sections of approximately
thirty students which were required to meet one hour -per
week in a eonference session with a member of the mathe-
matics department where the lectures were discussed; ques-
tions answered, homework collected; and reviewing for exam-
inations done,

In addition to these conference sessions, ten hours of help
sessions were scheduled, at which a student assistant was
in charge to answer gquestions about specific problemsg

two comprehensive examinations of two hours length were
preceded by a live television review and two, mors limited,
examinations which were given in the weekly conference
session,

The University of Houston mathematics faculty devised a plan for

producing the television lectures which corisisted ofs

(a)

()

(e}

the assigning of a topic te a lecturer who then produced
rough notes which were presented to the other members of the
mathematics faculby for criticismg

the refining of these rough notes; using the eriticisms given,
into production formg

the taping of the actual lecture which was then made avail=-
able to the mathematics department, along with the production
notes, for further criticismg

261p3d, pp. 371-375.
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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
venture, certain student difficulties also became apparent., The taking
of notes became more restricted;, since it was difficult to eatch up if
the student once fell behind as there was less material in view at any
one time, This difficulty was alleviated somewhat by the distribution
of the incemplete 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 questions when
preparing his script and also by suggesting toc the students that they
Write_questioms down and bring them up in the conference sessions,
Perhaps the most immediate diffieculty was the students'! lack of experience
with this form of instruction, Most of this course's requirements were
completely voluntary and the necessary self-discipline was often lack-
ing, at least in the beginning, Orientation procedures, such as a
preliminary telecast and ﬁhe distribution éf an orientation pamphlet,
geemed to reduce this problem somewhat, The members of the mathematics
department felt that this problem would conbtinue to decrease in scope
as more and more students became familiar with this instructional
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, Nashvills, Tennessee“,27 Three different

?THorace E, Williams, "A Study of the Effectiveness of Classroom
Teaching Teehniques Following a Closed-Circuit Television Presentation
in Mathematies,® The Mathematics Teacher, LIV (February, 1963), pe Sh.
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classes of a general mathematies course received a twenty-five minute
presentaticn over closed-sircuit television, The same presentation
was glven to the three classes at the same time, with three different
posﬁ=television methods practiced in the classrooms,

In the first method, the television lecturer remained on tele-
vision and answered questions relayéd to him by an ihstructor in the
glassroom, The television presentation was made from a studio with
all three classrooms some distanee removed from the television studio.
This necessitated the need for the relay to the television lecturer,
Doring this post lecture presentation, the stress was on info;mal
and personalized instruction with no new material presented.

For the second method the classroom instructor simply aﬁéwered
questions asked by the students after the television lecture was
presented, The instructor attempted to clear up any areas of diffi-
culty revealed by the students' questiocns.

In the third method, the classroom instructor used the fest 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 alse by using illus-
trations and questions which he asked the students.

After evaluating the data derived from this experiment, the fol-
lowing conclusions were drawng

1. There was no apparent difference in the effectiveness or of
the retention by either of the three methodsg

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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McKeachiezB gives amp sexcellent report on the precedures and tech-

niques of teaching in a chapter of The American College. He stresses

the difficulty of comparing different teaching methods, He asserts
that this difficulty is due mainly to ineffective evaluation, changes
in student motivation, and different levels of teacher effectiveness
in terms of particular course objectives. Consequently, it is dif-
fieult to compare pesitively and carefully two different methods of
instruction, A general comparison then of the ®“automated® (that is,
television, films, and programmed materials) teaching techniques and
teacher procedures reveals no clear cut advantage for either of these
"processes®, For differing objectives, student characteristiecs and
materials, each of the techniques indiecated above has been shown to be
superior for a particular situation., Much remains to be done, and the
unifying thread running through all of the literature is the need for
more and better articulated experimentation.

While there has been much publicity about the need for the re-
vision of the secondary mathematies curriculum, there has been very
little attendant publicity about the collegiate mathematies curriculum.
The layman at least, has been unaware of any need for a revision of
collegiate mathematics, let alone any notice that any change is being
made,

A comparison of almost any college or university catalog of teday
with the same institution’s catalog of ten or fifteen years ago will

convince the examiner that change has taken place, The traditional

st Je Merachleg "Procedures and Teehniques of Teaching: A Sur-
vey of Experimental Studies,® The American College: A Psychological
and Soeial Interpretation of The Higher Learning, (New York, 1962),

Pp. 312-356.
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cpllege é1gebra; trigonometry, plane analytic geemetry, solid analytic
geomeﬁ?y; differential caloulus, and integral calculus sequence of ten
or fifteen years ago has often been replaced by a sequence generally
consisting of elementary analysis (algebra and trigoneometry), én
’intréductiop to salculus (inecluding some advanced topics in algebra

as well as plane analytic geometry), differential saleulus, and in-
tegral ecaleulus (including solid analytical geometry).

It is difficult to determine whether this change in the collegiate
mathematics curriculum preceded, or was preceded by, the corresponding
change in the secondary and elementary mathematics curriculum. Regard-
less of the order of change, this change is taking place. Furthermore,
this collegiate change is a dynamic process, This is quite significant
and indicates that the cellegiate educator, as well as the secondary
edusator, now recognizes that the need for curriculum revisiom is ever
present,

This discussion has been concerned with the college mathematics
curriculum, We have however, concerned ourselves only with the needs
of the prospective teachers of mathematies, But are the cbjectives
for the eduvcation of teachers of mathematics the same as the objec=
tives for other students with an interest in mathematies? Dubisch,
of the University of Washington, puts the students of maﬁhematics in
four classes which are as follows:

1. Those who plan to take an advances degree in mathematics,

2. Those who plan to teach elementary or high school mathematiss,

3. The prospective majors in subjects that use mathematics exten=-

- sively, such as, engineering, physics, and chemistry, (We may
also include in this group those mathematics majors in college

who plan to ember an applied field such as computers after
their baccalaureate degree).
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i, Those students who are taking mathematice 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 snbrance or graduation.®

While Dubisch recognizes that each of these four groups has

different special meeds, he feels that there is emough similarity in
their requirements to have them placed in the same class in college.
This is especially true, since he advecates the teaching of mathematics
with the emphasis on the thinking process., Thus, Dubisch seems to

be saying that for sach of these groups, the dominant factor in teach-
ing each group should be the nature of mathematical structure. This

need for an emphasis on structure has been advocated by Bruner>° in

the Process of Education and Mayer-+ 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 mathematiss in their post
collegiate careers carmot be denied. Contrast this with the shortage
of qualified colleglate mathematics professors. Woven into the prob-
lem is a need to @ontinuail& strive for better and better college in-
struction,

Brearley32 lists six background factors for improvement of college

instruction. They ares

29Roy Dubisch, “Ths Aims of Teaching Mathematics,® The Teaching
of Mathematics, (New York, 1963)9 Po 7o

3Vserome S, Bruner, The Process of Education (Cambridge, 1961),
po 11,

Iyartin Mayer, The Schools (New York, 1961), p. 23L<266.

32Ho C. Brearley, "College Classroom Teachings Problems and Proce-
dures," Peabody Journal of Education, XXXVII (Summer, 1959), pp. 66=76.
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1. policies and emotional and intellectual climateg

2. type of classroom;

3. previous training and intellectunal maturity of students;
i, scholarship, personality, and relative skills of teachers;
5 nature of material and educational purpose of instruction;
6, aim or direction of teachingg

a, information,

b. skills,

¢, insight or understanding,

d, attitudes or points of view.

Using these as criteria for improving instruction, the literature
seems to suggest that ﬁhe teaching of a pre-ecalculus college mathe-
matics 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 econclusion must be qualified by the following admonition of
Brown and Thorntons

The use of teaching machines or programmed book materials in
college instruction presents special problems which merit con-
sideration 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
about by the user) will require special rooms; someone must

be responsible, too, for loading machines, keeping them
functioning, and reclaiming and analyzing residual answer
sheets, Programmed book materlals, now becoming more common,
have the advantages of portability, flexibility, low cost, and
individualization,

The instructor who assigns programmed materials to students
must give special consideration to changes this action is
likely to reguire in the usual patterns of in-class and out-
of-class activities, 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 instructor-presenta-
tion technigues,

Instruction must be given students in how to use programmed
materials and equipment.,

One must recognizeg however, that the press of college enrollments
may be a blessing in disguise, It has forced the higher education
community to exsmine different methods of handling these large num-
bers, But if, as Baskin suggestss
Our job is to shift the focus in the college classroom so that
the student begins to look more and more to his own resources
for his learning, 4

then these examinations may improve the whole level of collegiate

mathematies instruction.

, 33J‘ames W. Brown and James W, Thornton, Jr., Oollége Teachings
perspectives and guidelines, (New York, 1963), p. 188.

3h8&muel Baskin, "Independent Study: Methods, Programs, and
Whom?¥ Higher Education in An Age of Revolutions, ed. G, Kerry Smith
(Washington, 1962), p. 65.




CHAPTER ITI
DESIGN OF THE PRESENT STUDY
Introduction .

‘ The basgic objective of this research was an attempt to discover
whether there was any significant difference between a review method
?eaturing a mechanical teaching device and a review method based upon
a teacher-centered lecture-discussion group, To achieve this objective
it was deemed essential to consider the following questions:

1, What are the different types of experimental designs
which are appliecable to this research?

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

3. Are there statistics Whicﬁ will better enable one to make
an intelligent decision concerning the difference or lack
of difference betwsen the two methods?

This chapter gives some of the more sssential dharacteristics of a
good experimental design, These characteristics were then used to
evaluate several different experimental designs. This evaluatidn was
the ériterion used to determine the design of this research, After
the experimental design had been selected; an examination of the
different statistical treatments was conducted. This examination
attempbed to ensure the use of statistical evaluations that would

allow the most intelligent decision to be made concerning the relative

merl;i;bs of the two review methods,

32
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Theoretical Background

It is difficult to make an assertion concerning the purpose of
all educaticnal 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 thats

The major purpcose of psychological experiments is to describe

~ the effect of certain experimental "treatments™ upon some

characteristic of a particular populationg; or to test some

hypothesis about this effect.t
His use of the term "treatment® refers to any variation in procadgres
which are to be observed and evaluated., While Lindquist'!s statement
explicitly says “psychological experiments®, the context of the remarks
in which this statement:was 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 factors, Thus, the observa-
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,:

1E° F, Lindquist, "Design and Analysis of Experiments in
Psychology and Education,® (Cambridge, Mass., 1956), p. l.
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The usefulness or value of the experiment, therefore, depends
upon two major characteristics of the estimate obtained:s
1, its freedom from bias, and
2, 1ts precision,
An estimate 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 "true® wvalue, The pre-~
cision of the estimate depends upon the variability of such

estimates for such a series of experiments - the less vari-
able the estimates, the more precise is any single estimate,

2

Most educational research will be concerned with an atbempt to
develop a more dynamic and viable theory of education and learning,

Thus, educational experiments should have as their main objectives the
descriptions of the effects of the treatments égg 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 first, This hypothesis is usually that there is no true difference
between the experimental treatments. Thus; the purpose of most exper-
iments is to test a ®null* hypothesis. Other hypotheses will be con-
sidered only if the "mull¥ hypothesis is rejected. ‘

Even if the hypothesis to be tested is true, the experimental
observations cannot be expected to agree completely with the hypo=
thetical observations., Lindguist statess

N@ting the discrepancy between the observed effect and the

hypothetical true effect, we ask, is this discrepancy too large

to be reasonably attributed to "error®, - too large to enable

us to retain the hypothesis? If so, just how confident may we

be that the hypothesis is false? If the experiment has been

properly designed, we can supply objective and gquantitative

answers to these questions, Thus a major objective of the
design of an experiment is to make such answers possible.~

2 Tbidey Po 20

3Ibidey pe 6.
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Using these criteria then, Lindgquist asserts that a good ex-
perimental design musts

1, -=insure that the observed treatment effects are urbiased
estimates of the true effects,

2, ==permit a quantitative description of the precision of
the observed treatment effects regarded as estimates of
the "true® effects,

3, ==insure that the observed treatment effects will have
whatever degrse of pregision is required by the broader
purposes of the experiment,

" 3, =-make possible an objective test of a specific hypothesis
concerning the true effectss that is; it will permit the
computation of the relative frequency with which the ob=-
served discrepancy between observation and hypothesis
would be exseedsd if the hypothesis were trus,

5. =-be efficient; that is, it will satisfy these ﬁequireu
ments at the minimum "cost¥, broadly conceived,

In considering various experimental designs, these criteria will be
used to determine the desirability of the different designs,

Several basic designs have been listed by Lindquisto5 These are
simple-randomized designs, treatments by levels designs, treatments
by subject designs, random replications designs, factorial designs,
and groups-within-treatments designs.

The simple-randomized design is one of the most important ex-
perimental designs. It is not only used by itself, but it is also
used in many of the more complex designs used for experimental re-
search, In this design each treatment is independently administered
to a different group, with each group drawn at random from the same

parent population,

bTvid., po 6.

5Ibido
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In the treatments by levels design, the treatments are admin-
istered to samples that have been "paired® with féspeet to a par-
ticular "control® variable., This design increases the precision of
the treatment comparisons by the use of this "matching up” process,
The null hypothesis usually tested is that the population mean is
the same for all treatments,

The treatments by subjeets design has the treatments adminis-
tergd in sucecession 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 souree of error., This design can rarely be used in learn-
ingrexperiments sinece 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 ome experiment. The experiment is independent-
ly duplicated 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 standpoint, the random replications
design is essentially the same as the treatments by subjects design.

The factorial design allows one to study several sxperimental
variables simultaneously, This increases the precision of the ex-
periment and permits an examination of the possible interaction be=
tween treatments and levels., There is a great similarity between the
factorial design and the treatment by levels design. If a variable is
introduced and it is not known in advance, if the second variable is

related to the first, then the design to be used will 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 subpopulations. 'If the groups are not of the same size,
then it is usuvally desirable to give all the groups the same weight in
the treatment comparisans even though the groups differ in size,

The designs listed above are rarely used in exactly the same form
as described in any actual ressarch, Most ressarch d@sigﬁs employed
in actual practice are combinations of the basic designs presented
previously.

The selection of a particular design must also be concerned with

the gusstion of validity., Campbell and Stanley make a distinction
between internal and external validity. They state that internal
validity must answer the question "Did in faect the experimental treat-
ments make a difference in this specific experimentalvinstan@e?wé
External validity, they say, must concern itself with the QHesﬁidn %To
what populations, settings, treatment variables, and measurement
variables can this effect be generalized?w7

Campbell and Stanley then list twel%é different classes of vari-
ables which must be controlled in the design of the experiment, Fail-
ure to control these variables might produce effects which may infliu-
ence and interact with the experimental stimulus. Their list of vari-

ables is as followse

6Do_na‘ld T,‘Gampbell and Julian C. Stanley, "Experimental and
Quasi-Experimental Designs for Research on Teaching,"™ Handbook of
Research on Teaching, ed. N, L. Gage, (Chicago, 1963), p. 1(5.

TTvid.



38

1, History, the specific events occurring between the first and
second measurement in addition to the experimental variable,

2, Maturation, processes within the respondents operating as a
function of the passage of time per se (not- spe@lflc to the
particular events)9 in@ludlng growing older, growing hun=-
grier, grow1ng more tired, and the like,

3, Testing, the effects of taking a test upon the scores of a
second testing.

L, Instrumentation, in which changes in the calibration of a
measuring instrument or changes in the cbservors or scorers
used may produce changes in the obtained measurements.

.+ 5, Stabtistical regression, operating where groups have been
selected on the basis of their extreme scores.

6, Biases resulting in differential selection of respondents
for the comparison groups.

7. Experimental mortality, or differential loss of respondents
from the eomparison groups.

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

9. The reactive or interaction effect of testing, in which a
pretest might increase 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 wariable
for the unpretested universe from which the experimental
respondents were selected,

10. The interaction effects of selection biases and the experi-
mental variable,

11, Reactive effects of experimental arrangements, which would
preclude generalization about the eifect of the experimental
variable upon persons being exposed to it in nonexperimental
settings.

12, Monltiple-treatment interference, likely to oceour whenever
multiple treatments are applied to the same respondents,
because tge effects of prior treatments are not uswally
erasable,

81vid., pp. 175-176.
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Of these twelve‘variablgss the first eight pertain to internal
validity and the last four to external validity.

