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A STUDY OF THE FRESHMAN MATHEMATICS PLACEMENT PROGRAM

AT THE UNIVERSITY OF OKLAHOMA

CHAPTER I

BACKGROUND OF THE PROBLEM

Introduction

The proper placement of freshman students in college mathematics
courses presents a problem which is becoming of increasing importance.
In part this is due to the fact that the mathematical backgrounds of
iigh school graduates who now enter college are extremely varied. Less
émphasis is being placed on mathematics in the high schools now than
formerly, with the result that many students, if they are to succeed in
college mathematics, must be given work of a sub-college nature. In
prder not to penalize those students whose high school preparation is
gdequate for college mathematics, some means of proper placement of stu—}
?ents is necessary. The number and type of mathematics courses appearin%
En the student's high school transcript do not form adequate criteria I
#ecause in too many instances a passing mark in high school mathematics
does not represent mastery of the minimum essentials necessary to succesé
ﬁn college mathematics. While this problem of proper placement exists
ﬁn other fields also, it is of particuler importance in the field of

mathematics because of the sequential nature of mathematics courses.

1
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Description of Freshman Mathematics Courses at the University of Oklakioms

In order to look at the problem as it occurs at the University
bf Oklahoma, a brief survey is needed of the introductory mathematics
courses. Beginning students most frequently choose from among remedial
mathematics, intermediate algebra, and mathematical analysis I. These
and cther freshman mathematics courses are described briefly in the fol-
lowing paragraphs.

Mathematics R,1 or remedial mathematics, is offered to those
students whose preparation is very inadequate. At the present time
this course meets three hours per week and carries one hour of college
credit. Its content consists primarily of the fundamentals of arith=-
metic and very elementary algebra.

;’ Mathematics 2, or intermediate algebra, is a three-hour course
%hich is approximately the equivalent of the third semester course in
&igh school algebra., It is offered to students who enter college with
@nly one unit of high school algebra. However, students who have had
three semesters of high school algebra are permitted to take mathematics.
é and receive college credit for it.

Mathematics 21, or mathematical analysis I, which carries five

g

hours credit, is the first half of an integrated course which covers much
of the material usually present=ed in the standard sequence of college

freshman mathematics courses. Mathematics 2 is a prerequisite for this

ey

course.
|
§

;Designated in the University catalog as mathematics A. The
letter R will be used in referring to this course, to avoid any poss1ble

confus1on w1th the letter grade A.
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Other courses which are concernéd t0 a smaller degreée in this
study are the following: Mathematics 1 is the equivalent of the usual
high school course in plane geometry and is offered to students who enter
college without high school credit in plane geometry. This course meets
five hours per week for three hours credit. Mathematics 4 is a course
in eleméntary algebra for business students. This course has since been
discontinued., Mathematics 5 is the usual standard three-hour course in
college algebra. Mathematics 6 is a three~hour course in plane trigono-
metry, and mathematics 7 is a two-hour course in solid geometry which is
offered to students who enter college without high school credit in solid

geometry.

Past Practice at the University of Oklahoms

At the Universitv of Oklahoma various methods have been used by
the department of mathematics to meet the problem of proper placement ofi
: ;tudents. At one time students.were placed in mathematics courses on.a
#emporary basis for a period of approximately two weeks. At the end of
#his period of time they were given a test, the results of which were useﬁ
to determine whether a student should remain in the course in which he
had enrolled, or would profit more by changing to either the next higher
course or the next lower course in the sequence. Such changes in en:c'oll-E
! !

hent were not made compulsory, but in nearly all instances students fol-

lowed the advice given them.

Later it became the practice to give all entering freshmen a

placement test in mathematics previous to their enrollment. These tests
| !

were graded by members of the department of mathematics and the advice
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given students upon their enrollment was based at least in part on their
performance on this test. When increased enrollment made this system |
too cumbersonic, a placement test was devised which could be scored by
machine and some of the detail work involved in the administration and
scoring of the test was handled by the personnel of the guidance center

and the cffice of machine accounting.

Current Practice at the University of Oklahoma

Previous to the time of enrollment each beginning freshman is
given a group of tests including a mathematics placement test, the Ohio
State Psychological Examination (abbreviated O S P E), and the Iowa High
School Content Examination (abbreviated I H S C). The mathematics place-
@ent test which is now in use comprises forty multiple~choice items each
@f which has five possible responses. This test is machine scored and
éach student's score on the test is made available to his adviser at the
%ime of enrollment. For each student, the number of correct responses
bn the test is printed on an‘adviser's card, along with information on
ihe student's high school record and his decile rankings on the O S P E
and the I HS C, Decile rankings are listed for both the reading sectioﬁ
énd the total score on the 0 S P E. Decile rankings on the I H S C are
ﬁisted for the total or composite score as well as for each of the four
Eections of the test; namely, English, mathematics, science, and history{

\ |
1 Any student whose curriculum does not include further courses in

pathematics may ignore the mathematics placement test score. Thus, crediﬁ
! : :

in intermediate algebra taken in high school is acceptable in spite of a

score of zero on the mathematics placement test.
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Each semester” the mathenmatics department recommends a grouping
of potential mathematics students into three bfackets, based on cumu~
lative experience and the number of sections of each course offered. For
example, in the fall semester of 1952 the recommended placement was as
follows: Students who scored ten or fewer correct items on the placement
test were advised to take remedial mathematics., Students who scored be-
tween eleven and twenty correct items, inclusive, were advised to enroll
in mathematics 2. Students who scored above twenty correct items were
free to enroll in any mathematics course for which they had the prerequi-
sites., For those students in this group who had high school credit in
intermediate algebra, the course usually enrolled in was either mathe-
matics 21 or mathematics 5,

In spite of these procedures which attempt to place students in.
%he proper mathematics course, those who are concerned with the placement
of freshman students are not sure that the methods used are as effective
es possible. Whenever a student fails a mathematics course other than
remedial mathematics, the question is asked, "Could this feilure have
been avoided by starting the student at a lower point in the sequence of
mathematics courses?" From the departmental point of view the experience
éof one semester might suggest changing the separation points between

1

%emedial mathematics and mathematics 2, or between mathematics 2 and
Lathematics 2l. Some advisers ilgnore the score made by the student on
ﬁhe mathematics placement test and enroll him on the basis of other avai#-
;ble information. Students who are improperly placed either fail in their
%irst mathematics course if placed too high, or they are needlessly de- ‘

layed in their collegiate progress if placed too low. The advisers in
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general and'thé:staff'of the mathematics department in particular are
anxious that the whole placement procedure be studied with the hope of

making it more effective.

Definition of Proper Placement

In selecting a point at which to begin this study, a working
definition of proper placement must first be given. Failures are often
cited as examples of improper placement, but it is well known that im-
proper afplication after enrollment, illness, or poor teacher-student
relationship may also be contributing factors to failure., Likewise no
student whose average grade is D would ever graduate, or for that matter
be accepted by any degree-granting college. Thus a gradé of D represents
improper progress and may be an indication of improper placement. In the
engineering school at the University of Oklahoma a student who makes a
grade of D in a mathematics course is required to repeat the course, even
though the grade of D is accepted as a passing grade by the mathematics
aepartment.

At the other extreme, for a student to receive a course grade
of A, particularly in remedial mathematics, may be an indication of im-
proper placement, Often teachers will urge such a student to audit the
ﬁext higher course, with a view to avoiding unnecessary delay in his
%rogress. Yet it would be foolhardy to argue that all students who re-
%eive a grade of A in a given course are misplaced, especially since
éome teachers would be inclined to give a grade of A to the "best in theé
Elass" as an incentive to the other members of the class. Obviously,

any definition which may be made of proper placement is arbitrary. It
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shall be assumed in this study that students who make & final grade of
B, C, or D in a given mathematics course are properly placed in that
course., In setting up this definition grades are accepted at face value.
No attempt is made to study comparative grading systems used by differ-
ent instructors. Grades of F, D, C, B, and A are assigned; respectively,

zero, one, two, three, and four grade points per semester hour.

Statement of the Problem

The larger area within which the problem of this study is de=~
fined is the proper placement of college freshmen in mathematics courses
at the University of Oklahoma. The specific problem which is attacked
is two-fold and may be outlined as follows:

In the first part of the study an examination is made of the
various criteria which are at the disposal Of adviéers at the time of
enrollment. Among these are the results of the mathematics placement
test, information on the high school record of the student, and his
éecile rankings on the O S P E and the I H S C. These are examined with
a view to finding relationships between each of them and the final grade
made by the student in the first college mathematics course in which he
is enrolled. It is hoped that the discovery of any such relationships
#ay lead to means of improving the procedure used to place beginning
?reshmen in mathematics courses. This part of the study may be divided
?nto two main categories. The first is that of finding relationships
%mong the variables on which data are available. The second is, on the
#asis of the relationships found, to choose those variables which appear -

best to serve the purpose of proper placement of students and to determinb
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the particular function or functions of these variables which should be
ﬁsed in the process of placement. The first category is subordinate to
ihe second but it is important in order that an intelligent selection
may be made of the variables to be used in the second category.

With reference to the first category, specific questions which
may be asked are:

1. How do the general grade point averages and mathematics
grades of mathematics students who withdrew from the University compare
with similar data for those students who continued their college career?

2.. How does the performance of students who withdrew from a
ﬁathematics course compare with that of students who remained in the
ﬁourse through the entire semester?
| 3. On the basis of various criteria which are available, how
ho students in the three major freshman mathematics groups compare with
;tudents who have taken no work in college mathematics?
| With reference to the second category, it is hoped that answers
fo t%e following questions may be found:
| 1. Which variables, if any, could be used, either in conjunctidn
ﬁith the placement test or as a substitute for it, as a means of improv-é
lgng the placement of students in mathematics courses?
2. In what way can these variables be uSed'to best advantage aﬁ

means of separating mathematics students into remedial mathematics,

o

thematics 2, and mathematics 21 groups?

.

The second part of the study consists of a survey of the re=-

sponses made to each of the forty items of the mathematics placement tesﬁ

P

iny freshman students who entered the University in September, 1952.
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This placement test is used to determineé whether a beginning freshman
student should be advised to take remedial mathematics, mathematics 2,

or mathematics 21, The problem in this part of the study is to determine
the relative value of the forty items of the placement test in separating
students into these three groups. The importance of this problem stems
from the fact that while a particular item may be an excellent one to

use in an achievement test, it does not follow necessarily that it is a
good item to use on a placement test, the primary purpose of which is to
divide students into ability groups. The information gained from this
part of the study may be used by the department of mathematics when

making future revisions of the placement test.

Purposes of the Study

The purposes of this study may be enumerated as follows:
l. To provide advisers with a tool for the better placement of :
?eginning freshman students in mathematics courses.

. 2. Through improved placement of students to aid in the reduc-
iion of the number of failures in freshman mathematics courses, particu—?
larly in mathematics 2.

% 3. To provide information to the staff of the mathematics
ﬁepartment on the performance on the basis of various criteria of the !
‘

%tudents enrolled in remedial mathematics, mathematics 2, and mathe~-
%atics 21, and to provide a comparison of the performance of these |
%tudents with that of those students who do not take courses in college
@athematics.

4, To aid in improving the efficiency of the mathematics
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placement test by pointing out those items which should be retained and
those items which should be replaced because of lack of effectiveness

in separating students into ability groups in mathematics,

Overview of the Study

Chapter I presents the background of the problem of proper
placement of freshman students in mathematics courses as it relates to
practice at the University of Oklahoma. The major findings of other
related studies are shown in Chapter II.

The remainder of the study is concerned with the proper
placement of ffeshman mathematics students at the University of Okla-
homa and with the improvement of the currently used mathemstics place-
A%ent test. The study is based upon the performance with respect to
ﬁhe mathematics placement test, the O S P E, the I H S C, and grade
%oint averages, both in high school and in college, of the students
%ho entered the Uhiversity of Oklahoma as freshmen in September, 1952,
?his particular class was chosen in order tc make the study as current
;s possible and at the same.time allow ample time for the completion
pf at least one college mathematics course by most of the students
;nvolved.
; In Chapter III are given the means and p;obable errors of the :
ﬁeans of distributions of the various groups of mathematics students on |
;he basis of the variables available., Also, distribution charts are |
%hown which give a visual picture of the relationships between grades

in college mathematics and each of the other variables. Chapter IV pre~ |

sents comparisons, on the basis of different variables, among the several

i
‘,,,,,,,
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groups of mathematics students and non-mathematics students.l ~In Chapter
V are presented the Pearson product moment coefficients of correlation,
between all pairs of variables, for each of the three major groups of
mathematics students concerned in the study. Regressilon equations and
discriminant functions, based upon a selection of the variables, are
shown in Chapter VI. Distributions of responses to placement test items,
by each of the three groups of mathematics students and by non-mathematics
students, are shown in Chapter VII, In addition, measures of the dis-
crimination value and difficulty level and biserial coefficient of cor-
relation, for each test item, are presented in this chapter. The more
important formulas used in these developments are shown for reference

in Appendix I.

Summary of Chapter I

In this introductory chapter the problem with which this study
;s concerned has been defined. The background of the problem as it re-
iates to freshman mathematics courses offered at the University of Okla-~
£ama has been presented. A working definition of proper placement of
%tudents in mathematics courses has been set up and some of the aspects
pf the problem which are investigated in the sequel have been pointed

out.,
| . v i
| |
; lSince data for this study were gathered during the second '
semester of the school year 1953-54, all members of the freshman class

of 1952 who had not taken at least one course in college mathematics by
the end of the first semester of the year 1953-54 are referred to as
'non-mathematics students."

!




CHAPTER II

LITERATURE IN THE FIELD

Introductory Statement

Much of the literature in the field of placement of students in
college mathematics courses exists in the forn of articles which have been
published in various Jjournals. An examination of some of these articles
reveals the fact thét there are fundamentally two types of :problems to be
#oﬁsidered. These are: (1) placement of students in those courses in
&hich‘they may be expected to do their best work, and (2) having placed
é student in a given course, to predict with some degree of accuracy his
;hances for success in that course. While the majority of the articles
%ound in the literature appear to deal with the second of these two prob-
iems, the primary concern of this study is the first problem; namely, thét
§f proper placement of students,. The two problems are closely related, ’
%ut the means which appear to have been used most successfully in their

%reatﬁent are somewhat different. The purpose of this chapter is to sum{
a !

ﬁarize some of the findings of those who haye done research work in this |

field and to point out their more important conclusions; particularly
%hose conclusions on which there seems to be fairly general agreement.

Findings of Other Investigators

On the basis of various research studies which have been

12
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conducted, thére appears to be ample justifiication for the use of a place-
ment test. Irickl found that the score made on & mathematics placement
test was the best single factor for predicting a student's success in a
first course in college mathematics, Next in order in predictive value
were found to be high school grades, rank in high school graduating
class, and the number of semesters' work done in mathematics in high
school. Scores made by students on an English placement test and on a
psychological test were found to be of relatively little value.

The conclusions from another study conducted at Purdue Univer-
sity by Remmers and Geiger2 were quite similar. The best predictive
ﬁeasures were found to be the scores on a group of orientation tests and
%elative position in the high school graduating class. The orientation
%ests used consisted of the Iowa Mathematics Training Test, the Purdue
?lacement Test in English, and the American Council on Education Psycho-i
Iogical Examination. It was found, however, that after the first semester
%ollege grade point averages constituted the best single measure of pre-

diction of scholastic success.

: He1d3 reports on a placement test which was used at the Univer- .
sity of Pittsburgh for the purpose of dividing freshman students into

two course groups. Before the placement test was introduced, the divisiop

i

| |
! - l
\ lp, E. Irick, "A Study of Factors Related to Engineering Mathe- |

tics at Purdue," (Master s Thesis, Purdue University, 1945), reported
1n Mathematics Teacher, XLI (December, 1948), 351,

| H. H. Remmers and H. E. Geiger, "Predicting Success and Failure
of Engineering Students in the Schools of Engineering in Purdue Univer-
Flty)" Studies in Higher Education, XXXVIII (May, 1940), 10-19.

‘ 30mar C. Held, "A College Mathematics Placement Test," Journal
of _Higher Education, XIII (January, 1942), 39-L0.
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was made on the basis of the number of units of high school mathematics
presented for admission. Held indicates thét the percentage of failure
in mathematics courses was reduced from 21 per cent in the first semes-
ter of the school year 1936-37, prior to the introduction of the place-
ment test in 1937, to 6 per cent for the first semester of the year 1939-
Lo,

Bromley and Carterl found a coefficient of correlation of .35
between final course grades in mathematics and a proficiency test in
mathematics, A correlation coefficient of .40 was found between course
grades in mathematics and the rank of the students in their high school
éraduating classes. Coefficients of correlation between course grades
én mathematics and the American Council on Education Psychological Test
%ere found to be considerably lower. Correlation coefficients for the
?otal scére, the @ (quantitative) score, and the L (literature) score
%ere .24, .28, and .16, respectively.

: Barrett® found that in only two of six comparisons did final
gradesnin mathematics courses correlate more highly witﬁ the Q score of
%he American Council on Education Psychological Test than with the L
?core. The total score on the American Council on Education Psycholog-
%cal Test was found to correlate with grades in mathematics neither con-‘
%istently higher nor consistently iower than the Q score. A conclusion |

|
bf this study was that the Q score should not be used as a differential

, =
! lAnn Bromley and G. C. Carter, “Predictability of Success,"
Journal of Educational Research, XLIV (October, 1950), 148-50.
f I
| .

2D M, Barrett, "Differential Value of Q and L Scores on ACE |
for Predicting Achlevement in College Mathematics," Journal of Psychology,
XXXIII (April, 1952), 205-7. ,
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predictor of achievement in college mathematics courses,
In a study which was conducted at the University of Oregon,

1

'-Douglass and Michaelson— reached the following conclusion:

Prediction of success of students in college mathe-
matics cannot be made with any high degree of accuracy from
knowledge of the amount of high school training in mathematics,
the average high school mark in mathematics, the average mark
in all high school subjects, rank on the Psychological Examina-
tion of the American Council on Education, or any combination
of these variables. The best prediction that can he made is
secured from the average high school mark in all subjects.

However, a later study by Kossack,2 also conducted at the Uni~
yersity of Oregon, apparently does nét bear out this conclusion. Kossack
ﬁetermined a linear function of five variables by means of which an
échievement score in mathematics could be determined for each individual.
&his achievement score was used both for the purpose of placing the indi-
%idual in a mathematics course and for predicting his most probable grade
in this course. The five variables used were: (1) placement test score,
k2) high school mathematics score, (3) psychological decile, (4) scholas~
%ic decile based upon high school record, and (5) the number of years |
%lapsed since graduation from high school. The last three variables were

found to contribute comparatively little to the accuracy of the achieve-
|

ment score, and consequently only the placement test score and the high
! . i

%chool mathematics score were retained. It was claimed that approxi-

| ;
mately two-thirds of all students actually received their predicted grade
|

|

i lgarl R. Douglass and Jessie H. Michaelson, "The Relation of
ngh School Mathematics to College Marks and of Other Factors to College

Marks in Mathematics," School Review, XLIV (October, 1936), 615-19,

c. F. Kossack, "Mathematics Placement at the University of Ore-
gon," American Mathematical Monthly, XLIX (April, 1942), 234-37. !
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and that 95 péer cent of all students received grades which were within

one grade level of the predicted grade.

Summary of Chapter II

The purpose of this chapter is to point out the major conclu-
sions of others who have worked in the field of placement of freshman
students in college mathematics courses. The conclusions on which there
appears to be fairly general agreement are the following:

1. College grade point averages serve best as a predictor of
success in college mathematics courses, though they obviously cannot be
used in placing beginning college freshman students.

‘ 2. A placement test in mathematics is an effective instrument
for the proper placement of mathematics students and for reducing the
ﬁercentage of failure in freshman mathematics courses.

3. Tests of general ability, such as psychological tests, are
éf value but are not as effective as a mathematics test in placing stu-

dents in the proper mathematics course.



CHAPTER .III

PROCUREMENT OF DATA AND DETERMINATION OF DISTRIBUTIONS

Sources of Data and Methods of Recording

Through the cooperation of the director of the office of machine
accounting, duplicate International Business Machines (hereafter abbrevi-
ated I B M) cards were obtained for all students who entered the Univer-
sity of Oklahoms as freshmen in September, 1952. Each of these cards,
1832 in number, was punched with an identification consisting of the name
énd route number of the individual, the latter being used for purpose of
fiiing and identification by the University. Other information trans-
ferred from the permanent files of the University included decile rank-
ings on both the Reading Score and the Total Score of the Ohio State
Psychological Examination (abbreviated 0 S P E) and decile rankings on
the Iowa High School Content Examination (abbreviated I H S C). Separate
rankings were listed for the total or composite score and for each of
fhe four divisions of the examination; namely, English, mathematics,
science, and history.

Since the route numbers punched into the cards were not consecu-
tive, the cards were arranged in alphabetical order and numbered in se-
éuence from one to 1832, These numbers were not actually punched into

the cards, but it was thought that for the purpose of this study this

17
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means of identification would be advantageous.

The next step was to obtain information regarding the academic
record of each of the students involved. Permission was obtained from
the director of registration and other personnel in the office of.ad-
missions and records to transcribe these data from the permanent records
of the University. This information was gathered during the first part
of the second semester of the school year l953—5h, immediately after the
students' grades for the first semester of that year had been placed on
the permanent records. Thus the period of time required by this study
consisted of the entire school year 1952-53, the first semester of the
jear l953—5h, and the intervening summer term., It seemed redsonable to
éssume that nearly all students who were going to take any mathematics
Euring their college career would take at least one course at some time
&uring the first three semesters.

A record was made on each student's card of the first mathe-
#atics course in which he enrolled at the University and of the final
grade made in that course. Also, grade point averages for all work taken
gt the University were computed‘and recorded. In most instances high
%chool records were available and in all such cases general high school

l
grade point averages and grade point averages in high school mathematics :

i . i
courses were determined and recorded.

Since it is possible to record digits from zero to nine, inclu-

sive, in each column of the I B M card, a somewhat finer subdivision was
[ :
!

?btained in recording grade point averages by assigning values of zero,
two, four, six, and eight to grades of F, D, C, B, and A, respectively.

The intervening digits were used to represent intermediate grade point
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averages. Thus the figure which was recorded in eaCh case was the digit
nearest to the grade point average multiplied by two. However, in all
final results in this study, the actual grade point averages are listed.

