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This investigation was designed to study articulation between

Oregon secondary mathematics programs and college mathematics at

Oregon State University. Three main facets of the problem were

studied:

1. The relationship of several factors to the CEEB Level I

Mathematics Achievement Test score.

2. The feasibility of a discriminant function as an aid to

mathematics placement at the college level.

3. Courses and content in upper-level mathematics programs

in Oregon secondary schools.

A questionnaire requesting information on upper-level mathe-

matics programs was sent to 234 Oregon public and private second-

ary schools. Returns were received from 198 schools, and these

were summarized with respect to course titles, textbooks, and



topics reported for the various courses.

Student records were used to obtain data on the factors of sex,

high school grade point average, size of school attended, number of

grades in the school, level of mathematics reached, and high school

mathematics grade point average. In addition, SAT-M, SAT- V,

CEEB-EN, and CEEB Level I scores were taken from the records,

Complete information was available for 2355 students graduating

from Oregon secondary schools in 1966 and entering Oregon State

University as members of the 1966-67 freshman class.

A multiple-regression analysis was used to study the relation-

ship of the other nine factors to the CEEB Level I Test score, In

addition, the possible effectiveness of the SAT - -M and other factors

as placement devices for college freshman mathematics was com-

pared with the results obtained through current use of the CEEB

Level I Test.

Discriminant function analysis was conducted with 14 pairs of

dichotomous groups to investigate the effectiveness of combinations

of the various factors in identifying members of each group. Group-

ing was based upon the college mathematics course taken and the

grade received. One three-group discriminant function analysis was

done to examine the possible value of a single computer program

utilizing the best combination of factors for placement into the fresh-

man mathematics program at Oregon State University.



The following findings were a result of this investigation:

1. The CEEB Level I Test measures something in addition to

that measured by the SAT-M and other factors used in this

investigation.

2. The CEEB Level I Test is an effective placement device

when used with a cutoff score system despite its limitations

in identifying relatively large groups of weak students.

3. The SAT-M Test shows promise of being as effective an

instrument in mathematics placement as the CEEB Level I

Test.

4. The discriminant function technique was approximately 70

percent effective in identifying members of the various

groups. As such, it offers promise of becoming an effective

placement instrument.

5. The use of additional factors increases the power of the

discriminant function; after a certain point, the results

may not justify the effort.

6. Most Oregon secondary students have upper-level mathe-

matics courses available to them.

7, Oregon secondary mathematics courses have more in com-

mon than the variety of course titles and textbooks suggest.

8. Calculus courses in Oregon secondary schools serve only

one-half of one percent of the twelfth grade students and



do not represent the typical fifth-level mathematics

program.

9. Students entering Oregon. State University with fifth-level

backgrounds other than calculus do better in the first term

of calculus. This advantage is not apparent for these

students in the third term of calculus.
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THE RELATIONSHIP OF MATHEMATICS IN OREGON
HIGH SCHOOLS TO PLACEMENT AND SUCCESS

IN FIRST-YEAR MATHEMATICS AT
OREGON STATE UNIVERSITY

I. INTRODUCTION

The problem of articulation between secondary school and col-

lege mathematics programs has been increasingly important in recent

years. College personnel have been active in the various curriculum

projects, and much attention has been given to content and methods

for all grade levels. Woodby (36, p. 34-36) reports that there is

lack of agreement on the mathematics for twelfth grade programs

and suggests that colleges and universities provide guidance in the

development of these programs, in nearby secondary schools, this

guidance to be based upon a knowledge of the existing curriculums.

Such guidance would be aided by the interchange of information

regarding success patterns of students coming to the college classes

from the secondary schools. The National Association of Secondary

School Principals Committee on,School-College Relations issued a

policy statement (29, p. ix) including the point that such information

made available to the schools would be an effective aid to proper ar-

ticulation.

It would be important, particularly from the secondary teach-

ers' standpoint, to have information about the relationship of the



amount of high school mathematics taken and other factors to College

Board achievement scores as well as to resulting placement and suc-

cess in college mathematics courses. Students, particularly boys,

are commonly advised to take all the high school mathematics they

can, the implication being that this will lead to better placement and

success in college. The use of such names as "College Algebra"

for upper-level courses suggests that those who take these courses

will enter college mathematics at an advanced level. The report of

the Commission on Mathematics (11, p. 12) lists three years of

secondary mathematics as minimal for the college-capable student,

pointing to roadblocks faced by college students who have had inade-

quate high school preparation in mathematics.

However, there is very little attention paid to research relating

to the validity of such recommendations or to the pattern of college

mathematics success by students taking varying amounts of secondary

mathematics. In one study, Seigle concluded (28) that there is no

relationship between the amount of secondary mathematics taken and

success in college mathematics beyond the first course taken.

Information based upon a study of the use of the College Board

Admission Tests in placement would also be of importance, since

these tests are so widely used. The Educational Testing Service

reported (17, p. 3) in 1965 that some 700 colleges and 200 scholar-

ship programs required submission of one or more College Board
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test scores by their applicants. Clifford and Fishman recommended

that there should be continuous interchange of information as well as

evaluation relating to college admission testing, stating (9):

Personnel in institutions of higher education and in
secondary schools, in concert with the test makers,
should, through research, continually determine the
degree of effectiveness which characterizes the psy-
chometric instruments which are developed and used to
select college students. Those whose concern with col-
lege selection tests is most immediate should be the
most critical appraisers of the assumptions, hypothe-
ses, and conclusions which give validity to their work.

Referring to the Scholastic Aptitude Test (SAT) and the English Com-

position (EN) and Level I Mathematics Achievement Tests of the Col-

lege Entrance Examination Board, the Oregon State University 1966-

67 Catalog states that (24, p. 13), "These three tests, together with

the high school and other records, provide the academic advisor with

valuable information about the student's educational development,

abilities, and aptitudes. " Additional comments are made in the

mathematics and engineering sections, in effect stating that the

scores reflect the depth of the high school preparation.

The score on the CEEB Level I Mathematics Test determines

the recommended placement in mathematics. A cutoff score of 550

was used in 1966-67 for Mth 111 (first-term calculus) placement,

and a score of 470 was used as a cutoff point for admission into

Mth 101 and courses with similar prerequisites. Students with

scores below this were recommended for Mth 50. (Mth 50 and



Mth 101 were re-titled Mth 50 and Mth 51, Intermediate Algebra,

beginning with the fall quarter of 1967-68. )

It was expected that the adviser and student follow recommended

placement unless the additional information in the student's record

suggested otherwise. No guidelines were given for deviation from

the recommendations. However, mathematics instructors were

asked to check their classes early in the term for students who were

placed at the wrong level, since it was recognized that test scores

and advisers can individually or collectively make for improper

placement.

Despite these possibilities for deviation from recommended

placement, it is still true that these tests influence the placement

decisions to a large extent. This would be true at other institutions

also, judging by the widespread use of the test battery. Yet, as

Fricke states in his review in Buros (7, p. 988),

Surprising as it may seem, there is relatively, little
research evidence on the merit of the most influential
tests in the United States. The academic future of liter-
ally millions of students has been affected by tests which
appear to have been inadequately investigated and evalu-
ated.

Of particular relevance to this study is his comment (7, p. 984): "On

further study a serious question arises as to just what determines who

gets a high score and who gets a low score." He makes reference to

the idea that high school courses contribute to these scores, but that



other factors are operating when he says (7, p. 984) "It is my opin-

ion that for students who have had a relevant course, each achieve-

ment test functions mainly as a general academic ability test."

Experience with the use of the CEEB Level I at Oregon State

University had indicated that the test does function reasonably well

as a placement instrument, but that a study of the results of its use

is advisable.

There is other information available to the counselors, but

there is no way of knowing what importance to place upon this data.

If there is a, significant relationship between some of these factors

and success in college mathematics, then a systematic means of

adding their contribution to successful placement should be consid-

ered. Analysis of those relationships and the predictive value of

these factors is necessary before this can be done.

The study of mathematics courses available in Oregon second-

ary schools, the relationship of various factors to the CEEB Level I

score, and the predictive value of the various factors represents the

type of investigation which could be used by college and secondary

school personnel in their attempts to improve articulation between

these levels of mathematics education.



Statement of the Problem

This study was designed to investigate the mathematics courses

and content available to Oregon secondary students. Also considered

was the relationship of the number of years of mathematics taken and

other factors to the College Entrance Examination Board Level I

Mathematics Achievement Test scores of 1966 Oregon high school

graduates entering Oregon State University as freshmen in the fall

term of 1966-67. In addition, it was designed to examine the various

factors to see if any combination of them appears to be possible sup-

plement to or replacement for the CEEB Level I score in recom-

mending mathematics placement at Oregon State University.

The ten factors considered and abbreviations used in discussing

them are listed below:

1. Sex

2. High school grade point average (h. s. gpa)

3. Scholastic Aptitude Test-Verbal score (SAT-V)

4. Scholastic Aptitude Test-Quantitative score (SAT-M)

5. College Entrance Examination Board English Composition

Achievement Test score (CEEB EN)

6. College Entrance Examination Board Level I Mathematics

Achievement Test score (CEEB Level I or simply Level I)

7. Average class size of high school (school size)



7

8. Number of grades in high school (number of grades)

9. Highest level of secondary mathematics taken (mth level)

10. High school mathematics grade point average (mth gpa)

More specifically, this study was designed to seek answers to

the following questions:

1. What is the range of upper-level secondary mathematics

in Oregon schools?

2. What percentage of the students are enrolled in these

upper-level mathematics courses?

3. What is the relationship of the other nine factors to the

CEEB Level I score?

4. What is the pattern of placement and success in mathe-

matics at Oregon State University for those students

entering from Oregon schpols, both with respect to

level of secondary mathematics reached and to the size

of the secondary school attended?

5. What are the characteristics with reference to the ten

factors of students entering from different size high

schools?

6. Is there a combination of some or all of the ten factors

which could be of aid in placing students into college

mathematics classes?

7. Do students who enter beginning calculus through the



taking of prerequisites in college do as well as those

who enter beginning calculus directly by meeting the

placement test requirements?

For the purpose of the study, "upper-level secondary mathe-

matics" was defined to include those courses open to secondary

students who have completed at least two years of mathematics

beginning with Algebra I or its equivalent.