Caqpbell and Stanley then discuss sixteen different designs which
they categorize as pre-experimental, true experimental, and gquasi-ex-
perimental degigns, Only the three experimental designs which they
classify/as true experimental designs will be discussed here since they
appear to be the ones which have the most to recommend them for research
of the type being conducted. An appraisal of the sources of invalidity
for these designs is given in TABIE I. This is a portion of a similar
table prepared by Campbell and Stanley,-‘Particular emphasis should
probably be placed upon the footnote to this table. The table is only
meant to be a guide for the reader, and not a "hard and fast“ rulg
which maust be accepted as ®truth,:

In discussing these three true experimental designss

An X will represent the exposure of a group to an experimental

variable or event, the effects of which are to be measureds O

will refer to some process of observatlon or measurement; the Xis

and O's in a given row are applied to the same specific persons,

The left-to-right dimension indicates the temporal order, and

X“s and O's vertical to one amother are simultanecus,”

The symbol R will indicate a random assigmment to the different trsat-
ment groups. Of the three true experimental designs listed by Campbell

10 the”Pretestf?OSttestiCdntrol Group Design is the more

and Stanley,
widely used, The form of this design is as followss

R 0 X 0

R 0] 0]

9Tbide, po 1760

rp34,
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This design controls for all sources of internal validity., It does not,
however, control for any of the sources of external validity. The most
serious deficiency here is that it dees not control for the interaction
between testing and the experimental variable, While this design does
not @onﬁr01 fdr 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 one, Generalization to the
average @itizen is not necessary, This design does not control for re-
agtive arrangements, 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
possible, This is not as difficult in research on teaching as it is in
other forms of psychological experimentation,

The Solemon Four=Group Design has the following formsn

R 0 X 0

1 2
R O3 Oh
y:4 X 05

Group Design and, in addition, it controls for the interaction betwsen
testing and experimentation, Thus, generalizability is increased. By
comparing 0 with 0., 0 with O , O, with O , and O, with O , the

p g 2 19 2 hs S 69 5 39
effects of experimentation can be ascertained more completely. This
design does not combrol for reactive arrangements and interaction of

selection and experimentation. 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

> >

8 Yoh Yx Y
H g g I
o =] - g d9 =] + 3]
g P © . g o g o g (.~
0 godbbdgo H - g © )
o 0 d 0P P Od 2 +$ 0 o g8 KN
E,-PQO Woerd o O AP O? Q A b O ~| ©
s3I0 PSP o 4 oA & R
oAk OOGLoO. £ ol o 4 g ol K
P IPP MO OOT O O © [4] + O
cFE29WEEYE B8 59 P 3%
mEEHHAENnNEZEHW0NE HE (SN} o < = H

True Experimental Designs:

Pretest-Posttest Con- kot o+ - ? ?
trol Group Design
R 0 X o)
R 0 0
Solomon Four-Group
Design R 4 ? ?
R o) X o)
R o) o)
R X o)
R o)
Posttest-Only Control
Group Design F 4 + ? ?
R X o)
R 0

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
upén in place of the more complex and qualified presentation in the
text. No + or - indicator should be respected unless the reader com-
prehends vwhy it is placed there., In particular, it is against the
spirit of this presentation to create uncomprehended fears of, or
confidence in, specific designs.ll

llIbid., p. 178,

>
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The Posttest-Only Control Group Design has the form
R X 01
R 0

2 .

This design‘alsoﬂcoptrolsufor 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;ronly 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 group, using the mechanical device for review, versus the
control group, using the teacher-oriented type of review method, These
hypotheses will dsal with the lack of significance between the two
levels of achievement, They will be stated in terms of means and vari-
ances of the different groups undsr consideration.

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. Thers is no difference between the variances of the experimen-
tal and control groups. '
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These hypotheses will be tested under the assumption that:

1, Each treatment group will be randomly selected from the
appropriate subpopulation of the population tested,

2, The distribution of these subpopulé,tions will be normal,

3. All of these distributions will have the same variance ( 0*2).

To further illustrate these assumptions, suppose that we wished to
test the equality of six population means using six independent random
 samples, Thus we wish to test the null hypothesis

Hos‘/)clﬂ,ﬂ2=m-====g/b<6
against the alternate hypothesis
" H ¢ at least two means are not equal

where /u.jg j=1l, 2, = = =, 6 is the mean of the jth population., The
j's represent the six different treatments given te the six different
pepulations, The size of the population that has received treatment j

will be denocted by n, and x ., Will denote the e

J N

treatment j, where 1 = 1, 2y = = =4 e We will also denote the mean of

observation receiving

the population receiving treatment j by /ocj and the variance of the

population recsiving treatment j by &‘?o Thus, we may say that the

Xi;ﬁ are independently and normally distributed with mean L« and

variance o™ 2 o

Now consider the identity x, = A+ = L) + (X = ),
If we let [5)3 = /uj = AL and

r

A= E ny Ay /W

where
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then

j=1
If we also define eq4 = Xi5 = /44.59 then €15 has mean O since the
mean of ¥i3 is ,/L(j‘ Since the 43 and X 3 differ by a constant
2

they both have the same variance ¢~ “. Thus the assumptions 1, 2, and
3 given above may be written

Xijg%*Bj*eijzigls Qy"“"”"'snjyjﬁ"*l, 2, = = =5 6,

e;4 are independently N(O, o~ ®)

o T
:;ﬁ ns Bj = 0 (which reduces to :E: ‘Bj =0 if all ns = n).
i=1 5 =1

Now the null hypothesis and the alternate hypothesis may be written
Hos Bj =0, =132, = ==3 6
Hy¢ not all the Bj are zero.
Thus, each Bj is a measure of the deviatiom of the jth 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
Solomon Four-Group Design. The comparison of achievement between two

different review methods for a pre-calculus undergraduate mathematics
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course was the basic rationa}e for conducting this research.

The research was conducted on three sections of Mathematics 109,
Algebra and Trigonometry, at Wisconsin State University at LaCrosse,
Wisconsin during the fall semester of thevl965a1966 academic year.
There were five sections of Mathematics 109 during the fall semester.
Of the three sections on which the research was conducted, 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 grbﬁps had eleven review sessions during the semester. During

‘theserreview sessions, the experimental group watched and listened
to a tape recorder synchronized with a slide projector. The three
control groups also 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 sessions,

In the experimental review sessions, the students were seated in
an auditorium and listened to a tape recorder. A slide projector was
gynchronized with the tape reccrder, At different times; a slide
would be projected onm a screen at the front of the auditorium. The
material on the‘slide was considered by the writer to be véry basic
to the course and consisted of definitions, theorems, proofs of
selected theorems, and examples of certain basiec concepts presented in

the gourse, The material reviewed by the tape recorder was the basic

o



material_pﬁesented during the regular class periods., Each of these
eleven meetings was of abo@t one hour in length, These meetings were
conducted by an audic-visual technician with little formal training in
ma%hemati@s;

In the control review sessions, the students were seated in a
large classroom, The writer conducted these review sessions using
the usunal lecture technigues with formal and informal class discussion,
During these sessions, the writer reviewed the same material that was
reviewed during the experimental review sessions. Thsse sessions were
conducted at the same time, but in a different building, as the
experimental review sessions.

At the beginning of the semester, the writer's large class and
the other professor's class were given a pretest, The test which was
given consisted of two of the Cooperative Mathematics Tests of the
Educational Testing Service of Princetom, New Jersey, The tests which
wers given were the Algebra III test, Form A, and the Trigonometry
test, Form A, Each of these tests was forty minutes in length, In
order to determine the effect of this pretesting upén the posttest
results, the control group and the experimental group in the writer's
smaller c¢lass were each divided into two groups through the use of a
table of random num‘bers., One of the experimental groups and ons of the
control groups in this smaller class were also given the pretest, while
the other experimental group and the other contrel group in this
smaller class were not given this pretest,

The Cooperative Mathematics Tests were prepared by the staff of
the Educational Testing Service in cooperation with many well known

mathemetics teashers throughout the United States., This collective
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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
revisedo 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-
idity was acceptable. The writer and Professor X examined the Algebra
IIT tests, Form A and Form B, and the Trigonometry tests, Form A and
Form B, and compared their content with the material to be covered in
Mathematics 109, From the examination and Camparisang the writer and
Prdfessor X judged that the content of these tests was valid with
respect to the course content and educational aims of Mathematics 109,

‘The internal consistency of the Cooperative Mathematics Tests
was measured by the Educational Testing Service, These feliabilities
were computed from random subsamples using the KudereRichardson For=-
mula 20, The writer also computed reliabilities for each of the four
tests mentioned above. These reliabilities were determinsd by com~
puting a coefficient of corrslation using the "odds-evens® method,
In this method, the number of correct odd responses aﬁd the number of
correct even responses on each test were correlated. These correla-
tions_were adjusted by the use of the Spearman-Brown prophecy formula,
Both sets of relisbilities are given in TABIE 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, the follow=
ing notation will be used, The control and experimental groups of the
writer's large class will be denoted by 02 and E2, regpectively. The

control and experimental groups of the other professor's class will be
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denoted by C; and El’ respectively., The group of students in the
writer's smaller class who were in the experimental group and who were
po? given a bretest will be denoted by Eth. The group of students in
the writer's smaller class who were in the experimental group and who
were given a pre?est will be denoted by Eh9P° The group of students in
this class who were in the contrel group and who wers not given a pre-
tgst wil} be_denoted by Ch,N° The group of students in this class who

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

by' Ch9P°
TABIE IT
COEFFICIENTS OF RELIABILITY FOR THE COOPERATIVE
MATHEMATICS TESTS USED IN THE STUDY
Test Reliability
Educational Testing
Service* Writer:st

Algebra IIT; Form A o8l .79
Algebra IIT, Form B .80 .72
Trigonometry, Form A .78 oT7
Trigonometry?>Form B .80 .86

#  Computed using the Kuder-Richardson Formula 20

#% 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 posttest., The test which was given was Form B of the
Algebra IIT 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 writer's
small class, the main effects of experimentation, the main effect of
pretesting, and the interaction of testing with experimentation was
estimated, A simple 2 x 2 analysis of variance design, as given in
TABIE III? using the posttest scores, was used for this estimation,

The main effect of experimentaﬁion was estimated from the column means
of_TABLE»III° The maip effgCt gf pretesting was estimated from the
row meanswof ‘_I‘ABLE"IIIo The interaction of testing with experimenta-
tion was estimated from the cell means of TABIE IIT,

TABIE III

ANATYSIS OF VARIANCE FOR SELECTED MEANS

Control _ © Experimental

Pretested - Cth "Eth
Unpretested G E ‘
P I N li,N

The reviewlmaterials for both the control and experimental groups
were developed by the writer, In order to estimate the applicability
of this review technique for instructor’s other than the writer, a
2 x 2 analysis of variance design, as given in TABIE IV, using the post-
test scgresg_was\used for this estimation. The main effects of ex-
perimentation were e§timated from the column means of this table, The
main effects of the_parti@ulgr instructor were estimated from the réw
means of this table, The interaction of the particular imstructor

and experimentation was estimated from the cell means of this table,
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TABLE IV

ANALYSIS OF VARIANCE FOR MEANS

Control Experimental
Writer c,C C ELE L E
er N 2° “h,N° l,P 27 "hoN® Th,P
Other Prof r o C E
er rroiesso » 1 1

This Qe§ign wﬁs based upon The Solomon Four-Group Design, This
design permitted estimation fér'the_main effects of experimentation,
for the main effects of pretesting, for the main effects of the
instructor, for the main effeects of the interaction of the instructor
and experimentation, and the main effeets of the interaction of pre~

testing and experimentation.



CHAPTER IV
ORGANIZATION AND ANALYSIS OF THE DATA
Introduction

The present study was concerned with the relationship between
achievement in pre-calculus mathematics and two review techniques.
In one of these review methods, the students, in a group, listened to a
tape recorder that reviewed the material thatlhad,been presented dur-
ing the particular unit being reviewed° Thehstudénﬁé‘also watched a
screen on which slides wére projected by a slide projectar that was
synchronized with the tape recorder, The students who reviewed usiné
this method'were called the experimental group. In the other review
method, the students, also in a single éroup, listened ta a review of
the same material conducted by the Writer, This presentation consisted
of both lecture amd formal aﬁd informai ciass discussion. These stu-
dents, unlike those in the other group, were pe:mitted 0 ésk pertiﬁent
q;uestions° This latter group was called tﬁé‘contfol group.

The basic design of the study followed The Solomon Four-Group
Design as given by Campbell and Stanleyol The use of this design en-
ablgd the researcher to estimate more accurately for the main effect of

pretesting and for the main effect of the researcher as the instructor.

lponald T. Campbell and Julian C. Stanley, "Experimental and
Quasi-Experimental Designs for Research on Teaching,® Handbook of
Research on Teaching, ed. N. L. Gage, (Chicago, 1963), pp. 183-195¢

51
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These estimations and the comparison between achievement under the
control method and under the experimental_reﬁieﬁ method were generally
accomplished through an examination of the pretest and posttest scores
of the students in the three classes involved in this research. The
tables and descriptive analysis of the data presented in this chapter
indicate the Significaht findinés conéerning the achievement under the

two. different methods of review.
Statistical Treatment

The statistics employed in the analysis of the relatiomship be-
tween the variables in the present research were chi-square and

Snedecor's F -~ ratic. In addition to these two statistics, the t =

ratio and the statistic T
2,3026 | (N - r) log s . :§: (n, - 1) log &%
NS P ST J J

were also used.
Concerning the chias@uare statistic, Van Dalen and Meyer state
the followings

The basic notion underlying the chi-square technique, stated
in terms 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 category. These ex-
pected frequencies are derived from any definition one might
want to give the null hypothesis - - =

fXLQ-g Sum of (0 - E)¢
: E
where O = observed frequency in the category

E = expected frequencyo2

2Debold B. Van Dalen and William J. Meyer, Understanding
Educational Research, (New York, 1962}, p. 330.
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The F - ratio is defined as the ratio between two quotients., Each
of the quotients is a chi-square value which is divided by its own num-

ber of degrees of freedom. Symbolically the F - ratio may be defined as

- 2
- Y ER A 3
= Tas 2,
K5 /e,

Lindquist notes that:

It should be apparent from the definition of F that the ratioc
)

between the estimates ZZJ(qu M)2 {n - 1) of the population

variance derived from two random éamples-drawn from the same

normal pepulation is distributed as F. 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 + - ratie is defined as the ratlo 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 freedom., If X is normally distributed for a
population whose mean is ¢ and,whosefﬁariance is <7“29 ifz=%=- A,

' o~
and if we select a z at random from this population and independently
select a chi-square at random from the chi-square distribution for k

degrees of freedom, then we may symbolically form a t - ratio as

follows:e

When we wish 0. test the hypothesis HO that two means are equal, the

t = distributionh may be used. Johnson and Jackson state that:

BEo F. Lindgquist, "Degign and Analysis of Experiments in
\ g =2 o i
Psychology and Education," (Cambridge; Mass.; 1950), p. 40.

v
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For samples drawn from a normal population, therefore, we
know the sampling distribution of t, and accordingly may
use the table of t to test the hypotheses H_ 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.

The statistic

r

- 2 - - 2
2.2026 [(N r) log sp Z (nj 1) log ?j]

5=1
may be used to test the hypothesis that several variances ;re equal,
This is frequently necessary in analysis of variance problems in which
we might doubt that a number of population variances are equal., Guenther

discusses this statistic in the following manner:

Under the assumptions that (a) r random samples are drawn from
r populations and (b) the r populations are normal, the statistic

r
2 2
2.3026 (N - r) log sZ - (n, - 1) log s
=1 .
is approximately distributed as chi-square with r - 1 degrees of
freedom if H_: 2 F 2= - === .2 1is true., Here
o' 17 T3 or
si, sg, - - - si are the r sample variances. The sample sizes
are n;, N,y = = =p 0, with
r
:E: n, =N,
. ]
j=1
Also r
s2 = S (n, - 1) s?
P :
j=1
N -r
and

“Palmer 0. Johnson and Robert W. B, Jackson, Modern Statistical
Methods: Descriptive and Inductive, (Chicago, 1959), p. 151,
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L2 %

r
C =14« 1 ZE: 1 = 1 ]
) 3r = 1 4w 1 nj = H=r

The more the 32“5 differ from one another, the larger this statis-
tic becomes, JIf the s are all nearly the same, then the statis-

3

tic is small. Hence Hy is rejected only for large valuesoS

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

the data accumulated for this research study. In order for the reader

to more fully understand the discussion presented om the following

pages, the following definitions are givem.