Three columns were used on each I B M card to record the stu-
dent's performance on the University of Oklahoma mathematics placement
test.l The student's raw score was punched into two columns and the
third column was used to record his decile rank., A remainder of forty
columns was used in the test item analysis study, which will be described
later.

The I B M cards were next examined for completeness of data.
bnly those cards corresponding to ;tudents who had taken at least one
?ourse in college mathematics and for whom complete data were available
gn high school records, on the O S P E, and on the T HS C, were used in
%his part of the study. The number of cards with complete data was 108L
;nd these were grouped on the basis of enrollment in college mathematics
?ourses. This grouping is shown in Table 1. Separate listings are shown
?or students whose permanent records were fouﬁd in the current files in
%he office of admissions and records and for those whose records were
%6und in the inactive files. The latter group included those students
%ho had dropped out of the University during their first or second semes{
&er, or who had transferred to a different school. Students whose records

| i
ﬁndicated enrollment in more than one mathematics course were classified .
|
! :
2 lThis test has been developed by the mathematics department of
the University and is administered to all freshmen by the personnel of
the guidance center, The mathematics placement test papers for the mem--
bers of the freshman class of 1952 were made available for use in this
study through the cooperation of the guidance center.
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DISTRIBUTION BY FINAL. GRADES IN MATHEMATICS COURSES OF ALL STUDENTS

FOR WHOM COMPLETE DATA WERE AVAILABLE

Number of Students Making
Final Grade in Math. Course

First Mathematics Course
in which Student Enrolled

Record Total
File
Number Name A B C D F W
'R Remedial Mathematics  Active 30 65 81 30 16 10 232
Inactive 4 24 37 34 61 7 167
Total 3% 89 118 64 77T 17 399
1 Plane Geometry Active 1 e 0 0 0 0 3
Inactive 0 0 0 1 1 1 3
Total 1 2 0 1 1 1 6
| i "~ Active 2k 66 108 45 32 13 288
?2 Intermeﬁlate Algebra Tnactive 2 13 28 32 37 8 120
Total 26 79 136 77 69 =21 408
| : Active 13 8 7 2 1 1 32
1& Business Algebra Toactive O - 0 3 0 5 o 5
Total 13 8 10 2 3 1 37
5 Active 2 3 5 5 1 3 19
0 CGollege Algebra Inactive 0 O 1 0 3 1 5
Total > 3 6 5 4 ol
< . Active o 2 3 5 2 0 12
6 Trigonometry Inactive O O O O 1 0 1
: Total o 2 3 5 3 0 13 :
T osouagemenry Km0 2 0 0 0 9 2
j Total o 2 0 0o 1 o 3
21 Mathematical Analysis I soerte 3? l‘g l*g 1{33 lé( : lgg |
Total . 43 46 55 21 23 3 191 |
Active 106 188 252 105 68 28 7475
Total Inactive 13 43 76 70 113 19 334
Total 119 231 328 175 181 L7 1081 -
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on the basis of the first course in which they had enrolled.  The small
pumbers indicated for some courses do not imply that enrollments are
small in these courses, but indicate that few students enroll in them as
their first course in college mathematics. In Table 1, the letters A,
B, C, D, and F represent final course grades in mathematics and W stands

for withdrawal from the course with a passing mark at the time of with-

drawal.

Treatment of Withdrawals

It was found that in many instances of withdrawal the student
had, at the time of withdrawal, enrolled in the next lower course in the
sequence of mathematics courses. In all such cases, a notation was made

|
on the card, but no record of withdrawal was punched into the card. The

bnrollment of all students who changed from one mathematics course to

b

Enother was included in the course to which the change was made and ex~

1

#luded from the course from which the change was made. A record of with-
i .
drawal was punched into a student's card only if the student did not en-

?oll in another mathematics course at the time of withdrawal.  Sich
ghanges in enrollment are ordinarily made during the first week or two

{

gf the semester and should be considered as a normal part of the enroll-
#ent procedure. In punching the cards, no distinction was made between

| |

those students who entered a course late as a result of such a change in
|

ﬁheir enrollment and those who had enrolled in the course originally.

Relation between Mathematics Course Grades and Drop-out Rate

As might be expected, the incidence of withdrawal from the Uni-

yersity was found to be least among those students who made high grades
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in mathematics and greatest among students making low grades. Of those
Students who made a final grade of A in the first college mathematics
course in which they enrolled, approximately 90 per cent returned to the
University for the school year 1953-5k, while only 38 per cent of the
students who failed their first mathematics course returned after their
first year. Of the seventy-seven students who failed in remedial mathe-
matics, sixtyfone, or 79 per cent, did not return for a second year.
However, of the thirty-four students who received a grade of A in reme-
dial mathemstics, only four, or 12 per cent, failed to return. A simi-
lar but less marked relationship between grades made in mathematics and
éontinuance of a college career may be observed in the case of students
%nrolled in mathematics 2 and mathematics 21, In the other mathematics
Lourses, this pattern, fhough present, is less well defined because of
%he relatively small number of students involved. The percentage of
érop-out among the students who withdrew from remedial mathematics and
%athematics 2 was lower than that of students who made a grade of F, but
éppears fo be quite comparable to that of students who made a grade of D.
‘ As indicated by other parts of this study, the students enrolled in j
#athematics 21 were, alﬁost without exception, superior students and a

|

;ow drop-out rate would be expected among them.
|

? Relation between College Grade Point Averages and Drop-out Rate |

i
)

; ‘ Table 2 shows the relation between college grade point averagesé

?nd drop-out rate from the University for students enrolled in remedial

hathematics, mathematics 2, and mathematics 2l. As might be expected, a
\ :

iarge percentage of the low grades in mathemstics was made by students
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RELATION BETWEEN COLLEGE GRADE POINT AVERAGES AND DROP-OUT RATE

FOR STUDENTS ENROLIED IN REMEDIAT. MATHEMATICS,
MATHEMATICS 2, AND MATHEMATICS 21

Mathematics Course  Records in Active Files Records in Inactive Files

Total 288 2.303 120 ' 1.366

Course Final Number of College Grade Number of College Grade
Number Grade Students Point Average Students Point Average
R A 30 2.783 4 2,125
R B 65 2.315 2l 1.750
R C 81 1.957 37 1.432
R D 30 1.950 34 1.132
R F 16 1.531 61 0.664
R W 10 2.150 T 2.071
| Total 232 2.1hk2 167 1.179
2 A 24 3.229 : 2 3.500
- B 66 2.667 13 2,192
L2 c 108 2.190 28 1.643
2 D L5 2,022 32 1.219
2 F 32 1.703 37 0.824
2 1 1 2,115 8 1.625

|

21 A 36 3.431 7 3. 714
.21 B 40 2.775 6 2.917
21 c 48 2.406 7 1.929
21 D 18 2,111 3 1.833
21 F 16 1.625 7 1.143
21 W 1 2,000 2 2,500
Total 159 2,616 32 2,359
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whose general grade point averages were also low. The drop-out rate
among these students was greater than among those who made relatively
higher grades. Table 2 indicates that the grade point ayerages of those
students who were enrolled in remedial mathematics and mathematics 2 and
who did not return to the University for the school year 1953-5k4 were
approximately one grade point lower than the averages of the students
who returned after their first year at the University. Also, as is shown
by this table, there exists a close correlation between college grade
point averages and grade points received in mathematics courses. Ob-
viously, however, factors other than grade point averages often enter
5nto a student's decision to leave college.
‘ In both remedial mathematics and mathematics 2 there appears to
%e a very close relation between grade point averages and drop-out rate.
ﬁowever, the drop-out rate of mathematics 21 students was much lower

1 .
than that for either of the other two courses and was more nearly evenly

|

histributed among the various grade groups. The general grade point

averages of mathematics 21 students were considerably higher than those
Ff students in remedial mathematics and mathematics 2. Also, there was 5

E smaller difference between the grade point averages of mathematics 21 g

Ftudents who dropped out after their first year and those who returned ;

for a second year. In the case of students who made grades of A or B ini

1
J

Fathematics 21, this difference was reversed; the students who dropped:

|
! - !
but had higher grade point averages than those who returned. Of the i

seven mathematics 21 students whose records were found in the inactive

| i
‘files, only one had a grade point average lower than that of the thirty- |
] i

é_i__x___s.’,c_usi_@z}tﬁ. with a final grade of A who returned. Among the six gtu.d.egt%
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with a grade of B who dropped out, three had grade point averages lower
than the grade point averages of the forty students with a grade of B who

remained.

Means and Probable Errors of the Distributions

The means and probable errors of the distributions on grade point
averages, placement test scores, the I H S C, and the O S P E, for stu-
dents enrolled in remedial mathematics, mathematics 2, and mathematics 21
are shown in Tables 3, 4, and 5, respectively. Similar data are listed
in Table 6 for students enrolled in mathematics courses numbered 1, k4,

5, 6, and 7. Since comparatively few students enrolled in courses num-
bered 1, 4, 5, 6, and 7 as their first course in college mathematics, no
attempt was made to list means and probable errors of the distributions

or grade groups in these courses.

|
| In all-tables in which deciles are listed, the position of an
individual in a given decile is assumed to be at the mid-point of the

ﬁnterval represented by the decile. Thus the scaled position of an indi-

ﬁidual in the tenth decile is 9.5 deciles and the position of an individ{

Fal in the first decile is 0.5 deciles. The positions of the means list%d
%re therefore, wherever deciles are used, 0.5 deciles below the means as;

Fomputed from the I B M cards,

E As might be expected, the means of the various distributions foﬁ

%he remedial mathematics students were found to be lower than the corres%

ﬁonding means of most other groups and the means for students enrolled in

#athematiés 2 and mathematics 21 were successively higher. At the same .

{
{
time, the probable errors of the distributions showed a tendency to become
I

v
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TABTE 3

MEANS AND PROBABLE ERRORS OF DISTRIBUTIONS ON GRADE POINT AVERAGES,
PLACEMENT TEST SCORES, I H S C, AND O S P E, FOR STUDENTS

ENROLLED IN REMEDIAT. MATHEMATICS

Final Course Grade

Variable , Total
A B C D F W

Average on Mean 2.706 2,163 1,792 1.516 0.857 2,118 1.7h42

College Gr. Pts. PE 0.602 0.410 0.4%42 0.473 0.492 0.498 0.580
Average on Mean 3.132 2,815 2.67h 2.516 2,201 2.706 2.626
H S Gr. Pts. PE 0.386 0.448 o0.417 0.426 0.439 0.385 0.46h

Gr. Pt. Ave. on  Mean 2.868 2.545 2,288 2.172 1.747 2.147 2.272

H S Mathematics PE 0.557 0,690 0.534 0,489 0.537 0.501 0.580

haw Score on Mean 8.471 8.157 6.949 6.234 6,325 6.882 7,110
Placement Test PE 1.985 2,055 1.991 2.175 1.979 1.961 2.10k

Decile Ramk on  Mean 3.000 2,792 2.339 2.1l 2,071 2.32L 2,412
Placement Test PE 0.915 0.987 0.895 0.879 0.838 0.809 0.973
Decile Rank on Mean 5.471 L.567 3.754 3.438 2,591 3.Mh1 3,793
IHSCEnglish PE 1.960 1.768 1.673 1.79% 1.511 1.71k 1.807
Decile Rank on Mean 3.588 3.208 2.508 1.875 1.201 1.735 2.370°
I E S C Math, PE 1.372 1.357 1.109 1.102 0.713 1.207 1.253"
Decile Rank on Mean 4,853 3.,90% 3.508 2,719 2.08% 1.676 3.232 ]
I H S C Sclence PE 1.821 1.721 1.692 1.575 1.236 1.029 1,705
Decile Rank on Mean L.79% 3.702 3.153 2.750 2.097 1.618 3.08L°
THSCHistory PE 1.890 1.862 1.701 1.633 1.431 1.243 1.698
{ S
Decile Rank on Mean 4.559 3.354 2.64% 2,094 1.331 1.h41 2,573
I HSC Total PE 1.821 1.555 1.350 1.160 1.016 1.234 1.495
| |
Decile Rank on Mean 5.265 3.99% 3,169 2.563 2.110 3.028 3,227
0 S P E Total PE 1.701 1,536 1.386 1.4%05 1.328 1.570 1.569'
Decile Rank on Mean 5.206 3.949 3.398 2,656 2.071 2.735 3.247!
O S P E Reading PE 1.840 1.543 1.4h7 1.461 1.284 1.612 1.601.
kumber of Students 34 17 399 ?

89 118

64

[t
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TABLE 4

MEANS AND PROBABLE ERRORS OF DISTRIBUTIONS ON GRADE POINT AVERAGES,
PLACEMENT TEST SCORES, I H S C, AND O S P E, FOR STUDENTS
ENROLIED IN MATHEMATICS 2

Final Course Grade

Variable Total
A B c D F W

Average on Mean 3.250 2.589 2.063 1.688 1.232 1.929 2,027
College Gr. Pts. PE 0.365 0.382 0.418 0.445 0,509 0.573 0.579
Average on Mean 3.462 3.232 2,860 2.623 2,529 2.571 2.608
H S Gr. Pts. PE 0.516 0.363 0.430 0.407 0.398 0.523 0.461
Gr. Pt. Ave. on Mean 3.462 3.203 2,706 2,429 2,297 2,024 2,688
H S Mathematics PE 0,503 O.44h o0.449 0.554 0.475 0.65% 0.570
Raw Score on Mean 17.923 16.000 14,787 14,584 13,188 13.286 14,836
Placement Test PE 2.632 1.982 1.971 2.666 2.266 1.943 2,359
Decile Rank on  Mean 7.038 6.525 6,022 5.86k 5.225 5,310 5.980.
Placement Test PE O0.777 0.838 0.873 1.070 0.911 0.945 0.971
Decile Rank on  Mean 7.192 5.563 4.919 4.266 3.949 L.167 4.860
I ESCEnglish PE 1.529 1.771 1.707 1.826 1.618 1,733 1.806:
Decile Rank on Mean 7.500 6.867 6.029 4,903 3.964 3.024 5.566
{I H S C Math. PE 1,138 1.191 1.229 1.534% 1.614 1,390 1.589
Decile Rank on Mean 7.385 5.589 5.713 4.695 L.,558 3,786 5.306'
IHSC Science PE 1.hoh 1,687 1,80k 1.932 2,005 1.560 1.887.
Decile Rank on Mean 5.692 4,867 k4,493 3.565 3.442 3,071 4.213?
}I H S C History PE 1.673 1.869 1.733 1.710 1.819 1.552 1. 821’
Decile Rank on  Mean 7.269 5.576 5.140 3.968 3.601 2.833 b, 757|
I HESC Total PE 1.0k7 1.612 1,541 1.611 1.715 1.255 1.711+i
becile'Rank on Mean 7.23L 5.082 4,213 3.968 3,138 3.357 h.301f
0 S P E Total PE 1.39% 1.554 1.506 1.551 1.532 1.305 1.651]
pecile Rank oh Mesn T.192 5.373 4,684 4,383 3.428 3.310 L.618
OSPE Reading PE 1.409 1.712 1.53h4 1.641 1.558 1.225 1.690 |
26 79 136 7 69 21 408 |

Number of Students
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TABLE

5

MEANS AND PROBABLE ERRORS OF DISTRIBUTIONS ON GRADE POINT AVERAGES,
PLACEMENT TEST SCORES, I HS C, AND O S P E, FOR STUDENTS
ENROLLED IN MATHEMATICS 2T

Final Course Grade

Variable Total
A B C D F W
Average on Mean 3.477 2.79% 2,345 2,071 1.%78 2.333 2.573
College Gr. Pts. P E 0.25L 0.341 0.301 0.281 0.378 0.573 0.523
Average on Mean 3.640 3.217 3,127 2.905 2,913 3,167 3.215
H S Gr. Pts. PE 0.275 0.515 0.365 0.437 0.339 0.k21 0.387
Gr. Pt. Ave. on  Mean 3.779 3.304% 3.082 2.952 2,804 3.000 3.243
H § Mathematics PE 0,245 0.341 0.4k25 0.440 o0.M42 0.551 0.438
Raw Score on Mean 31.465 28.130 2k,801 24,810 23,043 23,333 26.895
Placement Test PE 2,644 3,639 2,852 2.01k 2,210 0.841 3.479
Decile Rank on  Mean 9,360 9.043 8.773 8.881 8.k13 8.500 8.935
Placement Test PE 0.23% 0.740 0.567 0.388 o.441 0.000 0,563
becile Rank on Mean 8.035 7,152 6.227 6.167 6.326 5.833 6.835
I H S C English PE 1.296 1.510 1.887 1.708 1.965 1.770 1,746
Decile Rank on  Mean 9.477 9.043 8.682 8.310 8.630° 8.500 8.893
I HS C Math. PE 0.102 0.557 0.702 0,823 0.752 0.551L 0.658
Decile Rank' on  Mean 8.779 8.17L T7.445 6.357 6.457 7.167 T7.678
I E S C Science PE 0.84%0 1.062 1.567 1.491 1.795 1.770 1.466
becile Rank on Mean 6.802 5.870 5.518 5.690 5.022 6.833 5.867
I BSC History PE 1,743 1.706 1.871 1.774+ 2.007 1.682 1.850
becile Rank on  Mean 8.826 8,000 7.264 6.929 6,587 7.167 7.673
I HSC Total PE 0.678 1.031 1,391 1.293 1.7k 1,386 1.327
#ecile Rank on Mean 7.733 6.80% 5,773 5.024 5.674 5,833 6.369 f
0 8 P E Total PE 1.267 Ll.k7h 1,497 1.59% 1.718 1,770 1.610 |
]i;)ecile Rank on Mean 8.291 7.457 6.482 5,643 6,022 5.500 6.976
0 SPEReading PE 1,123 1.304 1.567 1.695 1.564 L.47h 1,555
ﬁmber of Students 43 L6 55 21 23 3 191 ‘

|
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MEANS AND PROBABLE ERRORS OF DISTRIBUTIONS ON GRADE POINT AVERAGES,

PLACEMENT TEST SCORES, I H S C, AND O S P E, FOR STUDENTS

ENROLLED IN MATHEMATICS COURSES 1, 4, 5, 6, AND 7

Mathematics Course Number

Variable

1 L 5 6 7
Average on Mean 2,083 2.689 2.313 2.346 1.833
College Gr. Pts. P E 0.658 1.056 1.045 0.426 0.885
Average on Mean 3.259 3,122 3.146 3.077 2.833
H S Gr. Pts. ‘PE 0.h2k’ 0.354 0.957 0.586 0.318
Gr. Pt. Ave. on  Mean  3.000 3,081 3.188 3.038 2,667
H S Mathematics PE 0,551 0.935 -1.135 0.584 0.159
Raw Score on Mean 12,167  22.784  23.0k2  21.231  25.000
Placement Test PE h,110 3.371 L.510 3.8k 3.350
Decile Rank on Mean  5.333 8.230 8.208 7.962 8.833
Placement Test PE 1479 0.936 1.313 1.078 0.636
?Decile Rank on Mean 3.667 5.500 6.708 5.423 6.167
I HS C English PE  1.257 1.637 1.966 1.724 0.841
becile Renk on  Mean  3.667 8.203 7.917 6.500 8.500
I HSC Math. PE 2.039 1.118 1.305 2,229 0.551
Decile Rank on . Mean  3.500 5,743 6.875 7.192 6,167
I HSC Science PE 2,119 1.791 1.81k 1.574 2,717
becile Rank on Mean 3.833 5.122 6.&17 5.808 2.187
I E S C History PE 1.393 1.749 2.078 1.743 1.146
Decile Rank on  Nemn  3.167  6.365  T.250 6.3 6,167
F H S C Total PE 1.808 1.51k 1,766 1.772 0.841
becile Rank on Mean 4,167 5,473 5.917 5.423 5,500
O 8 P E Total PE 1.898 1.56k 2,00k 1.78% 0.95%
hecile Rank on Mean h.167 5.851 6.083 5.577 3.500
0 5 P E Reading PE 1.808 1.360 1.917 1.879 1.908
Number of Students 6 37 ok 13 3
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smaller for the more advanced courses. One should expect, therefore,
that any prediction of performance based upon these variables could be
ﬁade more accurately for the students in the higher courses than for
fhose in the lower ones., With respect to all variables except one, the
means of the students in mathematics 2 were higher than the correspond=-
ing means for the remedial mathematics students. The high school grade
point averages of the two groups represent the one exception to this
statement. With respect to this variable the two groups had almost iden-
tical means.

| As indicated by the probable errors of the various distributions,
%he groups of students enrolled in remedial mathematics and mathematics 2
éhowed approximately the same amount of "scatter" about the mean with re=-
;pect to nearly all variables. Distributions of the group of mathematics
21 students showed less "scatter" with respect to most variables than did
the corresponding distributions of either of the other two groups. Inter-
guartile ranges computed from the data for the remedial mathematics and
@athematics 2 groups showed a certain degree of overlap on all variables
%xcept the Oklahoma University mathematics placement test and the mathe~

matics section of the I H S C. $Since the students in these two groups

| .
Were originally segregated largely on the basis of their performance on

the placement test, it is to be expected that there should be no over- |
lapping of the placement test interquartile ranges for the two groups.
The fact that the division of the students into course groups on the basib

of the placement test produced a better degree of separation on the mathé-

matics section of the I H S C than on any of the other variables used is |
! :

| .
an indication that these two tests probably hayve numerous elements in
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common and that either test, or & combination of both, might be expected
to serve as the best means available for separating students into approx-
imately homogeneous groups with respect to mathematical ability. The
éeparation on the basis of tests of general ability was less distinct,
For example, with respect to the O S P E total score, the amount of over-
lap between interquartile ranges was 2,146 deciles for the remedial
mathematics and mathematics 2 groups and 1.193 deciles for the mathe-
matics 2 and mathematics 21 groups.

The means of the various distributions for students who withdrew
from remedial mathematics, mathematics 2, and mathematics 21 were quite
éonsistently lower than the corresponding means for the groups from which
%hey withdrew, but they were generally higher than the corresponding

!
means of the failing students within that group. The students who with-

1

drew from remedial mathematics showed a somewhat better performance on
|
the placement test and on the mathematics section of the I H S C than did

the students who failed the course.