Basic Assumptions

In this study it was assumed that:

1. The test scores used are reliable.

2. Information obtained from transcripts is accurate.

3. Information obtained by a questionnaire can be considered

to be reliable answers to the questions asked.

4. Upper-level secondary mathematics, as defined, is

beyond general education, as this term is normally

used, and thus is college preparatory.

5. The textbooks and sections covered are an indication of

the content stressed in the courses under consideration.

6. The organization and teaching of college classes is such

that the grades given are an indication of success, and

dropping of a course is an indication that the student was

having difficulty.



7. The assumptions of normality and distinct populations

necessary for the discriminant function analysis can be

made for each set of student groups analyzed.

Limitations of the Study

The investigation reported in this study was subject to the fol-

lowing limitations:

1. The factors previously listed were the only factors con-

sidered in this study.

2. The student population under study was limited to 1966

graduates from Oregon high schools who entered Oregon

State University in the fall term of 1966.

3. The school population under study was limited to Oregon

public and private senior high schools.
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II. REVIEW OF RELATED LITERATURE

Introduction

Much attention has been given to the impact of recent curricu-

lum changes in secondary mathematics. Beginning with the work of

a group under the direction of Max Beberman at the University of

Illinois, efforts have been made which have brought the college and

secondary mathematics personnel together in an attempt to improve

the teaching of mathematics.

The Continuing Revolution in Mathematics , the title of a recent

publication (29), illustrates the belief that the work has not been com-

pleted. As Nichols points out (29, p. 17), there is no longer an al-

most universal agreement as to what should be taught at a particular

grade level. The controversy surrounding calculus in the secondary

school and reaction to the Cambridge Report (16) emphasizes this

disagreement.

Less attention has been given to studies of content of current

programs and the characteristics of students completing these pro-

grams and moving on to college. Dessart (13) notes this lack of

research in the Review of Educational Research and recommended

studies evaluating effects of the new curriculum programs and identi-

fying factors having a significant long-range effect on success in
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mathematics.

Although the number of studies is limited, several were found

which have some relationship to the current investigation. One group

is discussed in terms of their contribution to knowledge about content

of secondary programs, enrollments .in these courses, and the char-

acteristics of college-bound students completing these programs.

Another group is reviewed with respect to a study of the factors re

lated to college success in mathematics and the use of these factors

in predicting success.

Studies Related to Secondary Mathematics Programs

Enrollment in mathematics has increased. Figures released

by the Office of Education (3 7) showed that 73 percent of the students

in public secondary schools were enrolled in mathematics in 1961

as compared with 65 percent in 1949. Second-year algebra was taken

by 39 percent of the eleventh grade students an.d was available in 81

percent of the schools, with 65 percent of the students enrolled in

mathematics and 37 percent of the eleventh grade students taking

second-year algebra. This course was offered in 87 percent of

the schools.

Figures were less meaningful for twelfth grade students, since

enrollment in trigonometry and solid geometry were given separately.

Semester courses were included with full-year courses, further
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complicating analysis. Using the Oregon enrollments and assuming

that a semester course in trigonometry was matched with advanced

algebra for eleventh graders, it was estimated that ten percent of

the Oregon twelfth grade students were enrolled in advanced mathe-

matics beyond second-year algebra.

The nation-wide figures indicated an enrollment gain for an

integrated trigonometry-advanced algebra course. However, no

school in Oregon reported such a course in 1961.

Woodby's study (36) of fourth and fifth-level mathematics pro-

grams revealed a diversity of titles and textbooks for these courses.

Forty-eight course titles were reported at the fourth level and 33

titles at the fifth level. Seventy-two textbooks were used, none re-

ceiving predominant usage.

Woodby concluded that there was lack of agreement as to the

mathematics appropriate for these levels, but that there was agree-

ment expressed as a general concern regarding inclusion of calculus.

He recommended that experimentation be continued. He further

recommended that colleges and universities provide guidance to

secondary schools in their locality and that courses other than cal-

culus be considered for most high school students.

A limitation of this study was its restriction to b6 selected

schools throughout the country rather than to a sample designed to

give a composite view of the current situation.
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Two opinion surveys were conducted for the purpose of helping

the investigators make a choice of courses and content for twelfth

grade mathematics programs. One of these by Buchanan (6) limited

the college personnel surveyed to choices for a semester course to

follow a semester course in elementary functions. Other questions

asked whether a unit on limits and a calculus unit should be included

in the various courses offered as choices. Analytic geometry was

selected as first choice by 103 respondees compared to 24 for the

next highest choice. Sixty-one percent were opposed to both a semes-

ter of calculus and a unit on calculus, and 65 percent favored a unit

on limits for at least one of the courses.

The other, a 1964 survey by Blank (4), asked for opinions from

teachers and principals of schools offering fifth-level courses and

from college mathematics department chairmen and directors of

admission. He reported that the respondees felt that there is stud-

ent interest in these courses, that the subject matter learned may

be of value for college-bound students, and that there is parent and

community interest in these courses. In addition, the college per-

sonnel considered these courses advisable and stated that most stud-

ents could expect to gain advanced standing, particularly for analytic

geometry.

Blank could be criticized for using the above statements as the

basis for a strongly worded conclusion that such courses have been
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highly successful, since he had set no criterion for judgment and

relied only upon opinion. However, his results did show that those

involved most directly,- approved of these courses.

The preference for analytic geometry as reported in these

studies is in agreement with the decision of the Oregon State Uni-

versity Mathematics Department to place this course, beginning in

1968-69, as the first course following intermediate algebra and

trigonometry. These latter courses are designated as remedial

courses duplicating high school mathematics.

A recent study, by Lindquist (21) provided data which can be

used for comparison of the effectiveness of secondary mathematics

programs in preparing students for college, one of the objectives

these programs necessarily attempt to meet. Enrollment figures

were received from nearly 900 institutions. A summary for all

schools revealed that 23 percent of the 1961-62 college freshmen

started college mathematics with a course in analytic geometry and

calculus or its equivalent. Another 25 percent entered courses which

could be considered remedial. Enrollment figures for various types

of institutions and different regions of the country were also given,

showing that public institutions reported only 16 percent entering

calculus and a higher figure of 31 percent in remedial courses.

Institutions in the West and Southwest had 18 percent entering

calculus, far below the 40 percent reported for the North Atlantic
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region. Lindquist stated that this regional difference could probably

be explained by the inability of small schools to provide advanced

classes for small numbers of college-bound students.

The findings of a 1954 study by Williams (34) can be compared

with those of Lindquist despite differences in terminology. Enroll-

ment figures from nearly 500 institutions of higher learning revealed

that 34 percent of the entering students took remedial mathematics,

a figure substantially higher than that given by Lindquist. The re-

port of 29 percent poorly prepared and 19 percent totally unprepared

also suggests that students entering college in 1954 had poorer math-

ematics backgrounds than those entering in 1961-62.

The improvement, however, does not appear to be as marked

as that noted at the University of Michigan (36, p. 2). In 1957-58,

there were 1112 students enrolled in a college algebra-analytic

geometry course and 159 in an analytic geometry-calculus course.

In 1961-62, the figures had changed to 443 in college algebra-analytic

geometry and 1075 in the analytic geometry-calculus course. The

former course was dropped in 1964. Only one or two sections of

remedial courses in algebra and trigonometry were offered in the

fall of 1964.

In summary, studies have indicated that there is a trend toward

increasing enrollment in secondary mathematics nationally as well

as in Oregon. In addition, there is some evidence to show that the
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students are now entering college with somewhat better mathematics

backgrounds than was true a decade or more ago.

There is disagreement relative to the content appropriate for

the twelfth grade program. Analytic geometry receives more sup-

port than other courses, and calculus is less favored, particularly

for the majority of students.

Studies Related to Factors Associated With
College Success in Mathematics

The high school grade average is easy to obtain and is reported

by Kunhart and Olson (20) to be one of the best predictors of college

success. Its relationship to success in college mathematics is less

clear. Seigle reported (28) that the grade point average ranked sec-

ond in predictive value to an entrance test in mathematics. Passons

(26) used only the A's and B's in academic subjects for the grade

average and noted a correlation of .28 with success in the first

mathematics course. This correlation was lower than those be-

tween composite and part scores of the Scholastic Aptitude Test

and the American Council on Education Achievement Test and suc-

cess in the mathematics course. Bromley and Carter (5) used the

related factor of high school rank and obtained a .40 correlation

with mathematics grades, highest among the factors included in the

study.
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Contradictory results were reported with respect to scores

on scholastic aptitude tests. Passons (26) found that the SAT-M

score compared favorably with a mathematics achievement test in

correlating with college mathematics success, and a UCLA study

(10) by Coddington reported a slightly negative correlation between,

SAT-M scores and success in college mathematics. Kunhart and

Olson concluded (20) that the ACE Psychological Examination scores

did not significantly predict success in college mathematics, and

Bromley and Carter reported (5) that the ACE quantitative score was

one of three factors contributing most to grade prediction. The ac-

ceptance of a .46 multiple correlation coefficient in this latter case

may illustrate that contradictory results may be a consequence of

different standards as to the magnitude of correlation accepted as

a worthwhile contribution in prediction.

Mathematics placement test scores have been reported to have

more predictive value than other factors. Corotto (12) compared

scores on a mathematics screening test with ACE linguistic, quanti-

tative, and total scores and found that the correlations were highest

between the screening test scores and success in initial college

mathematics. His report of a .42 correlation agreed closely with

the .44 correlation between a mathematics pre-test and initial math-

ematics success found by Waggoner (31). Seigle (28) and Wallace

(32) also found that entrance examinations were the best predictors
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of success in the first college course in mathematics.

Little attention was given to other factors. A study by Michael

and others suggests (23) that prediction might be more easily done

for female students than for male students. Waggoner reported

(31) a correlation coefficient of . 61 between number of high school

units in mathematics and mathematics pre-test scores. He also

found a difference in average pre-test scores between students

grouped by size of secondary school attended, but the data did not

suggest a single regression line or the same value for the slopes of

the various regression lines.

Seigle concluded (28) that the number of high school units plays

a very small part in success in other mathematics courses after the

first course in college mathematics. This could be an incorrect

interpretation of the data. Willingham notes (35) that the question

of the value of a pre-admission measure in measuring success in

courses after the freshman year is a different question than a simi-

larly worded question after the first year is completed. In this latter

case, first-year success is an additional factor which sharply reduces

the effect of those previously measured factors which were most ef-

fective in prediction of first-year success.
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Summary

Nation-wide studies have indicated an increasing enrollment in

secondary mathematics. This is also true in Oregon. In addition,

there is some evidence to show that students are currently better

prepared for college mathematics than they were a decade ago.