(a)
(b)
()
(d)
(e)
(£)
(g)
()
(1)

(3)
(k)

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

A population is a set or collection of cobservations.
4 sample is a subset or a part of a population.
& %arameter'is a quantity that could be computed from z

population if the entire population were available. The
mean A{ and the variance ¢ ¢ are parameters.

A statistic is a quantity computed from a sample. The
sample méan X 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 bstween
the form of a population or its parameters.

A test is a rule or procedure used for deciding whether te
accept or reject the hypothesis. ’

The critical region is the set of outcomes for the ex-
periment which leads to the rejection of the hypothesis,.

& Type 1 error is committed when a true hypothesis is rejected.

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

5W1lllam C. Guenther, Analysis of Variance, (Englewood Cliffs,

1964), pp.

20-21.
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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 ,

(m) The power of the test is the probability of rejecting the
hypothesis.

(n) A random sample is a sample chosen from a finite population
in such a way that every sample of the same size has an equal
chance of being selected,

(0) 4&n unbiased estimate of a parameter is a statistic whose _
average value is equal to the parameter. The sample mean X
and the sample wvariance

n

e ) (g -0/ (-1
i=1

are unbiased estimates of the population mean /[ and the
population varidnce o~ 29 respectively,

It was the objective of this research to determine if, at the .05
level of confidence, the observed frequency of the variables considered
was a chance departure from the expected frequency for the given category.

In the discussion which follows, these assumptions were explicitly
mades "

(a) the number of random samples were drawn from the same number
of populationsg ’

(b) +these populations were normal; and

(e) each of the populations had the same variance.
The latter assumption is made only when testing the hypothesis of
eqlial means.

As stated ﬁreviously, most of the students enrclled in Haﬁhématics
109 wefe freshmen. Furthermore, most of them were first-semester
freshmen. Practically all of these students prewregistered for the
fall semester at four pre-registration days during the preceding July.
When registering, these students merely indicated the course which

they wished to take during the fall semester. They were given no



57

opportunity to select instructors or sections., The section assignments
were made by mémbers of the Registrar's staff during the interval be-
tween the students registering and the first of September. There was
no known pattern to this assigmment. Therefore, it seened reasonable
to assume 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 thdat the three sections involved in
this research were, in fact, normal populations with respect to the
mathematical preﬁaration and ability of students in attendance at
Wisponsin State University, La Crosse,

Since the students in each of these sections was assigned to an.
experimental or control group through the use of a table of random
numbers, it seems logical, from the foregoing discussion, to assume

that ., E, C , E , C -G E and E were each n 1
al 17 10 V2 Bpr Yy p? L,N° 4P’ 4, ach norma

populations. This assumption will be used throughout the ensuing
discussion. The pretest was given, not to check on the normality of

these populatiens, but to furnish further information through the use

of gain scores,
Inalysis of Pretest Scores

_ With the three assumptions as stated previously, the null hypothe-
sis that the means of the algebra pretest scores of Cy, Ej, Cp, Ep,
Ch’f, and Eth were all equal was true at the five per cent level of
significance. That is Hy: Ko, = o%g, = aXg, = oFE, ° a”fcm =
aﬁ%h,P was accepted for = = .05,
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TABLE V

ANATYSTS OF VARIANCE FOR THE MEANS OF
THE ALGEBRA PRETEST SCORES

Source of S5 d. L. %% MS #e¢ Pt
Variation
Among Groups 172.6088 .5 34,5218 1.32¢
Within Groups 2,612, 2697 101 26,1611
Total 2,814.8785 106

3 Sum of Squares

#¥% Degrees of Freedom
38  Mean Square
#s¢ F = ratioe

v Not significant at the 5% level

In this notation, axclg denotes the mean for the algsebra pretest
scores of the comtrol group for section one. Similar interpretations
are to be given to the other notations. The computational resultis are
summarized in TABLE V. 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 ng 101 * 1.32 for this study. In FSQ 101°
thesfiVe represents the number of treatments less one. The one hundred
one represents the total number of all the observations for all of the
tregtments less the number of treatments. Since 1,32 is less than
2.37 = F95; 5, 602 the .acceptance of the hypothesis of equal means for

the algebra pretest scores was permissible at the five per cent level
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of significance. This use of F gr, 5  ¢g rather than F o5, 5. 1017
which is not commonly found in tables of the F-distribution; is not
uncommon. Lindquist points out thatb:

oe o bhe common procedure in practice is to use the F for the

nearest combination of smaller degrees of freedom that can be

found in the table.b
This procedure will be followed throughout the remainder of this
chapter,

In accepting Hy im the previous paragraph, the assumption was
made that the variances for the algebra pretest scores of the different
groups were equal. Using Bartlett’s test we may tést the hypothesis
Horthat all of the variances were equal against the hypothesis H; that

at least two variances were differemt. In this test, the statistic

r
2.3026 {j(N - 7) log Sg - ji: (nj - 1) log sg J
1 ,
J=1

was used. This statistiec is approximately distributed as chi-square
with five degrees of freedom if Hy is true. For this hypothesis,
N = 107 and r = 6, The basic computations of this statistic for this

hypothesis is given as follows:s

r

C=1=

, L w1
(r«l}{jala T ﬁmr]
- C = 151,477 = 1.03006

7056

T
= ) -1 2/ )
3=1

6E F. Lindquist, "Degign and Analysis of Experiments in Psychology

and Education,® (Cambridge, MasS., 1956), P 39.
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2 _ 5 -
sp = 2642.27051 = 26.16109

101
r
2.3026{(N - r) log s© - :Sw (n, - 1) log s

i

2.2353(143.18366 - 140.26372)
2.2353(2.9199L)
6,53
2
Since 6.53 is less than 11.07 = X" g5, 5, the hypothesis of equal

[}

#

variances was accepted, This ealculation reinforces the assumption
that the variances of the various groups were equal.
TABLE VI

ANALYSIS OF VARIANCE FOR THE MEANS OF
THE TRIGONOMETRY PRETEST SCORES

Source of S5% d.f s8¢ MSstee Pt
Variation
Among Groups 115.2699 5 23,0540 1.01!
Within Groups 2,316.8703 101 5209393 |
Total 2,432,1502 106

%* Sum of#Squares.

#% Degrees of Freedom
#8: Mean Square
weee P - ratic

v Not significant at the 5% level
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Under the three previous assumptions, the null hypothesis
%, = . %, =.,L. = X, = X = ¥
Hof oy T oFm T tfo, T ey T oy 5 T E
was tested. Here again, the notation ﬂzbl is used to denote the mean
for the trigonometry pretest scores of the control group for section
one, 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-
Jected if Fg 3101 1s less than F g5, 5. 101, Since Fg 301 = 1.01 is
less than 2.37 = F 95 5. 60! the hypothesis of equal means was accepted
° 5 ~3
at the five per cent level of significance,
TABLE VII

HYPOTHESES CONCERNING MEANS TESTED
USING PRETEST SCORES

Hypothesis F - ratio

Equal means of the algebra pretest 1.32¢
scores for all groups

Equal means of the trigonometry pretest 1.01°¢
scores for all groups

'Not significant at the 5% level

Again, the acceptance of this hypothesis of equal means for the
trigonomeiry prétéét scofes was based on the assumption that the
variances of the different groups were equal. Through the use of
Bartlett's test, the hypothesis Hy that all of the varlances were equal
was tested. For this hypothesis also, N = 107 and r = 6, The com-

putations for the statistic used in this test were as follows:



r

C=1+

'1[2 1»1}
E1€3 - L3511 ay=-1 F-71

= 151,477 = 1.03006

7,0
r
sg - :E: (nj - 1) sg
i=1 ’
Ne=-r
= 2316.87033 = 22.93931
T ¢ VA
T
2,3026 [(N - r) log sg - Z (ny = 1) log s§
—Cc T

= 202353(1370h1858 = 1350h9325)
= 2,2353(1.92533)
= }.30

Since 14,30 is less tham 11.07 = 9} 2 g, the hypothesis of equal

variances was accepted, The assumption that the variances of the

trigonometry pretest scores of these’groups were equal was reinforced

through these calculations.
TABLE VIII

HYPOTHESES CONCERNING VARIANCES TESTED USING PRETEST SCORES

Hypothesis j)( 2 _ ratio

Equal variances of the algehlra pretest 6,531
scores for all groups

Equal variances of the trigonometry pretest li.30¢

scores for all groups

INot significant at the 5% level
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The results of these analyses are summarized in TABLE VII amd
TABLE VIII. These results indicate that these research groups had
means and variances that were statistically equal. Sinee 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 test other hypotheses.
Analysis of Postitest Scores

After a semester of experimentation on groups whose means and
variances on the pretests were statistically 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,
ot afcy = aXE) = afc, = a¥E, = a¥o, p = a%E) ;= aXqy y = #FE) o De
accepted for o = ,05? The notation AE%I denotes the mean for the
algebra posttest scores of the control group for section ome. The
other notations are to be similarly interpreted. TABLE IX gives the
summary of computational results. This table shows that F72 117 = 1.69,
The statistical acceptance of the hypothesis of equal means of the
algebra posttest scores for the eight groups was possible at the five
per cent level of significance since Fy 117 = 1,69 is less than 2.17 =
F.955 7, 60

The acceptance of the hypothesis of equal means for the algebra
ppsttest scores was based upon the assumption that the wvariances of
the eight groups were equal; Again, the use of Bartlett's test per-
mits a statistical evaluation of the hypothesis of equal variances.

The basic computations for testing this hypothesis through the use of
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Bartlett's test were as follows:
r

C=1#

1 ZE: i =1
3(r‘=l§j lnjﬂl N=r

= 12526379 = 1.26592

5895088
r
2 . . 2
2= ) (a-1) e
)
N - r
= 2914,9.15796 = 25.206L8
117
r
el Y: - 2 R 2
298026 [}H r) log Bp j:%:mfnj 1) log s;]

= 1.81892(163.97667 ~ 158.94918)

= 1,81892(5.02749)

= 9.1l
In these computations N = 125 and r = 8, Since 9.1k is less than 14.07 =
3(20953 ) the hypothesis of equal variamnces of the algebra posttest
scores for these eight groups was accepted at the five per cent level

of significance.
The hypothesis, Hs: mkn ® rke ® mXn = mkp = ok = Xy =
The hyp » Hot oy = rhgy = vio, g, T rioy p 7 THE, p
Ti% & TE% s Was also tested., Here qX; denotes the mean for the
L, N b N 1

trigonometry posttest scores of the control group for section one,
Similar interpretations are to be given to the other notations. The
summary of the computational results for the testing of this hypothesis
is given in TABLEYX@ vFrom these computations; Fy 117 = 1.26. At the

five per cent level of significance the hypothesis of equal means of the
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trigonometry posttest scores was accepted since F79 117 *= 1.26 is less
than 2,17 = F°95§ 7, 60°
TABLE IX

ANALYSIS OF VARIANCE FOR THE MEANS OF THE ALGEBRA POSTTEST SCORES

Source of SS#% d.f . MS3eee et

Variation
Amoﬁg Groups 298;6690 7 12,6670 1.69!
Within Groups 2,948.1310 117 25,1977
Total 3,2L6.8000 12k | |
¥* Sum of Squares
#% Degrees of Freedom

46382 Mean Square
et F - ratio

L Not significant at the 5% level

Bartlett's test was then used to determine statistically whether
the assumption of equal variances of trigonometry posttest scores for
the eight groups was warranted. In the following computations of the -

statistic used in Bartlett's test, N = 125 and r = 8.
r

C=14% 1 :E: 1 -_1 ]
3r = 1) 4 - n =L N-r

1

= 12526379 = 1.26592
9895088




£6

55 = 4185,29757 = 35.77177
117

by
2,3026 | (N - r) log 8% - zgj (nj - 1) log s§

il

1.81892(181..76418 - 178,58L471)
1.81892(3.17947)
5.78

Since 5.78 is less than 14,07 = ‘3423955 72 the hypothesis of equal

B

il

variances of the trigonometry posttest scores for these eight groups
was statistically accepted at the five per cent level of significance,
TABLE X.

ANALYSIS OF VARIANCE FOR THE MEANS OF
THE TRIGONOMETRY POSTTEST SCORES

Source of 38# dof ook MSss363 e

Variation
Among Groups 355.0k20 7 50.7203 1.26¢
Within Groups  li,715.4060 117 10,3026
Total - 5,070,4480 12l
s Sum of Squares
33 Degrees of Freedom

##%  Mean Square
¢ F - ratio

L Not significant at the 5% level

The use of the experimental review technique gave results which
did not differ statistically from the control review technigque when

this statistical comparisonm was made with respect to the means and the
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variances of the algebra and trigonomgtry posttest scores of the dif-
ferent groups. 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 trigonometry posttest scores.

| Next, a comparison of the posttest scores of Eh,N and the post-
test scores of Cth was made. These scores would contain no inter-
action between pretesting and posttesting. If the resulis 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 experimentation. This would follow even though the
number of students involved was small.

| TABLE XTI

ANALYSIS OF VARTIANCE FOR THE MEANS OF THE ALGEBRA
POSTTEST SCORES OF EMQN AND THE MEANS OF

THE ALGEBRA POSTTEST SCORES OF cth

Source of S55# dof . # MSaesess Pataens
Variation
Among Groups 38.6778 1 38,6778 1.37¢
Within Groups 451.1000 16 28,1938
Total 189.7778 17

4 Sum of Squares

5 Degrees of Freedom
#9%  Mean Square
wmesr F - ratio

L Not significant at the 5% level
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The othesis s o = X was then tested., The re-
hyp Bl HO A Eh--gN ¥ C}.L,Ns*'fs

sults are summarized in TABLE XI. Since Fl, 16 = 1.37 is less than
L.h9 = F,95; 1, 16s the hypothesis of equal means for the algebra
posttest scores for thg two groups Eh,N and thﬂ was accepted.,

Bartlettt's test was then used to test the hypothesis that the
variance of the algebra postitest scores for the experimental group
Eh,N was equal to the variance of the algebra posttest scores for the
control group Cth“ The eomputation of the statistic used to %est

this hypothesis was as follows:

C=1+% 1 jj:g: I - 1 ]
3(r - 1) 31 nj -1 N-vr

= 3217 = 1,06382
02 ’

o2k
r
2= ) (ag-1)s3 /)
=1
« 28.19375
by
g&%ﬁéﬁ {T(N - r) log s% - 322:1 (nj - 1) log sg}

= 2,16h16(23,20256 - 22.93672
= 2,16L46(.2658L)

Since .58 is less than 3.84 = j(_2°95§ 13 the hypothesis that these
variances were equal was accepted at the five per cent level of signif-
icance. Thus, there was no statistical diff;rence between the wvariances
of the algebra posttest scores for the experimental and control groups

which were not pretested.
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The hypothesis that the mean of the trigonometry postiest scores
of the experimental group Eﬁ,N was equal to the mean of the itrigonometry
postitest scores of the control group thm was then tested., TABLE XII
summarizes the computational results. Since Fl, 16 = 1.05 is less than
b9 = F°95§ 1, 169 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 XIT

ANALYSIS OF VARTANCE FOR THE MEANS OF THE TRIGONOMETRY POSTTEST
SCORES OF Eh N AND THE MEANS OF THE TRIGONOMETRY
2

POSTTEST SCORES OF Gh N
o1

Source of 553 - d.f.a MSee Fatstsnt
Variation
Among Groups 55.2?50 1 55.2250 1.05¢
Within Groups  B41.2750 16 52.5797
Total 896.5000 17

# Sam eof Squares

3¢ Degrees of Freedom

% Mean Square
##¢ F - ratio

l Not significant at the 5% level

Next, the hypothesis, H: mS%
? yP N Hb T Eth

Bartlettis test. The resulits of the computation of the stétistic used

= ngch - was tested by using
5

for this test are given on the following page:
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r
C=1+ il jg: 1 = 1
Nr - 1) nj =1 N

J=1

= 3217 = 1.06382

02
T o
sge Z (ny =1) 2 / (8 - x)
=1
= 52,57969
' r
@;2026%[%N - ) log 8% - :E: (nj - 1) log sg }
i=1
= 2,16L46(27.53312 = 26.48424)
= 2,16hL6(1.04888)
= 2,27