Placement Test Score Distributions by Final Course Grades

1

; Tables T, 8, and 9 show the distributions of placement test _
g |
Fcores, by final course grades, for students enrolled in remedial mathe- |

|
z |
metics, mathematics 2, and mathematics 21, respectively. A general trend

%oward higher final course grades is indicated among the students who }

#ade relatively high placement test scores, though many individual excep{
| |
tions may be noted. In a number of instances, students were enrolled in:
| ‘

@aihematics courses other than those indicated by their placement test

{ . .
pcores. These individual cases will be discussed in the next section.
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It might be pointed out that no attempt was midé to determine
the degree of uniformity which exists among the grading scales used by
the various instructors. However, members of the department of mathe-

matics are well aware of the problems of uniform grading, as evidenced

by the fact that for some time it has been their custom to develop and

TABLE 7

PLACEMENT TEST SCORE DISTRIBUTION, BY FINAL COURSE GRADES,
OF STUDENTS ENROLLED IN REMEDIAL MATHEMATICS

Number of Students Earning

?lacement Test Final Course Grade

Cumnu~-
Total lative
éﬁi:e Decile A B c D F W Total
0 1 2 5 L 11 11
1 1 1 2 i 2 2 11 22
2 1 1 1 b 3 L 13 35
3 1 1 5 b 9 20 55
b 1 1 5 11 3 b 1 25 80
5 2 5 10 10 6 3l 111
6 2 2 12 7 5 11 1 38 1h9
T 3 5 T 21 6 9 3 51 200
8 3 7 18 21 L 7 L 61 261
-9 L 7 10 12 11 15 2 57 318
10 b4 7 16 7 7 5 L 362
|11 5 6 9 L 1 20 382
12 5 1 2 3 6 388
13 6 1 1 389
14 6 2 1 2 5 394
115 7 0 39k
|16 7 2 2 396
17 8 1 1 2 398
| 18 8 1 1 399
1

-

Total 34 89 118 64 7 17 399 399




33
S TKB]'_EB J e e e

PLACEMENT TEST SCORE DISTRIBUTION, BY FINAL COURSE GRADES,
OF STUDENTS ENROLLED IN MATHEMATICS 2

Number of Students Earning

Placement Test Final Course Grade

Cumu~-

Total lative

Soowe Decile A B c D F W Total
2 1 1 1 1

3 1 0 1

Ly 1 o] 1

5 2 0 1

6 2 1 1 2 3

7 3 1 1 1 2 5 8
- 8 3 1 1 2 1 5 13
9 L 2 2 1 5 18

10 L 2 2 L 22
11 5 3 8 2 5 2 20 42
12 5 1 6 19 13 20 7 66 108
13 6 2 L 15 12 15 5 53 161
Pk 6 L 7 19 9 7 1 Y7 208
115 7 1 9 17 11l 5 43 251
16 7 12 12 b 2 1 31 282
17 8 iy 11 13 3 2 1 34 316
18 8 2 7 12 10 3 2 36 352
19 8 2 9 11 1 1 1 25 377
120 8 7 7 1 2 1 18 395
21 9 1 1 1 3 398
|22 9 1 1 399
23 9 1 1 1 3 4oz
| 2k 9 1 1 2 Lol
}25 9 0 Lok
| 26 10 1 1 405
27 10 0 405
28 10 1 1 4o6
129 10 0 406
' 30 10 . 0 406
31 10 1 1 2 408

 Total 26 79 136 77 69 21 ks hod
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PLACEMENT TEST SCORE DISTRIBUTION, BY FINAL COURSE GRADES,
OF STUDENTS ENROLLED IN MATHEMATICS 21

Number of Students Earning

Placement Test Final Course Grade

Cumu~

Total lative

81:2“;6 Decile A B c D F W Total
10 i 1 1 1
11 5 0 1
12 5 0 1
13 6 0 1
14 6 1 1 2 3
15 7 1 1 b
16 7 1 1 5
17 8 1 1 6
18 8 0 6
19 8 2 1 3 9
1 20 8 1 2 1 2 6 15
21 9 2 3 3 3 11 26
22 9 1 1 5 3 1 11 37
23 9 1 8 3 3 1 16 53
2k 9 1 3 2 L 5 15 68
25 9 3 3 5 1 2 1 15 83
| 26 10 1 9 5 15 98
Lot 10 1 8 2 1 12 110

., 28 10 2 2 2 6 116

29 10 2 i 3 1 2 12 128 |
130 10 4 3 3 1 1 12 140
131 10 3 3 1 7 1h7
132 10 3 2 3 1 9 156
33 10 6 2 2 10 166
3k 10 8 6 14 180
35 10 L 1 5 185
36 10 1 1 2 187
37 10 1 1 2 189
138 - 10 2 2 191

- Total L3 46 55 21 23 3 191 191
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use uniform final examinations in all sections of remedial mathematics

and mathematics 2.

. Performance of Students not Enrolled According to Placement Test Score

Table 7 reveals the fact that a number of remedial mathematics
students would have been placed in mathematics 2 by a strict adherence
to placement as indicated by the placement test score. An individual
check made of the records of these students showed that of the twenty
who made a score of 11 on the placement test, one had originally enrolled
in mathematics 2 and one in mathematics 1., Of the twelve students who
made scores of 12, 13, or 14 on the placement test, six had originally
enrolled in mathemstics 2, The records of the five students who made
Ecores of 16, 17, or 18 did not show previous enrollment in mathematics
?, indicating that either they had been advised to enroll in remedial
ﬁathematics or they did so on their own volition. Thirteen students
with placement test scores of 21 or above, which should normally have
rlaced them in mathematics 21, were enrolled in mathematics 2, An in-

i

dividual check of the records of these students showed that only four

ﬁad originally enrolled in mathematics 21.

é Table 8 indicates that twenty-two individuals with placemgnt
Fest scores of 10 or less were enrolled in mathematics 2., The placement§
&est scores of'these students should normally have placed them in remed-?
%al mathematics, .Individual grade point averages and performance on the?
i HSC and the 0 S P E are shown for each of these students in Table lOJ

Certainly some of these twenty-two students had been advised to enroll

in remedial mathematics, since the permanent records of three of them
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TABLE 11 T

PERFORMANCE OF STUDENTS ENROLLED IN MATHEMATICS 21 WHOSE PLACEMENT
TEST SCORE PLACED THEM IN MATHEMATICS 2

Stu- Place- Grade trade Polnt IH S C Decile OS5 PE
Average Decile

dent ment in

Num- Test Math., __
ber Score 21  High Col- gmno Math, gci. Hist. Total Total Read-

School lege ing
743 10 B 3.5 3.0 5 5 8 7 6 6 6
1682 14 B 3.5 2.5 6 9 9 6 8 L 5
1155 20 B 3.0 2.5 10 9 8 6 10 9 10
1000 14 c 2.5 2.0 5 8 T 1 Iy 9 8
182 16 ¢ 3.5 2.5 1 5 1 1 1 3 L
. 691 17 c 3.0 2,0 L 6 9 2 5 7 7
603 19 c 3.0 1.5 2 9 10 3 6 3 2
332 19 ¢ 2.5 2,5 7 10 6 8 8 5 6
378 20 o hL.o 2.5 8 8 8 T 8 6 9
54 20 c 3.5 2.0 2 10 8 3 6 3 L
1201 20 D 3.5 2.5 6 9 9 10 9 n 5
1052 15 F 3.0 2.0 10 9 10 9 10 8 6
1064 19 F 2.5 1.5 . 9 10 10 10 10 9 8
, 485 20 F 3.0 2,0 10 10 10 8 10 8 8
1455 20 F 3.0 1.5 6 9 8 3 7 7 6

Means 17.5 C- 3.1 2.2 5.6 7.9 7.6 5.1 6.7 5.6 5.8

i(students with numbers 585, 1057, and 1223) indicate that their original
knrollment had been in remedial mathematics and that they had dropped
“ .
ihat course and entered mathematics 2 instead. It would be difficult tol

determine how many of these students enrolled in mathematics 2 contrary

to advisement, but a comparison of their individual performance with the?
|

means of all students enrolled in mathematics 2, as shown in Table L,
| ;
indicates that in nearly all instances the advice given them should have

been to enroll in remedial mathematics. In particular, it is seen that
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‘approximately one-third of this group of students made & failing grade
in mathematics 2 and ﬁearly one-third made a grade of D.

As shown in Table 9, there were fifteen students enrolled in
mathematics 21 who made scores of 20 or less on the mathematics place-
ment test. These scores should normslly have placed these students in
mathematics 2, The individual grade foint averages and performance on
the T H S C and the O 8 P E for these students is shown in Table 1l.
With the exception of students numbered 182, 691, and T43, the scores
made by the fifteen students on the mathematics section of the I E S C
compare fayorably with the mean listed for thevmathematics 21 group in
iable 5. The four students who made failing grades in mathematics 21
éll made scores on the mathematics section of the I H 8§ C which placed
;hem in the ninth and tenth deciles. Each of these four students except
khe last one listed made similarly high scores on the other tests.
ihese tests would therefore have been of no said in averting their fail-
gre in mathematics 21. However, they would have been placed in mathe-
paticé 2 by a strict adherence to the "breaking point" between scores of
20 and 21 on the mathematics placement test. The permanent records of

#he fifteen students listed in Table ll contained no evidence to indi=-

|

cate that their original enrollment had been in mathematics 2,
|

|

Distributions of Students on Basis of I H S C

4 Tables 12, 13, and 14 show distributions of students enrolled
in remedial mathematics, mathematics 2, and mathematics 21, in which
final course grades in mathematics are plotted against ‘decile rankings

on the mathematics section of the I'H S C. An examination of Table 12
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TABLE 12

I H 8 C MATHEMATICS SECTION DECILE DISTRIBUTION, BY FINAL COURSE GRADES,
- OF STUDENTS ENROLLED IN REMEDIAL MATHEMATICS

Number of Students Earning
Final Course Grade

I HS C Math. Cumu~
Section Decile Total  lative
A B C D F W Total

1 2 9 22 25 L5 9 112 112

2 8 22 . 33 18 19 3 103 215

3 L 17 21 6 7 2 57 272

Ly 8 12 19 8 L 2 53 325

5 3 14 17 L L 39 36k

6 4 L 2 2 1 13 377

7 3 6 2 11 388

8 1 3 1 1 6 394

9 1 2 1 1 5 399

10 0 399

. Total 3k 89 118 6k 7 17 399 399

;reveals that of the seventy-four students enrolled in remedial mathemat-
iics whose decile ranks were above the fourth decile, only two students
;eceived a failing grade in remedial mathematics, while Table 13 shows
%hat of the sixty=-eight students enrolled in mathematics 2 whose decile
%anks were below the fourth decile, only ten received a final grade
higher than D in mathematics 2. Consequently, students whose scores
?laced them in the fourth decile might be considered as belonging to a
%order-line area between remedial mathematics and mathemstics 2, with
%he final decision as to their enrollment being made to depend at least
ﬁn part on their performance on other tests.

Table 13 indicates that of the 130 mgthematics 2 students th weree
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TABIE 13

I H S C MATHEMATICS SECTION DECILE DISTRIBUTION, BY FINAL COURSE GRADES,
OF STUDENTS ENROLLED IN MATHEMATICS 2

Number of Students Earning
Final Course Grade

I HSC Math. Cumu-~
Section Decile Total lative
A B C D F W Total

1 3 9 3 15 15

2 2 3 8 10 6 29 Ly

3 5 9 6 L 2l 68

L 3 12 I 10 1 30 98

5 3 6 22 15 10 3 59 57

6 5 12 17 9 12 55 212

7 13 29 17 3 in 66 278

8 3 21 31 L 3 . 62 340

9 11 15 1h 7 6 53 393

10 L 7 3 1 15 408
Total 26 79 136 7 69 21 408 Lo8

in deciles 8, 9, and 10 of the mathematics section of the I H S C only
ﬁine made a final grade of F in mathematics 2. Also, Table 14 shows
ihat, of the eight mathematics 21 students with decile ranks of 7 and
%elow on the I H S C mathematics section, four made a final grade of D |
Er F in mathematics 21. These facts seem to indicate that, if the mathe-
#atics section of the I H S C were to be taken as the criterion for sep-?

1
?ration of students into mathematics 2 and mathematics 21 groups, the

%eparation might be made between the seventh and eighth deciles.

Distributions of Students on Basis of 0O SP E

Tables 15, 16, and 17 show distributions of students enrolled
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- ' ' TABIE Ik ) R

I H S C MATHEMATICS SECTION DECILE DISTRIBUTION, BY FINAL COURSE GRADES,
OF STUDENTS ENROLLED IN MATHEMATICS 21

Number of Students Earning
Final Course Grade

. I HS C Math. Cumui-
Section Decile Total lative
A B c D F W Total

1 0 0

2 0 0

3 0 0

L 1 1 1

5 1 1 2 3

6 1 2 3 6

T 1 1 2 8

8 T 1 1 9 17

9 1 16 20 16 10 1 64 81

10 4o 29 25 3 10 1 110 191

Total 43 L6 55 21 23 3 191 191

Ein remedial mathematics, mathematics 2, and mathematics 21, in which
Einal course grades are plotted against decile rankings on the O S P E

%total score. Each of these three groups shows a greater "spread" with
}

%espect to the 0 § P E total score than it did with respect to the mathe%

|

matics section of the I H S C, as was indicated by Tables 12, 13, and 1k,

i

,?n both remedial mathematics and mathematics 2, approximately one-half
Lf the students with a decile rank of 1 or 2 on the 0 8§ P E total score
;ade a final course grade in mathematics of F or D. More than one-half
bf the failures in remedial mathematics occurréd among the students who

ranked in the first and second deciles on the 0 S P E total score., In

mathematics 2, almost one~third of all failures are similarly accounted

|
i
i

i
|
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0 § P E TOTAL DECILE DISTRIBUTION, BY FINAL COURSE GRADES,
OF STUDENTS ENROLLED IN REMEDIAI MATHEMATICS

—

Number of Students Earning

Cumu~-
0 S PE Total Firal Course Grade Total lative
Decile Total
A B c D F W

1 5 16 19 35 5 80 80

2 L 17 28 1h 11 3 7 157

3 5 14 20 9 9 57 214

L 3 T 12 5 9 3 39 253

5 4 20 18 8 I 1 55 308

6 L 10 14 6 L 3 41 349

7 3 3 b 3 1 14 363

8 6 9 I 1 2 1 23 386

9 2 2 1 2 7 393

10 3 2 1 6 399

. Total % 8 118 6+ 77T 1T 399 399

TABIE 16

0 S P E TOTAL DECILE DISTRIBUTION, BY FINAL COURSE GRADES,
OF STUDENTS ENROLLED IN MATHEMATICS 2

Number of Students Earning
Final Course Grade

OSPE Total Cumu---
. Decile - Total lative .
| A B C D F W Total |
| 1 3 12 T 13 2 37 37
2 6 17 9 16 2 50 87 |
3 1 T 16 16 8 7 55 o |
| b 1 9 15 9 9 5 18 190 |
5 2 14 20 11 10 57 ekt
i 6 5 7 12 26 10 ) 3 60 307
; 7 2 8 18 T 3 1 39 346
‘ 8 1 12 6 3 3 25 371
9 8 5 L 3 3 1 2k 395
10 6 3 2 2 13 Log8

5
ct
0o

,_.l
)]
(e)Y
3

136 7 69 21 408 408

|
!
|
i
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0 S P E TOTAL DECILE DISTRIBUTION, BY FINAL COURSE GRADES,
OF STUDENTS ENROLLED IN MATHEMATICS 21

Number of Students Earning Cumu~
0 S PE Total F:Lnal Course Grade Total lative
Decile Total
A B c D F W
1 1 1 1 1 L 4
2 2 1 2 5 9
3 2 -5 2 9 18
N 1 6 6 5 3 1 22 40
5 2 3 L 1 L 1 15 55
6 1 5 9 3 2 20 >
7 6 5 8 h 2 25 100
8 10 8 10 1 L 33 133
9 9 8 9 2 3 31 164
: 10 13 9 1 1 2 1 27 191
~ Total 43 46 55 21 23 3 191 191
@
| TABLE 18

HIGH SCHOOL MATHEMATICS GRADE POINT DISTRIBUTION, BY FINAL COURSE GRADES
OF STUDENTS ENROLLED IN REMEDIAL MATHEMATICS

: Number of Students Earning
. H S Math. Final Course Grade Cumu~
(I}ra.de Point _ Total lative
1 Average A B c D T W Total
1

| 0.5 0 0
1.0 2 5 13 8 34 3 65 65

g 1.5 1 9 18 9 5 42 107
2,0 T 21 26 20 19 8 101 208 ‘
a5 19 30 12 8 3 72 280 |
3.0 13 18 19 12 8 2 72 352
: 35 6 > > 1 2 19 311
! 4.0 5 12 T 2 1 1 28 399

Total 3k 89 118 6 T 7 399 399
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;HIGH SCHOOL MATHEMATICS GRADE POINT DISTRIBUTION, BY FINAL COURSE GRADES,
OF STUDENTS ENROLLED IN MATHEMATICS 2

= ———

Number of Students Earning

—— = ]

"H S Math. Final Course Grade Cumu-
Grade Point Total lative
Average A B C D F W Total
0.5 0 0

1.0 1 7 7 5 20 20

1.5 1 2 16 8 7 p. 39 59

2.0 1 5 21 20 18 5 70 129

2.5 L 9 38 16 18 2 87 216

3.0 2 29 27 10 14 1 83 299

3.5 3 11 19 12 L kg 348

4,0 15 23 1k L 1 3 60 408
Total 26 79 136 T7 69 21 408 408

TABLE 20

HIGH SCHOOL MATHEMATICS GRADE POINT DISTRIBUTION, BY FINAL COURSE GRADES ’

OF STUDENTS ENROLLED IN MATHEMATICS 21

Number of Students Farning

Final Course Grade

%H S Math. Cumus -

Grade Point Total lative |

! Average A B C D F W Total ;
j

; 0.5 0 0

| 1.0 0 0

i 1.5 1 1 2 2 |

E 2,0 1 6 1 6 1 15 17 |

25 1 5 8 7 5 26 43

’ 3.0 3 15 16 5 7 1 W7 90

g 3.5 10 15 16 4 2 bt 137

f b0 29 10 8 3 3 1 5k 191

. Total 43 46 55 21 23 3 191 191
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;'fb'i‘. ‘The high percertage of failure in mathematics 2 among students
'ranking in the first and second deciles on the O S P E total score indi=~
cates that advisers should be particularly cautious in placing students

who have a very low O S P E total score in any mathematics course higher

than remedlal mathematics.

Distributions of Students on Basis of High School Mathemstics Record

Tables 18, 19, and 20 show distributions for the same groups of
students in which final course grades in college mathématics are tabu-
lated against high school grade point averages in mathematics. These
tables indicate that although there is a positive correlation between
#athematics grades received in high school and those received in college;
ﬁigh school mathematics grades show a smaller "spread" than do college |
%athematics grades for the same groups of students. This is particularlj
%rue of the group of students enrolled in mathematics 21, In this growp;
%nly forty-three of the 191 students had less than an average of B in |
&heir high school mathematics. Theilr college grades in mathematics

%howed a much greater distribution.

Summary of Chapter III

i
i In this chapter have been presented the means and probable
l

Frrors of the distributions, on the basis of those variables on which

te were aveilable, for the various groups of mathematics students,

Special emphasis has been placed on groups of students enrolled in ;

!
I

femedial mathematics, mathematics 2, and mathematics 21, as these are

Lhe groups which will be of primary interest in the sequel, However,

|
{

#or purpose of comparison, data were given also for those students who f
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?nrolled‘iﬁ"bﬁhér courses as thelr first college mathematics coursé,
paxa were given for students who withdrew from a mathematics course with-
out re=enrolling in another course, This was done to make possible a
comparison of their performance with that of the groups from which they
withdrew.

Also, distribution charts were shown which indicate the rela-
tionship between selected variables and final course grades in remedial
mathemstics, mathematics 2, and mathematics 21, While such charts were
originally made showing the relation between final course grades and all
other variables investigated, only those distribution charts are shown
?ere which involve variables that were used later in the development of

regression equations and discriminant functions.




CHAPTER IV

COMPARISON OF MATHEMATICS AND NON-MATHEMATICS STUDENTS

Introduction

In this and succeeding chapters all students who mede & final
course grade of W in college mathematics are removed from further con-
%sideration. Data for these students were included in the material of
fChapter III to make possible comparisons in the performance, with respecﬁ
%to various variables, of the students who withdrew and that of the groupé
ifrom which they withdrew. In this chapter, comparisons are made between
igroups of mathematics students who remained throughout the entire semes-f
éter in the mathematics course in which they had enrolled and students
%ho did not take at least one_mathematics course previous to the time

when date were gathered for this study. Students belonging to the latter

group have been designated in Chapter I as "non-mathematics students,”

4 &he number of non-mathematics students involved in the various distribu—é

Fions varied slightly with different variables because complete dats Wer%

" hot available for all students. Consequently the comparison groups of
non-mathematics students for the mathematics placement test, the I H S C;

and the O § P E consisted of 526, 523, and 529 students, respectively,

i Comparative Means and Probable Errors of the Distributions E
a ’ ' i

~_In Table 21 are presented the means and the probable errors of

T
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‘the distributions, on the basis of the mathematics placement test, the
;I H S C, and the 0 S P E, for non-mathematics students and for students
in remedial mathematics, mathematics 2, and mathematics 21 who remained
in their respective mathematics courses throughout the entire semester.
These data are presented primarily for two reasons., First, they are of
value in showing how these four groups of students compare with one an-
other on the basis of the various variables. Secondly, in Chapter VI
certain variables are chosen as the variables to be used in the develop-
ment of regression equations and discriminant functions. The choice of
variables is made primarily on the basis of two criteria. These are:
Kl) the correlations shown by each of the three major mathematics groups
between each of the variables and final course grades in mathematics and;
kE) the degree of separation shown between pairs of the three mathematic%
%roups with respect to each of the variables. A measure of this degree I
;f separation is found in the interquartile ranges, which are easily com%
‘ _
futed from the mesns and probable errors of the distributions.