The question of appropriate content for the twelfth grade course

has not been settled, although analytic geometry receives more sup-

port than other courses. There is less support for calculus, at

least for a majority of students.

Studies related to factors associated with college success in

mathematics have indicated that scores in entrance examinations

and high school grade point averages seem to be the predictors of

highest value. Contradictory results have been reported for scores

in scholastic ability tests. Little research has been done relative

to the factors of sex, size of school, and the amount of high school

mathematics taken, but there is an indication that these factors are

worthy of further study.

Review of the literature has indicated that the study proposed

in this investigation is a reasonable one. Past studies have been

limited in number and scope, and further research is needed con-

cerning the articulation between secondary and college mathematics

programs.
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III. DESIGN OF THE STUDY

This study was concerned primarily with articulation between

secondary mathematics in Oregon schools and college mathematics

at Oregon State University. Three main facets of the problem were

studied:

1. The relationship of several factors to the CEEB Level I

Mathematics Achievement Test score.

2. The feasibility of a discriminant function as an aid to

mathematics placement at the college level.

3. Courses and content in upper-level mathematics in

Oregon secondary schools.

Since the first two of these dealt primarily with student records

and the third with information about schools, this report will consis

tently discuss them separately.

The names and abbreviations used for these factors or vari-

ables were listed in Chapter I, and a description of the range of data

for each is given below. Scores from the SAT-V, SAT-M, CEEB-EN,

and CEEB-Level I tests were used as separate factors. The possible

range of these scores was from 200 to 800. Sex was scored as "1"

for males and "2" for females. High school grade point average and

the high school mathematics grade point average were calculated

using the 4-3-2-1-0 point system for grades from "A" through "F"
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respectively. School size was given as the average class size,

calculated by dividing the school enrollment by the number of grades

in the school. The number of grades in the school was also used as

a separate factor. A tenth variable was the level of mathematics

taken in high school, with first-year algebra considered as the first

level of mathematics. A judgment was made as to the level of the

most advanced course taken by the student.

The Study Design

The study of the relationship of the various factors to the CEEB

Level I score and the prediction of success in college mathematics

indicated the use of a non-experimental approach as defined by

Baggaley (3, p. 3). Multiple regression analysis and discriminant

function analysis were used to gain the maximum benefit from this

approach.

The investigation of the courses and content in upper-level

mathematics offered by the schools was a cross-sectional survey

for the purpose of providing information about the mathematics

program which the entering students had experienced.



Populations Studied

Student Population
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The student population consisted of those 1966 Oregon high

school graduates entering Oregon State University as freshmen in

the fall term of 1966 and for whom complete info r mat i o n

was available on each of the ten factors considered. There were

2355 of these students. There were an additional 20 students who

had substituted CEEB Level II scores for the Level I score. These

students were considered only for tabulations of placement in college

mathematics in relationship to the level of secondary mathematics

taken.

The entire population was included in the sample since the

methods necessary for collection of data were such that sampling

would not have resulted in a saving of time.

School Population

The school population included the 234 public and private

Oregon secondary schools listed in the Oregon State University

Mathematics Department mailing list. One hundred ninety-one of

these had graduates enrolled in the student population described

previously.
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The entire population was included in the sample.

Selected Instruments

No test was administered as part of the study since all data

needed for the students were available from student records. This

included results of the Scholastic Aptitude Test, a three-hour

objective test designed to measure verbal and mathematical skills

considered necessary for success in college work, reporting these

as SAT -V and SAT-M scores. The Appendix shows nationwide

and population distributions for the SAT-M score.

Also included were scores for two CEEB Achievement Tests,

the English Composition and the Level I Mathematics, respectively

to be referred to as the CEEB-EN and the CEEB Level I scores.

These tests are one-hour objective tests designed to measure the

level of achievement in a particular subject field.

The only assumption made concerning these tests was that they

are reliable. Buros does not list (7) a reliability coefficient less

than .80 for these tests, but it must be noted that figures for the

particular achievement tests used are not available. However, since

reliability is not questioned at all in the review, this is a further

indication that the assumption is a reasonable one.

A questionnaire sent to the school requested a listing of the

upper-level mathematics courses offered, the number of students
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taking each course, and the textbook(s) and content for each course.

A check list was provided for content in trigonometry, second-year

algebra, and calculus.

Additional questions asked for the number of students taking

advanced placement tests and for the amount of time devoted to the

topics of trigonometry, second-year algebra, and calculus.

A copy of the questionnaire is included in the Appendix.

Treatment of the Data

Student Data

A step-wise multiple regression analysis was used in relating

the other nine factors to the CEEB Level I score. The output of

this analysis includes a table of intercorrelations between the fac-

tors, the step-wise addition of the factors in order of their contribu-

tion to the multiple correlation, and the proportion of the total vari-

ance that is accounted for by the predictor variables employed at

each step.

A discriminant analysis computer program (BMDO5M-

Discriminant Analysis-Several Groups-Version of May 27, 1966,

Health Services Computing Facility, U. C. L.A.) was used to exam-

ine the feasibility of using one or more of the factors in predicting

success in college mathematics. Chen (8) describes this as an
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extremely useful tool for any situation where subjects can be

dichotomized in a meaningful way. R. A. Fisher developed the

discriminant function for ascertaining appropriate weights for a

series of variables yielding maximum separation into two groups,

each of which is assumed to be normally distributed.

For example, students who have completed a course are

automatically placed into non-overlapping groups based upon grades

received. Given two or more groups and ratings for each student

relative to a set of factors, the discriminant function program will

establish the best set of coefficients to use in assigning the students

to their respective groups. With the use of sufficient data, the co-

efficients may be used for student placement.

Fourteen pairs of groups were established for the purpose of

testing the effectiveness of the analysis at different levels of the

freshman college mathematics program. Each group is identified

by the placement level of the students, the mathematics course taken,

the range of grades received by members of the group, and the num-

ber of factors used to establish the function. These groups are listed

in Table 1.

A basic hypothesis tested by this method is that there is a

stable difference between the two or more populations with respect

to the observations made. In this study, a difference was assumed

to exist and interest centered on the efffectiveness of the function in
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assignment of an unclassified individual known to belong to one of

the groups. The output of the program includes a table giving the

numbers correctly and incorrectly classified for each of the groups

studied. These were compared with similar tables prepared using

the SAT-M and the CEEB Level I scores as individual predictors,

Table 1.. Dichotomous groups for discriminant function analysis.

Math
place-
ment

Group 1
Math
taken

Grade
ravage

50 50 A, B, C
50 101-161 A, B, C

101 101-161 A, B, C
101 101-161 A, B
111 101-161 A, B, C
111 111 A, B, C
111 111 A, B, C
111 111 A,B,C
111 111 C
111 111 C
111 111 C
111 111 A,B
111 111 A, B
111 111 A,B

Group 2
Math Math Grade No. of
place- course range factors
ment taken used

50 50 D, F, Drop 9
50 101-161 D, F, Drop 9

101 101-161 D, F, Drop 9
101 101-161 C 9
111 111 D, F, Drop 9
111 111 D, F, Drop 2
111 111 D, F, Drop 6
111 111 D, F, Drop 9
111 111 D, F, Drop 2
111 111 D, F, Drop 6
111 111 D, F, Drop 9
111 111 C 2
111 111 C 6
111 111 C 9

The data was also examined for the purpose of identifying

those factors which contributed most to successful classification.

In order to examine the effect of the factor of school size

separately, a simple computer program was used to give means

and standard deviations of the eight remaining factors and the first
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quarter grade average for students from different size schools.

The average class size for the school was used since the number of

grades in the schools ranged from two to six. Class size ranges

used were 1-30, 31-99, 100-299, and 300 and up.

To complement these analyses, the following tables were

constructed:

1. Overall placement and success in initial college mathe-

matics courses.

2. Mathematics courses taken and grades received related

to level of secondary mathematics reached.

3. Math 111 grades related to CEEB Level I scores.

4. Math 111 grades related to SAT-M scores.

5. Math 112-113 grades vs. Math 111 grades.

6. Math 111-112-113 results by students entering these

courses despite low placement scores.

7. Math 111-112 results for those students entering these

courses via prerequisite courses taken in college.

8. College mathematics success vs. size of high school.

In addition, the student data forms were used to group students

by high school attended to see if there were particular programs

which led to higher percentage placement and success in calculus.
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School Data

The questionnaires returned from the schools were tabulated

with respect to the following.

1. Names of 3rd, 4th, and 5th level secondary mathematics

courses offered.

2. Textbooks used for 3rd, 4th, and 5th level courses.

3. Number of schools offering at most 2nda 3rd, 4th, and

5th level mathematics.

4. Summary of calculus offerings in Oregon schools.

5. A summary of topics covered in second-year algebra.

6. A summary of topics covered in trigonometry.

7. A summary of topics covered in calculus.

8. Time devoted to trigonometry topics in Oregon schools.

9. Summary of student participation in upper-level second-

ary mathematics.
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IV. PRESENTATION AND INTERPRETATION
OF THE FINDINGS

It was the purpose of this investigation to study the articulation

between secondary mathematics in Oregon schools and college mathe-

matics at Oregon State University. Three main facets of the prob-

lem were studied:

The relationship of several factors to the CEEB Level I

Mathematics Achievement Test score.

2. The feasibility of a discriminant function as an aid to

mathematics placement at the college level.

3. Courses and content in upper-level secondary mathe-

matics in Oregon secondary schools.

Investigation of the first two phases of the study involved the

collection and analysis of student data. The student record of each

1966-67 Oregon State University freshmen entering from an Oregon

high school was used to obtain data relating to the factors of concern

and to the freshman college mathematics record. This information

was transferred to IBM cards for use with that part of the analysis

involving computer programs.

Information about the courses and content in upper-level mathe-

matics offered by Oregon schools was obtained from a questionnaire

sent in March, 1967. Questionnaires were sent to 234 public 4nd
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private high schools. A total of 198 questionnaires were returned,

representing an 85 percent return.