Since 2.27 is less than 3.8} = f(nﬁaggg 1, the hypothesis that the
variance of the trigonometry postitest scores for the experimental group
Eh,N was egqual to the variance of the trigonometry posittest scores for
the control greup thN was accepted for ol = .05, ThuSQ there was also
no statistical difference between the variances of the trigonometry
posttest scoresifor the non-pretested experimental and control groups.
A comparisdn of the algebra posttest scores for the pretested
experimeﬁtal.éfoﬁps'and the pretested contrel groups wes then made,
The hypothesis, Hog AX%P = Afépg was tested. Here, Afé? denoteS'the
mean of the algebra postiest scores for the pretested experimental
group., The computations are summarized in TABLE XIII; Sinece Fl, 105 =
0,00 is less then L.00 = F°95§ 1, 6os the hypothesis that the mean of
the, algebra posttest scores of the pretested experimental group was

equal to the meanm of the glgebra posttest scores of the pretested
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control group was accepted at the five per cent level of significance.
Under the three basic assumptions, the means of the algebra pretest
scores for these two groups were equal. The experimental treatment,
then, did not result in any apparent statistical difference in the
experimental group at the five per cent level of significance. That
is, thefe was no significant difference in algebraic achievement be-
tween the two review methods, |
| TABLE XITI
ANALYSIS OF VARIANCE FOR THE MEANS OF THE ALGEBRA. POSTTEST

SCORES OF THE PRETESTED EXPERTMENTAL GROUP
AND THE PRETESTED CONTROL GROUP

| Source of S5 d.f . MS3ee3t Pt

Variation
Among Groups 0,001l 1 0,001k 0.00°!
Within Groups 237h801668 105 26,1730
Total | 2, 7L8. 1682 106
| % Sum of Squares .
&1 Degrees of Freedom

##%  Mean Square
et F - ratio

L Not significant at the 5%.level

The test of the hypothesis; HO Asz ASQG s was then performede
P

The computatlons for the statlstlc used in Bartlett‘s test were as

follows:

C =14« = X
o 3(r - 1} 3 n 1 N=x
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C = 291,927 = 1,00953
289.170 ‘

r

. - 2 _ 2
2,8026 [}N r) log 55 :E: (g - 1) log SJ:]
=1

= 2,28085(148,87h25 - 146.01048)

= 2,28085(2.86377)

= 6,53
Since 6,53 is greater tban 3.8l = C)(2°95; 1s ‘the hypothesis that the
variance of the algebra postiest scores for the three pretested exper-
imental groups was equal to the variance of the algebra posttest scores
for the three pretested conirol groups was rejected at the five per
gent level of significénce, This implies that the experimental treat-
ment resulted in a change in the variability of the level of algebra
achievement, An examination of TABLE XXiV reveals a greabter %ariation
in the conirol group. The calculations of the sample variances for
these two groups heléed to reinforce this conclusion., The sample
variance for the threé conirol groﬁpé ng Coy and GhﬂPg aonSidéred as
a single sample, was calculated to be 34.85., Im contrast, the sample
variance of the saﬁple formed by combining the three experimental
groups By, E,, and Ehsp'was found to‘be 16.98. Thus, there was a smaller
variation in algebra achievement through the use of the experimental

treatment,
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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 S84 dof % M3 Farsesent
Variation
Among Groups 2.2L0kL 1 2,240k 0,06
Within Groups . k,156.0587 105 39.5815
Total l,158.2991 166

%* Sum of Squares |

% Degrees of Freedom
3% Mean Square
wek F - ratio

L Not significant at the 5% level

Comparisons were also made of the trigonometry posttest scores
for the pretested experimental groups and the pretested control groups.
The hypethesis, Bos TXE?‘a,TXCPQ was tested,” The mean of the trigonoma
etry posttest scores for the pretested experimental group was denoted

by TXEPO TABLE XIV summarizes the results of the computations used in

testi?g this hypothesis. Since Flg 105 = 0.06 is less than L4.00 =

Fo9)§ 1, 60 the hypothesis that the mean of the trigonometry posttest
scores of the pretested experimental group was equal to the meam of the
trigonometry posttest scores of the pretested control group was accepted
at the five per cent level of signifiéance° Since, under the original
assumptions, the trigonometry pretest scores for these two groups were

equal, the increase in trigonometry achlevement was statistically the
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same for the two review‘methods,

The hypothesis, Hys TSQEP = T52 s Wwas then tested. The com-

Cp

putations for the statistic used in Bartlett's test are summarized

belows

T
C=1+ 1 [-:Ej 1l - 1
Nr - 1) j-1 nj -1l N-=17

= 291,927 = 1.00953
789,170

r

sg = jZl(nj - 1) sg / (W - 7)

= 26,17301
>

= 2,28085(167.73750 = 167.41959)
= 2.,28085(.31791)
= 073

Since .73 is less than 3.8k = i}:2595° 15 the hypothesis that the
g !

A 2 2
203026 [ﬁ(N - 1) log sy - (nj ~ 1) log sj J

=1

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 significance. Therefore, there was nc statistically
apparent change in the variability of trigonometry achievement using
either the mechanical review device or the non-methanical review
approach.,

This research design was constructed to enable generalizations

Yo be made concerning above normal-sized classes and different
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professors at Wisconsin State University, La Crosse, The next two

comparisons were made in an atiempt %o secure more complete evidence
which might help to make these generalizations. The first of these
comparisons was concerned with the experimental and control groups of
the above normalwsiied class,

The hypothesis, Hpys A?bg = AfEQQ was tested to aid in this
generalizationo The computations for the statistic used in testing
this hypothesis are summarized in TABLE XV. .Since Flg 56 = 0-00 is
less than 4.08 = F°95; 1, Lgo the hypothesis that the mean of the
algebra posttest scores for the control group 02 was equal to the mean
of the algebra posttest scores for the experimental group Ep was
accepted at the five per cent level of significance,

| TABLE XV

ANALYSTS OF VARIANCE FOR THE MEANS OF THE ALGEBRA POSTTEST SCORES
FOR THE CONTROL GROUP C, AND THE ALGEBRA POSTTEST

SCORES FOR THE EXPERIMENTAL GROUP E,

Source of S5 d. £ MSaese3 Faotnat
Variation
Among Groups 0.0690 1 0.0690 0.00?
Within Groups 1,056.2069 56 18.8608
Total 1,056.2759 57
% Sum of Squares
T Degrees of Freedom

- e Mean Square
- o#Eee F - ratio

L Not significant at the 5% level
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The variances of these two groups were then compared. The hypoth-
esis, Hys ASQCQ = A52E29 was tested to aid in this comparison. The
basic computations of the statistic used in testing this hypothesis

‘are given belows

r
C=14+ 1 L - 1
B(rnl)[z n -1 N-r':l
J=1 3
= 57 = 1.01786
56
2 - |
k=4 o= 2 o
5 :%j (nj 1) 5 / (N = 1)
J=1
= 18,8608L

il

203026 [(N - 1) log sg - jZl (nj - 1) log S‘?J

2,26220(71.43136 = 70.18760)

i

2,26220(1.24376)

i

2.81

#

Since 2.81 is less than 3.84 = fk:?°95§ ,1» the hypothesis that the
variance of the algebra posttest scores for the control group 02 was
equal to the variance of the algebra postitest scores for the experimen=-
tal group Es was accepted at the five per cent level of significance.

The next hypothesis to be tested was Hn: qXe = sk o TABLE XVI
G = TH

summarizes the results of the computations for the statistic used in
testing this hypothesis. Since Fy gg = 0.06 is less than 4,08 =
F°95§ 1, Lo» the hypothesis that the mean of the trigonometry posttest
scores for the control group C, was equal to the mean of the trigonom-

etry posttest scores for the experimental group E, was accepted at the
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five per cent level of significance.
TABLE XVI

ANALYSIS OF VARIANCE FOH THE MEANS OF THE TRIGONOMETRY POSTTEST
SCORES FOR THE CONTROL GROUP 02 AND THE TRIGONOMETRY

POSTTEST SCORES FOR THE EXPERIMENTAL GROUP E

2

Source of S5 d.f . MS#t Faseus
Variatien
Among Groups 2.0861 1 2.0861 0.067
Within Groups 1,895.9311 56 33.8559
Total 1,898.0172 57

4% Sum of Saquares

3% Degrees of Freedom

e s Mean Square
#ee  F - ratie

' Not significant at the 5% level

The hypothesis, Hy: 8%, = TSQE , was then tested. Bartlett's
Yo 2

test was again used to test this hypothesis. The summary of the com-

pubations for the statistic used in this test are given belows

r
C=X+ 1 Z§: 1 - 1
3(r = 1) j=1 By~ 1 N -
= 57 = 1.01786
56

r
2 = E = 2 4 e
o 4 (mj 1) 83 AW =-r)

= 33,85591
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5%;3@26 (N - r) log s2 = (n; = 1) log sé}
~mfrmm=[j p J J

r
jzg
2,26220(85.6626L = 85.63632)

2.26220(,02632)

1

o

i

= .06
Since .06 is less than 3,84 = 72120955 1> the hypothesis that the
variance of the trigonometry éostteét scores for the control group
02 was equal to the variance of the trigonometry posttest scores for
the experimental group Ey was accepted at the five per cent level of
significance.

These comparisons of the posttest scores of the conmtrol group
Co, and the experimental group E, reveal no statistical difference be=
tween the two groups. This evidence seems %o indicate no appreciable
difference between the experimental and tﬁe control group.

This next comparison will be an attempt to secure more evidence to
permit é generalization concerning a different professcr and the exper-
imental treatment. The hypothesis, Hog Aiél = Aiﬁls was tested té‘
determine the effects, if any, of the other professor and the exper-
imental treatment. The computations for the statistic used in testing
this hypothesis are summarized in TABLE XVII. Since F1’ 29 * 0,56 is
less than k.18 = F°95§ 1, 29» ‘the hypothesis that the mean of the
algebra posttest scores for the control group Gl\was equél %o the
mean of the algebra posttest scores for the experimental group El Was

accepted at the five per cent level of significance,
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TABLE XVIT

ANALYSIS OF VARTANCE FOR THE MEANS OF THE ALGEBRA POSTTEST SCORES
FOR THE CONTROL GROUP Cq AND THE ALGEBRA POSTTEST

SCORES FOR THE EXPERIMENTAL GROUP E

1
Source of 554 d. Lo MSaeee Tt
Variation .
Among Groups 21,1473 1 21.1473 056!
Within Groups 1,097.01462 29 37,8292
Total 1,118.1935 30
% Sum of Squares

#3% Degrees of Freedom
- ##% Mean Square
weet F o~ ratio

' Not significant at the 5% level

To compare the variances of these two groups, the hypothesis,
e =2 = ol : _ . s
HOQ TSGl s Elg was tested, The computations for the statistie

used in the test of this hypothesis are summarized belows

r
C =14+ 1 jij i -1
3r = 1) 3 =1 n‘j -1 N -

= 62)43 = 1.03498
6032

r

2 - > (n, = 1) s2 /(0 -x)
j=1

= 37.82918

r

- : _ 2 _ _ 2
Qogozq [(N r) log 55 jzlmj 1) log sj:J
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- 2.22478(L45, 75707 = Lh.L76L6)
2,22478(1,28061)
2,85

[} B

]

Since 2,85 is less than 3.8k = TK_2°95; 1s the hypothesis that the
variance of the algebra postiest scores for the control group Gl was
equal to the algebra posttest scores for the experimental group E, was
acecepted at the five per cent level of significance,

TABLE XVIII

ANATLYSTS OF VARIANCE FOR THE MEANS OF THE TRIGONOMETRY POSTTEST
SCORES FOR THE CONTROL GROUP Gl AND THE TRIGONOMETRY

POSTTEST SCORES FOR THE EXPERIMENTAL GROUP Ei

Source of So% dofos | MS#3 Fatstanst
Variation
Among Groups 1. 6890 sl 1. 6890 1.00°
Within Groups 1,357.3110 29 46.793L8
Total 1,362,0000 30

# Sum of Squares

otk Degrees of Freedom

#%  Mean Square
wee  F - ratio

L Not significant at the 5% level

The hypothesis, Hys Tiél = Tiﬁlg was then tested. The resulis of
the computations for the statistic used in testing this hypothesis are
summarized in TABLE XVIII. Since F19 29 = 1.00 is less than L.18 =
F&95; 1, 29$‘bhe hypothesis that the mean of the trigonometry posttest

scores for the control group G, was equal to the mean of the trigonom-
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etry postiest scores for the experimentai group Ey was accepted at the
five per cent level of significance.
Finally, the variances of these two groups were compared. The
hypothesis, H.s &2
P07 TV Gy

putations for the statistic used in this test was as followss

= ngEl, was tested. The summary of the com-

r

C=1+ 1 [2 1 =u1}
3(r = 1) = 1Ry - 1 N-==r
= 62443 = 1.03498

8032
r
=8 = 2
s, = (nj - 1) a3 / (N = r)
i=1
= 16.80383

v
Z (nj = 1) log 55}

2,302 | (- ) log 2 -
C 1

J
= 2.22178(148.43812 = L4B8.33551)
= 2,22478(.10261)
= 0,23
Since 0.23 is less than 3.84 = 3C2°95§ 1» the hypothesis that the
variance of the trigonometry postiest scores for the control group Gy
was equal te the fariéﬁce'of the trigenometry postiest scores for the
experimental group Ey was’aceepted at the five per cent level of
significance.,
While these comparisons revealed no statistical difference be-
tween these two groups, an examination of TABLE XVII shows greater
variation among groups for the algebraic achievement., This conclusion

was reinforced by an examination of TABLE XXIV. This examination re-
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veals a much greater variance for the control group Gl than for the
experimental group Ey. The conclusion here, then, was that Professor
X's students using the control review method developed greater variation
than using the experimental review method. This conclusion applies

only to algebraic achievement.,

| TABLE XIX

HYPOTHESES CONCERNING MEANS TESTED USING POSTTEST SCORES

Hypothesis F - ratie

Equal means of the algebra posttest scores
for all groups 1.69¢

Equal means of the trigonometry posttest scores 1.26°
for all groups

Egual means of the algebra posttest scores 1.37"
for the non-pretested groups

Equal means of the trigonometry postiest scores 1005“‘
for the non-pretested groups

Equal means of the algebra posttest scores for the 0,00!
pretested experimental and pretested control groups

Equal means of the trigonometry posttest scores for the | 0.06¢
pretested experimental and pretested control groups

Equal means of the algebra posttest scores for the large- 0.00¢
sized class!s experimental and control groups

Equal means of the trigonometry posttest scores for the 0.06¢
large-sized classis experimental and control groups

Equal means of the algebra posttest scores for Professor X 0.56!
class's experimental and control groups

Equal means of the trigonometry posttest scores for 1.00¢
Professor X class's experimental and control groups

! Not significant at the 5% level




TABLE XX

HYPOTHESES CONCERNING VARIANCES TESTED USING POSTTEST SCORES

Hypothesis o P 4 2. ratio

Equal variances of the algebra posttest scores 9.14!
for all groups

Equal variances of the trigonometry posttest scores 5.781
for all groups

Bqual variances of the algebra postiest scores ‘ 0.58¢
for the non-pretested groups

Bqual variances of the trigonometry posttest scores 2.27!
for the non-pretested groups

Bqual variances of the algebra posttest scores for the 6,537
pretested experimental and pretested control groups :

Equal variances of the trigonometry posttest scores for 0.73!

the pretested experimental and pretested control groups

Equal variances of the algebra posttest scores for the large 2.81!
sized class's experimental and contrel groups

Equal variances of the trigonometry posttest scroes for the 0.06°
large-sized class's experimental and control groups

Equal variances of the algebra posttest scores for Professor 2.85¢
¥ class's experimenial and control groups

Equal variances of the trigonometry posttest scores for 0.23¢
Professor X class's experimental and control groups

' Not significant at the 5% level
't Significant at the 5% level

The results of the analyses using posttest scores ars summarized
in TABLE XIX and TABLE XX. 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 study. From

these results and from the results concerning pretest scores reported
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previously, the conclusion was drawn that neither the experimental
review method nor the conbtrol review method resulted in any apparent
significant statistical difference in either the level or the variation

of algebraic or trigonometric achievement.
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
algebraic or trigqnometric achievement, hypotheses concerning both pre-
test énd posttest scores were tested. Since raw scores earned on dif-
ferent forms of a test are not directly comparable, the raw scores
were replaced by converted scores., These converted scores were deter-
mined by the Educational Testing Service‘by taking raw scores on alter-
nate forms of the algebra and trigonometry tests, equating them shtatis-
tically, and converting them to a common score scale so that scores on
both forms of thevsame test are comparable. In this section, all of the
results have been obtained by the use of converted scores.