With respect to all variables listed in Table 21, the means for !

he non-mathematics students were found to lie between the corresponding{

g e

{

ﬁeans for the remedial mathematics and mathematics 2 groups. Also, in

|

i

i
ﬁll cases, the performance of the combined mathematics groups was superio%

|

ﬁo that of the non-mathematics students. This 1s indicated by the fact
|

#hat the means for the non-mathematics students were lower than the cor=-

: |
responding means for the entire group, shown in the column headed "Total.r
In all respects the mathematics 21 students showed a consider- |
n
N {
able degree of superiority over the entire group. This superiority ranged
|

|
from a difference of slightly less than two deciles on the history section
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TABLE 21

COMPARATIVE MEANS AND PROBABLE ERRORS OF DISTRIBUTIONS ON PLACEMENT TEST,
~ I HSC, AND O 8 P E, FOR STUDENIS ENROLLED IN REMEDIAL MATHEMATICS,
MATHEMATICS 2, AND MATHEMATICS 21, AND NON-MATHEMATICS STUDENTS

Mathematics Course Number

Variable

Non-

Mathematics Total

R 2 21 Students

Raw Score on Mean  T7.120 14,910  26.963
Placement Test PE 2,741 - 2.367 3.492

Decile Rank on Mean 2.395 6.017 8.941
Placement Test P E 0.931 0.967 0.566

Decile Rank on Mean 3.809 4,898 6.835
i H S C English PE 1,804 1.50L 1.744

[
Decile Rank on Mean 2,398 5. 704 8.899
I HSC Math, PE 1.250 1.545 0.658

Decile Rank on  Mean  3.301 5.389 7.686
IESCScience P E 1.702 1.887  1.k60

Decile Ramk on  Mean  3.147  Lk.275  5.851
IHSCHistory PE 1774 1.825 1.850

becile Rank on Mean 2,623 4,862 7,681
I E S C Total PE 1.496 1,708 1.325

Decile Rank on Mean  3.233 14,353 6.378
P S P E Total PE 1.569 1.661 1.606

becile Rank on Mean 3,296 .71k 6.984

11.738 13.308

b .okk 5.254

4,300 4,851
1.872 1.903

L, 743 4,810
2,128 1.943

3.640 4,527 .
2,026 2,112

1.965 2,086

3.506 3.912
1.k30  1.938

3,513 4,166
2,056 2,04k

k107 h,2oh3
1.976  1.862

4,086 4 423
2,022 1.934

i
]

|

F S PEReading PE 1.599 1.701 1.556
z
Pumber of Students 382 387 188
|

* *%x

Placement Test: 526; IHSC: 523; OSPE: 529,
r*Placement Test: 1483; I HS C: 1480; 0 SP E: 1486,

|
|
|
|
L.

e e
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of the T H'S C to a difference of more than four deciles on both the
Oklehoms University mathematics placement test and the mathematics section
of the T H S C. |

The only distributions which showed no overlap between the in-
terquartile ranges computed for each of the three mathematiés groups
were the distributions for the mathematics placement test and the mathe-
matics section of the I H § C. With respect to all other variables ex=-
cept the history section of the I H S C, a slightly better degree of
separafion was shown by the interquartile ranges between students in
remedial mathematics and mathematics 2 than by the interquartile ranges
between students in mathematics 2 and mathematics 2L.

The probable errors of the distributiops shown in Table 21 in-
ﬁicate that with respect to all variables except fhe history section of
%he I H S C, the variability of the group of non-mathematics students
%as somewhat greater than that of each of the three groups of mathemat-

i
;cs students.

Comparative Distributions on Various Criteria

The distribution charts which are presented in Tables 22 to 29,‘
?nclusive, serve a dual purpose. First, the totals listed in each table;
Eerve as a means of comparison of the performance of mathematics studentg
Lnd that of non-mathematics students on the various tests. Secondly,
these tables servé as & visual means of'showing the relationship which 3

exists between final course grades in each of the three major mathematics

groups and some of the other variables investigated. This visual picture

| i
¥ill be of value in the determination, in Chapter VI, of those variables



51
which should be used in setting up regression equations and discriminant -
?unctions.
In Teble 30, which summarizes the material presented in Tables
22 to 29, inclusive, comparison of the performance of the three mathe-
matics groups and the group of non-mathematics students is facilitated
by listing, for each of the variables, the percentages of each group

which fall in the various deciles of the distribution.

Summary of Chapter IV

A comparison of the means of the distributions on the placement
ﬁest, the TH S C, and the 0 S P E, for the three groups of mathematics
%tudents and the non-mathematics students, indicates that in all instances
%he performance of the non-mathematics students was superior to that of
?he remedial mathematics students, but inferior to that of the group of
;tudents in mathematics 2, The performance of the mathematics 21 group
%f students was found to be superior in all respects to that of each of
%he other three groups of students. On all tests except the history
%ection of the I H S C each of the three groups of mathematics students
%howed a smaller degree of variability than did the group of non-mathe-

matics students., i
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PLACEMENT TEST DECILE DISTRIBUTION CHART FOR STUDENTS ENROLLED IN
REMEDIAI, MATHEMATICS, MATHEMATICS 2, AND MATHEMATICS 21,

AND NON-MATHEMATICS STUDENTS

Math. Course Number of Students in Placement Test Decile
Total
Course Final
Number  Grade 2 3 b P 6 T 8 9 10
21 A 6 37 43
21 B 1 1 1 9 34 L6
21 C 1 1 5 23 25 55
21 D 1 11 9 21
21 F 1 3 16 3 23
' Total 1 2 2 10 65 108 188 -
2 A 1 6 1 15 2 1 26
2 B 2 9 11 21 34 2 79
2 c 2 L 27 3% 29 37 3 136
2 D 1 3 2 15 21 15 16 2 2 7
2 F 1 3 3 25 22 7 T 1 69
| Total 1 1 10 9 77 9 73 109 9 Lk 387
R A 3 2 12 1k 2 1 34
R B 9 17 25 26 7 1 2 2 89
! c 26 17 42 19 11 3 118
. R D 17 15 10 18 L 6l
| R F 21 17 16 20 3 7
Total 76 68 105 97 25 6 2 3 382
|
Total, Math. !
Students 77 69 115 107 102 102 77 122 74 112 957 |
| Non-Math. |
S:Edents 7% 65 66 52 5% 59 34 50 kg 21 526
Total, All
153 134 181 159 156 161 111 172 123 133 1483 |

Students
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TABLE 23
I H S C ENGLISH DECILE DISTRIBUTION CHART FOR STUDENTS ENROLLED IN

REMEDIAL MATHEMATICS, MATHEMATICS 2, AND MATHEMATICS 21,
AND NON-MATHEMATICS STUDENTS

Math. Course . Number of Students in I H S C English Decille
i Total

Course Final
Number  Grade 1 2 3 b > 6 7 8 9 10

21 A 1 1 L 1 3 3 11 19 43

21 B 2 1 2 4 3 6 5 13 10 46

21 c 2 L 3 5 7 2 8 3 10 11 55

21 D 1 2 3 3 1 5 L 2 2l

21 F 1 3 1 2 2 3 1 5 5 23
 Total b 9 7 12 17 11 21 17 43 b7 188
2 A 101 3 L 3 8 6 26
2 B 5 4 6 7 10 10 1+ 4 10 9 79 -
; 2 c 9 14 15 11 18 17 17 22 6 T 136
2 D 10 10 9 11 8 5 11 3 6 L 7
2 F 8§ 11 7 7 16 7 6 2 2 3 69
E Total 32 4 38 36 55 43 48 34+ 32 29 387 ;
R A 2 5 3 2 1 2 7T 3 6 3 34
R B 8 13 8 8 12 11 12 \ 5 5 89
' R c 20 17T 15 10 20 12 11 6 iy 3 118 |
. R D 15 10 8 6 11 2 1 6 3 2 64

R F 25 13 12 12 3 5 3 3 1 77

Total 70 58 46 38 47 32 34 22 21 14 382

t th.

ggu22gt§a Be 106 107 91 8 119 86 103 73 96 90 957

Non~Math.

Students 8 56 52 29 53 38 46 45 44 71 523

Total, ALl 195 163 143 115 172 124 149 118 140 161 1480 |

Students
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"I §E S ¢ MATHEMATICS DECIIE DISTRIBUTION CHART FOR STUDENTS ENROLLED IN

REMEDIAL MATHEMATICS, MATHEMATICS 2, AND MATHEMATICS 21,
AND NON-MATHEMATICS STUDENTS

e — —

Math. Course Number of Students in I H § C Math. Decile
Total

Course Final

Number  Grade L 2 3 h 2 6 7 8 5 10
21 A 1 ke 43
21 B 1 16 29 46
21 c 101 1 7 20 25 55
21 D 1 1 16 3 21
21 F 2 1 10 10 23
Total 1 2 3 2 8 63 109 188
2 A 3 5 3 11 L 26
2 B 2 3 6 12 13 21 15 T 79 |
2 c 3 5 12 22 17 29 31 1k4 3 136
2 D 3 8 9 Yy 15 9 17 L 7 1 7
2 F 9 10 6 10 10 12 3 3 6 69
Total 12 23 20 29 56 55 62 62 53 15 387 |
R A 2 8 L 8 3 L 3 1 1 34
R 'B 9 22 17 12 14 L 6 3 2 89
R c 22 33 21 19 17 2 2 1 1 118
R D 25 18 6 8 L4 2 1 64 |
R F ks 19 7 b 1 1 (i
Total 103 100 55 51 39 13 1L 5 5 382
potely e 115 123 75 81 97 TL 75 75 121 12% 957
Non~Math,
Students 147 83 39 39 44 37 28 43 33 30 523
Total, AL ' 26p 206 114 120 1h1 108 103 118 154 154 1480 |
Students ;
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I HS C SCIENCE DECILE DISTRIBUTION CHART FOR STUDENTS ENROLLED IN
REMEDTAL, MATHEMATICS, MATHEMATICS 2, AND MATHEMATICS 21,

AND NON-MATHEMATICS STUDENTS

Students

1480

Math, Course Number of Students in I H S C Science Decile
Total
Course Final '
Number  Grade 1 2 3 b > 6 1 8 9 10
21 A 1 1 3 4 5 29 43
21 B 2 1 7 6 11 19 L6
21 c 2 1 1 2 1 3 6 11 11 17 55
21 D 2 1 2 3 L 1 8 21
21 F 1 1 1 5 2 1 3 L 5 23
~ Total 3 L 2 5 10 9 21 25 39 70 188
2 A 2 5 b 3 3 9 26
2 B 3 6 6 7 6 14 13 7 11 6 79
.2 C 6 1k L 15 16 11 14+ 19 27 10 136
;2 D 6 16 6 8 L 7 8 8 11 3 17
;o2 - F 11 7 hooo1h 5 4 4 5 11 L 69
|
. Total 26 43 22 4 31 41 43 42 63 32 387
‘ R A 1 5 5 5 3 3 1 5 L 2 34
R B 9 =21 9 11 7 12 7 5 6 -2 89
| R c 23 22 9 20 12 8 9 8 6 1 118 .
R D 19 18 L 5 1 10 3 3 1 64 |
R F 25 23 9 12 3 3 2 7
|
|
Total 77 89 36 53 26 36 20 21 17 7 382 |
|
f
Total, Math, !
Stude; s 106 136 60 102 67 86 84 88 119 109 957 !
Non-Math. |
Students 137 108 40 61 28 32 30 25 29 33 523
Total, AL 542 2wy 300 163 95 118 114 113 148 142 “
|
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I H S C HISTORY DECILE DISTRIBUTION CEART FOR STUDENTS ENROLLED IN
REMEDIAT, MATHEMATICS, MATHEMATICS 2, AND MATHEMATICS 21,

AND NON-MATHEMATICS STUDENTS

e
—

Math. Course Number of Students in I H S C History Decile
L Total

Course , Fina.

Number Grade 2 3 b > 6 7 8 2 10

21 A 3 1 1 5 5 )3 6 7 11 43
21 B 1 3 5 3 4 5 8 6 6 5 46
21 C 5 2 6 3 7 6 6 7 7 6 55
21 D 1 2 1 2 2 1 4 L 2 2 21
21 F 1 5 2 1 3 2 1 3 2 3 23
Total 11 12 15 10 21 19 23 26 24 27 188
2 A 3 3 3 6 1 3 6 1 26
2 B 8 5 11 9 10 T 9 ) 8 T 9
2 C 11 18 20 11 16 18 19 8 8 7 136
2 D 17 11 5 12 12 5 by 8 1 2 7
2 F 15 11 12 T 6 3 8 1 1 5 69
Total 51 48 51 39 47 39 41 25 24 22 387
R A 3 Y in 3 5 3 4 1 L 3 3k
R B 22 9 12 8 9 6 10 5 5 3 89
R c 32 19 1% 13 13 9 6 .3 8 1 118
R D 20 15 7 3 7 by 1 5 1 1 64
R F %9 9 7 8 L kb 3 2 1 T7

Cmotal 116 56 Lk 35 38 26 24 16 19 8 382

| Total, Math. o

| Stude;ﬁcs 178 116 110 84 ;06 84 88 67 67 57 957

Non=-Math.

. Students 149 69 60 38 47 32 k6 3B 25 23 523

|

- Total, AL 357 185 170 122 153 116 13k 101 92 80

Students

1480
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TABIE 27
I H S C TOTAL DECILE DISTRIBUTION CHART FOR STUDENTS ENROLLED IN

REMEDIAL MATHEMATICS, MATHEMATICS 2, AND MATEEMATICS 21,
AND NON-MATHEMATICS STUDENTS

Math. Course Number of Students in I H 8 C Total Decile

' Total
Course Final
Number  Grade 1 2 3 b 2 6 7 8 9 10
21 A 1 3 2 12 25 43
21 B 1 6 4 8 11 16 46
21 c 1 1 2 L 6 7 9 12 13 55
21 D 1 2 L 1 6 5 2 21
21 F 1 2 2 1 1 5 2 L 5 23
Total 2 1 3 5 7 18 20 27 44 61 188
2 A 1 1 2 8 6 3 5 26
2 B 5 1 5 11 8§ 12 13 10 9 5 79
2 c 6 6 21 14 9 21 29 17 11 2 136
2 D 11 9. 9 11 10 8 10 5 ly 77
2 F 13 10 10 9 7 6 6 3 3 2 69
. Total = 35 26 45 46 35 49 66 L4 30 1h 387
R A 3 5 L 3 2 8 3 1 2 3 34
"~ R B 17 15 12 12 10 10 5 5 3 89
. R c .31 26 18 13 1 9 7T 3 118
R D 26 9 1. 8 5 3 2 6L
. R F 51 12 2 6 2 2 2 77
! Total 128 67 47 42 30 32 19 9 5 3 382
|
Total, Math.
Stodents T 165 94 95 93 T2 99 105 77T 79 T8 957
Non-Math.
students 168 64 k47 56 26 29 38 21 40 34 523
| .
i Total, All
I studeﬂts | 333 158 142 149 98 128 143 98 119 112 1480
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0 8§ P E TOTAL DECILE DISTRIBUTION CHART FOR STUDENTS ENROLLED IN
REMEDIAL MATHEMATICS, MATHEMATICS 2, AND MATHEMATICS 21,

AND NON-MATHEMATICS STUDENTS

|

i
t
|

[ ————— ——
Math. Course Number of Students in O S P E Total Decile
. - Total
Course Final
Number Grade 2 3 h > 6 7 8 9 10
21 A 1 1 2 1 6 10 9 13 43
21 B 2 6 3 5 5 8 8 9 46
21 c 1 2 5 6 ly 9 8 10 9 1 55
21 D 1 1 2 5 1 3 4 1 2 1 21
21 F 1 2 3 I 2 2 L 3 2 23
' Total L 5 9 21 14 20 25 33 31 26 188
- A 1 1 2 5 2 1 8 6 26
-2 B 3 6 7 9 14 12 8 12 5 3 79
2 c 12 17 16 15 20 26 18 6 L 2 136
2 D 7 9 16 9 11 10 7 3 3 2 T1
2 F 13 16 8 9 10 b 3 3 3 69
Total 35 W 4 43 57 57 38 25 23 13 387 |
R A 4 5 3 Yy 4 3. 6 2 3 34
. R B 5 17 1k 7 20 10 3 9 2 2 8
R C 16 28 20 12 18 14 » L 1 1 118 |
. R D 19 14 9 5 8 6 1 2 64
R F 3 11 9 9 L 4 3 2 7 |
“‘i
Total 75 T+ 57 36 54 38 13 22 T 6 382
Total, Math. .
studeﬁ ts 114 127 114 100 125 115 76 80 61 45 957
Non-Math, 1
Students 97 75 60 46 64 33 41 33 43 37 529 |
Total, All
‘stude];ts 211 202 174 146 189 148 117 113 1ok 82 1486 i



,_'——————-—-—__._.__._______._..—-——‘

59

TABIE 29

0 S P E READING DECILE DISTRIBUTION CHART FOR STUDENTS ENROLLED IN
REMEDIAL. MATHEMATICS, MATHEMATICS 2, AND MATHEMATICS 21,

AND NON-MATHEMATICS STUDENTS

vem—
e —

Math. Course Number of Students in O S P E Reading Decile
‘ Total
Course Final
Number Grade L+ 2 3 b5 6 7 8 9 10
21 A 1 2 3 1 3 1+ 19 43
21 B 1 5 8 3 T T 15 46
21 c 1 2 1 4 9 5. 5 8 b 6 55
21 D 3 1 1 5 1 6 3 1 21
21 F 2 1 2 2 3 L 4 3 2 23
. Total 1 7 5 7 23 20 13 28 41 43 188
e A 3 3 1 4% 3 5 7 26
2 B 5 7 by 5 1 122 13 8 9 5 79
2 c 5 16 16 16 21 22 15 15 7 3 136
2 D 9 5 13 L 13 13 T 9 2 2 7 .
e P12 13 7 11 9 k 7 L 2 s
‘ a
[ Total 3. 41 40 39 57 52 W 39 25 17 387
; R A 1 +» 5 2 6 2 2 6 2 4 3y
R B 8 15 10 15 10 14 9 3 3 2 89 .
R C 6 22 19 19 13 11 10 6 2 118
R D 19 10 11 12 3 2 L o1 1 1 3N
R F 34 13 8 10 4 4 2 2 7 |
|
Total 78 64 53 58 36 33 27 18 8 7 382 |
Total, Math.
Students 110 112 98 10k 116 105 86 8 Th 67 957
| Non-Math., ' |
Students 109 73 51 53 49 39 3% 38 45 38 529
Total, ALl '
Students 219 185 1k9 157 165 1k 120 123 119 ‘105 1486 |
%
m - .
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TABLE 30
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Pexrcentage of Group in Each Decile

AND NON-MATHEMATICS STUDENTS

AND 0 S P E, FOR THREE GROUPS OF MATHEMATICS STUDENTS

Group
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CHAPTER V

DETERMINATION OF COEFFICIENTS OF CORRELATION

Introduction

In order to determine as clearly as possible the relationships
which can best be used as an aid in the proper placement of freshman
students in mathematics courses, an examination of coefficients of cor-

%elation between all pairs of variables will be helpful, In this chap-

#er are presented coefficients of correlation between all pairs of vari-
}

?bles for groups of students enrolled in remedial mathematics, mathe-
hatics 2, and mathematics 2l. The means and standard deviations which

&ere used in the computation of these coefficients of correlation are

?lso listed for reference, A selection is made of four variables which

hre to be used in Chapter VI for the determination of regression equa~

tions and discriminant functions. On the basis of these selected vari- i

ables, a re-computation is made of the means, stﬁndard deviatioﬁs, and
coefficients of correlation for the groups of students in remedial mathe%
matics, mathematics 2, and mathematics 21 who are properly placed accord%
ing to the définition of proper placement which was given in Chapter I. i

1
'

Means and Standard Deviations for Three Groups of Mathematics Students

In Table 31 are presented the means and standard deviations of f

distributions on all variables on which data were available for the |

61
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TABLE 3L

- MEANS AND STANDARD DEVIATIONS OF DISTRIBUTIONS ON GRADE POINT AVERAGES,
PLACEMENT TEST SCORES, I H 8 C, AND O S P E, FOR GROUPS OF STUDENTS

ENROLLED IN REMEDIAT, MATHEMATICS, MATHEMATICS 2,
AND MATHEMATICS 21

1

Mathematics Course Number

Variable R 5 o1
Average on Mesan 1.725 2,032 2.577
College Grade Points SD 0.859 0.858 0.774
Average on College Mean 1.840 1.783 2.346
Mathematics Grade Points SD 1.240 1.157 1.281
Average on Mean 2,626 2,868 3.215
High School Grade Points SD 0.687 0.676 0.565
hverage on High School Mean 2,272 2,724 3.247
IMathema.tics Grade Points S D 0.859 0.823 0.645
Raw Score on Mean 7.120 14.910 26,963 |
Placement Test 8D 4,064 3.509 5.177
i .
Decile Rank on Mean 2.395 6.017 8.942
;Placement Test SD 1.380 1.433 0.839"
Decile Rank on Mean 3.809 14,898 6.851
I HE 8 C English SD 2.675 2,226 2,586
Decile Rank on Mean 2.398 5,704 8.899
I H S C Mathematics 8D 1.85k4 2,291 0.976 .
becile Rank on Mean 3.301 5.389 7.686
I HS C Science SD 2,52k 2.797 2,16k |
Decile Rank on Mean 3,147 4,275 5.851!
L E S C History SD 2.629 2,706 2,141 :
Decile Rank on Mean 2.623 4,862 7,661 |
’m H S C Total SD 2,218 2.532 1.965 |
Decile Rank on Mean 3.233 4,353 6.378
p S P E Total 8D 2.326 2,462 2.381 |
Decile Rank on Mean 3.296 4,715 6.98h§
1 S P E Reading SD 2,370 2,522 2,307 |
%umber of Students 382 387 188 i

|
]
i
1
!
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groups of students enrolled in remedial mathematics, mathematics 2, and
mathematics 21. As is indicated by the standard deviations listed in
Tablé 31, the variability of college mathematics grade point averages is
in all instances greater than the variability of general college grade
point averages for the same group. This result is to be expected, since
the college grade point averages do not represent means of individual
grades, as do the college mathematics grade point averages, but rather

the means of the grade point averages of the individual students.