The presentation of the findings begins with consideration of

the student data and emphasizes the relationship of the CEEB Level I

Achievement Test score and other factors to placement and success

in college mathematics. The results of the multiple regression

analysis are considered first, showing the relationship of several

factors to the Level I score. This is followed by the analysis of

student placement and success in freshman college matehematics,

with emphasis given to the effectiveness of the use of this Level I

score in prediction. The third part of the section considers the use

of other factors or combinations of factors as alternative methods

for prediction of success. The discriminant function analysis is

of major importance in this discussion. The characteristics of

students grouped by size of school are then presented.

The analysis of the data from the school questionnaires is

presented in the last section. This illustrates the secondary mathe-

matics programs which were available to the students involved in

this study.

Results of the Multiple Regression Analysis

The multiple regression analysis examined the relationship of

nine predictor variables to the CEEB Level I Mathematics
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Achievement Test Score. The Major output of the program, as given

in Table 2, is a step-wise addition of variables and calculation of the

portion of variability in the Level I score accounted for by the vari-

ance of the predictor factors present at that step. It should be noted

that the order of addition is dependent upon the intercorrelations

between the several variables and not just upon the correlation co-

efficients between the predictor variables and the Level I score.

Table 2. Step-wise addition of factors according to their contribution
to the variance of the CEEB Level I score.

Step Factor added R2

1 SAT -M .653

2 Math level . 692

3 Math gpa . 704

4 Sex .709

5 School size . 712

6 SAT -V .714

7 EN .714

8 Number of grades . 714

9 H.S. gpa . 714

Table 2 shows that the SAT-M score accounts for the majority

of the variability in the Level I score which can be attributed to the

factors used in this study. This .is shown by the value of R2 at each
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step of the analysis. This value can be interpreted as the measure

of the portion of variability accounted for by, the predictor variables

present at that step. Thus, about 65 percent of the variability in the

Level I scores is accounted for by the fluctuation of the SAT-M

scores. The addition of the other eight factors add only about six

percent to this value. These results indicate that the Level I test

measures something in addition to that measured by the nine predic-

tor variables. The moot question, then, is whether this information

unique to the Level I test is of value in placement or prediction of

college performance, particularly, in mathematics.

Simple correlation coefficients between all possible pairs of

factors were calculated as a first step in the regression analysis.

These are given in Table 3. The SAT-M, the high school mathe-

matics level, and the high school mathematics grade point average

correlated most highly with the Level I score; the correlation coeffi-

cients were .81, .69, and .54, respectively. Correlation coefficients

between the factors related to school size and all other factors were

near -zero.



Table 3. Simple correlation coefficients between factors used in the multiple regression analysis.

Factors Sex H. S. SAT -V SAT -M EN Mth School Number Mth Level
gpa gpa size of grades level

Sex

CPA

SAT -V

SAT -M

EN

Mth gpa

School size

Number of grades

Mth level

Level I

1.00 .19

1.00

-.03

.40

1.00

-.36

.38

. 53

1.00

.16

.46

. 71

.43

1.00

-.02

. 74

. 34

.53

.36

1.00

.06

-.14

. 02

-.03

.03

-. 13

1.00

-.05

.07

-, 04

.01

-.05

. 06

-. 38

1.00

-.44

. 31

. 30

.68

.20

. 42

-. 09

. 06

1.00

-.38

. 37

..45

.81

.35

. 54

-. 00

. 02

. 69

1.00
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Placement and Success in First Year
College Mathematics

The 1966-67 CEEB Level I cutoff score for recommended place-

ment in Mth 101-161 and Mth 1111 were 470 and 550, respectively.

Table 4 illustrates the result of this system, giving the course en-

rollment and grades for students at the different placement levels.

Calculations based upon this table show that 29 percent of the

students placed at the calculus level, 32 percent at the Mth 101-161

level, and 39 percent at the Mth 50 level. Of these students, 72

percent enrolled in one of these courses. Of these, 29 percent

entered calculus, 41 percent took Mth 101 or Mth 161, and 30 per-

cent enrolled in Mth 50.

A comparison of these figures with those given by Lindquist

(21) and discussed in Chapter II shows that the percentage entering

calculus was considerably higher than the 16-18 percent reported

for public schools and for schools in the Far West. It was consid-

erably less than the 40.2 percent entering calculus in the North

Atlantic region schools in 1961. The number in remedial mathe-

matics was about the same, if Mth 50 is considered to be the

1 At the time these students entered, Mth 111, Mth 112 and
Mth 113 were the course numbers for the first, second, and third
terms of first-year calculus. The course will be referred to either
through use of the numbers or by referring to the first, second, or
third terms of first-year calculus.
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Table 4. Enrollment and success in initial 0. S. U. mathematics
courses related to recommended placements.

Place- Course taken
ment 111 101 161 50 102 191 Other None

A 70 29 16 11 10

B 121 12 16 7 3

U)

rc) C 170 11 17 17 1 4 40
(73

D 67 2 4 2

F* 66 3 2 6

1 47 6 6 2 6

o
U)

a)

B 1 111 24 10 1 18 129

ca
C 11 130 33 7 3 6

2 39 20 2

F* 7 41 17 2 3 1

4 112 1 5

Ln a)

B 14 5 125 37

715a ca
C 1 32 8 127 2 61 308

O
18 3 65 6

-F* 12 7 37 1 2

"F" grades include drops. If the student enters another
course, this is recorded as if he is another student.
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equivalent remedial course. Using the definition of remedial mathe

matics used the following year at Oregon State University, 71 percent

of these students placed at the remedial level.

Examination of Table 4 reveals that enrollment differed from

recommended placement. The largest shifts involved approximately

100 students at the calculus placement level taking Mth 101 or Mth

161 and about 100 students with Mth 50 placement enrolling in Mth

101 or Mth 161. Smaller numbers of students attempted calculus

despite lower placement or took Mth 50 despite higher placement.

The grade distribution for students taking the recommended

courses were similar, with Mth. 50 students receiving a higher per-

centage of "A" and "B" grades. About 25 percent of these students

received grades below "C" or dropped the courses. Altogether, this

represented almost 400 students.

Those students entering courses at a higher level than that

recommended received a lower percentage of "A" and "B" grades

and a higher percentage of "D" and "F" grades. The reverse was

true for those students enrolling in courses below their recommended

placement level.

Table 5 gives the combined record for Mth 111, 112, and 113,

ignoring those who repeated one of the courses. Of those who en-

rolled in Mth 111, 71 percent completed Mth 112, and 50 percent com-

pleted Mth 113. Most of those failing to continue the sequence came



Table 5. Mth 112 and Mth 113 grade distributions for students receiving "A, " "B, " "C, " or "D"
grades in Mth 111.

Mth 111 No. of
grade students A

Mth 112 grades
B C D F A

Mth 113 grades

A 71 24 28 13 1 1 19 25 11 1 2

B 122 8 33 51 10 6 10 21 32 15 9

C 182 .3 14 75 37 16 4 13 37 20 17

D 69 2 11 7 14 1 6 3 2

F 73

Totals 517 35 77 150 55 37 33 60 86 39 30
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from the group with the lowest grades in Mth 111. It can be seen

that the grade distributions in Mth 112 and Mth 113 were approxi-

mately the same as in Mth 111 even though most of the original "D"

and "F" students had been eliminated.

Twenty-three students enrolled in calculus as their initial col-

lege mathematics course despite low placement scores. Fourteen

of these (61 percent) received "C" or better, with only two grades

above "C" recorded. Eleven of these students completed the Mth

111-112-113 sequence, with five receiving grades of "C" or better

in each course. This record is not good, but it will be seen later

that this compares favorably with those receiving Level I scores

up to 625.

Sixty-five students entered calculus via completion of the pre-

requisite Mth 101. Table 6 gives the record in Mth 111 for all of

these students and the Mth 112 record for those who were able to

complete this course. The Mth 111 grade distribution is similar to

that of the group entering by placement score, with shifts of some

"A's" to "B's" and some "F's" to "D's" appearing to be noticeable

differences. The record in Mth 112 is not as comparable, with

students receiving fewer "A's" and "B's" and more "D's" and "F's".

Although longer follow-up would be necessary in order to make more

valid conclusions, these results do not suggest that completion of

Mth 101 is a substitute for a high placement test score.



Table 6. Mth 111 and Mth 112 grades for students enrolling after completion of the
Mth 101 prerequisite.

Grades
Mth 111
Number of
students

Percent Grades
Mth 112
Number of
students

Percent

A 5 8 A 1 2

B 19 30 B 16

C 25 38 C 19 44

D 10 16 11 26

F 6 8 F 5 12
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The discussion of placement and success has indicated that a

reasonably large number of students in the group studied did not fol-

low recommended placement. It also showed that many students en-

rolling according to recommended placement received lower than

"C" grades or dropped the courses. The question raised by these

figures is whether a change in the use of Level I cutoff scores would

improve the grade distributions, particularly in calculus.

For comparison purposes, data used in this and similar analy-

ses later in this chapter will be presented in classification tables.

These tables will indicate the accuracy that a rule or function would

have achieved in identifying members of two or more groups. For

convenience in notation, a group such as one that includes all stud-

ents receiving "C" grades or better in calculus will bq designated

as the "calculus ABC" group. "D, " "F" and "Drops" will be included

in the "DF" group. This notation will continue throughout the re-

mainder of this chapter.

These tables also indicate that a probability that a student as-

sociated with a particular function will fall into the group with the

higher grades. This probability figure is meaningless if applied to

individuals of other groups or to individuals assigned under different

rules.

Five hundred seventeen students enrolled in calculus. Three

hundred seventy-five of these were in the calculus ABC group, and
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142 were in the calculus DF group. Using the Level I 550 cutoff

figure, classification would be as in Table 7. Of the ABC group,

94 percent were correctly identified, but only 12 percent of the DF

group were properly placed. Since the number of calculus students

with placement scores lower than 550 was limited, by recommenda-

tions, the 61 percent success of this group can be questioned. The

most important consideration is that this cutoff score did not identify

133 low students.

The Mth 111 grades of each student initially enrolling in this

course were plotted against the Level I scores. Table 8 gives the

result of this tabulation. This table also gives the percentage of

students in each range completing the calculus sequence, the num-

ber receiving grades of "C" or better in each of the three terms, and

the number receiving a "D" in at least one of the courses.

Examination of this data reveals that students with scores

above 625 showed a marked decrease in the number of low grades

and a large increase in the number completing the sequence.