A comparison of the means for the pretest and posttest converted
seores of both the Algebra IIT Test and the Trigonometry Test is given
in TABLE XXI. In TABLE XXIT, mid-percentile ranks are used vather than
score means, TABLE XXIIT uses percentile baﬁds instead of mid-percen-
tile ranks or mean scores. These mid-percentile ranks and percentile
bands are based upon nationwide college norms develeped by the Educa-
tional Testing Service. TABLE XXIV gives a comparisqn of the variances
and the change in the variances of the different groups. 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 variatiom in

achievement.

TABLE XXT

A COMPARISON OF MEANS* FOR THE PRETEST AND

POSTTEST CONVERTED SCORES

Trigonometry

#  Rounded off to the nearest hundredth

Group Algebra o (Gain)
(1) (B) () (B)  Trigonometry Algebra
6 1h.29  151.65 143.71 151.2k 7.36 7.53
By 139.57  152.93  1h3.7L 15h.ah 13.36 10.43
Average 142.16  152.23 1L43.71 152.55 10.07 8.8k
Gy U2k 155,31 146,59 157.69 12.83 11.10
B, 142,31 155.93  1h6.79 157,52 13,62 10.73
Average 142,50 155.62 1h6.69 157.60 13,22 10.91
Cp  16.22  16LIL 147.22 158.56 1469 1.3k
E), p 140,56 15hqoo 140.67 153.00 13.4k 12.33
Average  143.39  157.56 143.9h 155,78  1h.17 11,8
Gl N 155,80 159,20 |
B, ¥ 150,50 15h4.25
Average 153.Lk 157,00
Composite
Average 142,50  15h.7h  1k5.36 156.00
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TABLE XXIT

A COMPARISON OF MID-PERCENTILE RANKS FOR THE PRETEST AND
POSTTEST CONVERTED SCORES(BASED ON MEAN SCORES#)

Group Trigonometry Algebra (Gain)

(1) (B) (A) (B) - Trigonometry Algebra
¢, 32 66 32 5y 3240 61 32 to 5h
B, 9 67 32 67 9 to 67 32 to 67

Average 25 67 32 61 25 to 67 32 te 61
Cp 25 72 38 83 25 to 72 38 to 83
E, 25 77 38 83 25 to 77 38 to 83

Average 25 77 38 83 25 to 77 38 to 83
), p 39 88 38 83 39 to 88 38 10 83
B, p 18 72 18 61 18 to 72 18 to 61

Average 25 81 32 73 25 to 81 32 to 73
&) | 77 83 |
E),,N 61 67

Average 67 73

Ccmposite 72 73

Average -

#Rounded off to the nearest integer

A comparison of the means of the algebra pretest and postiesi
converted scores for the experimental groups is given im TABLE XXV. As
expected, the hypothesis that the means of these two groups of convert-

ed scores were equal was rejected. In testing this hypothesis,
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Fy, 102 was computed to be 52.25, Since this was considerably greater
than F°95§ 1, 60 = L.00, the hypothesis was rejected. Certainly,
growth in achievement during the semester under the experimental treat-
ment would be desirable, and to be expected,

TABLE XXIIT

A COMPARISON OF PERCENTILE BANDS FOR THE PRETEST AND
POSTTEST CONVERTED SCORES(BASED ON MEAN SCORES#)

Group Trigonometry Klgebra
(4) (B) (&) (B)
6 13-5%  L-81 1050 32-73
£ 5-39  18-81 1h-50  50-83
Average 9-48 18-81 14-50 LL-T78
Cop 9-8  5L-85 2?@5& 67-91
E, 9=8 61-88 22-5h 67-51
Average ' 9-L8 61-88 22-8ly 67-91
), 18-61  77-95 22-5h  67-91
E, p 5-39  5k-85 7-32  bh-78
Average 9-48  67-94 1L=-50 5h~87
¥ 61-88 67-91
B, n 39-77 50-83
Average 18-81 | 51s-87
Composite 5485 54-87
Average

#Rounded off to the nearest integer
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TABLE XXIV

A COMPARISON OF VARIANCES:# FOR THE PRETEST AND
POSTTEST CONVERTED SCORES

Group Trigonometry Algebra (Change)
(&) (B) (8" (B) Trigonorietry Algebra

Gy 38 115 66 138 +77 +72
By L5 89 53 59= +hily + 6

Average L1 103 60 102 +62 +42
Ga 69 7L 85 67 + 2 =18
E, 75 71 55 36 + 2 =19

Average 73 Th 70 52 + 2 =18
Cl,p 58 110 58 59 *52 + 1
By p b1 53 18 58 #12 +40

Average 50 82 38 59 432 | +21
Cly, 71 58
By w }75 99

Average 117 76

Composite 88 69

Average

#Rounded off to the nearest integer.

The inequality of the algebra pretest and posttest mean converted
scores for the experimental groups does not imply that the variance of
these two groups of comverted test scores were equal. The hypothesis

that these variances were equal was then tested using Bartlett's test.
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The computation of the statistic used in this test for these groups of

converted scores was as follows:

r
C =1+ [ - 1 }
“Tgfzaij 3=153 1 N=r
= 103 = 1.00980
103
.
2 - Q;_Zl (ng = 1) 53
N=F
- %%% = 61.70455

r
: 2 ’ \ S o2
2,2026 i:(N - r) log 85 = jgj (nj - 1) log sj‘]
J=1 ‘ '

2,280211(182,6126l - 182,27961)

0

i

2.28024(.33303)

= .76
Since .76 is less than 3.8hL = :K_2°959 1s the hypothesis df equal
variances was accepted. Thus, the éxperimental treétment did not re-
sult in a change in the variances of the algebra test scores. This
suggests that the variabiiity in algebra achievement was not statis-
tically affected by the use of the experimental treatment. This implies
that, if one of the fifty-four students in the e#perimental group that
took botﬁ.a pretest and a posttest was selected at random, them the
probability would be ninet&mfive per cent that the students! posttest
conyerted algebra score would be no farther from the mean of the post-
tesﬁ converted algebra scores than the students' pretest converted

algebra score was from the mean of the pretest converted algebra scores.
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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
pretest. From this, there is the implication that the experimental re-
view method was as effective for low achievers as for high achievers.
It would appear that further examination in this area would be desir-
able, |

TABLE XXV

ANALYSIS OF VARIANCE FOR THE MEANS OF THE ALGEBRA PRETEST AND
POSTTEST CONVERTED SCORES FOR THE GROUPS E;, Ep, AND Eth

Source of SS% d.foos MSse Farsestar
Variation :

Among Groups 3,102.1538 1 3,102.1538 52,2511
Within Groups 6,055,9616 102 59.3722

Total 9,158,115k 103

#* Sum of Squares
2 Degrees of Freedom
%%% Mean Square

¢ F - ratio

ve Significant at the 5% level

The means of the trigonometry pretest and posttest converted
scores for the three experimental groups, considered as a single group,
are compared in TABLE XXVI, Agéin, 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, Fl, 102 Was computed.
Sinee Fy 102 = 69.55 is greater than 4.00 = Flg 603 bhe hypothesis was

rejectéd° Growth in trigonometry achievement during the semester would
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be desirable. The experimental procedure would be nearly useless if ne
achievement was noted under this treatment,
TABLE XXVI

ANALYSIS OF VARIANCE FOR THE MEANS OF THE TRIGONOMETRY PRETEST
AND POSTTEST CONVERTED SCORES FOR THE GROUPS Ey, Ep, AND Ej p

Source of SSs do.£o%# MSite% Pt
Variation '
Among Groups ki, 751.0096 1 L, 751.0096 69,5511
Within Groups 6,967.9039 102 68.3128
Total | '11;718a9135 103 /

% Sum of Squares |

%3 Degrees ¢f Freagom
¢ Mean Square
s F - ratio

vs Significant at the 5% level

The means of the trigonometry pretest and posttest converted
scores for the experimental groups were unéqual, This in@qﬁélitj of
méans does not imply that the variances of these two groups of converted
test scores were equal. Bartlett's test was used to test the hypothesis
that. the variahces of the trigonometry pretest and posttest converted
scores for the experimental group were equal. The computation of the

stabtistic used in this test for these groups of scores was as followss

v
C=14 1 jg: 1 - 1
Hr = 1) | nj =1l N-7p|

J=1-

= 103 = 1.00980
102 -
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r
sg = :E: (nj mvl) s§

J=1
N-r
= 70.97943
T
2.,3026, [(N - r) log sg - jzl (n;j - 1) log s‘_ﬂ

#

2.28021(188.81628 - 188.53119)
2.2802L(,28509)
= .66

[

Since .66 is less than 3.8 = f}:2°95§ 1s ‘the hypothesis of equal
vafiances was acéepted° That is, the variance of the trigonometry
pretest converted.scores of the experimental groups E;; Eo, and Eh,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 high on the trigonometry pretest. Further
examination in this area would also appear to bé desirable,

This research study was designed to allow for testing the effect
of pretesting. A comparison of the posttest converted scores of the
nonfpretested experimental group with the pretest converted scores of
the control group consistihg of the groups Cl, Cos and Ch,P was then
made. The hypothesis Hys aibﬁ = Ai%h,N’ was first tested. Here éiGP

denotes the mean of the algebra pretest converted scores of the control
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groups Gy, Co, and Gh,P@ The computations used for testing this hypoth-
esis are summarized in TABLE XXVII. Since F19 61 = 6.49 is greater
than 4.00 = F°95; 1, 60° the hypothesis that the mean of the aigebra
pretest converted aceores of the control group consisting of the contrel
groups Cy, Ca, Gh’P was equal to the mean of the 4dl gebra posttest con=-
verted scores of ﬁhe experimental group EL,N was rejected at the five
per cent level of significance, This conclusion, along with an exam-
ing;ion of TABLE XXT, implies that the experimental treatment did‘rew
sult in an increase in algebra achievement,

TABLE XXVIT

ANALYSTIS OF VARIANCE FOR THE MEANS OF THE ALGEBRA PRETEST CONVERTED
- SCORES FOR THE CONTROL GROUPS @, Cp, AND Ch,P AND THE ALGEBRA

POSTTEST CONVERTED SCORES FOR THE EXPERIMENTAL GROUP Eth

Source of SS# dof o Myt Faviesest
Variation
Among Groups 1©98.68L1 1 4,98.68L1 6,491
Within Groups l;,68L.3001 61 76.7918
Total 5,182.9842 62

% Sum of Squares

e Degrees of Freedom
##%¢  Mean Square
e F o= ratic

9 Significant at the 5% level

B -comparison of the variability of these two groups was then made.

The hypothesis, Hys 352G = ASQEh N9 wag tested. The computations for
the statistic used in Bartlettis test were as followss
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_ r
C=1x% 1 ZE: 1 - 1
-1 . , -1 F-r
J =

= 72,517 = 1.0L4833

69,17L
r
52 = :E: (ng ~ 1) 85/ (N~r)
3=
= 75.152L6
r
2 2
203026 [@N - r) log sp - :Ej (nj = 1) log sjj]
jg=1

= 2,19645(115.00391 - 114.882L0)

= 2,19645(.12151)

= 027

: 7 4 ; = 2 =
Since .27 is less than 3.8L X .93 18 the hypothesis that the
variance of the algebra pretest converted scores of the group consisting
of the contrcl groups 01, CQS and Ch p was equal to the variance of the
7
algebra posttest converted scores of the experimental group'Eh N was
2
accepted at the five per cemt level of significancg.
Similarly, the hypothesis, Hoe tXGP = TXEh N, was also tested.
3
The mean of the trigonometry pretest converted scores of the conirol
groups Gy, C,, and C, p was denoted by Xo_» TABLE XXVIII summarizes
’ P
the results of the computations used for testing this hypothesis,
Since Fl, g1 = Lo60 is greater than L.00 = F 95, 1, 605 the hypothesis
that the mean of the trigonometry pretest converted scores for the con-
trol group consisting of Clg 0?9 and Ch p and the mean of the trigonom-
~ 2

etry posttest converted scores for the experimental group E), § was re-

Jected at the five per cent level of sigmificance.

—
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TABLE XXVIII
ANALYSIS OF VARIANCE FOR THE MEANS OF THE TRIGONOMETRY PRETEST
CONVERTED SCORES FOR THE CONTROL GROUPS Gl’ 829 AND Gh P
3

AND THE TRIGONOMETRY POSTTEST CONVERTED SCORES
FOR THE EXPERIMENTAL GROUP Eh N
b

Source of S5 do £ MS3ee Faeaeaess

Variation

Among Groups 327.2779 1 327.2779 1,601
) Within Groups hy339. 4364 61 71,1383

Total b, 666.71h3 62

| 5% Sum of Squares

S5k Degrees of Freedom
#¢%  Mean Square
et F - ratio

re Significant at the 5% level

The hypothesis, Hoz tﬁQCP a ?SQEh Ng was tested next. The com=
_ L ,
putations for the statistic used in Bartlett's test of this hypothesis

are given below:

b
C =14 1 [-:Ej 1 - 1
Hr - 17 =13y - 1 N-r

= 72,517 = 1.0L833
69,17k

r

sg = j%j (nj = 1) S§ J (N - r)
3 =1

= 70,85961
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r
g;.%g_gé[(m - r) log sg =jﬁZl (rs.‘j -~ 1) log s%]
= 2,19645(112.87440 - 110,65096)
= 2,19645(2,223kk)
= .88

Since 4.88 is greater than 3.8l = 3K12°95; 1s the hypothesis that the
variance of the trigonometry pretest converted scores of the control
groups was equal to the variance of the trigonometry posttest converi-
ed scores of the experimental group Eth 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 treatmenit combined with the laék of any pretest
"bias" resulted in increased variability. There is little, if any,
evidence %o support this conclusion.

TABLE XXIX

HYPOTHESES CONCERNING MEANS TESTED USING
PRETEST AND POSTTEST CONVERTED SCORES

Hypothesis F - ratie

Equal means of the algebra pretest and posttest converted 52,2511
scores for the experimental groups

Equal means of the trigonometry pretest and posttest con= 69.5511
verted scores for the experimental groups

Equal means of the algebra pretest converted scores of the 6,191
control groups and the posttest converted scores for
the non-pretested experimental group

Equal means of the trigonometry pretest converted scores of h.60¢ 1
the control groups and the posttest converted scores for
the non-pretested experimental group

1  Significant at the 5% level
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TABLE XXX

HYPOTHESES CONCERNING VARIANCES TESTED USING
PRETEST AND POSTTEST CONVERTED SCORES

Hypothesis fki 2. ratio

Equal variances of the algebra pretest and posttest 0.76¢
converted scores for the experimental groups

Equal variances of the trigonometry pretest and posttest 0.66"
. converted scores for the experimental groups

Egual variances of the algebra pretest converted scores 0,27
of the control groups and the posttest converted
scores for the non-pretested experimental group
Equal variances of the trigonometry pretest converted h.8810
- scores of the contrel groups and the posttest converted
scores for the non-pretested experimental group
! Not significant at the 5% level

11 Significant at the 5% level

Thé results in this section were obtained from compafisons of the
pretest and posttest converted scores. The results are summarized in
TABLE XXIX énd 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 achievement. One can also conclude that the
use of the pretest did not significantly affect the posttest scores
statistically. The experimental treatment did not result in any change
in the variability of either algebra or trigonometry achievement. That
is; the grouping of the scores arcund the mean remained the same under
the experimental treatment. The final comparison in this section
suggests, however, that the use of the pretest might have influenced

the variability of trigonometry achievement. This might indicate a
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desirability for further study in this ares.
Analysis of Comparisons Concerning Class Size and Imstructor

All of the previous comparisons were concerned only with the
effect of the experimental treatment., The last two 6f these compar-
iséns were an attempt to develop more evidence to permit some generaliza-
tion concerning the use of the experimental review method and larger than
ncrmalwsized‘classes or an instructor other tham the writer.