Coefficients of* Correlation for Three Groups of Mathematics Students

Using the means and standard deviations of the various distri-
%utions listed in Table 31, Pearson product moment coefficients of cor-
?elation between all pairs of variables were computed for the groups of
%students in remedial mathematics, matﬁematics 2, and mathematics 21,
&hese coefficients, shown in Table 32, are listed in groups of three.
in each group, reading from top to bottom, are found the coefficients of
correlation for the groups of students in remedial mathematics, mathe-
matics 2, and mathematics 21. All correlation coefficients listed are
positive. They were computed by means of I B M mechinery, using the
?ormulas listed in Appendix I,

Coefficients of correlation of the different variasbles with the
-@athematics placement test were computed using both deciles and raw |
gcores. In the distributions which showed a relatively high concentra-
tion of scores in the lower or upper deciles, as in remedial mathematics
) Fnd mathematics 21, the raw scores showed somewhat higher coefficients

of correlation than did the decile rankings. The upper deciles in par-
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TABLE 32

;CORRELATION COEFFICIENTS BETWEEN ALL PAIRS OF VARIABLES FOR STUDENTS EN-
ROLLED IN REMEDIAL MATHEMATICS, MATHEMATICS 2, AND MATHEMATICS 21

*
Va.ria.ble X2 X3 X)_'_ XS X6 X7 X8 X9 Xlo Xll X12 Xl3
Coll. R .221 .246 311 .42k .322 ,281 .411 .384 .373 .624 .378 .382
X1 Math. 2 .333 .322 .297 .476 .231 .232 .371 .365 .335 .636 428 .41l
Grade 21 .328 .535 247 .345 .385 .186 .379 .343 .372 .797 .482 .419
Place, R .964 080 .312 .112 .109 .168 .1l02 .120 .128 ,184 ,167
Xo Test 2 .953 .098 .4kl .198 .119 .261 .202 .20% .199 .145 .1h2
Decile 21 .821 .279 .526 .200 .198 .345 .285 ,321 .296 .211 .1l19
Place. R 094 .314 .124 ,131 ,.187 .129 .145 .162 .215 .197
X3 Test - 2,10k 422 ,185 ,107 .246 194 194 .199 .139 .127
Raw Score 21 .355 .533 .271 .213 .41k ,385 .4O7 498 413 .283
IHSC R .217 .396 614 ,760 .642 .552 461 .203 .34l
X}y English 2 .328 .435 566 .769 .659 .620 ukh .263 ,381
~ Decile 21 .358 .Lkh9 560 .814 675 .588 .393 .187 .214
IESC R .403 .264 .513 ,187 .238 .180 .168 .100
X5 Math. 2 b9 ,306 .615 .395 .h13 .368 .322 .259
" Decile 21 .380 .184 .503 .335 .321 .308 .215 .119
i IHSC R .52% ,731 .432 454 .253 ,001 .125
X6 Science 2 441 727 Jbh7 484 ,285 194 .255°
Decile 21 k62 7hs b7k (456 438 .201 .217
; IHSC R .839 .514 ,517 .321 .193 .28k
X7 History 2 .788 .526 .520 406 .256 .335
: Decile 21 761 466 450 267 070 .257
1 IHSC R .617 .598 .hob4 .218 .296
Xg Total 2 664 .663 459 .316 .387
~ Decile 21 .654 612 487 .206 .272
. 0SPE R .857 .508 .246 .298
X9 Total 2 .869 .525 .349 435
@ Decile 21 .893 467 .298 .310
. O0SPE R U7k 276 .289
X10 Reading 2 513 .323 403
j Decile 21 499 .311 .30k
' College R 134 .530°
Xpy Grade 2 .516 .577.
’ Points 21 486 .L467
H. S. Math. “R.,T69
X12 Grade 2 .809
i Points 21 .759

¥X13: High School Average Grade Points
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ticular represent a comparatively large range Of raw scores, 1In the
@athematics 2 group, however, very little difference may be observed
between the correlation coefficients computed from the raw scores and
those determined from the decile groupings. The range of raw scores in-
@luded in each decile may be seen by reference to Tables 7, 8, and 9.

The coafficients of correlation between college mathematics
course grades and the other variables are found by reading the entries
across the top of Table 32. It is seen at once that college mathematics
grades appear to correlate more highly with general college grade points
ﬁhan with any of the.other variables. Unfortunately, however, this
Qariable cannot be used as a criterion of performance of college fresh~
ﬁen in mathematics.courses.

The coefficients of correlation listed in Table 32 are based upon
%ll students in each group who received & final coﬁrse grade in mathematics
of A, B, C, D, or F. It would be extremely difficult to determine how
#any of the students who made a grade of F in each group did so because
@f lack of proper mathematical background for the coufse in which they
ﬁere enrolled and how many failed for other reasons, such as illness or
lack of applicafion. Certainly some of the students who made a grade of
ﬁ in a given course did so because of lack of'preparation and should have
been placed in the next lower course in the sequence. Also, it is likely;
£hat some students who made a course grade of A had not been working to

capacity and might have profited more by taking the next higher course.

Designation of Groups by Letters L, M, and U

The comments of the last paragraph suggest the possibility that
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8 large percentage of the students who mﬁdé‘grédéslbf €ither A or F might

t

be thought of as "misplaced persons,"” while the students who made grades
bf B, C, or D and who were previously defined as "properly placed persons"
might be considered as being more nearly typical of the group to which
they belong. This "typical group" of students was designated by the
letter M. Similarly, the "A," or upper, students were designated by the
letter U, and the "F," or lower, students, by the letter L. By this means,
the students in remedial mathematics were divided into three groups: R-U,

R-M, and R-L. Groups in mathemstics 2 and mathematics 21 were designated

similarly.

Means and Standard Deviations for Groups L, M, and U

Tables 33 and 34 show the means and standard deviations of the
distributions on the basis of all variables, for the nine groups of stu~-
dents in remedial mathematics, mathematics 2, and mathematics 21. Of sig=-
nificance, in these ﬁables, is the fact that with respect to all variables
except the mathematics placement test and the mathematics section of the
I H S C, the means of the group R-U are higher than the means of the group

?-L and the means of the group 2-U are higher than the corresponding means
of the group 21-L. One would expect this to be true of the mathematics

blacement test, since the students were originally grouped largely on the
basis of the placement test. The fact that it is also true of the mathe-

matics section of the I H S C indicates that a close agreement would be

likely to exist between segregations based upoﬁ each of the two tests.

Coefficients of Correlation for Groups R-M, 2=M, and 21-M

In Table 35 are listed the coefficients of correlation between
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TABLE 33

MEANS AND STANDARD DEVIATIONS OF DISTRIBUTIONS ON PLACEMENT TEST AND
I HSC, FOR GROUPS L, M, AND U, OF STUDENTS ENROLLED IN REMEDIAL
MATHEMATICS, MATHEMATICS 2, AND MATHEMATICS 21

Mathematics Iowa High School Content Examination

Placement Test
Group

Raw Dec-  gnglish Mathe-  gesence History Total

Scores iles matics
R-I, Mean 6.325 2,072 2,591 1,201 2,08  2.097  1.331
' SD 2.934 1,242 2,240 1.057 1,832 2.121 1.506
R-M Mean  T.177 2,441 3,946 2.589 3,452 3.238 2.747
‘ SD 3.137 1.392 2,611 1.840 2,522 2.397 1.359
Ry Mean 8.471 3,000  5.471 3,588 4,853  k.79%  L.559
s SD 1.943 1.356 © 2,906 2,034 2.700 2,802 2.700
ﬁ Mesn 7.120  2.395  3.809  2.398  3.301  3.147  2.623
| SD 4,064 1.380 2,675 1.854 2,52k 2.629 2,218
o.p Mean 13.188  5.225  3,9k9 3,964  L.558 3.k 3.601

8D 3.359 1.350 2.399 2.393 2,972 2.697 2,542
oy Mean 15.062 6.113 4,918 5.956 5.408 4,346 4,945
' SD 3.281 1.386 2.648 2.070 2.716 2,662 2.419
p.y Mean 17.923  T7.038  T.192  T7.500  7.385 5.692  7.269
SD 3.902 1.152 2.267 1.687 2,081 2.465 1.552

o Mean 1k4.910 6.017 4,898 5.704 5.389 4,275 u.862i
| SD 3.509 1.433 2,225 2,291 ' 2.797 2.706 2.532
51.1, Mean 23.043 8,413  6.326 © 8,630  6.457  5.022 6,587
j SD - 3.276 0,654 2,913 1.115 1.661 2.975 2.585
pl-y Mean 26,097  8.893 6,533  8.746  7.533  5.672  T.u8h
‘ SD 4,803 0.919 2,599  1.035 2,146 2,664  1.899°
21-y Mean 3Ll.465° 9.360 8.035 9.477  8.779 6.802 8.826
: SD 3.920 0.347 1,921  0.151 1.2k  2,58% 1,005
2]  Mean 26.963 8.941 6.835 8.899 7.686 5.851 7.681
| SD 5.77 0.839 2,586 0.976 2,164 2.1k 1,965
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TABLE 34
iMEANS AND STANDARD DEVIATIONS OF DISTRIBUTIONS ON GRADE POINT AVERAGES

AND O S P E, FOR GROUPS L, M, AND U, OF STUDENTS ENROLLED IN
REMEDIAL, MATHEMATICS, MATHEMATICS 2, AND MATHEMATICS 21

College Grade High School Grade Ohio State Psy-
Point Average Point Average chological Test
Group
Mathe- Gen- Mathe~ Gen~- Read- el
matics eral matics eral ing Tota,
R-L Mean 0.000 0.857 1.747 2,201 2.071 2.110
' SD 0.000 0.729 0.796 0.651 1.903 1.969

RM  Mean 2,092 1.8k 2,347  2.683  3.48L  3.297
SD 0.746  1.392  1.608  0.648 2,216 2,201

R-U Mean 4,000 2,706 2.868 3,132 5.206 5.265

SD 0.000 0.892 0.826 0.572 2.728 2.522
R Mean 1.840 1.725 2.272 2.626 3.296 3.233
| SD 1.240 0.859 0.859 0.687 2,370 2.326
o1, Mean 0.000 1.232 2.297 2.529 3.428 3.138
; SD 0.000 0.754 0.704 0.590 2.310 2,271
DM Mean 2.007 2.113 2.759 2.896 4,753 4.380

SD 0.731 1,448 1.599 0.642 2.439 2.311
o.U Mean 4. 000 3.250 3.462 3.h62 7.192 7.231

SD 0.000 0.541 0.746 0.898 2,089 2,066
A Mean  1.783 2,032 2,724 2.868 5,215 4.853
; SD 1.157 0.858 0.823 0.676 2.522 2.462
E Mean 0.000 1.478 2,804 2.913 6,022 5,67k .
2l-L  gp 0.000 0.560 0.655 0.502 2,318 2,547
: Mean  2.205 2,467 3,143 3.123 6.705 6.033 .
Al g 0.711 1.076 1.211 0.541 2,369 2.326
5 Mean 4,000 3.477 3.779 3.640 8.291 7.733
P-U s 0.000  0.372  0.363  0.407  1.665  1.878

o Mean  2.346 2,577 3,247 3.215 7,484  6.878
@ SD 1.281 0. 77k 0.645 0.565 2,307 2.3681
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TABLE 35

CORRELATION COEFFICIENTS BETWEEN GRADES IN COLLEGE MATHEMATICS

AND A SELECTED GROUP OF VARIABLES, FOR GROUPS
R-M, 2-M, AND 21-M

—_—
X3 X5 Xé _ Xie
Variable Group Placement IHSC OSPE High School
Test Math, Total Mathematics
Raw Score Decile Decile Grade Points
College R-M .233 271 245 .183
X1 Mathematics 2-M .158 .349 AT77 .354
Grade Points 21-M .289 .254 .280 217
- Placement R-M .309 .1o2 .165
X3 Test 2=-M . 322 .100 .018
~~ Raw Score 21-M .548 .303 2h7
IHSC R-M .037 .003
X5 Mathematics 2-M 276 226
Decile 21-M .259 .101
. OSPE R-M .156
Kg Total 2-M <311
. 7 Decile 21-M .187

D

bollege mathematics grade point averages and a selected group of other

variébles, for the groups R-M, 2-M, and 21-M. These coefficients of

correlation were computed using some of the means and standard deviationsg

of distributions which were shown in Tables 33 and 34, Coefficients of

correlation are shown, for each of the three groups, between grade point '

EVerages in college mathematics and those variables which are used in

Ch&pter VI in the determination of regression equations and discriminant
?unctions. In most instances these coefficients of correlation are quite

¢omparable to the corresponding coefficients shown in Table 32 for groups

of students enrolled in remedial mathematics, mathematics 2, and mathe-

matics 21,
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Summary of Chapter V

In this chapter were presented the means and standard deviations
of the distributions, on the basis of all variables on which data were
;available, for groups of students enrolled in remedial mathematics, mathe-
mgtics 2, and mathematics 21l. These means and standard deviations were
used in the computation of coefficients of correlation, on all pairs of
variables, for each of the three groups of mathematics students.

In each of the three major groups of mathematics students, the
lower, middle, and upper groups of students were defined by means of the
letters L, M, and U, respectively. Means and standard deviations, on the
basis of all variables, were determined for each of the nine groups of
$tudents defined in this manner. Coefficients of correlation were pre-
%ented for groups R-M, 2-M, and 21-M on the basis of those variables
%hich are selected in Chapter VI for use in the determination of regres-

sion equations and discriminant functions.



CHAPTER VI
DEVELOPMENT OF REGRESSION EQUATIONS AND DISCRIMINANT FUNCTIONS

Introduction

Two distinct problems present themselves at this point. One is
the problem of predicting as accurately as possible the final course
grade in college mathematics of a given individual.. This may be done by
@eans of setting up regression equations which give, on the basis of a
%hosen set of variables, the final grade most likely to be made by the
ﬁndividual. Different regression equatlons may be developed for each
%roup, such as remedial mathematics, mathematics 2, and mathematics 21.
A basic assumption, which is made in applying any of these regression
équations, is that the individual actuaslly belongs to the group for
which the regression equation was developed. This leads to the second
problem; namely, that of properly identifying the individual with one of
Fhe groups. The tool which is used in this study in an attempt to solve
%his problem is the discriminant function which was developed by‘Fisher.l

Ideally, one might hope to divide students into approximately
pomogeneous groups with respect to mathematical background and ability

in such a way that no student will fail because of having been placed in

1R, a. Fisher, "The Use of Multiple Measurements in Taxonomic
Problems," Annals of Eugenics VII (1936), 179-188. For a brief discus-
sion of the discriminant function, see Appendix II.

71
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‘the wrong group. At the other extreme; it would be-desirable to avoid

gplacing a student in a course in which he merely reviews material which
ﬁe has studied previously. Actually, while it appears to be impossible
Jto eliminate misplacements entirely, one of the major purposes of this
study is to aid in finding means by which their number may be reduced to

a minimum.

Criteria Used in Choice of Variables

Among the criteris to be kept in mind in msking a choice of the
variables to be used in setting up a regression equation or a discrimi-
nant function are the following:

1. The coefficient of correlation between college mathematics
grades and the variable chosen should be as high as possible.

' 2. The intercorrelations between all pairs of the variables
bhosen should be as low as possible, in order to insure the least amount
of overlap.

3. For each variable chosen, the amount of separation between
the distributions for remedial mathematicé, mathematics 2, and mathemat-
ics 21 should be & maximum, This implies that, with respect to each
“veriable, the means for the three distributions should be well separated
?ﬁd that the standard deviations, or the interquartile ranges, should be
ﬁmall.

{ While the first of these criteria is of particular importance
?n setting up a regression equation, the third is of greater significancé
in determining a discriminant function. It is not necessarily true,

therefore, that the variables which appear to be best suited to the



73
solution of one of the two problems are also the best ones to use in
the solution of the other. In the case of either the regression equa-
tion or the discriminant function, it is desirable, from the standpoint
of simplicity, to keep the number of variables used to a minimum. It is
possible that the increase in reliability gained through the use of a
larger number of variables is not sufficient to justify the additional

computation involved.

Selection of Variables to be Used .

An examingtion of Table 32 indicates that college grade points
constitute the best single predictor of fiqal grades in college mathe-
matics. Since this criterion cammot be used in predicting grades of en-
ﬁering college freshmen, it was decided to use the mathematics placement
ﬁest, the mathematics section of the I H S C, the 0 S P E total, and
érade point averages in high school mathematics, as the independent
variables in the regression equations. Reasons for the selection of
ﬁhese variables are given in_the following paragraphs.

For all three of the major groups of mathematics students, the
variables which showed the greatest separation between distributions were
#he mathematics placement test, the I H S C total, and the mathematics
;eétion of the I H 8 C. This statement may be verified by an examination
éf the means and probable errors of the various distributions listed in
?able 21, or by reference to Figures 1, 2, and 3. Figure 1 shows graph-~
%cally the percentage distribution of matheﬁatics placement test scores,

by deciles, for groups of students enrolled in remedial mathematics,

mathematics 2, and mathematics 21, For comparison, the percentage dis-
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Figure 1. Percentage Distribution of Placement Test Scores, by
Dec1les, for groups of Students in Remedial Mathematics, Mathematics 2,
and Mathematics 21.



>

Per cent

60 . R S
E v  Legend: = |

50{Remedial Matthematics: |
1Math%mat1cs 2: o
 Mathematics 21L: - ;

uo?Noh— athematics Students: —ie—i—-

~

30

Decile, I H S C Mathematics Section
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‘'of Students in Remedial Mathematics, Mathematics 2, and Mathematics 21.
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tribution of non-mathematics students 185 alsoc shown. TFigires 2 and 3
;how similar distributions, for the same groups of students, on the
mathematics section of the I H § C, and the I H § C total, respectively.

In deciding upon a measure of general gbility to use in the
determination of regression equations and discriminant functions, the
choice was made from the I H S C total, the O S P E total, and the
O S P E reading section. The fact that the I H S C total and the I H S C
mathematics section have a comparatively high intercorrelation indicates
that probably little would be gained by the use of both variables. On
comparing coefficients of correlation of each of these two tests with
either the total or the reading section of the 0 S P E, the mathematics
bection of the I H S C appears to have a lower intercorrelation, and
bonsequently a smaller degree of overlap, with the O S P E, than does
%he I H S C total. For these reasons, it was decided to use the 0 S P E
}ather than the I H S C total as a.nbaéure of general ability. The
b SPE tofal was decided upon, rather than the reading section, though
the latter could probably have served as well, since their intercorrela-
tion is high, and they have approximately the same correlation with
#ollege mathematics grades. Figure U4 shows graphically the percentage
éistribuxion, by deciles, of the 0 S P E total for each of the three
éroups of mathematics students, as well as for non~mathematics students.i
i High school mathematics grade points and high school average
grade points show a relatively high intércorrelation, indicating that
little would be gained by using both in a regression equation. Both are

open to the objection that they show little separation between the dis-

tributions for remedial mathematics, mathematics 2, and mathematics 21.
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Because of their slightly higher correlation with college mathematics
?rades, it was decided to use high school mathematics grades, rather
fhan high school average grade points, as a fourth variable., Also,
placement test raw scores were decided upon, rather than deciles, because
bf the somewhat higher correlation shown with college mathematics grades
for the remedial mathematics and mathematics 2 groups. Consequently,
the variables decided upon were X3 (mathematics placement test raw score),
X5 (decile on mathematics section of I H S C), Xg (0O s P E total decile),

and X;, (high school mathematics grade points). (See Table 33.)

Determination of Regression Equations

To prevent errors in computation, two methods were used to deter-
#ine the regression equations. One of the methods, described by Garrett,l
?mploys partial coefficients of correlation. These partial coefficients
%ere useful also in determining multiple coefficients of correlation
ﬁhich will be discussed later. The other method of determining regres-
éion equations, used by Johnson,2 applies the Doolittle simultaneous
;inear equations. Table 36 shows.the regression equations, written in
%erms of the standard deviations of the variables as units of measurement.
ﬁhen the equations are written in this form, the coefficients are abstradt

|
@imensionless numbers and show the relative welghts attached to each of

the veriables.

‘ ~ lHenry E. Garrett, Statistics in Psychology and Education (New
York: Longmans, Green & Co., 1926) pp. 221-205.

‘ 2Palmer 0. Johnson, Statistical Methods in Research (New York:
Prentlce—Hall 1949) pp. 327-3L3.
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" TABLE 36

- REGRESSION EQUATIONS, IN TERMS OF STANDARD DEVIATIONS, BASED UPON FOUR
| VARIABLES, FOR STUDENTS ENROLLED IN REMEDIAL MATHEMATICS,
MATHEMATICS 2, AND MATHEMATICS 21

]
— a—

et e e
————s ————— e

Predicted Placement IHESC OSPE H. S. Math.
Course Grade Point Test Math. Total Grade Point
Average Raw Score Decile Decile Average

Remedial X
Mathematics

0.061(_.}.{2 + 0. 314( 2) ¢ O. 256(__.) + 0. 248( 12
a3 T 79 g2

| ) X X X X
Mathematics y 0'143(__§) + 0.275('—2) +-0.l346—£2) + 0-2730-;E§)
2 73 75 X Tiz

. X X X X
Mathematics  x = 0.337(—3) + 0.067(==2) # 0.102(—) + 0.298(—=)
21 o3 75 7y Tio

Coefflclents of Multiple Correlation, Partial Standard Deviations,
and Probable Errors of Estimate

Using the regression equations of Table 36, the coefficients of "
multiple correlation for remedial mathematics, mathematics 2, and mathe-
matics 21 were found to be respectively 0.585, 0.586, and 0.618, as shown

ﬁn Table 37. These coefficients represent the correlation between the
hctual raw scores made on the mathematics placement test and the raw

| ,
scores as predicted by the regression equations of Table 36, The partiai

btandard deviations listed in Table 37 represent a measure of the varia-'
bility of grade point averages in mathematics courses with the influence

of variables X3, X5, Xg, and X;, held constant. These partisl standard

12
ﬁeviations may be compared with the standard deviations listed for col-
}ege mathematics grade point averages in Table 31. These standard devia~

tions are 1.240, 1,157, and 1,281, for remedial mathematics, mathematics
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TABIE 37

COEFFICIENTS OF MULTIPLE CORRELATION, PARTTAL STANDARD DEVIATIONS, AND
: PROBABLE ERRORS OF ESTIMATE OF PREDICTED MATHEMATICS GRADE POINT
AVERAGES FOR REMEDIAL. MATHEMATICS, MATHEMATICS 2,
AND MATHEMATICS 21

Probable Errors of Estimate, Based Upon:

Coefficient Partial

Course of Multiple Standard X3, X5, X9,

Correlation Deviation and X0 X3 X5 X9 X12
Miiﬁzgiiics 0.585 1.oo6. 0.678 vo.810 0.758 0.773 0.775
Mathegatics 0.586 0.938 0.633 0.739 0.686 0.726 0.705
Mathgfatics 0.618 1.007 0.679 0.730 0.811 0.811 0.757

2, and mathematics 21 respectively. In each group, the distribution is
observed to be narrowed down by this process of "partialing out" the
effect of other variables, though the extent of this narrowing down is
not sufficient to enable one to predict, as accurately as one might wish,
ﬁhe mathematics grade point average of a given individual. In each of
%he three groups of mathematics students, the probable'error of predic-
%ion is of the order of two-thirds of a grade point. This statement
#eans that, on the average, in £ifty per cent of all cases the true gradg
Eoint average lies within an interval which extends approximately two- |
%hirds of a grade point in either difection from the predicted value

%nd in the remaining fifty per cent of all cases the true grade point

average lies outside this interval.