Table 9 illustrates the classification using 625 as the cutoff

line for discrimination. The table shows that all but 31 of the DF

group were classified properly, but that 172 of the ABC group were

misclassified. The total percent correct classification was 62 per

cent.

Table 10 gives the classification using six hundred as the cutoff



Table 7. Classification table for calculus ABC and DF students using a 550 CEEB
Level I cutoff score.

Function 550 and
above

Below
550

Percent
correct

classification

Group

Calculus ABC 361 14 96

Calculus DF 133 9 7

Total 72
Probability of

Higher grade 73 .61



Table 8. Mth 111 grade distributions for students in different ranges of CEEB Level I scores.

Level I
score

Number of students Percent
completing
sequence

650-800 53 53 46 14 7 91 38 74

625-649 8 16 27 5 5 23 12 57

600-624 5 28 37 13 21 20 19 37

590-599 3 12 11 7 5 8 5 32

580-589 1 18 5 6 6 2 .27

570-579 5 7 6 5 1 3 17

560-569 1 4 9 7 8 6 3 31

550-559 2 14 10 9 5 3 24

Below 550 1 1 12 2 7 5 6 48

A C D F No "D's" D's

Mth 111 grades Mth 111-113 success



Table 9. Classification table for calculus ABC and DF students using a 625 Level I cutoff score.

Function 625 and Below Percent
above 625 correct

classification

Group
Calculus ABC 203 172 57
Calculus DF 31 111 77

Total 62
Probability of

higher grade .88 .61

Table 10. Classification table for calculus ABC and DF students using a 600 Level I cutoff score.

Function 600 and
above

Below
600

Percent
correct

classification

Group
Calculus ABC 273 102 72
Calculus DF 65 77 54

Total 68

Probability of
higher grade .81 .57
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figure. Compared with the figures above, more than double the num-

ber of DF students were not identified, but only 102 of the ABC group

were missed. The overall percentage of correct placement was

higher.

These tables illustrate that any change upward in the Level I

cutoff score would exclude many of the DF group. At the same time,

it would fail to include as many or more of the ABC group in calculus

placement.

On the other hand, the tables present information which might

be helpful as a supplement to a single cutoff score. Grade distribu-

tions can be calculated for students falling into various ranges of

Level I scores. If up-dated regularly, student advisers could place

reliability on these distributions in counseling students with border-

line scores.

Table 11 illustrates the information that can be gained from

the data considered in this section. It illustrates the changing distri-

bution of grades with an increase in the Level I. score for students

who were assigned to the course with a 550 cutoff score recom-

mended. The counselor of a student with a 560 score might con-

sider more carefully recommending calculus if he knows that only

54 percent of prior students with similar scores received a "C" or

better grade in Mth 111.
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Table 11. Mth 111 grade distribution in percent related to the
CEEB Level I test scores.

Grade
range 625 and

Level I scores
590-624 Below

above 590

A-B 56 34 11

C 31 34 43

D-F 13 32 46

Other Approaches to Prediction of
College Mathematics Success

The preceding discussion indicated that the Level I score was

useful in placement in college mathematics, but that it failed to iden-

tify many of the low group of students. This section will first con-

sider whether use of SAT-M scores or high school level of mathe-

matics would have resulted in a more adequate classification of

these students. The level of secondary mathematics will then be

presented in terms of its predictive value. Finally, the use of a

discriminant function analysis involving the use of several factors

will be discussed.

SAT-M

The SAT-M scores were plotted against Mth 111 grades and

Tables 12, 13, and 14 were prepared as equivalents of Tables 8, 9,



Table 12. Mth 111 grade distributions for students in different ranges of SAT-M scores.
SAT -M
score Number of students

Percent
completing
sequence

650-800 57 61 52 19 14 115 43 78
625-649 11 20 32 11 8 21 16 45
600-624 4 22 25 10 14 21 13 45
575-599 3 10 18 6 7 8 7 34
550-574 3 13 26 9 13 18 5 36
Below 550 3 10 11 10 5 3 23

A B C D F No D's D's
Mth 111 grades Mth 111-113 success

* Comparable tables for Mth 50, 101, and 161 are given in the Appendix.



Table 13. Classification table for calculus ABC and DF students using a 625 cutoff score with the
SAT-M.

Function 625 and
above

Below
625

Percent
correct

classification

Group
Calculus ABC 233 142 62
Calculus DF 53 89 63

Total 62

Probability of
higher grade .81 .61

Table 14. Mth 111 grade distribution in percent related to the SAT-M test scores.

Grade range SAT -M scores
625 and 575-624 Below 575

above

A-B 49 28 18
C 33 43 33

D-F 18 29 49
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and 11 presented with the Level I discussion.

The similarity of the results can be noted. Table 12 shows

an increase in high grades with an increase in the SAT-M score,

similar to that seen with the Level I score. A 550 cutoff score would

have placed 362 in the ABC group and 121 in the DF group, slightly

better than the 361 and 133 corresponding figures for the Level I.

Table 13 gives the results of prediction or classification based

upon a 625 cutoff score, The 62 percent correct classification was

the same as with the Level I, with 30 more of the ABC group classi-

fied properly and 22 less of the DF group identified. Table 14 also

illustrates that use of the SAT-M scores would have given results

similar to that given by the use of the Level I scores.

These tables indicate that the SAT-M scores would have been

as effective as the Level I scores in predicting the success of those

students who enrolled in calculus. There is no way of being certain

what the results would have been for other students who could have

enrolled in calculus if a cutoff system with the SAT-M scores had

been used. There would have been 80 to 100 of these students if

a cutoff figure of 550 to 570 had been used with the SAT-M score.

There is some evidence to suggest that these students would

have made a reasonably good record in calculus. Of all the Mth 101

161 students with SAT -M scores above 550, 83 percent earned "C"

or better grades. Eighty percent of these students who then enrolled



50

in Mth 111 received grades of "C" or better.

Level of Secondary Mathematics Taken

It was assumed that upper-level secondary mathematics courses

were college preparatory in nature. Thus, it is logical to expect that

an increase in the level of mathematics taken in high school would

give better preparation for college mathematics. In order to study

the validity of this statement, placement and grades in college mathe-

matics were plotted against level of secondary mathematics taken,

The results are given in Table 15. As defined previously, the level

of mathematics is the number of years of mathematics taken beyond

general mathematics.

The figures in the table indicate that those students who had

taken second-level mathematics did well in Mth 50. Level three and

four students had little trouble with Mth 50.

Mth 101 and Mth 161 were more difficult for third-level stud-

ents, with Mth 161 showing a 49 percent DF group. In both of these

courses, 84 percent of the fourth-level students were in the ABC

group. Similarly, calculus was more difficult for fourth-level

students, but relatively easy for fifth-level students.

Although it appears that the level of secondary mathematics

taken has a relationship to college mathematics success, its use

as a placement device is not indicated by these figures. More
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Table 15. Enrollment and success in initial 0. S. U. mathematics
plotted against level of secondary mathematics taken.

course
taken

Grade
range

Number of students

Mth A-B 1 11 135 65
111 C 1 11 148 21

D-F 1 16 116 12

Mth A-B 1 5 15 1

102 C 1 5 16
D-F 2 7 5

Mth A-B 1 8 51 7

161 C 1 16 38 3

D-F 2 6 26 17 2

Mth A-B 4 67 142
101 C 1 15 61 95 1

D-F 15 52 48

Mth A-B 1 20 100 102 29
50 C 1 23 69 35 6

D-F 3 31 52 20

1 2 3 4 5

Level of secondary mathematics
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fourth-level students took pre-calculus courses than calculus, and

approximately half of them received grades of "C" and below in these

courses. It does not appear sensible to suggest that all fourth-level

students should either be recommended for calculus or not be recom-

mended for calculus.

The Discriminant Function Analysis

The IBM cards were separated into groups according to mathe-

matics placement, enrollment, and grades. Groups were paired as

listed in Table 1, Chapter III, and the analysis done at the Oregon

State Computer Center using the BMDO5M-Discriminant Analysis-

Several Groups-Version of May 27, 1966, Health Services Computing

Facility, U. C. L. A.

The assumption had been made that the groups considered were

different with respect to the variables considered. In all cases, the

Mahalanobis D-square value used as Chi-square to test the null hy

pothesis of similarity of means was highly significant, indicating

that the assumption was valid.

The group mean values for the various factors are given, in

Table 16. The arrangement of the table emphasizes the steady in-

crease in the value of the variables representing student achievement

or ability as the level of the course increased or in moving from a

DF group to an ABC group. The drop in high school grade point



Table 16. Group means of factors studied for ABC and DF students in Mth 50, Mth 101-61 and
Mth 111.

Variable Student group
Mth 50 Mth 50 Mth 101-161 Mth 101 -161 Mth 111 Mth 111

DF ABC DF ABC DF ABC

Sex 1.64 1.54 1.10 1.24 1.20 1.19

GPA 2. 66 2. 90 2. 64 3. 09 3. 03 3.36

SAT -V 419. 59 444. 34 465.15 475. 29 517. 41 534.31

SAT -M 414. 95 457. 82 522. 75 546. 94 604. 62 639.40

EN 420. 29 445. 84 449.97 460. 88 498.07 518. 65

Level I 400.94 419.89 497.13 506.14 599.83 641.21

School
size 380. 03 366. 88 326. 03 305.36 340. 89 360. 03

Mth
level 1.81 2.42 3. 21 3. 59 3. 95 4. 13

Mth gpa 2. 13 2.43 2. 33 2.87 2.98 3.42
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average for the DF groups in Mth 101 and Mth 111 is a noticeable

exception to the otherwise steady increase. It can be seen that there

is no pattern to the changes in the size of school and sex in moving

from group to group. Unless otherwise stated, these nine variables

were included in each discriminant analysis.

Results of the individual discrimination function analysis indi-

cated that up to 75 percent of the students could be correctly classi-

fied into their groups. Table 17 gives the results for those students

with Mth 50 placement enrolling in Mth 101 or Mth 161. Thirty-one

of the 40 DF students were correctly identified and 46 of the 63 ABC

students were classified properly. For those students correctly or

incorrectly, identified as most likely to be DF students, only 35 per

cent received grades above this level,

Tables 18 and 19 give similar results for Mth 50 and Mth 101

for students enrolling with recommended placement. It can be seen

that 70 percent or more of the DF group was identified in each case.

In addition, the function assigned students to one of two groups with

quite different probabilities of receiving grades of "C" or better.