The nexi{ comparisons were made in an attempt %o eétimate the inter-
action of testing and experimentation, the inbteraction of large classes
and experimentation, and the interaction of different insiructors and
experimentation. The effects of these interactions were estimatéd by
the use of a simple 2 x 2 analysis of variance.

For these comparisons, the assumpticns which were made were the
same as those previously given. These were that the four cells rep-
vresented four 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
plausible,

The first of these comparisons explored the effect of testing,
the effect of experimentation, and the effect of interaction between
testing and experimentation on algebra achievement. The three hypoth-
eses that were tested in this comparison weres
There was nc difference between the means of the

algebra posttest scores for the contrel review
method and for the experimental review method.

=
&

2. H ¢ There was no difference between the means of the
algebra posttest scores for the pretested group
and for the non-pretested group.
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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 XXXI.

TABLE XXXI

ANALYSIS OF VARIANCE OF ALGEBRA POSTTEST SCORES
WITH MEANS ADJUSTED FOR DISPROPORTIONALITY

99

Source of Degrees Mean F - ratio
Variation of Sum of Squares Square

Freedom Unadjusted  Adjusted®
Treatment 1 5.75515 6.07hh2 6.07Lh42 023!
Testing 1 8.85400 9.17327 9,17327 235°
Interaction 1 47.53323 L7.21396  L47.21396 1.79
Within 121 3,18h4.65762
Total 124  3,246.80000

# Adjustment term = -,31927

' Not significant at the 5% level

In this comparison, the frequencies for the four different sub-

groups were disproporticnal,
the technique discusség by Wert, Neidi, and Ahmann.
When correcting disproportionality in a double

with two categories within each classification
and time-saving formula is available. For the

classification
- - - a simple
purpose of

developing the formula, a, b, ¢, and d, are designated as the

frequencies in the four cells as in Table 81.

This disproportionality was corrected by
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TABLE 81, = SYMBOLICAL DESIGNATION
OF CELL FREQUENCIES IN A
FOUR-CELL TABLE

Stub Items Headiﬁgs Total
a b kl
c d k2
Total ks k) N

-The mean score of kj cases is represented by ii, the mean
score of k2 cases by'ﬁég the mean zgore of k3 cases by X,
and the mean score of kh cases by Xh. Furthermore, the
difference between E; and.i2 equals Dl, o9 whereas the
difference between X% and Xh equals D39h° The adjustment
term for disproportion is equal to

d - be)?| (k1) (ks)(Dy. )2 + (ks)(k) )(D é}
(=)’ [ ) ()0, 20"+ ()0) 0,
= 2(Dy 2)(D3, ) (ad = be)

N | 1= (ad - be)?
klk2k3kh \
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
manner. 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 effects,

The F - ratios for a particular source of variation were computed

by dividing the mean square for the source by the mean square of the

TJames E. Wert, Charles 0. Neidt, and J. Stanley Ahmann,
Statistical Methods in Educational and Psychological Research, (New
York, 1954), pp. 212-213.
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source by the mean square of the variation within the groups. For the
hypothesis Hg, the appropriate F - ratic was computed to be ,23. Since
this was less than 3.92 = F°95§ 1, 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
at the five per cent level of significance. For the hypothesis Hgﬂs
the F - ratio was computed to be .35, Since this was less than 3.92 =
Fb955 1, 20° the hypothesis that the mean of the algebra posttest scores
for the pretested group was equal tc the mean of the algebra posttest
scores for the non-pretested group was accepted at the five per cent
level’of significance. For the last of these three hypoﬁhesesg Hé“yjl
the F - ratio Waé computed to be 1.79. This ﬁas larger than the F -
ratios computed for testing the first two of these three hypotheses.
However, this valﬁe was less than 3.92 = F°95§ 1, 120° Therefore, the
hypothesis that there was no interaction between the effecis of exper-
imentation and pretesting on algebra achievement was accepted at the
five per cent level of signifiecance, Thus, the conclusion was drawn
that pretesting had no significant effect upon algebra achievement as
evidenced by the scores on the algebra posttest.

Since it was concluded that pretesting had no significant effect
upéﬁ the algebra postitest converted scores, an analysis of covariance
was then performed with the pretest converted $cores being the covariate.
In:performing the anélysis of covariance the foilow&ng assumptions were
made s

l. A random sample of size 1 was drawn from each of 107
populationsg

2. each of the 107 populations was normalj
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3. each of the 107 populations had the same variance;

h. the populatien means within each group lay on a straight
line; and

5. the slope of the line was the same forqeach group.
The previous discussion in this chapter has shown that these assump-
tions were also reasoﬁable. |

Analysis of covariance was used to.permit correction for
initial differeﬁces in algebra achievement. Since a pretest haid
been given and since it was determined that the pretest had no éffébt
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 Hys the "corrected® control review
method effect was the same as the “@orre@ted“.experimental review
method effect for algebra achievement. The results of the computations
used to test this hypothesis are summarized in TABLE XXXIII. For this
hypothesis, F; o) = .47 which was less than .00 = Foo5; 1, 60°
Therefore, the hypothesis that the "corrected" control review method
effect was the same as the Wcorrected¥ experimental review ﬁethod
effect for algebra achievement was accepted at the five per cent level
of significance, Thus, the conclusion was again made that there was no
difference between the two review methods for achievement in algebra,

In the next comparison, the effect of testing, the effect of
experimentation, and the effect of interaction between testing and
experimentation on trigonometry achievement was examined., For this
@omparison, the three hypotheses that were tested were:

1. Hé ¢ 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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There was no difference between the means of the
trigonometry postiest scores for the pretested group
and the non-pretested group.

There was no interaction between the effects of
experimentation apd pretesting on trigonometry
achievement, That is, the effects on trigonometry
achievement of experimentation and pretesting were
additive.

Lo
Q
&
ob

The results of the computations used to test these three hypotheses
are summarized in TABLE XXXIT.
TABLE XXXIT

ANALYSTS OF VARTANCE OF TRIGONOMETRY POSTTEST SCORES
WITH MEFANS ADJUSTED FOR DISPROPORTIONALITY

Source of Degrees Mean F - ratio
Variation of Sum of Squares Sguare
Freedom Unadjusted  Adjusted®

Treatment 1 16.60313 17. 77207 17.77207 430
Testing 1 15.64893 16.81787  16.81787 Sy
Interaction 1 73.11426 T1.94532 71.94532 1.75¢
Within 121 k,965.08168 41.03373

Total 12k  5,070.L4800

% Adjustment term = 1.1689

! Not significant at the 5% level

Since the frequencies for the four different subgroups in this
comparison were disproportional, this disproportionality was corrected '
using the same technique which was discussed previousljo 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.,



TABLE XXXIII

ANALYSIS OF COVARIANCE FOR THE ALGEBRA CONVERTED TEST SCORES

Source ss 1  gp? ss > ss' ¥ dof.” us' © ¥
x y Y y

Treatments 21 .,.46600 22613 00300 - 33,40367 1 33.40367 L7

Error 6,653.31900 2,723.33462 8,466 .97200 7,322.25416 104 20.40629

Total 6,674.78500 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
L4, Sum of Squares for Residuals

5« Degrees of Freedom

6. Mean Square

7. F = ratio

' Not significant at the 5% level

#01
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For this hypothesis Hgg the appropriate F = ratio was computed to
be .Li3. Since this was less than 3.92 = F.95, 1, 120¢ the hypothesis
that the mean of the trigonometry postiest 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.
For this hypothesis Hgvg the F = ratio was computed to be .ljl. Since
this was less ﬁhan 3,92 = F o5, 1, 1208 the'hypothesis that the mean of
the trigonometry posttést scores for the pretested group was equal to
the mean of the trigonometry posttest scores f or the non-pretested group
was accepted af the five per cent level of significance. For the last
of these three hypotheses, Hé'ﬂg the F - ratio was computed to be 1.75.
This was larger tham the F - ratios computed for testing the first two
of these hypotheses. However, since this vglue was less than 3,92 =
F°95; 1, 120 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 significance. 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 was made that pretesting had no significant
effect upon the trigonomeiry posttest converted scores, an analysis of
covariance was performed with the pretest converted §cores being the
covariate. Again, the use of the pretest converted ‘gcores as the
covariate was dictated by the accessibility of the pretest converted
scores., In performing thié analysis of covariénceg %he assumptions

were the same as those used for the previous analysis of covariance.



TABLE XXXIV

ANALYSIS OF COVARIANCE FOR THE TRIGONOMETRY CONVERTED TEST SCORES

Source ss 1 SP? ss > ss' d.f.” us' © 7’
X Y y y

Treatments 152.08100 21.560159 3.06800 39,59454 1 39.59454 Y

Error 6,184 ,66700 L,066.37972 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 fér Posttest Converted Scores
L4, Sum of Squares for Residuals

5. Degrees of Freedom

6. Mean Square

7. F = ratio

' Not significant at the 5% level

901
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This analysis of covariance was used to permit correction for ini-
tial differences in trigonometry achievement. The hypothesis tested
was HO: the "corrected® control review method effect was the same as
the "corrected" experimental review method effect for trigonometry
achievement, TABLE XXXIV summarizes the results of the computations
used to test this hypothesis. Since, for this hypothesis, Fl, 10, =
.643 is less than L.00 = F o5, 19‘609 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 significance, Therefore, it was again
concluded thap there was no difference in trigonometry achievement be-
tween the two review methods.

From the preceding analyses, the conclusion was drawn that theré
was no significant difference between the regular review method and the
review method using the mechanical device for students at Wisconsin
State University, La Crosse. The design of this research study also
permitted a comparison'befwéén experimentation and different professors.

The next groﬁp of analyses was concerned with estimating the effect
of experimentation, the effect of different professcrs, and the effect
of interaction between experimentation and different professors. The
same assumpticns that were made in estimating the interaction of test-
ing and experimentation were used for these analyses.

The first of these comparisons explored thé effect of experimenta-
tion and different professors upon algebra achievement. The three
hypothéses tested in this comparison were:

1. Hg ¢ There was no difference between the means of the

algebra posttest scores for the control review
method and for the experimental review method.
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2. H, : There was no difference between the means of the
algebra 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-
perimentaticn and of different professors on algebra
achievement, That is, these effects on algebra
achievement were additive.

TABLE XXXV summarizes the results of the computations used to test
these three hypotheses. The same techniques were used for testing these
hypotheses that were used in testing the interaction between exper-
imentation and pretesting.

TABLE XXXV

ANALYSTS OF VARIANCE OF ALGEBRA POSTTEST SCORES WITH
MEANS ADJUSTED FOR DISPROPORTIONALITY

Source of Dégrees Mean F - ratioc
Variation of Sum of Squares Square
Freedom  Unadjusted  Adjusted”

Treatment 1 5,75515 8.0L19lL 8.0419L o3l
Professor 1 178.12773 180.41452  180.L1L52 ToT21 0
Interaction 1 23),,03548 231,7h869  231.7L869 9,911

Within 121 2,828,8816k 23,379.19
Total 12 3,246.80000
R

Adjustment term is 2,28679
! Not significant at the 5% level

1t Significant at the 5% level

For the hypothesis Hég the computed F - ratic was .3hk. 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 method. The testing,
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and acceptance, of H6 developed no new evidence, However, in testing
Hé', an F - ratio of 7.72 was computed. Since Fy 19 = 7.72 is greater
3
: [
than F°95; 1, 120 © 3.92, the hypothesis H; was rejected., 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 Prefessor X.

. : 1978
New- evidence was also discovered in testing the hypothesis Hb -

For this hypothesis, an F - ratio of 9.91 was computed. Since Fl 121 =
3

955 1, 120 = 3692, this hypothesis Héﬂﬂ’was also

° 3 3

rejected. That is, the hypothesis that there was no interaction between

9.91 is greater than F

the effects of experimentation and of different professors on algebraic
achievement was rejected at the five per cent level of significance,

These latter two conclusions appeared‘to indicate a bias between
the Writer and both of the review methods. However, it was possible
that there was no significant difference in gain in algebraic achieve-
ment between the”two instructors. In order to determine the plausil
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 were:

)
1. Hg H T&ere was no difference between the means of_the
- algebra converted gain scores for the control review
method and for the experimental review method,
1t .
2. Hy ¢ There was no difference between the means of the
algebra converted gain scores for the group taught
by the writer and for the group taught by Professor X,
3. Hgvﬂ s 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 TABLE XXXVI.
TABLE XXXVI

ANALYSIS OF VARIANCE OF ALGEBRA GAIN SCORES WITH
MEANS ADJUSTED FOR DISPROPORTIONALITY

Source of Degrees Mean F = ratio
Variation of Sum of Squares Square
Freedom  Unadjusted  Adjustedr

Treatment 1 21.01592 25.09209  25,09209 521
Professor i 115. 75775 119.83392 119.83392 2,501
Interaction 1 | 180. 31007 176.26390 17626390 3.681
Within 103 L,937.52177 L7.93710

Total. 106 5525L.63551

#  pdjustment term is =li.07617

' Not significant at the 5% level

For the hypothesis Hég the computed F - ratic was .52. Sinﬁé
Fl; 103 = ,52 is less than F°95; 1, 60 L.00, the hypothesis that the
mean of the algebra converted gain scores for the pretested control
group was equal té 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 equally effective in producing growth in
aléebraic achievement,.

Por the hypothesis Hgng the computed F -~ ratio was 2,50. Since
Fl, 103 = 2,50 is less than F°95§ 1, 60 ° .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 equal 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 significance. From this result and an examination
of TABLEIEXI, the conclusion was drawn that there was actually no
statistical difference between the two professors in producing growth im
algebraic achievement in their students at Wisconsin State University,
La Crosse,

For the hypothesis Hénug the computed F - ratic was 30680 Since
F

= 3,68 is less than F = }j.00, the hypothesis that

1, 103 .953 1, 60
there was no imteraction between the effects of experimeéntation and
differént instructors on growth in algebra achievement as evidenced by
algebra gain scores was accepted at the five per cent level of signif-
icance., From this result, it was concluded that there was no apparent
statistical interaction between experimentation ana different instruc-
tors for algébra achievement, This conclusion was‘drawn on the assump-
tion that increase in achievement was more desirable than the attain-
ment of a specific achiévement gcore.

The next comparisons aptempted to estimate the effect of exper-
imentation and different professors upon trigonometry achievement. The
three hypotheses tested weres

1. Hp ¢ There was no difference between the means of the
trigonometry posttest scores for the control review
method and for the experimental review method.

There was no difference between the means of the

trigonometry postiest scores for the group taught by
the writer and for the group taught by Professor X.

N
©
&
o0

3. HO ¢ There was no interaction between the effects of ex-
perimentation and of different professors on trig-
onometry achievemeni,
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TABLE XXXVII summarizes the results of the compubtations used to test
these three hypotheses,
TABLE XXXVII

ANALYSTS OF VARIANCE OF TRIGONOMETRY POSTTEST SCORES
WITH MEANS ADJUSTED FOR DISPROPORTIONALITY

Source of Degrees Mean F - ratie
Variation of Sum of Squares Square
Freedom  Unadjusted  Adjusted®

Treatment 1 16.60313 19.66286 19.66286 . 50!
Professcr 1 118.57566 121.63539  121.63539 3.081
Interaction 1 1630505?1@ 160. 41601 160, 1311601 h.o7re
Within 121 b, 771.76347 39.43606

Total 12y 5,070.LL800

#  Adjustment term is 3,05973
! Not significant at the 5% level

1t Significant at the 5% level

For this hypeothesis Hgg the computed F - ratio was .50, Since
Fy o491 = .50 is less than F°95§ 1, 120 = 11,00, the redundant conclusion
was made that the mean of the trigonometry posttest scores for the econ-
trol review method was equal to the mean of the trigonometry postitest
scores for the experimental review method. Here alsc, the testing and
acceptance of Hg developed no new evidence, This procedure merely con-
firmed a previous conclusion,

For the hypothesis Hgn, the computed F - ratio was 3.08. Since
Fl, 187 = 3,08 is less than F°95§ 1, 120 * 11,00, 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 was aﬂceptedvht the five per cent
level of significance. For the hypothesis Hgﬂﬂg the computed F -~ ratio
was found to be k.07. Since Fl, 121 = L4.07 is greater than Fogs 1, 120 =
.00, the hypothesis that there was no interaction between the effects of
experimentation and of different professors on itrigonometry achievement
was rejected at the five per cent level of significance. This conclusion
and the relatively large value of the F ~ ratio computed for the hypoth-
esis ng prompted the decision to examine the trigonometry converted

gain scores with another analysis of wvariance.