For purpose of comparison, the probable errors of estimate,
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based upon each of the four variables individually, were computed. These
érobable errors of estimate are also listed in Table 37. The maximum |
?eduction effected in the probable error of estimate by the use of four
&ériables instead of one is .132 grade points. If a single variable were
to be used, the best prediction for students in mathematics 21 could be
bbtained by use of the placement test, while for students in remedial
mathematics and mathematics 2, the mathematics section of the I H 8 C
appears to be the best predictor. These facts suggest the possibility
that a prediction based upon these two variables alone might be almost
ps reliable as one based upon all four variables. Therefore, the coef-
?icients of multiple correlation, the partial standard deviations, and
ﬁhe probable errors of estimate were computed using variables Xs, X5,
énd Xg and also using only variables X3 and X5. These data are shown in
#able 38. To facilitate comparison, the corresponding data, using all
four independent variables, are repeated from Table 37.

From Table 38 it appears that the drop in the coefficient of
ﬁultiple correlation and the consequent increase in the probable error
bf estimate, due to a reduction in the number of independent variables
ﬁsed, is greatest for the remedial mathematics group and is least for
%he group of mathematics 21 students. Also, a comparison with the prob-;
;ble errors of estimate shown in Table 37 indicates that the probable
%rror of estimate for mathematics 21 is only very slightly less if vari-:
%bles X3 and X5 are used, than if only X3 is used. The difference be-
%ween the probable errors is 0.003, which is negligible. A similar comy:

ﬁarison for remedial mathematics and mathematics 2 reveals that, for
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‘TABIE 38 -
COMPARISON OF COEFFICIENTS OF MULTIPLE CORRELATION, PARTIAL STANDARD

DEVIATIONS, AND PROBABLE ERRORS OF ESTIMATE, USING FOUR,
THREE, AND TWO INDEPENDENT VARIABLES

—

1

. . Coefficient Partial Probable
Variables Mathematics  op Myltiple Standard Error of
Used Course Correlation Deviation ‘Estimate

X3, X5, X9, X1p R 0.585 1.006 0.678
X3, X5, Xg R 0.535 1.048 0.707
X3, X5 R 0.4k40 1.113 0.751

X3, X5, Xg, Xjp 2 0.586 0.938 0.633
X3, X5, Xg 2 0.529 0.981 0.662
X3, Xg 2 0.495 1.005 0.678

?{3, XS, X9, X, = 2 ~ 0.618 1.007 0.679
x3, XS, Xy 21 0.557 1.06k4 0.717
X3, X5 21 0.540 1.078 0.727

ﬁetter than one based upon X5-alone. Since the mathematics placement
&est appears to be the better criterion in the prediction of grades in
#athematics 2l, while the mathematics section of the I H § C shows a

iower probable error in predicting grades in remedial mathematics and
#athematics 2, regression equations were computed which are based upon

both variables.

Regression Equations based upon two Variables

Table 39 shows regression equations, based upon the placement

test raw score and the decile rank on the I H S C mathematics section,
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i e TABLE 39 B

REGRESSION EQUATIONS, IN TERMS OF STANDARD DEVIATIONS, BASED UPON
TWO VARIABLES, FOR STUDENTS ENROLLED IN REMEDIAL MATHEMATICS,
MATHEMATICS 2, AND MATHEMATICS 21

— ——

Predicted Placement IHESC
Course Grade Point Test Mathematics
Average Raw Score Decile
: i ' X X5
| Remedial X = 0.156(—>- + 0. 477 (=2~
Mathematics 56( 0’3) 77 75
' e : X X
Mathegatlcs X = 0.172(-=3-). + . 0.h79(—=2-)
a3 a5
3 . _ X X :
Ma‘thematlcs X - 0.57j+( 3 ) + 0.107( 5 )

' 21 r3 0—5

|

§for the three major mathematics groups. The coefficients in the equa-
itions shown in Table 39 indicate that, in computing the predicted mathe-
%atics grade point averages of students in remedial mathematics and
#athematics 2, approximately equal weights may be assigned to the raw
;score'on the placement test. For the same two groups, the weights as-
‘signed to the mathematics section of the I H S C are also nearly equal
and are in both cases approximately three times the weights assigned to %
the raw scores made on the placement test. However, in the case of

1

mathematics 21, the weight of the placement test is approximately five

times the weight of the I H S C mathematics section., The fact that the

mathematics 21 group shows a high concentration at the upper end of the

fistribution on the mathematics section of the I H § C accounts at least |

— ——
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iin part for the greater emphasis which the regression equation places on:
i
'the placement test. It should be emphasized that the relative welghts
agsigned to the two tests have been determined for students who were

'separated on the basis of the mathematics placement test and that they

hay therefore be expected to change if other means of separation are used.

Determination of Discriminant Functions

As indicated previously, the discriminant function is the tool
used in this study in an attempt to solve the problem of properly iden-
%tifying a given individual with one of the three groups of mathematics
gstudents. The development and application of this function is discussed
?y Johnson.l Jackson? reports on the use of the discriminant function
:in separating students into ability groups.

E It was decided to determine a discriminant function which would
distinguish between the "typical groups" R-M and 2-M which were defined
?n page 66. Similarly, a function is to be found which sets up a line

%f demarcation between the "typical groups" of students in mathematics 2
énd mathematics 21.

| Although correlations enter into the computation of a discrimi-
%ant function, a more important factor to consider is the degree of sep-f

#ration produced between groups by the variables used in setting up the

function. The data of Tables 33 and 34 may be used to determine the de-

| lpalmer 0. Johnson, Statistical Methods in Research (New York:
Prentice-Hall, 1949) pp. 343-35T.

} ZRobert Jackson, "The Selection of Students for Freshman Chem-
;stry by Means of Discriminant Functions." Journal of Experimental
Education, XVIIT (March, 1950), 209-21k,
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'{'gree 'df"é‘@éaffétiéﬁ‘ produced by different criteria on the "typical "g’roiiﬁs‘f‘
;R-M, 2-M, and 21-M. For variables X3, X5, Xg, and X;,, vhich were used
;in the determination of regression equations, these data are shown graph-
iica.lly in Figures 5, 6, 7, and 8, respectively. As should be expected,
§X3, or the mathematics placement test, shows the best separation between
:pairs of the three groups. Varisble X5, which is the mathematics sectio#
%of the I H S C, shows no overlap between the interquartile ranges of the
groups R-M, 2-M, and 21-M, Variable X9, which is the O 8 P E total
:decile, shows a better degree of separation, within eacﬁ course group,
@mong those students making high, average, or failing grades, than it
hoes among the groups R-M, 2~M, and 21-M. It might therefore be expected
to serve better as a means of separating grade groups within a given |
course group than as a criterion for placement in the prdper course groug.
Of the four variables considered, XlE’ or high school mathematics grade

boint averages, shows the greatest degree of overlap between pairs of

interquartile ranges of the groups R-M, 2-M, and 21-M.
Discriminant functions were determined first in terms of the
#our variables X3; X5, X9, and Xy« Then, since X;, appeared to be the

ieast effective of the four variables in distinguishing among the three

|
|

éroups, discriminant functions were written in terms of X3, X5, and X9.
&

F inally, X9 was dropped, and functions were written in terms of only X3
?nd X5. These discriminant functions are shown in Table ho.

; The relatively small coefficients of X9 and X310 in the discrimrg
?pant functions of Table 40 indicate that little advantage would be |
Eained through the use of all four variables. Consequently, distribuiio%

éh§£§§wgﬁingAY&riabl§§W13_@nd X5 were made for each of the. upper, middle,
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Group

21-U | " | S

21-M *
2-U | m——

ot —

|

0 10 20 30 40

Raw Score on Placement Test

Figure 5. Means and Interquartile Ranges of Distributions on
Raw Scores of Placement Test, for Students in Remedial Mathematics,
Mathematics 2, and Mathematlcs 21.
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Group

21-U
21-M

21-L

| L
2-U ; * ‘

2-M

2-L *

1

R-U *
R-L e i

o 1 2 3 4'5 6'748 9' 10

Decile, I H S C Mathematics Section

Figure 6. Means and Interquartile Ranges of Decile Ranks on
Mathematics Section of Iowa High School Content Examination, for Stu-
dents 1n Remedial Mathematics, Mathematics 2, and Mathematics 21.
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Figure 7. Means and Interquartile Ranges of Decile Rankings
on O S P E, for Students in Remedial Mathematics, Mathematics 2, and
Mathemstics 21. '
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Figure 8. Means and Interquartile Ranges of High School Mathe-
matlcs Grade Point Averages for Students in Remedial Mathematics, Mathe-
matlcs 2, and Mathematics 21.
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TABLE 40

DISCRIMINANT FUNCTIONS FOR GROUPS R-M, 2-M, AND 21-M

Discriminant Function

Function
Vaﬁlagles %ased Placement THSC OSPE H.S.Math.
se pon Test Math. Total Gr. Pt.
Groups Raw Score Decile Decile Average
x3, X5, Xg R-M
and 1000X3 + T798X5; + 42X + 209X, - 15,692
and X3o 2-M
Xoy Xe» 2-M
3 %50 %9 and 1000X3 + bLhbXs 4 20X + 52X, - 25,426
and Xjo 21-M
‘ R-M ,
X, Xey and 1000X, 4 919X, -~ X - 15,51
*30 %51 %9 20 3 5 9
| ' 2-M
X35 X5, Xg and 1000X5 + 512X5 -~ 69x9 - 25,087
; 21-M
| R-M
X3 and Xg and 10003 + 805x5 ~ 1hk,0901
2-M
2-M
X, and X and 1000X, + u72x - 24,281
3 5 o1-M 3 5

énd lower groups in remedial mathematics, mathematics 2, and mathematics:
21. The functions 1000X4 +-800X5 - 15,000 and 1000X3 + 500Xs5 - 2k, 500
represent close approximations to the functions listed in Table 40 for
the variables X3 and X5. When these functions are equated to zero, the
equations may be written in the forms 5X3 + 4X5 = 75 and 2X3 + X5 = L9,

The lines having these equations are drawn in the distribution charts of
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Tables 41 to 49, inclusive, in order to give a visual picture of the

separations produced by these discriminant functions.

Geometric Interpretation of the Discriminant Function

| Where four variables are used, the discriminant function,
equated to zero, may be interpreted geometrically as representing a
hyperplane in a space of four dimensions. Each individual is assigned
a position in this space, which is determined by the four coofdinates
X3, X5, X9, and Xjp. This hyperplane sets up a division by means of
which all individuals are ldentified as belonging to one of two groups.
A given individual is identified with the upper or lower of the two
groups which are separated in this way, according as the discriminant
function is positive or negative when evaluated for the individual. A
?imilar geometric interpretation is possible, in spaces of three and two
\ .
dimensions, respectively, when the number of variables is reduced to

three (X3, X5, and X9) and two (X3 and X5).

Separations Produced by Discriminant Functions

Tables 41 to 49, inclusive, represent distribution charts, on
?he’basis of variables X, (mathemstics placement test raw score) and X5
kdecile rank on the I H S C mathematics section) for the nine groups of
étudents enrolled in remedial mathematics, mathematics 2, and mathematic&
él. In all of these tables, the discriminating lines having equations
?XB 4-4X5 = 75 and 2X3 + X5 = 49 are shown.

Table 41 indicates that all students who received a grade of F
in remedial mathematics would have been placed in remedial mathematics

b.:{.,,t,he discriminant function. Of this group of students who made a fail-



DISTRIBUTION CHART, ON BASIS OF VARIABLES X3 AND
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TABLE 41

sﬁﬁ" FOR GROUP R-L,

X5

Total
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DISTRIBUTION CHART, ON BASIS OF VARIABLES X3 AND X , FOR GROUP R~-M
WITH DISCRIMINATING LINES SUPER-IMPO

X5
X3 Total
1 2 3 L 5 6 T 8 9 10
37
36
35
34
33
32
)
30
29
28
T
A
25
eh
3
P2
21
20
19
18 1 1
7 1 1
16 1 1 2
15
14 1 1 3
13 1 1
12 2 3
11 1 3 3 3 1 19
10 4 5° 3 5 5 2 30
1 9 5 8 8 5 5 1 33
'8 9 10 1 7 L 1 43
6 5 8 3 5 2 1 24
5 5 10 3 3 3 1 25
g 6 8 3 1 1 19
'3 b 2 1 2 1 10
2 2 3 2 1 8
1 2 2 1 2 1 8
0 > 1 1 7

x|
g
\U1
(6)Y
ﬂ
w
=
=
(O8]
O
w
A}
©
o
=
=
n
=3
=
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TBIE 43

DISTRIBUTION CHART, ON BASIS OF VARIABLES X3 AND

WITH DISCRIMINATING LINES SUPER=IMPO

SEB,‘ FOR GROUP R-U,

Total

O\ —3 33

-

34
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TABIE 44 =

DISTRIBUTION CHART, ON BASIS OF VARIABLES 'X3 AND
WITH DISCRIMINATING LINES SUPER=IMPO

S)E}B,' FOR GROUP 2-L,

10

Total

1
1

N
HOHEFDUWOU—I\WUV N W H -

69
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TABLE 45 °

DISTRIBUTION CHART, ON BASIS OF VARIABLES X3 AND X, FOR GROUP 2-M,
WITH DISCRIMINATING LINES SUPER-IMPOSEB

X5
X3 Total

1

: T
20 2 L 10
19 2 6 3 L b 2 21
18 1 1 6 2 7 T L 1 29
1T 1 5 2 L 6 7 2 27
16 1 1 1 2 6 11 3 3 28
15 1 1 6 7 T 12 3 37
1k 2 L 2 9 T 2 1 35
13 5 L 6 L L 31
12 6 5 T 5 3 1 38
11 2 3 1 13
10 2 2
9 1 1 1 L
8 1 1 L
T 1 1 1 3
6
5
Y
3
2 1 1

1
. 0

Total 3 13 1k 19 43 38 59 56 36 11 202




DISTRIBUTION CHART, ON BASIS OF VARIABLES X3 AND
WITH DISCRIMINATING LINES SUPER-IMPO

28
TABLE 46 -

s;cg,' FOR GROUP 2-U,

Total

FOOIH

oo

26
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TABLE k47

DISTRIBUTION CHART, ON BASIS OF VARIABLES X; AND X5, FOR GROUP 21-L,
WITH DISCRIMINATING LINES - IMPOSED

X3 : Total

N
w
= PO
| aad A"
D w W\l
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TABLE 48 ~ —

" DISTRIBUTION CHART, ON BASIS OF VARIABLES X, AND X,, FOR GROUP 21-M
WITH DISCRIMINATING LINES SUPER-IMPOSED

| X5 _
X3 Total

-
)]
w
=
\
[0)Y
-3
o
\O
S

=
N IEOOHOOVUH O3 FONEONH H

\]
(o)}
PUVONOEFOWMND =D
o F PWLWWONON FLww O\ -
|_l

\=
\O
}._l

}J
eN
l—l
o

O MW &=\ O3

Total 1 2 1 2 7 52 57 122
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TABLE 49

FOR GROUP 21-U
SUPEﬁ IMPOSED ’

DISTRIBUTION CHART, ON BASIS OF VARIABLE
| WITH DISCRIMINATING LINES
15
X3 Total
1 2 3 L 5 6 7 8 9 10
38 2 2
37 1 1
36 1 1
35 4 i
34 8 8
33 6 6
32 3 3
31 3 3
30 i N
29 2 2
28 2 2
el 1 1
26
25 1 2 3
2k 1 1
23 1 1
22 1 1
Pl
20
19
18
17
16
15
Lk
13
12
11
10
9
'8
T
6
5
o
3
2
1
10
Total 1 iT) 43
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ing grade in remedial mathematics, three had placement test scores above
ien. Two of these three students had originally enrolled in remedial
baxhematics, while one had enrolled in methematics 2 and then changed
his enrollment to remedial mathematics. Table 42 shows that while thirty
students in group R-M made scores above ten on the placement test, twenty-
five would have been placed in mathematics 2 by the discriminant function.
This fact indicates that the discriminant function is a somewhat better
criterion for placement in the case of these studenté than is the place-
ment test alone. Table 43 shows that there were three students in the
group R-U whose placement test score should have placed them in mathe-
matics 2. Enrollment in mathematics 2 is also indicated for these three
étudenﬁs by the discriminant function.

Table 44 indicates that thé discriminant function would have
élaced in remedial mathematics approximately one-third of the students
%ho made failing grades in mathematics 2. Of the remaining two-thirds,
%boux one-third might be classed as border-line cases who would have
been placed in remedial mathematics with a slight upward shift of the
éiscriminating line. An examination of Table 45 shows that of the twenty-
six students in group 2-M who would have been placed in remedial mathe-
%atics by the discriminant function, thirteen, or one-half, made a grade
éf D in mathematics 2, ten made a grade of C, and three made a grade of B.
| Tables 47, 48, and 49 show that there would have been little
?hamge in the enrollment of mathématics 21 students had they been en-
folled on the basis of the discriminant function. This result is to be
%xpected because of the relatively high rank of most mathematics 21 stu-

dents on the I H S C mathematics section.
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- Future Revision of the Discriminant Functions

Because the placement test served as the original basis of sep-.
aration, more weight is placed on it by the discriminant function than
on the mathematics section of the I H S C. This is particularly true of
‘the line which separates students into mathematics 2 and mathematics 21
groups, since more than ninety per cent of all students in mathematics
,21 ranked in the ninth and tenth deciles on the mathematics section of
the T H 8 C. Because of this factor of pre~selection of students on the
basis of performance on the placement test, it is apparent that greater
weight should be placed on the variable X5. Since the discriminant
?unction separating étudents in remedial mathematics from those in mathe-
matics 2 was determined to be approximately 5X3 +-4X5 - 49, it might be
Fuggested that the separation be made initially on the basis of a dis-
#riminant function in which the coefficients of X3 and X5 are made equal.
A future re-determination of the discriminant function might be under-
taken to determine the coefficients which would reflect more nearly the
relative values which should be expected without the disturbing factor
6f pre~selection on the basis of only one of the variables.

Since the variable X5 has a very narrow range of values for
%tudents in mathematics 21, very little change would result in placement .
%f the coefficients were élso made equal in the discriminant function
%hich separates students in mathematics 21 from those in mathematics 2.
if the function X3 +-X5 - K, where K is a properly chosen constant, can
?e used for the purpose of making placements in all three groups, the

resulting advantage in simplicity is apparent. On this basis, a student
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21, depending on the value of a composite score which is determined by
adding his raw score on the mathematics placement test and his decile

rank on the mathematics section of the I H S C.

Composition of Groups, Based on Various Discriminant Functions

Table 50 shows the changes which would be produced, by the ap-
plication of various discriminant functions, in the composition of the
groups of students in remedial mathematics and mathematics 2. Since
these students were placed originally on the basis of the mathematics
placement test alone, the division is shown for various values of a dis-
Friminant function based upon the variable X3 alone. These divisions
may be compared with those produced by & discriminant function which is
based upon both X3 and X5. Table 50 shows, for example, that approxi-
@étely the same division is produced, so far as the total number of stu-
aents in each course is concerned, by the two functions X3 - 12 and
X3 +X5 - 16. However, the function X3 +Xg - 16 places in remedial
mathematics twenty-five of the sixty-nine students who made a grade of
F in mathematics 2, as compared with twelve of the same group of failing
students placed in remedial mathematics by the function X3 - 12, Similar:
comparisons may be made for the other functions listed. It is seen in
ﬁost instances that of the students transferred to remedial mathematics
+X

from mathematics 2 by the function X - K, a larger percentage comes

3775
from the group who failed in mathematics 2, than is the case when the
function X3 - K is used. In the same way, Table 51 shows the effect of

using various discriminant functions to separate the groups of mathemat-

ics 2 and mathematics 21 students.