The discrimination between the Mth 111 DF group and the

Mth 101-161 ABC group with Mth 111 placement was not as effec-

tive, with only 58 percent correct placement. There was an overlap

of 12 students in these two groups since a student who dropped one

course and enrolled in another course was counted with both groups.



Table 17. Discriminant function analysis classification table for Mth 1 01-1 61 ABC and
DF students enrolling with Mth 50 recommended placement.

Function 1 2 Percent
correct

classification

Group

Mth 101-1 61 ABC 4 6 1 7 73

Mth 101 -161 DF 9 31 78

Total 75

Probability of
higher grade .84 .35



Table 18. Discriminant function analysis classification table for Mth 50 ABC and DF students
enrolling with recommended placement.

Function 1 2 Percent
correct

classification

Group
Mth 50 ABC 249 115 69
Mth 50 DF 31 71 70

Total 69

Probabity of
higher grade .89 .62

Table 19. Discriminant function analysis classification table for Mth 101-161 ABC and DF
students enrolling with recommended placement.

Function 1 2 Percent
correct

classification

Group
Mth 101-161 ABC 259 92 74
Mth 101-161 DF 32 85 73

Total 74

Probability of
higher grade .89 . 5 2
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Three analyses were conducted for each pair of calculus groups

with two, six, and nine variables used for the first, second, and third

runs, respectively. The variables included in the first two runs were

chosen because of the ease in obtaining this information. The SAT-M

and Level I were used in one analysis. High school grade point aver-

age, SAT-V, CEEB-EN, and sex were added to make a total of six

variables for a second analysis. High school mathematics level,

high school mathematics grade point average, and size of school

were added in the final run, making a total of nine variables.

Tables 20, 21, and 22 give the results for the calculus ABC

and DF groups. The 62 percent correct placement with two variables

is the same as with the use of 625 cutoff figures for the SAT-M and

Level I separately. Use of six variables resulted in 38 additional

students correctly placed, and the use of all the variables correctly

classified another eight students. The correct placement percentages

for these analyses were 69 and 71 percent, respectively.

The discrimination between the calculus AB and C groups and

between the calculus C and DF groups was nearly as effective, as

shown in Tables 23 and 24. The use of additional factors again im-

proved classification, particularly in moving from the use of two

variables to the use of six variables. Along with the previous find-

ings, this suggests that the level of mathematics taken, high school

mathematics grade point average, and size of school do not contribute



Table 20. Two-variable discriminant function analysis classification table for calculus
ABC and DF students enrolling with recommended placement.

Function 1 2 Percent
correct

classification

Group
Calculus ABC 211 150 59
Calculus DF 41 92 69

Total 62

Probability of
higher grade .84 .62

Table 21. Six-variable discriminant function analysis classification table for calculus
ABC and DF students enrolling with recommended placement.
Function 1 2 Percent

correct
classification

Group
Calculus ABC 251 110 70
Calculus DF 43 90 68

Total 69

Probability of
higher grade . 86 .55



Table 22. Nine-variable discriminant function analysis classification table for
calculus ABC and DF students enrolling with recommended placement.

Function 1 2 Percent
correct

classification

Group
Calculus ABC 254 107 70
Calculus DF 38 95 71

Total 71

Probability of
higher grade .87 .53



Table 23. Six-variable discriminant function analysis classification table for calculus
AB and C students enrolling with recommended placement.

Function 1 2 Percent
correct

classification

Group
Calculus AB 117 74 61
Calculus C 49 121 71

Total 66

Probability of
higher grades 70 .38

Table 24. Six-variable discriminant function analysis classification table for calculus
C and DF students enrolling with recommended placement.

Function 1 2 Percent
correct

classification

Group
Calculus C 110 60 65
Calculus DF 52 81 61

Total 63

Probability of
higher grade .68 .42
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greatly to discrimination if they are added after the other factors.

These analyses also demonstrated that the various mathematics

groups were different and that about 70 percent of the students could

be correctly classified into the groups to which they belonged. There-

fore, the use of a discriminant function would appear to be helpful

in placement of students into these courses.

A final discriminant analysis was conducted in order to see if

a single analysis would effectively assign a student to Mth 111, Mth

101 -161 , or Mth 50. Three groups of students were formed, each

including all students enrolled in the particular course. As before,

Mth 101 and Mth 161 students were considered as one group. All of

the nine variables previously used were included in this analysis

with the exception of size of school. Table 25 gives the resulting

classification.

Table 25. Three-group discriminant function analysis classification
table for Mth 111, Mth 101 -161, and Mth 50 students.

Function 1 2 3 Total

Group

Mth 111 432 79 0 511

Mth 101 -161 72 523 87 682

Mth 50 1 66 421 488
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The figure indicates that the discriminant function classified

79 of the calculus group with the Mth 101-161 group. The use of the

various factors would have predicted that these students would not

do well in calculus. Examination of the grades they actually received

showed that this was so. Forty-eight of them received "D" or "F"

grades in calculus. Only 16 of the 31 with "B" and "C" grades com-

pleted the calculus sequence, ten with "C" or better for each term.

The assignment of a student to a particular group is a result of

determination of the probability of his inclusion in the groups under

study. He is assigned to the group for which the probability rating

is largest. A tabulation was made relating the probability figure

for inclusion in the calculus group to grades received in calculus.

Approximately two-thirds of the students with probabilities between

.50 and .89 received grades of "C" or better in Mth 111. Of stud-

ents with probabilities of .9 and above, 86 percent received "C" or

better. Such information would be of aid to advisers.

Forty-four of the 72 Mth 101-161 students classed with the

calculus group received grades of "B" or better in Mth 101 or Mth

161. Only three received grades below "C. " Of the 87 classed

with the Mth 50 group, only eight received grades above "C. " Simi-

larly, 52 of the 67 Mth 50 students classed above this level received

"A" or "B" grades in Mth 50.

The above figures illustrate that use of this discriminant
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function would have resulted in failure to recommend mostly poor

students and in recommendation of higher placement for predom-

inantly strong students.

The study of the discriminant analysis function with the vari-

ous groupings suggests that the method offers promise of being a

better placement instrument than the use of a single score with cut-

off levels. The use of as many factors for which measures are eas-

ily available seems to be advisable.

Student Differences Based Upon School Size

A simple computer program was used to calculate the mean

values of the variables used in the study for students from different

size schools. The grade point average for the first quarter at Oregon

State University was also averaged. Students were grouped into four

groups based upon the average class size. Table 26 presents this

information. The SAT and CEEB Achievement Tests were the same

for each group of students.

The scores indicate that students in smaller schools did not

do as well on the mathematics tests as students from larger schools,

with the highest scores obtained by those from schools with an aver-

age class size between 100 and 300. There was less difference in

the English tests scores.

Tabulation of initial college courses in mathematics taken by



Table 26. Profiles of 0. S. U. freshmen students entering from four sizes of secondary schools.

Average
class
size

High
school

gpa

SAT
V

SAT
M

CEEB
EN

CEEB
Level I

Mth
Level

Mth
gpa

1st quarter
O. S. U. gpa

0-30 3.22 468 504 469 477 2.93 2.96 2.43 1

31-99 3.19 473 517 471 487 3.17 2.98 2.202

100-299 3.07 478 532 468 506 3.26 2.76 2.203

300-up 2.98 480 521 475 499 3.00 2.66 2.224

10f 57 students, five withdrew and are not in first quarter gpa
2 Of 252 students, eight withdrew and are not in first quarter gpa
30f 728 students, ten withdrew and are not in first quarter gpa
40f 1350 students, 31 withdrew and are not in first quarter gpa
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students from the various size schools showed that a higher percent

of students from small schools entered pre-calculus courses, the

figures for the four sizes of schools from small to large being 64,

58, 51 and 47 percent, respectively.

A surprising result was the higher grade point average for the

students from the smallest schools. The grades of these students

were checked to see if the average was higher because of students

taking easy mathematics courses or no mathematics at all. This

was not the case, since those who enrolled in Mth 111, Mth 101, or

Mth 161 had the highest first term grade point average. Those who

took no mathematics or who took Mth 50 lowered the average for the

group. It was also true that the grade average in college mathematics

was higher for these students. Only one student of seven in calculus

received less than a "C" and only one student in 18 enrolled in Mth

101 or Mth 161 received less than a "C. "

It appears that students from small schools are not as well

prepared for college mathematics as students from larger schools,

but that they do better in the mathematics they do take in college.

However, the data is not complete enough to justify any definite

conclusion.
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Analysis of School Data

Two hundred thirty-four questionnaires were sent to Oregon

secondary schools in March of 1967. Those completing the forms

were asked to list the upper-level secondary mathematics offered

in their school, texts used, and the course and school enrollments.

In addition, they were asked to complete a check list of topics related

to second-year algebra, trigonometry, and calculus indicating those

topics covered.

Two follow-up letters were sent, and 198 replies were received,

representing an 85 percent return, All returns were usable for some

part of the tabulation, and 190 were complete in all respects. Re-

marks from two teachers indicated that their forms as completed

did not give a true picture of their courses; most respondents were

generous in the addition of remarks made to clarify or add to the

value of their answers.

Total enrollment in the schools responding was calculated

from the figures in the questionnaire; missing figures were esti-

mated from class sizes noted on the high school transcripts. The

total figure was 110, 000, with 107, 000 in the schools with complete

questionnaires. This figure was divided by four for use in calculating

the percent of eleventh and twelfth graders enrolled in mathematics
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courses.

The level of mathematics offered by each school was deter-

mined. A judgment was necessary in some cases to establish the

level of the highest course, since listing of the prerequisite course

did not always clarify the prior number of years of mathematics

necessary. Student transcripts were used in some instances to

support this judgment. Table 27 gives the results of this tabulation.

Table 27. Number of secondary schools offering 2, 3, 4, and 5
levels of mathematics.

Level of mathematics 2 3 4 5

Number of schools 5 24 119 50

Five schools reported that they offered only second-level

mathematics, and two of these noted that they were considering

adding additional levels. Fourth-level mathematics was available

in 85 percent of the schools, and fifth-level was offered in 25 per-

cent. In addition, many of the smaller schools indicated that provi-

sion would be made for capable youngsters to take an additional

course if they so desired, with the use of programmed learning

materials suggested most often. Only one school reported the pos-

sibility of dropping a _course because of small enrollment.