Using the converted gain scores for trigonometry achievement, the
three hypotheses tested were:

1. Hy ¢ 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 X.

[Nl
©
&
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There was no interaction between the effects of
experimentation and different instructors on
trigonometry achievement as evidenced by trig-
onometry converted gain scores,

\¥S)
°
S*

The results of the computations used to test these three hypotheses
are summarized in TABLE XXXVIII.

For the hypothesis Hé, the computed F - ratio was 1.94. Thus
Flg 103 * 1.9h is less than F°95; 1, 60 = L.00 and the hypothesis that
the means of the trigonometry converted gain scores for the control
review method was equal to the ﬁean 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 - ratioc was considerably larger than that of any of the cor-
responding F - ratios computed previously. It appeared then that there
was a greater variation between the twe review metheds fﬁf trigonometry
achievement than for algebra achievement,

TABLE XXXVIIT

ANALYSIS OF VARIANCE OF TRIGONOMETRY CONVERTED GAIN
SCORES WITH MEANS ADJUSTED FOR DISPROPORTIONALITY

Source of Degrees Mean F - ratio
Variation of Sum of Squares Square
Freedom Unadjusted Adjusted”

Treatment 1 107. 777kl 121.84220  121.84220 1.9k
Professor 1 261.67782 275.7h258 275.7h258 k.39
Interacticn 1 526.75410  512.6893h  512.6893hL 8,171t
Within 103 6,L6kL.25793 62.75979

Total 106 75360.46729

*  pdjustment term is -1kh.06L76
!  Not significant at the 5% level

't Significant at the 5% level

For the hypothesis Héng the computed F - ratio was 4.39. Since

F = ;.39 is greater than F 4. 60 = 400, the hypothesis that
955 1, 60

1, 103
the mean of the trigonometry converted gain scores for the pretested
group taught by the writer was equal %o the mean of the trigonometry
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 pfeviously 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 X. However, this hypothesis was based solely on re-
sults from pretested students, while the previous hypothesis was based on
results from posttested students. Thus, it appeared that groups Ch,N and
Eth had an influence upon the previous hypothesis. From these results,
it appeared that further study in this area would be desirable,

For the hypothesis Héﬂwg the computed F - ratio was 8.17. Since
Fl, 103 * 8.17 is greater than FO9S; 1, 60 = k.00, the hypothesis that
there was no interaction between the effects of experimentatiomn and
different instructors on trigonometry achievement was rejected at the
five per cent level of significance. The rejection of this hypothesis
and the rejection of the previcus hypothesis concerming interaction be-
tween experimentation and instructor based upon a comparison of post-
test scores resulted in the conclusion that instructor bias was intro-
duced inte the research study.

An examination of TABLE XXI relealed that the bias which was intre-
duced into the study was in favor of the writer for trigonometry achieve-
ment. One possible explanation of this apparent bias was the fact that
the writer in his teaching as well as im both review methods developed
the trigonometric functions from a "eircular function" approach. Profes-
sor X might have used a more traditional Wright-triangle® development of
the trigonometric functions. Nevertheless, it appears that further
study in this area would be desirable.

The design of this research study alsc permitted a comparison be-
tween experimentation and class size., The final set of analyses was
concerned with estimating the effectrof experimentationl the effect of
class size, and the effect of interaction between experimentation and

class size. Again, the same assumptions that were made in estimating



the interaction of experimentation and testing were used for these

analyses,

ra

TABLE XXXIX

ANALYSIS OF VARIANCE OF ALGEBRA POSTTEST SCORES WITH

MEANS ADJUSTED FOR DISPROPORTIONALITY

Source of Degrees Mean P - ratio
Variation of Sum of Squares Square

Freedom  Unadjusted  Adjusted’
Treatment 1 5.75515 7.62982 7.62982 0301
Class size 1 9k,07638 95.95105 95.95105 3.82¢
Interaction 1 10662536 104.75069  10k.75069 L1710
Within 121 3,0L40.34311 25,12680
Total 12 3,2146.80000

¥*

1
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Adjustment term is 1.87467
Not significant at the 5% lewvel

Significant at the 5% level

The first analysis explored the effect of experimentation and

class size upon algebra achievement. The hypotheses tested in this

analysis were:

10 HO

Z. B

ae

There was no difference between the means of the
algebra posttest scores for the control review
method and for the experimental review method.

There was no difference between the means of the
algebra posttest scores for the above normal-
gized class and for the normal-sized classes,

There was no interaction between the effects of
experimentation and of class size on algebra
achievement.,

TABLE XXXTX summarizes the results of the compubations used to test
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these three hypotheses. The same techniques were also used fdr testing
these hypotheses that were used in testing the interaction between ex-
perimentation and pretesting,

For the hypothesis Hég the computed F - ratio was .30. Since
Fl, 191 = .30 is less than F°953 1, 120 = 3.92, the hypothesis that the
mean of the algebra postiest scores for the control review group was
equal to the mean of the algebra postiest scores for the experimental
review group was accepted at the five per cent level of significance.
The testing of this hypothesis Hg 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.

For the hypothesis Héqs the computed F - ratio was 3.82. Since
Fl, 191 = 3-82 is less than F°95§ 1, 120 © 3.92, the hypothesis Hé' was
statistically accepted at the five per cent level of significance. Thus,
it was congluded that the mean of the algebra poéttest scores for the
above normal-gsized classes was equal to the mean of the algebra post-
test scores for the normal-sized classes. Howeyer, since 3.82 was
relatively close to 4,00, further examination was deemed advisableo

For the hypothesis Hégﬁg the computed F - ratio was 4.17. Since
Fl, 191 = 4,17 is greater than F°95; 1, 120 © 3.92, this hypothesis was
rejected. 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 funection-
al relationship between review method and the class sizes used in this

investigation. However, it was also possible that there was no signif-

icant difference in gain in achievement in algebra between the two
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different sized classes. In order to determine the statistical correct-
‘ness of this conclusion, another analysis of variance of algebra convert-
ed gain scores was developed.
The three hypotheses tested using the algebra gain scores were:
1
1. Hy ¢ There was no difference between the means of the
algebra converted gain scores for the control review
method and for the experimental review method,
2o Hy : There was no difference between the means of the

algebra converted gain scores f or the above normal-
sized class and the normal-sized classes, :

:

3. H ¢ There was no interaction between the effects of ex-
perimentation and class size on algebra achievement
as evidenced by algebra converted gain scores,
The results of the computations used to test these three hypotheses are
summarized in TABLE XL.
TABLE XL

ANATYSTS OF VARIANCE OF ALGEBRA CONVERTED GAIN SCORES
. WITH MEANS ADJUSTED FOR DISPROPORTIONALITY

Source of Degrees Mean F - ratie
Variation of Sum of Squares Square
Freedom  Unadjusted  Adjusted®

Treatment 1 21,01592 22,38010  22.38010 LSt
Class size 1 25,2502 26.61439 26,6139 5L
Interaction 1 9316379 92,09961  92,09961  1.85°
Within 103 sjllha90559 49.65928

Total 106 5,25h.63551

*  Adjustment term is -1.36418

! Not significant at the 5% level
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For the hypothesis Hg, the computed F - ratio was .38. Since

F = .38 is less than F = };,00, the hypothesis that the

1, 103 0955 1, 60
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 group 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 achievemenp in algebra,

For the hypothesis Hév, the computed F - ratio was .5lj. Since
Fl, 103 * .bly is less than FB95§ 1, 60 ° .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-
ance of the previous hypothesis Hés which algo concluded that there was
no difference between algebra achievement and class size.

For the hypothesis Héw', the computed F - ratio was 10357 VSihce
Fl, 103 = 1.85 is less than F°95; 1, 60 Q:QQ? the hyppth@g?s»that
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 contfadicted the previous conclusion which was based upon
posttest scores rather than converted gain scores., 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 conclusion was drawn,that 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 trigonometry achievement. The hypotheses tested were:

1. Hé ¢ There was ne difference between the means of the
trigonometry postiest scores for the conitrol review
methed and for the experimental review method.

7t

2o HO ¢ There was no difference between the means of the
trigonometry posttest scores for the above normal-
sized class and for the normal-sized classes.

3. ngﬂ ¢ There was no interaction between the effects of
experimentation and of class size on trigonometry
achievement.

TABLE XLI summarizes the results of the compubations used to test these
hypotheses. The testing of these hypotheses used the same teéhniqpes
that were previcusly used in testing the interaction between experi-
mentation and pretesting.

TABLE XLI

ANALYSIS OF VARIANCE OF TRIGONOMETRY POSTTEST SCORES
WITH MEANS ADJUSTED FOR DISPROPORTIONALITY

Source of Degrees Mean F - ratio
Variation of ‘ Sum of Squares Square
Freedom  Unadjusted Adjusted®

Treatment 1 16.60313 18.56789 18.56789 oub?
Class size 1 113.05763 b5.02239  L5.02239 1,31
Interaction 1 93,09761 91.13285  91.13285 2,2k
Within 121 k,917.68963 140, 61206
Total 12 5,070.LL800

#*

Adjustment term is 1.96L76

! Not significant at the 5% level
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For the hypothesis Hég the computed F = ratioc was .h6. Since
Fl$ 191 ® o6 is less than F°95§ 1, 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-
perimental review group was accepted at the five per cent level of
significance. From this, and previous conclusions, the decision was
made that there was no statistical difference between the results ob-
 tained by either review method for both achievement in trigonometry and
achievement in algebra.

For the hypothesis Héug the computed F - ratic was 1l.1l. Since
Fls 197 = 1+11 is less than F°95§ 1, 120 = 3.92, the hypothesis that
the mean of the trigonometry postiest scores for the above normal-sized
class was equal to the mean of the trigonometry posttasst scores for the
normal-sized c¢lass was accepted‘at the five per cent level of signif-
icance, That is, there appeared to be no statistical difference between
the Qiass size used and achievement in trigonometry.

For the hypothesis Héﬂug the computed F - ratic was 2.24. Since

F 202)4 iS leSS than F 950 l 120 = 30925 tﬂhe hypOtheSiS thatv
° E 9

1, 121 °
there ﬁas no interaction between the effects of experimentation and ef
class size on trigonometry achievement was accepted at the five per cent
level of significance., That is, the conclusion was drawn that the
funetional relationship between the variable denoted as experimentation
and the variable denoted as class size was linear,

Even though the three preceding hypotheses were accepted, since
a comparison of algebra converted galn 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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Using the co

three hypotheses

1. Hé s

3. H

The results of th

are summarized in
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ng trigonometry converted gain gcores.

nverted gain scores for trigonometry achievement, the
tested weres

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 whs no difference between the means of the
trigonometry converted gain scores of the above
normal-sized class and for the normal-sized classes.
There was no interaction between the effects of
experimentation and of class size on trigonomeiry
achievement as evidenced by trigonometry converted
gain scores,

e computations used to test these three hypotheses

TABLE XLIT.

TABLE XLIT

ANALYSIS OF VARIANCE OF TRIGONOMETRY CONVERTED

QAIN SCORES WITH MEANS ADJUSTED
FOR DISPROPORTIONALITY

8es Mean F = ratio

Source of Degr
Variation of

Free
Treatment 1
Class size 1
Interaction 1
Within 103
Total 106

* Adjustmen

Sum of Squares Square
dom  Unadjusted Adjusted®
107, 777kl 113.141k3  113.14143  1.68°
76.17699 81.51098 81,54098  1.21¢
221.67066 216,30667  216.30667  3.20!
6,95L.8L220 67.52274

7,360.L6729
+ term is -=5.36399

! Not significant at the 5% level
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For the hypothesis Hgg the computed F - ratic was 1.68. Thus,
F19 153 = 1,68 is less than F°95; 1, 60 = .00 and the hypdthesis that
the mean 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. Again, it was noted that the value of this F -
ratio was much larger than any of the corresponding F - ratios computed
-for algebra converted gain'scores° This result confirmed the previocus
conclusion that there appeared to be a greater variation between the
two review methods for trigonometry achievement than for algebra achieve-
ment.

For the hypothesis Héﬂg the computed F -~ ratioc was l.21l. Since
Fl, 103 = 121 is less than F°95; 1, 60 = 4,00, the hypothesis that the
mean of the trigonometry converted gain scores for the above normal-
sized class was equal tc 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 significance, This confirmed the preceding
conclusion based upon the trigonometry posttest scores. Thus, there
appeared to be no statistical difference between the type of review
method and the sizes of the classes used for this research.

For the hypothesis Hgﬂug the computed F - ratio was 3.20. Since

= 3,20 is less than F = };,00, the hypothesis that

Fy, 103 2955 1, 60
there was no interaction between the effect of experimentation and the
effect of ¢lass size on trigomometry achievement as evidenced by

trigonometry converted gain scores was accepted at the five per cent

level of significance. This conclusion reinforced the previous core
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clusion that there was a linear relationship between the variable de-
noted as experimentation and the variable denoted as class size,

The results of the comparisons reporited in this section are suzﬁ=
marized in TABLE XLIIT and TABLE XLIV. The comparisons revealed ne
superiority for either review method, either instructor, or either
class-size for algebra achievement. Furthermore, these comparisons re-
vealed no superiority for either review method or for class-size for
trigoncmetry achievement. However, these comparisons did reveal &
significant statistical interaciion between experimeptation and instruc-
tor. This interaction sesmed to favor tﬁe writer and the experimental
method for achievement in trigonometry. This interaction creates am
area’into which further investigation could be profitably pursued,

The analyses reported in this chapter reveal no significant statis-
tical difference between review method, class-size, or instructor for
either algebra or trigonometry achisvement with the exception reported
in the preceding paragraph, While some of the comparisons gave F -
ratios which appeared to comtradict each cther, many of these were made
from different sub-populations so that the groups were not directly com-
parable. However, if the main criteria for judging the effectiveness
of review method, class-size, or instructor is gain in algebra or trig-
onottetry achievement, the analyses in this chapter revealed no difference
in effectiveness except for the combination of instructor and trigonom-
etry,

Chapter V provides an imberpretation of these resulis and analyses
through a summary of the findingso Conclusions and implications re-
lative to the findings and recommendaticns for further research will

complete this final chapler.
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TABLE XLITI

HYPOTHESES TESTED CONCERNING THE EFFECTS OF EXPERIMENTATION,
CLASS~-SIZE, AND INSTRUCTOR ON ALGEBRA ACHIEVEMENT

Hypothesis F - ratio

BEqual means of the algebra posttest scores for the D.23¢
control and the experimental review method

Equal means of the algebra posttest scores for the 0.351
pretested and non-pretested groups

No interaction between pretesting and experimentation 1.79¢
on algebra achievement

Equal Yecorrected" effect on algebra achievement for 0.47°
the contrel and the experimental method

Egual means of the algebra posttest scores for the A T-7201
writeri's and Professor X's group

No interaction between experimentation and instructer 9.91t¢
on algebra achievement :

Equal means of the algebra gain scores for the control 0.52¢
and the experimental groups

BEqual means of the algebra gain scores for the writer's 2,501
and Professor X's group

No interaction between experimentation and instructor 3,68¢
on gain in algebra achievement

Bqual means of the algebra posttest scores for the 8,171
large-size and the normal-size class

Ne interaction between experimentation and class size a7
on algebra achievement

Equal means of the algebra gain scores for large-size o5h?
and normal-size classes ’

No interaction betwesn experimentation and c¢lass size on 1.851¢
gain in zlgebra achievement

i Not significant at the 5% level

19 Significant at the 5% level
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HYPOTHESES TESTED CONCERNING THE EFFECTS OF EXPERIMENTATION,
CLASS-SIZE, AND INSTRUCTOR ON TRIGONOMETRY ACHIEVEMENT

Hypothesis F - ratio

Equal means of the trigonometry posttest scores for the 0.43!
control and the experimental review methed

Equal means of the trigdnometry posttest scores for the 0.h1!
pretested and non-pretested groups

No interaction between pretesting and experimentation 1.75¢
on trigonometry achievement

EQual "corrected® effect on trigonometry achievement for 0.6k
the control and the experimental method »

Equal means of the trigonometry posttest scores for the 3.08!
writer's and Professor X's group :

No interaction b etween experimentation and instructor L.OT7e
on trigonometry achievement