S ' ' TABLE 50

HYPOTHETICAL DIVISION, ON BASIS OF VARIOUS DISCRIMINANT FUNCTIONS, OF STUDENTS IN
REMEDIAL, MATHEMATICS AND MATHEMATICS 2

o ————  ——————————— ———————— ]

Number of Students Placed in Number of Students Placed in
Remedial Mathematics Mathematics 2
Basis of Enrollment Transferred by Enrollment Transferred by
Division . Unchanged Discriminant Unchanged Discriminant
Function from: Total Function from: Total
R-L R-M R-U 2-L 2-M 2-U 2., 2-M 2-U R-L R-M R-U
Actual
Enrollment 7 271 34 382 69 292 26 387
X3 - 10 %9 211 24 5 12 0 321 64 280 26 8 60 10 448
X3 - 11 Th 2k 31 7 1L 0 367 62 278 26 3 30 3 ko2 -
X3 -12 77 260 31 12 27 0 Lot 57 265 26 0 11 3 362
X3 ~ 13 7 263 31 32 65 2 70 37 227 24 0 8 3 299
5K + uxs - 75 77 246 31 25 26 0 ko5 Wy 266 26 0 25 3 364 5
X3 +X5 - 16 76 242 28 25 25 0 396 Ly 267 26 1 29 6 373
X3 +X5 - 17 T7 251 31 31 37 O - ¢ 38 255 26 0 20 3 342

X3 + X5 - 18 77 258 31 39 50 0 455 30 242 26 0 13 3 314§

G0t




HYPOTHETICAL DIVISION, ON BASIS OF VARIOUS DISCRIMINANT FUNCTIONS, OF STUDENTS IN

" TABLE 51 -

MATHEMATICS 2 AND MATHEMATICS 21

Number of Students Placed in Number of Students Placed in
Mathematics 2 Mathematics 21
Basis of Enrollment Transferred by Enrollment Transferred by
Division Unchanged Discriminant Unchanged Discriminant
Function from: Total Function from: Total
2-L 2-M 2-U 21-L 21-M 21-U 21-I, 21-M 21-U 2-L 2-M 2-U
Actual
Enrollment 69 292 26 387 23 122 43 188 -
X3 - 19 66 252 14 1 5 0 338 22 117 L3 3 4o 12 237
X3 - 20 67 273 16 2 7 0 365 21 115 43 2 19 10 .210
X3 - 21 68 283 23 L 13 0 391 19 109 43 1 9 3 184 |
2X3 +X5 - 49 67 280 17 2 9 0 375 21 113 43 2 12 9 200
X3 +X5 - 28 67 269 15 1 6 o 358 22 116 U3 2 23 11 217
X3 +X5 = 29 67 280 17 2 9 0 375 21 113 43 2 12 9 200
X3 +X5 =30 68 284 23 5 12 0 392 18 110 43 1 8 3 183
31 68 288 23 8 17 0 hol 15 105 43 1 L 3 171

901
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Performance of Individual Students in Groups L and U

Tables were prepared which show the performance with respect
to each of the variables X3 to X33, inclusive, for all individual stu-
dents who made final course grades of A or F in remedial méthematics,
mathematics 2, and mathematics 21, These tables also show the value of
the discriminant function, as evaluated for each student. Since these
tables are not of general interest, they are not included here, but are
deposited in the mathematics and education branch libraries at the Uni-

versity of Oklahoma.

Sumpary of Chapter VI

A selection was made in this chapter of those variables which
appear to show the greatest degree of separation among the "typical
groups" R-M, 2-M, and El-ﬁ. Using these variables, regression equations
énd discriminant functions were determined for each group. It was found
that regression equations and discriminant functions based upon the mathe-
matics placement test and the mathematics section of the I H 8 C were
nearly as effective in producing separations among the three groups as
fhose based upon the four variables which were originally chosen. Dis-
%ribution charts with discriminating lines based upon these two variables
yere shown for each of the groups L, M, and U for students in remedial
#athematics, mathematics 2, and mathematics 2l. Tables were presented
ﬁhich show the effect produced on the composition of the various mathe-

matics groups by the application of different discriminant functions,



CHAPTER VII

ANALYSIS OF MATHEMATICS PLACEMENT TEST ITEMS

Description of Mathematics Placement Test

As previously indicated, the mathematics placement test which
is currently in use at the University of Oklahoma consists of forty
multiple-choice items, each with five possible responses. The test has
been carefully constructed, both as to form and content. The test items
cover, primarily, topics taken from elementary arithmetic and first-year
high school algebra. Only a few itemg involve geometric concepts. These
are problems of the type that are encountered by the student in junior
high school mathematics and require no knowledge of formal plane geom~
etry. A maximum of three hours' time is allowed students when they take
the test, though it is expected that the average student will be able to

complete it in less than one-half of this time.

Procedure in Obtalining and Recording Data

As a basis for the study of the performance of students on the
blacement test, each test item was assigned a column on the students’
i B M cards and each of these columns was punched with the appropriate
higit, one, two, three, four, or five, depending on the response of the

Etudent on the corresponding test item. The digit zero was punched into3

I
I

i

bach column corresponding to an item which was omitted, making it possible

108
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to separate by machine the cards of those students who did not take the
test and those students who failed to respond to some of the test items.
These data were determined for each of the grade groups in remedial
mathematics, mathematics 2, and mathematics 21, and for those students
who did not take any college mathematics. A total of 1211 students was
involved in this study. Because the summaries of responses made on in-
dividual test items are not of general interest, they are not included
here, but are on deposit in the mathematics and education branch libra-

ries at the University of Oklahoma,

Distributions of Responses

A summary of the distributions of responses made by groups R-~M,
2~M, and 21-M, is found in Table 52. The numbers of students in the
ihree groups R-M, 2-M, and 21-M are 216, 220, and 92, respectively.
&hese numbers are not the same &s those in the groups which were desig~
nated in the same way in Chapters V and VI, because of the fact that the
original placement test papers were not available for all students. In
Table 52 and some of the succeeding tables, the letters R, W, and 0 are

nsed to represent the number of right responses, the number of wrong re-

sponses, and the number of items omitted, respectively.

Discrimination Value of Test Items

The differences between the percentages of correct responses

?or the various groups were taken as a measure of the ability of a test

item to discriminate between groups. These differences are shown in

Table 53. Since the placement test is used to discriminste among three

groups, the best separation is produced by an item for which the differ-



TABLE 52

DISTRIBUTION OF RESPONSES TO PLACEMENT TEST ITEMS FOR GROUPS 21-M, 2-M, AND R-M

Digtribution Percentage Distribution
.Iﬁem 21-M 2-M R-M Total 21-M 2-M R-M Total
o. _

(@]

R w O R W O R W O R W O R W O R W O R W O R W

1 8 6 159 61 69 135 12 314 202 12 93 7 73 27 31 63 6 60 38 2
2 87 5 137 83 45 159 12 269 247 12 95 5 62 38 21 73 6 51 W7 2
3 .87 5 174 43 3 111 93 - 12 372 141 15 95 5 79 20 1 51 43 6 70 27 3
Yy 79 13 150 69 1 71132 13 300 214 14 86 14 68 32 33 61 6 57 4 3
5 69 23 107 104 9 56 141 19 232 268 28 75 25 bo k7 Lk 26 65 9 4h 51 5§
6 87 5 176 41 3 60135 21 323 181 24 95 5 80 19 1 28 62 10 61 34 5
7 82 10 125 92 3 54141 21 261 243 24 89 11 57 b2 1 25 65 10 50 45 5
8 82 10 168 47 5 86105 25 336 162 30 89 11 77 21 2 L4 k49 11 63 31 6
9 T9 13 145 70 5 L9 122 45 273 205 50 86 1k 66 32 2 23 56 21 52 39 9
o0 89 3 185 31 4 138 66 12 412 100 16 97 3 84, 14 2 64 30 6 T8 19 3
11 72 19 1 85123 12 29141 46 186283 59 78 21 1 39 56 5 14 65 21 35 54 11
12 71 21 84 123 13 37 139 40 192 283 53 77 23 38 56 6 17 64 19 36 54 10
13 78 1k 119 99 2 30153 33 227266 35 85 15 54 45 1 14 71 15 43 50 7
14 4 50 2 17190 13 5173 38 62413 53 44 5 2 8 8 6 2 80 18 12 78 10
15 48 43 1 36181 3 7186 23 91410 27 52 47 1 17 8 1 3 8 11 17 78 5
16 82 10 14 72 2 90109 17 318 191 19 89 11 66 33 1 42 50 8 60 36 L
17 79 12 1 90105 25 32121 63 201238 8 86 13 1 41 48 11 15 56 29 38 ks 17
18 59 30 3 31164 25 7148 61 97342 8 64 33 3 14 75 11 3 69 28 18 65 17
19 69 21 2 53156 11 18171 27 140.348 40 75 23 2 24 71 5 8 T9 13 26 66 8
20 29 63 27186 T 18180 18 T4 429 25 32 68 12 8 3 8 8+ 8 14 81 5

01T
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TABLE 52 (Continued)”

—— e ——————————

Distribution Percentage Distribution

Ttem
No 21-M 2-M R-M Total 21-M 2-M R-M Total

R W R W 0 BR W 0 R W 0O R W O R W O R W O R W O
21 56 36 64 124 32 25 127 64 145 287 96 61 39 29 56 15 12 59 29 28 54 18
22 32 54 6 36138 46 24 127 65 92319 117 35 59 6 16 63 21 11 59 30 17 61 22
23 55 31 6 44 131 45 41 107 68 140 269 119 60 34 6 20 60 20 19 50 31 26 51 23
24 64 28 105 107 8 33 119 64 202 254 T2 70 30 48 48 4 15 55 30 38 48 1k
25 26 59 7 18173 29 12143 61 56375 97 28 64 8 8 79 13 6 66 28 11 T1 18
26 77 14 1 126 78 16 77 98 Lkl 280190 58 84 15 1 57 36 T 36 45 19 53 36 1L
271 86 6 135 73 12 35121 60 256 200 T2 93 7 61 33 6 16 56 28 48 38 1k
28 72 19 1 67108 45 15125 76 15k 252122 T8 21 1 31 49 20 T 58 35 29 48 23
29 k2 46 4 L9138 33 17 134 65 108 318 102 46 50 L 22 63 15 8 62 30 21 60 19
30 57 28 7 50 97 73 30 99 87 137 224 167 62 30 8 23 4k 33 14k L6 Lo 26 k2 32
31 65 19 8 74101 45 26105 85 165225138 7L 21 8 3k 46 20 12 L9 39 31 43 26
32 73 18 1 97107 16 42115 59 212240 76 79 20 1 4 49 7 20 53 27 Lo L6 1k
33 29 58 5 17 145 58 h 12k 88 50327151 32 63 5 -8 66 26 2 57 41 9 62 29
3+ 56 35 1 22171 27 14131 71 92337 99 61 38 1 10 T8 12 6 61 33 17 64 19
35 65 23 L4 59130 31 44109 63 1683262 98 71 25 4 27 59 1k 20 51 29 32 L9 19
36 23 61 8 15171 34 10136 70 48368112 25 66 9 T T8 15 5 63 32 9 70 21
37 40 4 7 31108 8. 14 95107 85248195 43 k9 8 1k k9 37 6 44t 50 16 47 37
38 4 k2 9 32112 76 15 97 104 88251189 44 46 10 15 5L 3k 7 45 48 17 L7 36
39 22 70 20 168 32 19 135 62 61 373 94 24 76 9 76 15 9 62 29 11 71 18
bo 11 79 2 21169 30 21119 T6 53367108 12 8 2 9 77 1k 10 55 35 10 T0 20
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enceg in the columns headed (8)-(B) and (B)-(C) are both as large as

possible.

Difficulty Level of Test Items

In order to obtain a measure of the relative difficulty of the
forty tést.items, the percentage of correct responses was determined for
each item. The difficulty level of the item was determined as the ab-
scissa of that point under the normal probability curve which divides
the ares under the curve into two parts having a ratio equal to the ratio.
of the number of students who answered the iltem incorrectly to the number
who answered it correctly. The abscissa of the point of division was
determined in two different ways. In the first computation the fraction
k/(R 4 W) was used to represent the fractional part of the group of stu-
Fents answering the item correctly. In the second case the fraction
R/(R +W 4+ 0) was used. The latter procedure placed a higher difficulty
value on the item, since by this method an omission was considered as a
wrong answer. The resulting difficulty levels found for the various
ﬁest items are listed in Table 54, In this table, a difficulty level of
zero would imply that the item was answered correctly by fifty per cent
of the examinees. It will be observed that approximately one-fourth of
the items were answered correctly by more than fifty per cent of all
bersons taking the test, while the remaining three-fourths of the items
were answered correctly by fewer than fifty per cent., Since the purpose.
pf the test is primarily that of separating students into ability groupsg
;t is possible that a somewhat better separation might be obtained by

replacing some of the items which lie at the upper end of the difficulty
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DISCRIMINATION VALUE OF PLACEMENT TEST ITEMS

113

"TABLE 53~

R *
Value of m

Ttem (2)-(B) (B)-(C)

Humbex Group Group Group

21-M 2-M R-M

(4) (B) (c)

1 0.935 0.723 0.319 0.212 0.Lkok
2 0.946 0.623 0.208 0.323 0.415
3 . 0.946 0.791 0.541 0.155 0.277
L 0.859 0.682 0.329 0.177 0.353
5 0.750 0.486 0.259 0.26h 0.227
6 0.946 0.800 0.278 0.146 0.522
7 0.891 0.568 0.250 0.323 0.318
8 0.891 0.764 0.398 0.127 0.366
-9 0.859 0.659 0.227 0.200 0.432
110 0.967 0.841 0.639 0.126 0.202
11 0.783 0.386 0.13% 0.397 0.252
12 0.722 0.382 0.171 0.390 0.211
.13 0.848 0.541 0.139 0.307 0.h402
1h 0.435 0.077 0.023 - 0.358 0.054
15 0.522 0.164 0.032 0.358 0.132
16 0.891 0.66k 0.417 0.227 0.2h7
17 0.859 0.409 0.148 0.450 0.261
18 0.641 0.141 0.032 0.500 0.109
19 0.750 0.241 0.083 0.509 0.158
20 0.315 0.123 0.083 0.192 0.0L40
21 0.609 0.291 0.116 0.318 0.175
22 0.348 0.164 0.111 0.184 0.053
23 0.598 0.200 0.190 0.398 0.010
|2k 0.696 0. 477 0.153 0.219 0.324
.25 0,283 0.082 0.056 0.201 0.026
26 0.837 0.576 0.356 0.261 0.220
27 0.935 0.614 0.162 0.321 0.452
.28 0.783 0.305 0.069 0.478 0.236
.29 0.457 0.223 0.079 0.234 0.14h4
30 0.620 0.227 0.139 0.393 0.088
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’TABEE'53"(C6ﬁ£inﬁéd)

R *
Value of TFWFO

Ttem (4)-(B) (B)-(c)

Number Group Group Group
21-M 2-M R-M
(A) (B) (c)

31 0.707 0.336 0.120 0.371 0.216

32 0.793 0.441 0.194 0.352 0.247

33 0.315 0.077 0.019 0.238 0.058

34 0.609 0.100 0.065 0.509 0.035

35 0.707 0.268 0.204 0.439 0.064

36 0.250 0.068 0.0k46 0.182 0.022

37 0.435 0.141 0.065 0.294 0.076

38 0.446 0.145 0.069 0.301 0.076
39 0.239 0.091 0.088 0.148 0.003
4o 0.120 0.095 0.097 . 0,025 -0.,002
* R o (Right Responses)

R+W +0 (Right ‘Responses) + (Wrong Responses) + (ltems Omitted)

scale by easier items, As indicated by Johnsonl and others, the best
discrimination between groups may be obtained by the use of a test in
ﬁhich the items are approximately at the fifty per cent level of diffi-
tulty. In this connection, Brogden2 says:

| The problem of maximél item difficulty distribution is .

complex from the theoretical viewpoint. Although it can be
seen that with perfectly valid items, their difficulty values

| 1a. Pemberton Johnson, "Notes on a Suggested Index of Item Valid-
1ty The U-L Index," Journal of Educational Psychology, XLII (December,

1951); 499-50k,

®Hubert E. Brogden, "Variation in Test- Valldlty with Variation
in the Distribution of Item Difflcultles, Number of Items, and Degree of
their Intercorrelation," Psychometrika, XI (December, 1946), 197-21k.
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DIFFICULTY LEVEL OF PLACEMENT TEST ITEMS FOR 1211 STUDENTS

115

TABLE 5%

Difficulty level in

Num- Num~ Num- Standard Deviations
Item ber ber ter R R based upon:
Number Right Wrong Omitted R4 Ra4¥+0
(R) (W) (0) R R
RW RH+0
1 709 N 38 0,604 0.585 -0.265 -0.215
2 607 558 46 0.521 0.501 -0.053 -0.003
3 809 3k2 60 0.703 0.668 -0.533 -0.434
b 640 516 55 0.554 0.528 -0.135 -0.070
5 518 630 63 0.451 0.428 +0.123 +40.181
6 705 430 76 0.621 0.582 -0.308 ~0.207
7 582 564 65 0.508 0.481 -0,020 . 40,048 -
8 45 393 73 0.655 0.615 ~-0.398 ~0.293
9 600 b1 140 0.560 0.496 -0.152 +0.010
10 okg 214 48 0.816 0.78k -0.900 -0,784
11 415 646 150 0.391 0.343 +0.277 +0.Lok .
12 hh3 639 129 0.409 0.366 +0.229 +0.342
13 496 601 114 0.452 0.410 +0.120 $0.227
1k 140 946 125 0.129 0.116 +1.132 +1.195 "
15 22k 902 85 0.199 0.185 %0,845 +0.897
16 17 hho 52 0.619 0.592 -0.302 -0.233
17 465 538 208 0.463 0.38k4 #0.094 +0.295
18 246 Th7 218 0.248 0.203 +0.681 +0.831
19 32k 782 105 0.293 0.268 40.545 +0.619
20 188 953 70 0.165 0.155 10.975 41,015
21 335 630 246 0.347 0.277 +0.393 +0,592
.22 235 711 . 265 0.248 0.194 +0.679 +0.863
23 326 595 290 0.354 0.269 +0.375 £0.616
. 2k hhly 579 188 0.43k4 0.367 40.166 +0.3%0
25 146 851 21k 0.146 0.121  +41.052 +1.170 -
26 603 Lol 154 0.570 0.498 -0.178 +0.005
27 523 482 206 0.520 0.432 -0.051 +0.171
28 352 584 275 0.376 0.291 +0.316 +0.551
29 2o yer 257 0.251 0.198  $0.669 +0.849
30 490 399 0.397 0.266 $0.262 40.625

322
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TABLE 54 (Continued)

— — o e
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Difficulty Level in

Num- Num- Num-~ Standard Deviations
Item hér - ber ber R R based upon:
Number Right Wrong Omitted R+W R¥i+0
(R) (W) (0)
R .
R4W R4W40
31 385 519 307 0.426 0.318 +0.187 $0.473
32 461 562 188 0.451 0.381 4+0.124 +0.303
33 122 734 355 0.143 0.101 +1.069 +1.275
3k 235 T27 249 0.24k4 0.194 #0.693 +0.863
35 352 627 232 0,360 0.291 +0.360 +0.551
36 131 797 283 0.1h41 0.108 +1.075 +L.237
37 219 573 419 0.277 0.181 +0.593 40.912
38 213 602 396 0.261 0.176 +0.639 $0.931
39 143 849 219 0.1hk 0.118 $1.062 41.185
40 118 835 258 0.124 0.097 +1.156 +1.299

should, like points on a yardstick, be equally spaced,* [*When
expressed in terms of standard score scale values = not per-
centage correct] as the items involve more and more error and
thus become less and less valid, it is probable that the optimal
distribution involves closer grouping of the difficulty values
around the fifty per cent value. The latter value is optimal
for a single item and for a group of items which all correlate
with the criterion but which do not intercorrelate. The question
as to Jjust how closely the items should be grouped around the
fifty per cent value or just "how much difference it makes" has
no immediately obvious answer for cases intermediate to the two
extremes just mentioned.

Percentages of Correct Responses in Distribution Quartiles

In order to determine a third measure of the efficiency of each

placement test item, the 739 mathematics students and h72 non-mathematics

students were divided into quartiles, as nearly as possible, on the basié

of the raw score made on the placement test. In each quartile the per-

ggntage of correct responses was determined for each test item. These



117

percentages are recorded in Table 55. In this table, percentages are
given rather than the actual number of correct responses, because it
was impossible to divide the students into groups of equal numbers on
the basis of the raw scores on the placement test. The groups @, Qp,
Q3, and Q) of mathematics students contained 202, 167, 184, and 186
individuals, respectively, while the corresponding groups of non-mathe-
matics students consisted of 119, 117, 115, and 121 individuals. For
most test items, a good degree of separation is shown between the groups
Q1, Qp, Q3, and Q. However, items 36, 39, and 40 show an inversion
between the responses of gréups Qp and Q3. That 1s, a higher percentage
of correct responses was found among studeﬁts in the lower of the two
middle quartiles than among those in the upper. This inversion may,
however, be due to chance, since the number of correct responses to
these items was small. Reference to the original tables which, as pre-
viously indicated, are on file in the mathematics and education branch
libraries at the University of Oklahoms, shows that only 11 per cent of
the 1211 students answered item 36 correctly. For items 39 and 40 the
percentages of correct responses were found to be 12 per cent and 10 per

cent, respectively.