Enrollment in these courses rounded to the nearest hundred
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were 8, 000 in third-level, 3, 000 in fourth-level, and 600 in fifth-

level courses other than calculus. There were 174 enrolled in

calculus courses. This meant that 30 percent of an average class

took third-level mathematics, 12 percent took fourth-level, and two

and one-half percent took fifth-level. About one-half of one percent

took calculus.

Although the average class size may not accurately indicate

the number of eleventh and twelfth graders in the schools studied,

the true figures would probably not change these percentages signifi-

cantly. They were almost exactly the same as figures included with

the questionnaire from one of the larger schools. As it is, it appears

that the percentage of eleventh graders taking third-level mathe-

matics is slightly less than the 39 percent nationally and 35 percent

in Oregon reported in the 1961 survey previously discussed, even

though the number of schools in the study offering this level of mathe-

matics was considerably higher than the 81 percent reported for

Oregon in 1961.

The following sections will consider the data related specifically

to each level. Trigonometry will be discussed as a fourth-level

course, even though many schools include this along with algebra

topics in the normal eleventh grade program. Calculus will be

considered as a special type of fifth-level course.
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Third-level Mathematics Courses

Twenty titles were reported for this course, most a them in-

cluding a reference to second-year algebra and trigonometry. The

designation of "Math 5" was added to many of the course titles,

"Intermediate Mathematics, " "Senior Mathematics, " and "Math IV"

also appeared as course names. Seven schools listed geometry at

the third-level, with second-year algebra given as the normal tenth

grade course. Some schools distinguished between courses for

different ability students, sometimes changing the course name as

well as textbooks and content.

Twenty-five texts were reported, with Dolciani's Modern

Algebra and Trigonometry, Book 2 (14) listed 120 times, Griswold's

Contemporary Algebra and Trigonometry (18) and Rosskopf's

Modern Mathematics: Algebra II and Trigonometry (27), both

from the state adopted list, were each listed eight times. The 21

other texts were noted five or less times each.

Thirty-eight schools mentioned integration of trigonometry

topics into the third-level course, and an additional 47 schools indi-

cated that trigonometry topics were introduced in the third-level

course and completed in the fourth-level course. It was previously

noted that no Oregon school reported such courses in 1961. Only

two schools reported semester courses of trigonometry paired with
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semester courses of second-year algebra.

The predominant use of one text suggests a similarity in course

content. The tabulation of the algebra two content check lists showed

this to be true, as the results given in Table 28 illustrate. Twenty

three of the 31 topics were checked more than 75 percent of the time

and 16 were listed on 90 percent of the responses. All were checked

at least on 45 percent of the forms.

The table does not give any topics not found on the question-

naire, since there were no topics listed consistently from school

to school. Determinants were noted 12 times and probability 11

times, but most others only three or four times.

The third-level courses included basically, the same second-

year algebra content; differences between courses are due to the

varying amount of time devoted to trigonometry topics.



Table 28. Frequency of second-year algebra topics as listed by Oregon secondary schools.

frequency topic frequency topic

number systems
188 natural numbers
1.91 integers
194 real numbers
157 complex numbers
187 functions
176 exponential functions
169 logarithmic functions
172 special products and factors
185 factors of sum and difference

of cubes
124 remainder theorem
129 fundamental theorem

of algebra
1 75 algebraic fractions

88 vectors
187 quadratic equations
1 68 quadratic inequalities
161 systems of quadratics

185 equations and inequalities
1 70 equations of lines
177 distance formula
187 pairs of equations
146 systems of three equations

graphs of
186 relations
190 functions
186 inequalities
192 first degree equations
188 second degree equations
124 complex numbers
163 powers and roots
97 arithmetic sequences
93 geometric sequences

101 binomial expansion
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Fourth-level Mathematics Courses

Trigonometry, both as a separate course, and as integrated

with other topics, was stressed at this level. Twenty-two schools

indicated that trigonometry was a full-year course, and 22 schools

reported semester courses. Only one of these was marked as an

eleventh grade course. In addition, 61 schools indicated that trig-

onometry topics were integrated into their fourth-level course. The

listing of the frequency of the coverage of trigonometry topics sum-

marized in Table 29 shows a similarity of content in Oregon mathe-

matics programs. Only DeMoivre's Theorem, logarithms, and

quotient identities were low in the number of checks. It was notice-

able that vectors was added as an additional topic for the trigonometry

material. Other than this, additional topics were not listed a suffi-

cient number of times to be significant.

Altogether, 49 titles were given for these courses. Almost all

of them used at least one of the words "trigonometry, " "analysis, "

and "advanced. '1 "Intermediate Mathematics" was given once, and

"Math 4" was used twice. The designation "Math 6" often was includ-

ed with the course title.

In addition to the emphasis on trigonometry, the predominance

of the choice of the Doiciani texts represents a unity of program.

Modern Introductory Analysis (15) was mentioned 77 times, and



Table 29. Frequency of trigonometry topics as listed by Oregon secondary schools.

Frequency Topic

1 71 radian measure
1 77 basic trigonometric functions of acute angles
164 circular functions
176 trigonometric functions of any angles
158 inverses of trigonometric functions
172 graphs of trigonometric functions
1 73 trigonometric functions in a right triangle
159 use of trigonometric functions in oblique triangles
1 72 identities
143 quotient identities
166 Pythagorean identity
164 half-angle formula
165 double-angle formula
160 identities involving sum and difference of two angles
92 DeMoivre's Theorem

150 logarithms
142 logarithms of trigonometric functions
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Modern Algebra and Trigonometry (14) was listed 33 times. Allen-

doerfer's Principles of Mathematics (2) or Fundamentals of Fresh-

man Mathematics (1) was given 18 times, and Meserve's Principles

of Advanced Mathematics (22) and the trigonometry text by Welchon

and Krichenberger (33) each were noted 14 times. Forty-one others

were used four or less times each, Some use of multiple texts was

noted.

Tabulations of pages covered was not meaningful for the various

texts, although it showed for the Dolciani analysis text that there was

a wide variety of coverage. A topic listing based on this text might

have been worthwhile as part of the questionnaire.

Fifth-level Mathematics Courses

Fifty schools reported fifth-level courses. Ten schools outside

of Portland offered calculus and had enrollments of six or more stud-

ents. The Portland schools combined for calculus and had one class

for 20 students. Three other schools reported a total of four students

taking calculus on an individual basis. A total of 174 students were

enrolled in calculus classes, and .78 were expected to take the Ad-

vanced Placement Test. Twenty-six were expected to receive either

college credit or advanced standing in calculus, but only five of the

schools answered this with a number estimate. Some put a question-

mark in the space provided for the number receiving advanced
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standing, and others indicated that it depended upon the colleges the

students attended.

Ten students involved in this study took calculus in high school.

Two enrolled in Mth 112, thereby gaining advanced standing. Most

of the others completed a full year of calculus at 0. S. U. , with none

dropping out because of grade problems. The grade average for

University calculus was 3.50, with only three of 26 grades below "B."

The third term average was 3.25, lowered because of one "D" grade.

Table 30 lists the number of times each calculus topic was

checked as a part of the course content in the 14 schools. Some

additional topics were listed on the forms, but none was noted more

than once. The results as given in the table indicate a similarity

of programs.

Thirty calculus course information forms were completed for

courses including an introduction to calculus section, most of these

in fifth-level courses. Two to 18 weeks were noted for this, with a

time of six weeks given most often. Table 31 gives the tabulation of

topics reported for these courses.

It appears that almost all courses included functions, limits

and continuity, mathematical induction and computation of derivatives

in this introduction. Although another eight or nine topics seemed

to be favored, it seems that almost every one of the calculus topics

was considered by someone to be appropriate for an introduction



Table 30. Frequency of calculus topics as listed by Oregon secondary schools offering calculus
courses.

Frequency* Topic Frequency Topic

13 functions integration
13 limits and continuity 13 fundamental theorem of

9 mathematical induction calculus
13 indefinite integral

derivatives 13 definite integral
13 computation of 13 elementary formal integration
13 implicit differentiation 10 by direct substitution
12 higher derivatives 12 by parts
13 of composite functions 10 by inverse substitution
13 of trigonometric functions 12 of rational functions
13 of logarithmic functions
13 of exponential functions applications of integrals
13 of inverse functions 13 area problems
13 of inverse trig. functions 11 work problems

13 volumes of solids
applications of derivatives 12 application to curves

12 geometric properties of
graphs

11 elementary differential
equations

13 maximum-minimum problems
13 related rate problems

One school with one student did not list topics, but indicated that Temac programmed materials
were used.



Table 31. Frequency of calculus topics used as an introduction to calculus as listed by Oregon
secondary schools.

Frequency Topic Frequency Topic

30 functions integration
29 limits and continuity 13 fundamental theorem of
28 mathematical induction calculus

10 indefinite integral
derivatives 13 definite integral

26 computation of 6 elementary formal integration
13 implicit differentiation 2 by direct substitution
13 higher derivatives 1 by parts

8 of composite functions by inverse substitution
10 of trigonometric functions 3 of rational functions

6 of logarithmic functions
6 of exponential functions applications of integrals
1 of inverse functions 13 area problems
1 of inverse trig. functions 7 work problems

7 volumes of solids
applications of derivatives 6 application to curves

1 geometric properties of
graphs

maximum-minimum problems

2 elementary differential
equations

15 related rate problems
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to calculus.

Eighty-nine students who had completed fifth-level mathematics

other than calculus were in the student group. Two of these trans-

ferred into Mth 112 after first enrolling in Mth 111, Both received

grades of "B" or better in Mth 11Z. The calculus grades for these

students were tabulated and the grade distribution percentage calcu-

lated. The percent of Mth 111 students continuing in IVIth 112 and

Mth 113 was also figured. Table 32 lists these along with comparable

figures for all calculus students.

The students with a fifth-level background did considerably

better in Mth 111 than the entire group. More of these students

continued in the calculus sequence, although one-third of them did

not take the third term of calculus. The grade distribution in Mth

112 did not show as large an advantage for these students as in first

term. Third term grades were even lower, and the percentage of

DF students in third term was slightly higher than that for the entire

calculus group. Much of the advantage the fifth-level background

had given these students was apparently not present during the third

term of calculus.



Table 32. A comparison of the university calculus record for all students with the calculus record
of students having a fifth-level secondary mathematics background.