Equal means of the trigonometry gain scores for the 1.9L¢
control and the experimental group

Equeal means of the trigonometry gain scores for the 3910
writer's and Professor X's group '

No interaction betweer experimentation and instructor B.171¢
on gain in trigonometry achievement

Equal means of the trigonometry posttest scores for 1.11
the large-size and the normal-size class

No interaction between experimentation and class size 2.2l
en trigonometry achievement

Equal means of the trigonometry gain scores for 1.21!
large~size and normal-size classes

No interaction between experimentation and class size 3,201

on gain in trigonometry achievement
i Not significant at the 5% level

'1  Significant at the 5% level




CHAPTER V
INTERPRETATION OF RESULTS
Review of the Purpose and Design of the Study

This report presents a description of a study that was conecerned
with an evaluation of a review method for an undergraduate pre-calculus
mgthemati@s gourse featuring a comparatively inexpensive mechanical
device, Recognizing that soaring collsge enrollments and a shortage
of qualified professors have created expanding and increasing educa-
tional problems, the present study used two different types of review
technigues for a pre-calculus course in algebra and trigonometry in an
attempt to discover a method for possible alleviation of these prob- -
lems, The major purpose of the study was to compare the effects of a
conventional review method with the effects of an experimental review
method, featuring a mechanical device, on students algebraic and
trigonometric achievement,

The research design used for this study was a medifigatien of
the Solomon Four=Group Design described by Campbell and Stanleyl0
This study was only concerned with the relative merits of the two re-
view methods in producing an inerease in algebraic and trigonémetri@

achievement,

1Donald T, Campbell and Julian C, Stanley, "Experimental and
Quasi-Experimental Designs for Research on Teaching," Handbook of
Research on Teaching, ed, N. L. Gage, (Chicago, 1963), p, 115,
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Three sections of Mathematics 109, Algebra and Trigonometry, were
selected to participate in the present study during the first semester
of the 1965m1966 academic year at Wisconsin State University, LaCrosse.
Two of the sections were taught by the writer and the other by another
member of the mathematics department at Wisconsin State University,
LaCrosse. The two sectioms taught by the writer consisted of fifty-
eight students and thirty-six students. . The section taught by the
other professor consisted of thirty-one students. The student partici-
pants were assumed to be a random selection from a normal population
of students at Wisconsin State University, LaCrosse. 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, New Jersey.
Two tests were given as pretests and two tests were given as posttests.
Form A of the Algebra IIT 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 givem as postiests. The data thus provided was
analysed to determine the relationship between the kind of review method
used by the students and their algebraic or trigonometric achievement,
Statistical analyses were made to determine differences between
the experimental review method and the control of “conventional"vreview
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 Snedecor's 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 summarized in terms of the major questions relative
to the investigation. The significant findings reported are in terms of
the college students.included in this study as representative of college
students enrolled at Wisconsin State University, LaCrosse,

1, Will the ineréase 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 whic¢h featured an inexpensive mechanical de-
vice consisting of a synchronized slide projector and tape
recorder?

There were na significant differences between groups with regard
to increase in achievement in algebra, This conclusion was deduced
from four separate and distinet 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 élgebra 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 was no statistical difference between the experi-

mental review method and the control review method for the students

involved in this study.
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2, Will the increase in achievement in trigonometry of the
group using the control review method differ from the in-
erease in achievement in trigonometry of the group using
the experimental review method?

There were no significant differenées between groups with regard
to inerease in achievement in trigomometry. Four separate and distinet
analyses of variance were used to deduce this conclusion. Two of these
were computed using the means of the trigonometry postiest scores. The
other two were computed using the means of the trigonometry gain scores.
An analysis of covariance was alsc computed by using the trigonometry
posttest converted scores and the trigonometry pretest converted scores.,
For all of these analyses, there was no statistical difference between
the two different review methods for the students involved in this
study,

3, Will the increase in achievement in algebra be affected by
a combination 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
gsources of variation, 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,
However, since increase in algebra achievement was the desired char-
acteristic, an analysis of variance was performed on the means of the
algebra converted gain scores with thg same sources of wariatien. 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 sonclusive, the c¢onclusion 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 characteristiec,
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This cenclusion was limited, of course, to groups of the same size
that were used in this research.

o Will the increase in achievement in trigonometry be affected
by & combination of ¢lass size and review method?

When an analysis of variance was performed on the meéns of the
trigonometry posttest scores using review method and class size as the
sources of variation, there was mno significant statistical interaction
between the type of review method used and the size of the class. An
analysis of variance was alsoc 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 class, Statistical
significance was measured from the five per cent level., The sample
size for the first of these analyses was 125 and the sample size of
the second analysis was 107, but the sscond sample was a subset of the
first sample, From thess results it was concludsd 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
2 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 variation, there was a significant statistical inter-
action between the type of review method and the particular instructor,
This was true at the five per cent level of significance for a sample
size of 125, A@ains since inerease 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 size for this analysis was also 107, For this analysis,
there was no statistical interaction between the type of review method
used and the particular instructor, Here again, the results were not
coﬁpletely conclusive, but, since inecrease in algebra achievement was
considered to be the desirable result, the conclusion was made that
there was no relationship betwsen the type of review method used and
the two instructors who were teaching algebra and who were involved in
this research,

6, Will the increase in achievement in trigonometry be affected
by & combination of different professor and review method?

There was a significant statistical interaction between the type
 of review method used and the class instructor, when an analysis of
varlance was performed on the means of the trigonomeiry postitest scores
using review method and different professor as the sources of wvariation,.
When an apalysis of variance was performed on the means of the trigonom-
ebry converted gain scores using review method and ¢lass instructor as
the sources of variation, there was also a significant statistieal
interaction between the review method used and the instructor teaching
the ¢lass, This was apparent when increase in student achievement in
trigonometry was being evaluated, In fact, the F - ratio computed

from the converted galn scores was much larger that the F - ratio com-
puted from the posttest scores. This indisated greater interaction
between review method and class instructor when measured with converted
gain scores than when measured with posttest scorss., An examination

of the data indicated a much smaller mean for the converted gain scores
of the group that was taught by the cther professor and that used the

gontrol review method than for any of the other groups. There was
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little differehce between the mean of the group that was taught by the
writgr and that used the experimental review method and the mean of

the group that was taught by the writer and that used the control

method, Both of these groups has means which were nesrly twice the

value of the smallest mean mentioned above., The conelusion was then

made that the increase in trigonomeiry achievement was affected by a
combination of review meﬁhod and professor. The data seemed to suggest
that the combination of control review method and Professor X wag least
effective in producing an increase in student achievement in trigonometry.
This certainly suggests that this is an area where further research would

be desirable and profitable.
Implications

The findings suggest the following impliecations for the further

study of this type of mechanimed review device:

1. Information cbtained in the present study suggests the
ubility of the research design in further study of the use
of this mechanized review method by undergraduate students
of pre-calculus mathematies, Since differences in achieve-
ment between groups were primarily concerned with an in-
srease or gain in achievement, factors in the students!
background that were not inecluded in this investigation may
have influenced his incrsase in achievement. More specifiec
differences would be noted when considering this inereass
in achievement a#s an individual rather than a group phenome-

non,
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26 'Individuals investigating the use of the review method
discussed in this study should construet review materials
which will reflect the experience and attitudes of all
persons involved in the study, This should reduce the

. interaction between type of review method and class in-.
struetor, 'Perhaps the only way to minimize this inter-
pletely as possible in the study itself,

3, The findings reveal that the differences in achievement in
algebra were not affested as much by combinations of review
method;, c¢class size, and instructor as was achievement in
trigonometry, This suggests that there may be something
inherent in the course content in btrigonomedry that is in-
fluenced by different combinations of these factors. The
results of the study seem to imply that the greatest in-
crease in aghievemsnt is brought about by a combination of
trigonometry cbntent, 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 recommendationss

1. An intensive analysis should be employed te consider the

type of student that would have the greatest inerease in
achievement using this review method for algebraie content

and for trigonometric content, This would permit a betier
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evaluation of the optimél use for this mechanized review
method.

2. It appears to be advisable to investigate in much more
depth the relationship between the use of mechanized re=-
view methed and the class instructor., That is, what kind
of professor is moét effective in producing increase in
achievement when using this review method?

3, It also appears to be advisable to investigate much more
deeply the relationship between thé use of this review
method and the size of the class involved,

L, The multiple relationshiﬁ'between this review method, 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 past decade; much has been written about mathematics
education in this country. Initially, most of this discussion was
focused upon the elementary and secondary mathematics curriculum. In
the last few years, 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
scaring enrollments in higher edusation; the shortage of qualified
mathematiecs professors; and the itremendous increase in technolegy and
knowledge. These three events have been well documented, and, if cur
system ofrhigher education in mathematics is to remain dynamie 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 departm;entso The findings suggest
the possibility of handling large sections of pre-galculus algebra and
trigonometry with the aid of the mechanized review method described in
this study. While this research was not adequate for a final and de-
finitive statement concerning this possibility, the findings were
adequate enough to suggesﬁ that further study in this area would be

desirable and that such study should be heartily encouraged.
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APPENDIX

C., TEST RESULIS

1
Student Tfigénometry Scores Algebra Secores
Number Pretest Posttest Pretest Posttest’

Converted Raw Converted Raw Comnverted BRaw Converted Raw

1 o 1k9 1 151 16 138 9 1l 15

2 147 13 173 31 167 28 170 31
3 150 15 163 2l 1Ll 13 152 20
by 10 9 5L 18 SV 13 142 1
5 bk 11 15k 18 157 21 157 23
6 137 7 136 6 136 8 123 2
7 1L L 15 12 16 1h 1Lk 15
8 1k 11 16l 25 140 10 162 26
9 132 L 15 12 138 9 119 18
10 139 8 137 7 11 11 139 12
11 137 7 13k 5 136 8 L7 17
12 155 18 155 19 143 12 156 22
13 5 12 152 17 17 15 149 18
i b5 12 149 15 11 11 165 28
15 2 10 155 19 140 10 159 2l
16 15L 17 165 26 149 16 167 29

17 1k 11 146 13 136 8 146 16




APPENDIX (Continued)

E., TEST RESUITS

1

U2

Student Trigonometry Scores » Algebra Scores
Number ~Pretest Posttest ~Pretest Posttest:
Converted Raw Converted Raw Converted Raw Converted Raw
1 140 9 180 22 141 11 157 23
2 137 7 8 28 w15 186 2
3 134 5 157 20 IhT 15 16k 27
I 13k 5 b3 11 135 7 15k 21
5 155 18 16l 25 155 20 161 25
6 12 10 160 22 1Lk 13 162 26
7 k5 12 18 i 180 17 156 22
8 140 9 152 17 23 12 15L 21
9 135 6 15k 18 136 8 154 21
10 129 2 136 é 136 8 1k 15
11 bk 11 157 20 136 8 146 16
12 132 L 1Lé 13 16 - 3ke 1k
13 15 12 157 20 158 22 16l 27
b 142 10 139 8 138 $ ik 15




KPPENDIX (Continued)

2

¢, TEST RESULTS

143

Student
Number

Trigonometry Scores

Algebra Scores

Pretest

Posttest

Pretest

~ Posttest

Converted Raw Converted Raw

Converted Raw Converted Raw

o Ui fioag S

-3

10
11
12

i3

15
16
17
18
19
20

21

147
15L
12
131
137
L9
13k
k5
126
17
7
152
140
129
154
b9
139
132
150
129
12

13

17

16

15

10

16k
170
143
19
15k
161
157
152
149
15k
1h9
152
163
1h9
kL9
167
15k
151
167
1h5
161

25
29
11
15
18
23
20
17
15
18
15
17
2k
15
15
27
18
16
27
12

23

158
153
138
133
138
155
153
19
1h1
1ho
k7
7
L3
k3
135
16k
152
138
158
138
155

22
19
9
é
9
20
19
16
11
10
15
15
12
12
7
26
18
9
22

9
20

161
156
156
16
162

162

157
170
7
156
156
166
161
151
154
182
156
15k
16L
15k
169

25
22
22
16
26
26
23
31
17
22
22
22
25
19
21
38
22
21
27
21

30
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APPENDIX (Contimed)
CQ TEST RESULTS

Student __ Trigonometry Scores  Algebra Scores
Number Pretest Posttest , Pretest Posttest
Converted Raw Converted Raw Converted Raw Converted Raw

22 152 16 173 31 185 20 164 27

23 135 6 148 136 8 1k6 16
2l 150 15 165 26 160 23 165 28
25 150 15 152 17 136 8 147 17
26 2 10 1L5 12 143 12 18k 21
27 1h9 U 15 18 147 15 157 23
28 135 6 13 11 135 7 16 16
29 Lshy 11 16k 25 161 2, 16k 27
Ch,P TEST RESULTS
Student  Trigonometry Scores ' Algebra Scores
Number Pretest Posttest Pretest Posttest

Converted Raw Converted Raw Converted Raw Converted Raw

1 149 1 151 ié 1 11 151 19

2 19 i 15k 18 150 17 157 23
3 139 8 165 26 146 1, 167 29
b 149 1 171 30 16 Uy 161 25
5 k5 12 170 29 153 19 15k 21
6 1hh 11 161 23 1k 13 159 2k
7 135 & 12 10 1 11 147 17
8 162 22 173 31 16k 26 172 a2

9 1k, 11 163 2y 14O 10 159 2,




APPENDIX (Continued)

E2 TEST RESULTS

L]

Student  Trigonometry Scores Algebra Scores
Number Pretest Posttest Pretest Posttest
Converted Raw Converted Raw Converted Raw Converted Raw
1 135 6 12 10 138 9 12 1
2 152 16 168 26 150 17 162 26
3 12 10 167 27 150 17 16k 27
h 10 9 15 12 1o 10 159 2k
g 150 15 16L 25 158 22 169 30
6 132 h 148 1 150 17 149 18
7 152 16 154 18 1h9 16 154 21
8 132 L 155 13 133 6 17 17
9 137 7 160 22 140 10 157 23
10 s 12 163 2 b7 15 162 26
11 7 13 151 16 150 17 157 23
12 19 1, 155 19 17 15 156 22
13 150 15 155 19 1kl 11 159 2l
1 142 10 143 11 146 1 161 25
15 19 1y 165 26 16k 26 159 2l
16 147 13 152 17 150 17 156 22
17 145 12 155 19  1h6 U 152 20
18 139 8 155 19 143 12 159 2l
19 131 3 15 12 1k6 n 161 25
20 131 3 157 20 14O 10 161 25
21 127 1 151 16 135 7 156 22



APPENDIX (Continued)
E, TEST RESULTS

2

L6

Student __ Trigonometry Scores

Algebra Scores

Number Pretest Posttest

Pretest

Posttest

~ Conmverted Raw Converted Raw

Converted Raw Converted Raw

22 1k 11 167 27 153 19 159 2l
23 139 8 154 18 147 15 157 23
2l 165 2h 176 33 184 26 162 26
25 139 8 15k 18 1 L 151 19
26 142 10 173 31 155 20 167 29
27 132 L s 12 1 15 1) 21
28 155 18 157 20 1L6 i 165 28
29 137 7 149 15 - 1l 11 151 19
Eh;P TEST RESULTS
Student __,:Trigonoméﬁfy'Séores Algeﬂra Scores
Number Pretest Posttest Pretest Posttest

Converted Raw Converted Raw

Converted Raw Converted Raw

1 149 L 16k 25

2 )N 11 154 18
3 5 12 155 19
b 139 8 15k 18
5 15 12 157 20
6 137 7 157 20
7 137 7 139 8
8 127 1 15 12
9

142 10 161 23

11
13
11
W6
136
1,0
136
136
7

11
12
11
h
8
10
8
8
15

167
152
152
157
L7
15k
152
139
157

29
20
20
23
17
21
20
12

23
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APPENDIX (Continued)

Cy 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 16y 27
7 167 27 167 29
8 lug 15 148 18
9 146 ‘ 13 169 30
10 152 17 165 28

I:‘.‘+ N TEST RESULTS

Student Trigonometry Scores Posttest Algebra Scores Posttest
Number  Converted Raw Converted Raw
1 165 26 162 26
2 152 17 165 28
3 ' 145 12 149 18
4 170 29 162 26
5 143 11 1u4 15
6 160 22 le4 27
7 133 4 _ 147 17

8 136 6 141 13
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