Biserial Coefficients of Correlation

As a Tinal measure of the validity of the various test items,
the biserial coefficient of correlation was determined for each item.
This is a measure of the correlation of each item with the test as a
%hole. These biserial coefficients of correlation are shown in Table 56%

|
Formulas used in their computation are found in Appendix I.
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PERCENTAGE OF CORRECT RESPONSES IN EACH QUARTILE OF THE DISTRIBUTIONS OF ALI. MATHEMATICS

AND NON-MATHEMATICS STUDENTS FOR WHOM ITEM ANALYSIS DATA WERE AVAILABIE
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TABLE 56

BISERIAL COETFICIENTS OF CORRELATION OF TEST ITEMS FOR 1211 STUDENTS

Biserial Biserial
Item Coefficient Item Coefficient
Number of Number of
Correlation Correlation
1 0.643 21 0.648
2 0.711 22 0.513
3 0.49k 23 0.548
b 0.614 2L 0.577
5 0.543 25 0.542
6 0.682 26 0.475
T 0.635 27 0.786
8 0.562 28 0. 7hk
9 0.649 : 29 0.524
10 0.466 30 0.588
11 0.642 31 0.689
12 0.613 32 0.608
13 0.7h4L 33 0.695
14 0.645 34 0.816
15 0.746 35 0.591
16 0.490 36 , 0.689
17 0.668 37 0.543
18 0.799 38 0.578
19 0.7l 39 0.293
20 0.351 4o : 0.198

Summary of Findings on Placement Test

A summary of the findings on the placement test items, with the
;data. on each criterion arranged in sequence, is found in Table 57. In |
ieach entry of this table the number preceding the parenthesis is the iten}
number. Each column heading lists the number of the table from which thé
id.ata. in the column are faken. The mean difficulty level, listed in the |

first column, is the arithmetic average of the two difficulty levels which
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TABLE 57

PLACEMENT TEST ITEMS ARRANGED IN ORDER ON BASIS OF FOUR CRITERIA

P

Difference of Per- Discrimination

M Diffi centages of Correct Value CB:L;;I..J"?'J' %
pean Brill=  pesponses in Upper (Table 53) oetlrclen
culty Level d Lower Quartiles of
(Teble 54) 2P (Tasle 55) Correlation
Q, - 0 (2)-(2) (B8)-(c)  (Table 56)

10(~0.842) 27(83.4) 19(0.509) 6(0.522) 34(0.816)

3(-0.483) 2(77.2) 34(0.509) 27(0.452) 18(0.799)
 8(~0.345) 13(75.9) 18(0.500) 9(0.432) 27(0.786)
16(~0.267) 6(75.6) 28(0.478) 2(0.415) 15(0.746)

6(=0.257) 9(70.9) 17(0.450) 1(0.4kok) 19(0.7h4k)
- 1(=0.240) 1(68.1) 35(0.439) 13(0.402) 28(0.74h)
L4(~0.102) 7(66.9) 23(0.398) 8(0.366) 13(0.741)
26(~0.086) %(66.0) 11(0.397) %(0.353) 2(0.711) -
- 9(~0.071) 17(65.4) 30(0.393) 24(0.324) 33(0.695) .
' 2(=~0.028) 31(64.8) 12(0.390) 7(0.318): 36(0.689)
| T(+0.01k) 28(63.7) 31(0.371) 3(0.277) 31(0.689)
27(+0.060) 19(61.1) 15(0.358) 17(0.261) 6(0.682)

5(+0.152) 12(59.5) 14(0.358) 11(0.252) 38(0.678)
13(+0.173) 11(58.5) 32(0.352) 16(0.247) 17(0.668)
17(+0.19%) 32(58.0) 2(0.323) 32(0.247) 9(0.649)
32(+0.213) 5(57.3) 7(0.323) 28(0.236) 21(0.648)
24(+0.253) 8(56.1) 27(0.321) 5(0.227) 14(0.645)
12(+0.285) 24(56.1) 21(0.318) 26(0.220) 1(0.643)
31(+0.330) 21(54.7) 13(0.307) 31%0.216) 11(0.642)
11(+0.3%0) 18(53.9) 38(0.301) 12(0,211) 7(0.635)
£8(+0.433) 34(51.8) 37(0.294) 10(0,202) 4(0,61k)
30(+0.443) 16(51.6) 5(0.264) 21(0.175) 12(0.613)
35(+0.455) 15(48.6) 26(0.261) 19(0.158) 32(0.608)
21(+0.492) 35(47.5) 33(0.238) 29(0.14L) 35(0.591)
23(+0.495) 26(46.8) 29(0.234) 15(0.132) 30(0.588)
19(+0.582) 23(46.6) 16(0.227) 18(0.109) 24(0.577)
37(+0.752) 3(46.5) 24(0.219) 30(0,088) 8(0.562)
;8?+o.756) 30(4k4.8) 1(0.212) 38(0.076) 23(0.548)
29(4+0.759) 38(40.9) 25(0.201) 37(0.076) 5(0.543)
22(+0.771) 10(38.5) 9(0.200) 35(0.064)

37(0.543)
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TABLE 57 (Cortimuied)

—— —— —

: Difference of Per- Discrimination Biserial
ﬁean Diffi- centages of Correct Value Coefficient
culty Level Responses in Upper (Table 53) € fc1e
‘ J Ve and Lower Quartiles © .
(Table 54) (Teble 55) Correlation
Q - (A)-(B) (B)=(c) (Table 56)
b= Q ~
34(+0.778) 29(35.4) 20(0.192) 33(0.058) 25(0. Slr )
38(+0.785) : 37(34.4) 22(0,184) 14(0.054) 29(0.524)
15(40.871) 22(30.9) 36(0 182) 22(0.053) 22(0.513)
20(40.995) 14(28.5) 4(0.177) 20(0.040) 3(0.494)
25(+1.111) 33(28.1) 3(0.155) 34(0.035) 16(0.490)
39(+1.123) 36(27.1) 39(0.148) 25(0.026) 26(0.475)
36(+1.156) 25(21.4) 6(0.146) 36(0.022) 10(0.466)
14(+1.163) 20(19.0) 8(0.127) 23(0.010) 20(0.351)
33(+1.172) 39(12.4) 10(0.126) 39(0.003) 39(0.293)
luo¢+1 227) Yo( 7.1) 40(0.025) 40(-~0.002) 40(0.198)

ﬁere computed and recorded in Table 54. Because there is no way of deter-
lmining whether a particular item was omitted because of lack of familiaré
gity with the principle involved, or for some other reason, it seems rea-
sonable that the true index of difficulty should lie between the two in-
édices listed in Table 54, In the absence of a criterion which would
Edetermine the relative weights which should be assigned to these indices,
éit was decided to give them equal welghts in making the entries in the
%irst column of Table 57.

In interpreting the data of Table 57 it should be kept in mind
%hat, with respect to each of the criteria except the mean difficulty
ﬁevel, the best ratings are the highest. The best difficulty levels,

for the purpose of discrimination between groups, are those which are

not too far removed from zero, which represents the fifty per cent level
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bf‘difficulfy."Tﬁééé'items which rate uniformly Iow on'all four criteria,
éuch as items 39 and 40, apparently do not serve, as well as might be ex~
bected, the primary purpose of the test, which is that of producing a
peparation among the three mathematics groups. Also, a comparison of
the columns headed (A)-(B) and (B)-(C) shows that in general a better
separation is obtained between mathematics 2 and mathematics 21 than be~-
tween remedial mathematics and mathematics 2, As might be expected, a
large portion of the items which failed to produce an appreciable sepa-
ration between the groups in rémedial mathematics and mathemstics 2 were
also items which appear close to the upper end of the difficulty scale.
In order to make them as effective as the other items in discriminating
amoﬁg the three groups, it appears that a downward revision of thelr

difficulty level might be advisable.

~

Summary of Chapter VII

The distributions of responses to the mathematics placement test
items, for students in groups R-M, 2-M, and 21-M and for non-mathematics
students, were presented in this chapter. A measure was given of the
degree to which each item discriminates among the three groups of mathe-
matics students. Other measures obtained for all teét items, on the
£&sis of item analysis data for 1211 students, included a measure of the
ﬁifficulty level of each item, the percentage of correct responses in
each quartile of the distribution of 1211 students based upon the total
ﬁumber of correct responses, and the biserial coefficient of correlation

for each item. A summary of the findings on these various criteria

appears in Table 57.



CHAPTER VIII

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Introduction

Some of the major findings of this study are summarized in this
chapter. In an attempt to solve the problems stated in Chapter I, data
were compiled for 1832 students who entered the University of Oklahoma
as beginning freshmen in September, 1952. Among the data used were the
ﬁniversity of Oklahoma mathematics placement test, decile ranks on the
yarious sections of both the Iowa High School Content Examination (ab-
breviated I H S C) and the Ohio State Psychological Examination (abbre-
viated O 8 P E), and average grade points, as well as mathematics grade

points, both in high school and in college.

Comparisons of Various Groups of Students

Some of the findings which are in the nasture of comparisons are
&he following:
‘ l. There is a marked relation between grades earned by stu-
gents in the first mathematics course in which they enrolled and their
éontinuance of a college career. Table 1 indicates that of 119 students
%ho earned a grade of A in the first college mathematics course in which
they enrolled, 106 were still enrolled after the conclusion of three
semesters' work at the University. In contrast, of 181 students who

1ok
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;eceiVed’a'gfédé'OT'F'iﬁ the first college mathematics course in which
&hey enrolled, only sixty-eight remained through three or more semesters.

2. Students who withdrew from freshman mathematics courses in
which they had enrolled, but did not re-enroll in the next lower course
in the sequence, had college grade point averages which closely approxi-
mated the grade point averages of the groups from which they withdrew,
The mean of grade point averages of the students who withdrew was some-
vhat greater than 2.0, as may be seen by referring to Table 2.

3. On the basis of all variables investigated, the mean per-
formance of non-mathematics students was found to be superior to that
of remedial mathematics students but inferior to that of students in
@athematics 2. With respect to all variables, the mean performance of
%tudents in mathematics 21 was found to be superior to that of all other
éroups of students. Comparisons of mathematics and non-mathema'ics
groups of students, on the basis of various criteria, are found in Tables

'21 to 30, inclusive.

Criteria Best Suited to the Proper Placement of Students

Regression equations and Fisher discriminant functions were de-
termined, based upon groups of students who made final course grades of
é, C, or D, in remedial mathematics, mathematics 2, and mathematics 21.
;t was found that the best practical separation between these three
%typical groups" of students was produced by the use of linear functions
bf X3 (raw score on the matheﬁatics placement test) and X5 (decile rank

on the mathematics section of the I H § C), in which the coefficients of

fhe varisbles are made approximately equal. While a somewhat better
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iseparation was produced by the use of discriminant functions involving
;additional variables, the small increase in the reliability of the results
éppeared to be insufficient to warrant the use of more complicated func-
tions. Though measures of general ability, such as the 0 S P E, correlate
positively with grades made in mathematics courses, they show a large
overlap between the various mathematics groups and therefore do not serve

well as a basis of separation into ability groups in mathematics.

Improvement in Placement Through Use of the Discriminant Function

This study appears to indicate that the efficiency of the place-
ment test may be increased by the supplementary use of the mathematics
éection of the I H S C. Reference to Tables 50 and 51 shows that the use
of the functions X3 +Xj - 16 and X3 + X5 ~ 30 would produce comparatively
iittle change in the total number of students assigned to each of the
three groups, though it may be desirable, in order to reduce the number
of failures in mathematics 2, to use either X3 +X5 = 17, or X3 +X5 - 18,
as the basis of separation between the remedial mathematics and mathemsat-
ics 2 groups. Reference to the distribution chart in Table L& shows that
the use of the function X3 + X5 - 17 would have placed in remedial mathe-
@atics thirty-one of the sixty-nine students who made a failing grade in
#athematics 2. This reduction in the number of failures in mathematics 2
%ould have been accomplished with a net increase in enrollment in reme- :

aial mathematics from 382 to 427, or an increase of forty-five students.

Eggrovement of the Placement Test

The study of the mathematics placement test reveals that approx-

imately one-fifth of the forty items of the test were angwered correctly
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by FTifty per cent or more of the examinees, while the remaining four-
fifths were answered correctly by fewer than fifty per cent. This in-
idicates that an improvement in the discriminating power of the test
might be expected if the more difficult items were replaced by easier
ones. As shown by the value of the fraction R/(R + W +0), in Table 5k,
the percentage of correct responses on fourteen items, representing ap-
proximately one-third of the test, is 20 per cent or less.

Those items of the placement test in which a particular alter-
nate response seems to be especially popular, such as items 20, 36, 39,
and Lo, might be re-examined with a view to making them more effective.
ﬁhese are also, in general, the items which show a smaller difference
fetween the percentages of correct responses in the second and third
quartiles of the distributions. Table 55 shows a slightly higher per-
?entage of correct responses to items 36, 39, and 40, among students in
ﬁhe second. quartile than among those in the third quartile. Questions
showing such inversions might be considered for revision or replacement.

The results of this study indicate that the placement test
Ferves better as an instrument for the separation of students in mathe-
ﬁatics 2 and mathematics 21, than for separation into remedial mathemat-
ics and mathematics 2 groups. The addition to the raw placement test
iscore of the decile rank on the mathematics section of the I H S C tends

|
to make the test more semsitive at the lower levels of ability.

Conclusions
Following are enumersted some of the major conclusions of the

foregoing paragraphs:
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1. Tn the placement of students In mathematics courses, the

;use of the mathematics section of the I H S C in addition to the mathe-
mmtics placement test results in better placement than the use of the
ﬁmthematics placement test alone.

2. Slightly better placement is possible through the use of
‘iother variables in addition to the mathematics placement test and the
mathematics section of the I H 8 C. However, the use of these additional
variables appears to be unwarranted in view of the desirability of a
criterion for placement which is simple and easily applied.

3. The mathematics placement test, in its present form, serves
petter as a means of separating students in mathematics 2 and mathemat-
ics 21 than it does in separating students in remedial mathematics and
mathematics 2. The test might be made a more effective instrument for
separation of students at the lowervlevels of ability by replacing the

items which appear to be high on the difficulty scale by easier items.

Recommendations

In view of the above conélusions, the following recommendations
are made:

l. It is recommended that the function X3 +-X5 - K be used,
;nitially, as a basis for the separation of students into remedial mathe{
@atics, methematics 2, and mathematics 21 groups. Reference to Table 51
ghows that little change should be expected in the proportion of students
placed in each of the three groups if the functions X3 + X5 - 16 and
X3 + X5 - 30 are used as a basis of separation.

2, It is recommended that those items of the placement test
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be replaced which show & poor separation valiue, particularly at the upper

end of the difficulty scale.

Suggested Future Investigations

While the present study indicates that the best separation may
be produced by assigning approximately equal weights to X3 and X5, it is
possible that a future investigation might indicate the desirability of
a change in this ratioc. Because the subjects of this study were separa-
ted primarily on the basis of the placement test, greater emphasis is
placed upon it in the discriminant functions which were derived than
would otherwise be the case. For this reason, it is expected that a
follow-up study of students segregated on the basis of the function
X3 4 X5 - K would almost certainly indicate an increase in the relative
weilght of the variable X5.
| The_conditions under which the placement test is administered
hight be givén some study, with the purpose of determining optimum con-
ditions. In particular, the effect of guessing on test items might be
studied, to determine whether or not guessing should be encouraged.
Reference to Table 52 shows that thirteen test items had less than a 20
per cent correct response. If chance alone were operating, and all
responses to an item appeared to be equally attractive, one should ex-
pect approximately 20 per cent of all responses to be correct. The fact
that (see Table 8) 261 of 399 students in remedial mathemstics had no
better than a 20 per cent correct response indicates the importance of
& uniform procedure in dealing with the problem of guessing. Since some

students will guess, even if told not to do so, it would seem that the
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highest degree of uniformity can be attalned by encouraging all to guess

on those items on which they are in doubt. PFurther study of this problem
might be of value.

There is a possibility that some improvement might be effected
by a re-arrangement of the placement test items in the approximate order
of difficulty, as indicated by the percentages of correct responses on
each item., A few questions of low difficulty level, such as item 10,
are probably desirable at the beginning of the test, for psychological
reasons, even though their discriminatory value may be low.

A study might be made of the content of the various mathematics
courses, An important problem in this connection would be to determine
whether there are any gaps which should be filled, particularly in reme-
dial mathematics and matnematics 2,

Case studies might be made of those persons who appear to be
misplaced. This is indicated by the fact that, in a number of instances
which were discovered, either students were ill-advised or they did not
take the advice given them. Data were compiled for individual students
who made a course grade of A or F in remedial mathematics, mathematics 2,
?nd methematics 21, and these are on file in the mathematics and educa-
-%ion branch libraries at the University of Cxlahoma. An examination of
%hese data indicates that in a number of cases students whose perfbrmﬁ
énce on the placement test, on the I H S C, and on tﬁ; 0 S PE was uni-
formly low were placed in mathematics 2. In these instances, the data

vhich were available at the time of enrollment clearly indicated that

J’Phey should be placed. in remedisl mathematics.
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Concluding Remsrks

The investigations made in this study appear to indicate that
;some improvement is possible in the placing of freshman students in
:college mathematics courses by the combined use of the mathematics place=-
ment test and the mathematics section of the I H S C. The effectiveness
of the placement test may also be increased by the revision or replace-
ment of those items of the test which have a low separation value. It
is hoped that the investigations made will serve the purpose of aiding
in the placement of freshman mathematics students in those courses in
which they can do their best work and that it may have indicated some

avenues for possible further exploration.
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APPENDIX I
FORMULAS

Some of the more important'formulas used in computations in-
volved in this study are shown here for reference,
1. The mean, X, of a distribution of a group of N individuals

on the basis of variable X, is defined by the equation
-« 1 X
X = X5 1
F 2 % | (1)

2. The standard deviation; { y, of a distribution of a group

of N individuals on the basis of variable X, is defined by the equation

- 1 NS 2 L (3 2 |
g~ = = N2 %" - (X X4) (2)
X N i=1 izl
3. The probable erroi' , P E, of a distribution of a group of N
| iindividuals on the basis of a variable X, is defined as
| PE =67 O3

For a normal distribution, twenty-five per cent of the items in,
jthe distribution lie between X and X ¢ 1 P E. Similarly, twenty-five
per cent of all cases lie between X and X - 1 P E. |

4. The Pearson product moment coefficient of correlation, ryy,

between distributions with respect to the variables X and Y for a group
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of N individuals, is defined by the equation

N N N
N Xi¥i - X X3 214

i=1 i=l  i=l
Tyy = (%)
N 5 N 5 N N 5
N X" - (Zx) NZv® - ()
i=l icl il i=l

5. The partial coefficient of correlation, T12.37 between vari-
ables Xj and Xp, with the influence of variable X3 held constant, is

- T1o = T13-Tp3

r12_3 - > (5)
Jl - T 13\/1 - r223

Similarly, the partial coefficient of correlation, rj, 3), be-

tween variables X, and Xp, with the influence of variables X3 and X),

held constant, is

T12.3 = T1h.3%24.3

~ 5
\/1 - rzlu.s \/1 - o) 3

6. The partial standard deviation, C71.23, of variable Xl’

r12.34 F (6)

with the influence of variables X, and X3 held constant, is given by

013 - 01\/1 ) 1"212\/1 " 3.2 )

Similarly, the partial standard deviation, Oji 23k of variable

Xl, with the influence of variables Xp, X3, and X) held constant, is

given by

= 2 2 _ a2
T o3 01\/:L o 12\/l - 1_3:2\/1 1423 (8)

! ¢
T. The coefficient of multiple correlation, R, between a single

@ependent variable X, and (n - 1) independent variables Xpy * ¢ 05 Xy

ﬁs given by
|
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2
G‘_ 1.23ooon

<7~'21

R(1.23000y) ©

(9)

8. The biserial coefficient of correlation, ry, of a particu-

lar item in a test is defined by the equation

My - M

r = R ———— ° E
ay 7

= mean criterion score of those passing the item

5
H
0]
S
!

= mean criterion score of all examinees

F

= standard deviation of all total scores

N

proportion passing the item

3
1

= ordinate in unit normal distribution corresponding to p.

<<
1

(10)



APPENDIX II
THE DISCRIMINANT FUNCTION

The purpose of a discriminant function is to discriminate be-
tween two different populations on the basis of a number, p, of measure-
ments which are known for each individual in the two populations. Know=-
ing the values of the p measurements for a given individual, it is to be
decided with which of the two groups the individual should be associated.
If the measurements of individuals in the two groups show a high degree
of separation with respect to a single variable, a decision may be based
on the individual's measurement on that variable. More often, however,
while the means of the measurements of the two groups may be well sepa-
rated, there is a considerable degree of overlap between measurements
for individuals belonging to the two groups. Where such overlap exists,
any linear function of one variable obviously places some individuals in
the wrong group.

Often the two groups may be found to differ with respect to
several variables, each of which may give some indication as to the
placement of a given individual in one of the two groups. It 1s assumed
that a certain degree of overlasp exists between the two groups with re-
spect to each of the variables; otherwise complete separation would be

possible through the use of a linear function of one of the variables,
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;linea.r function of the variables is sought, the use of which results in
a minimum of misplacement of individuals. The term "minimum of misplé.ce-

" requires definition. It is obvious that different definitions of

men
this term would result in different discriminant functions. The problem
is to determine a function of the form

p

> Ax (2)

i=1
in which X7, « « « , X,_p are the variables measured and 7\1, o o ., ﬂp
are welghts assigned to the variables which are to be so determined as
to produce the "best" separation between the two groups. In the dis-
criminent function devised by Fisher,” the values of the A; are so de-
termined that the ratio of the variance of the values of Z between groups
fo the variance of the values of Z within groups is a maximum, If the
fwo groups are designated as group A, containing Ny individuals, and
group B, containing N, individuals, the function, G, which is to be made

g maximum is represented by the expression

—_ - .2
(Za - Zb)
. 2
¢ = Nb )
(2, - T,)° - %)
i=1 J=1

The numerator of this ratio is the square of the difference between the
means of Z for the two groups, and the denominator is the sum of the
squares of the deviations from the mean within each of the two groups.

Let Xg; and X, ; represent, respectively, the means of group A

1z. A, Fisher, "The Use of Multiple Measurements in Taxonomic

Problems ," Annals of Bugenics VII (1936), 179-188.
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and group B on varisble X;. Then the difference Zg - Zp may be written

in the form

— - D — D —
Za, = 7b '2'1 NiXai ~ 2. AiXpi
1

i=l

D
2. ANi%ai - Foi)

i=1

D
‘ =2 Ayl o,

i=1
where d; represents the difference between the means of the two groups
on the variable X;. This form shows explicitly the dependence of the
numerator of G on the parameters A ; Which are to be determined.

Likewise, the denominator of G may be written in the form

Na Ny
- .2 -2. 2 2
u=l v=1l iml jml

where Sij is defined as the sum of squares or products of deviations

from the specific means within the groups. Thus,

N, N, ( ZNa g ZN_b ZNb
.= . . . . - )(qu) ( Xvi)( )
Si J Z XulXu. J L g XVlXV J u= lXu:L aml J + 'V"-'-l -~ lva
uml v=l
Na 1\Ib

The function G may now be written in the form

¢ = D°/s (3)
Ewhere P
D=) " Asd (4)
i=l .
iand P P
822 S A; A sy . (5)
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The function D2/S, of the variables X;, = * * , X? is made a

maximum by proper choice of the coefficients aj} st 7\9. To make

the function D2/S a maximum, its partial derivatives with respect to

each of the ;\i are equated to zero:

52
ag—:o, (i=1, ", p) . (6)
P A;

These equations are equivalent to

2_ 332_ :;S = i = £t
32(28’311 - D?,Ai) 0, (i 1, » B) . (7)

It follows therefore that

195 _59p (1=1,°"*,2) . (8)

s b
Since 2 =2Z A 513 and.zif = d;, equation (8) may bve

i

) p) . (9)

The required values of A, * ° ° , )\P are determined by the
solution of these simultaneous linear equations. These values may then
be placed in equation (1) which defines the function Z.

The means of Z for the two groups are next defined:

- P -
Zg, = ¥ ANifai s
i=1i

cyl

P —
= Z Ai¥pi -
izl
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The constant K is defined by the equation
K = Zg, = Iy
2

The value of Z may be determined for any individusl for whom

measurements on the variables Xl : X.P are known. In the application
of the discriminant function, if Z represents the value of Z when eval-
uated for the nth individual, that individual is associated with the

first or second of the two populations separated by the discriminant

function according as (Zn - K) is negative or positive.