All students Fifth-level students
Percent Percent Percent Percent Percent Percent Percent Percent

AB C DF in AB C DF in
course course

Mth 111 37 35 28 100 64 22 14 100

Mth 112 31 42 27 69 46 35 19 87

Mth 113 37 35 28 48 48 22 30 66
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V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

This investigation was designed to study the articulation between

secondary mathematics in Oregon schools and college mathematics

4t Oregon State University. Included in the study were the 1966-67

Oregon State University freshmen entering from Oregon secondary

schools, and student records were used as source of data. Complete

information was available for 2,355 of these students. Questionnaires

requesting information about mathematics programs were sent to the

principals of 234 schools. Returns were received from 85 percent of

these schools.

Analysis of student data emphasized the relationship of several

factors to the CEEB Level I Mathematics Achievement Test score

and the relationship of all factors to resulting placement and success

in freshman mathematics. School data indicated the upper-level or

college preparatory mathematics courses and content available to

students .in Oregon schools.

Scores on four admission tests required by Oregon State Uni-

versity were among the factors used in this investigation. These

were the verbal and quantitative scores on the Scholastic Aptitude

Test and scores for the CEEB English Composition and Level I
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Mathematics Achievement Tests. These are referred to as the

SAT-V, SAT-M, CEEB-EN, and Level I or CEEB Level I scores,

respectively. Other factors were sex, high school gpa, size of

secondary school attended, number of grades in the secondary

school, level of mathematics reached, and high school mathematics

grade point average.

A step-wise multiple regression analysis computer program

was used to study the relationship of the other nine factors to the

CEEB Level I score. The output of this analysis included a table

of intercorrelations between the factors, the step-wise addition of

the factors in order of their contribution to the multiple correlation,

and the proportion of the total variance that is accounted for by the

predictor variables employed at each step.

The SAT-M scores correlated highly with the Level I scores,

a correlation coefficient of . 81 resulting from the data. Thus, the

variability of this factor alone accounted for almost all of the vari-

ance of the Level I score which could be attributed to the variance

of the factors studied. An R2 value of .653 for this first step was

increased to . 704 with the addition of the two variables, level of

secondary mathematics taken and high school mathematics grade

point average. Addition of the six remaining factors (high school

gpa, sex, SAT-V, CEEB-EN, size of school, and number of grades

in school) raised the value only to . 714, indicating that approximately
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30 percent of the variance of the Level I score could not be accounted

for by the factors studied.

Analysis of the placement and success in first year mathe-

matics showed that 29 percent placed in calculus. Of the remaining

students, 34 percent placed in Mth 50, a definite remedial course.

These findings indicate enrollment at Oregon State University of

students with a somewhat better background than the average report-

ed for students in public colleges and universities (or for schools in

this region).

The results with the SAT-M indicated that it would have given

a similar placement pattern as that given by the use of the Level I

scores. The relationship of calculus grades to these scores sug-

gests that student advisers use a table giving calculus grade distri-

butions for students with different ranges of SAT-M scores.

In general, students who had taken higher level mathematics

in secondary schools did better in college mathematics than students

who had taken less mathematics. However, the use of this factor

alone in placement was not suggested by the analysis of the data.

Discriminant function analysis was used to determine if the

use of several factors would result in the correct classification of

students with different success records in college mathematics.

Student data cards were separated into groups according to place-

ment, mathematics enrollment, and course grades. Fourteen
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analyses were conducted, each resulting in the best set of functions

for use in assigning a probability of membership in the various groups.

The computer analysis also rated each student and determined the

pattern of classification for each group of students.

The results indicated that approximately 70 percent of the

students in each group could be correctly identified. In general,

the addition of factors improved the percentage of correct assign-

ment to the various groups. However, the use of the SAT-M and

Level I scores together did not significantly improve the results

obtained using these factors separately. Also, use of nine factors

did not give substantially better results than those obtained using

six factors.

The students in various courses and grade levels were signifi-

cantly different with respect to the ten factors, as they were assumed

to be. Mean values for the several factors indicated a general in-

crease in student aptitude and past achievement as the course level

and grade record became higher. The most noticeable difference

between DF and ABC groups was in the high school grade point

average.

A final discriminant analysis using groups of students in Mth

111, Mth 101 or Mth 161, and Mth 50 was conducted using all factors

except size of school and number of grades in the school. The results

indicated that the functions developed were successful in identifying a
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large group of students by rating them as most likely to be members

of a lower level course. Those students who were classed as likely

members of a higher level course proved to have a high percentage

of "A" and "B" grades in the course they actually took.

A distribution table for grades in calculus depending upon the

value obtained for the calculus function revealed a marked increase

in "A, " "B, " and "C" grades for students rated .9 or higher by the

function.

The examination of the discriminant function analysis results

suggests that factors easily available could be used with this method

to predict success in college mathematics. The method would pro-

vide both a recommended placement based upon the best use of the

factors available and a grade distribution table reflecting the chances

of receiving the various grades in the different mathematics courses.

Analysis of the school data revealed that most students have

upper-level secondary mathematics courses available to them.

Fourth-level mathematics was offered in 85 percent of the schools

responding, and fifth-level courses were found in 25 percent of the

schools. Student enrollment figures indicated that about 30 percent

of the average class took third-level mathematics, a figure some-

what below the 35 percent and 39 percent reported previously for

Oregon and the nation, respectively, in 1961. However, the 14

percent in higher courses was higher than the ten percent figure
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for Oregon in 1961. Calculus enrollments represented only about

one-half of one percent of the average class.

Examination of the course titles and textbooks used suggested

a wide variety of offerings in these courses, although the predominant

use of Dolciani texts indicated some basis for similarity. The sum,

mary of check lists for second-year algebra and trigonometry topics

showed, however, that there was a basic set of topics covered in

these courses. The differences in the courses were primarily a

result of the various methods of placing trigonometry into the mathe-

matics programs. Trigonometry and algebra 2 were integrated in

38 of the schools. Another 47 schools included trigonometry topics

in both third and fourth-level courses, and 61 schools restricted

trigonometry to integration with the fourth-level course only. Sepa-

rate trigonometry courses were reported in only 44 schools.

Fourth-level courses were characterized by the emphasis on

trigonomometry and the predominant use of Dolciani texts. Of the

50 schools offering fifth-level courses, 14 indicated calculus classes

serving a total of 174 students. The summary of the check list for

calculus content indicated a similarity of programs.

Ten students in the group involved in this study had taken calcu-

lus in high school. Two of them received advanced standing through

enrollment in Mth 112. The students averaged 3.50 in the three

terms of college calculus, with no student dropping calculus because
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of low grades. One "D" grade was recorded in the 26 grades re

ceived.

Many of the other fifth-level courses included topics consid-

ered to represent an introduction to calculus. Less consistency

was noted in the checking of these topics, and almost every topic

included in the full-year courses was mentioned at least once.

The calculus grades of the students in the study who had taken

fifth-level courses other than calculus indicated that the advantage

they apparently had in Mth 111 was not significant in Mth 113.

The attempt to note characteristics of programs where gradu-

ates proved to be successful in college mathematics was hindered

by the small number of students enrolling with background in particu-

lar courses in the schools. A confidential list of schools suggested

for more detailed study was given to the Oregon State University

Mathematics Department.

Conclusions

This investigation was limited to 1966 graduates of Oregon

secondary schools enrolling as freshmen at Oregon State University

during the fall term of the school year 1966-67, and to 198 Oregon

secondary schools responding to a questionnaire. With these limi-

tations, the conclusions attained in this study were as follows:

1. The CEEB Level I Test measures something in addition
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to that measured by the SAT-M and other factors used

in this investigation.

2. The CEEB Level I Test is an effective placement device

when used with a cutoff score system despite its limita-

tions in identifying relatively large groups of weak stud-

ents.

3. The SAT-M Test shows promise of being as effective an

instrument in mathematics placement as the CEEB Level

I Test.

4. The use of a cutoff system with either the Level I score

or the SAT-M ignores information which could be utilized

by the construction of a table relating scores to course

grades.

5. The students in different levels of Oregon State Univer-

sity freshman mathematics courses differed significantly

with respect to the factors used in the study.

6. The success of the discriminant function analysis in

correctly classifying students indicates that it would

be an effective instrument for college mathematics

placement giving both a placement recommendation and

a probability of success as possible counseling helps.

7. The use of additional factors increases the power of the

discriminant function; after a certain point, the results
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may not justify the efforts.

8. Most Oregon secondary students have upper-level mathe-

matics courses available to them.

9. Oregon secondary mathematics courses have more in

common than the variety of course titles and textbooks

suggest.

10. The trend has been toward integration of trigonometry

with other topics in third-level and/or fourth-level

mathematics courses.

11. Calculus courses in Oregon secondary schools serve

only about one-half of one percent of the twelfth grade

students and do not represent a majority of fifth-level

mathematics programs.

12. A large portion of the Oregon secondary school graduates

entering Oregon State University are enrolled in remedial

mathematics programs.

13. Although students from the smallest schools averaged

lower scores in the Level I and SAT-M Tests, their first

term college work in mathematics and in other courses

was as good or better than that of other students.

14. Students entering Oregon State University with high school

calculus do not receive advanced placement as a general

rule, but these students do exceptionally well in all terms
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of the first year calculus sequence.

15. Students entering Oregon State University with fifth-level

backgrounds other than calculus do better in the first

term of calculus than other students but they lose this

advantage by the third term of calculus.

Recommendations

On the basis of this investigation, the following recommenda-

tions are presented:

1. Probability tables relating placement scores to college

mathematics grades should be used to supplement the

placement recommendations, particularly if single

factors are used in determining placement.

2. Continual investigation of the SAT -M and CEEB-Level I

be carried on to determine if the benefits justify the use

of both tests.

3. All easily available factors should be used with the dis-

criminant function analysis in mathematics placement.

The data should be continually up-dated.

4. Continued investigation should be done with the discrimi-

nant function analysis to determine the factors contribut-

ing most to discrimination.

5. A higher percentage of the students with a full year of
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calculus should be given advanced standing.

6. A similar study of student placement and success in

college mathematics should be done at other Oregon

institutions of higher learning.

7. A follow-up study should be done with this student group

at the end of their senior year of college, including both

science and mathematics achievements.

8. A more detailed study of secondary mathematics pro-

grams should be done using a limited number of secondary

schools.

9. A study should be done with students from the DF group

to determine unique characteristics other than the ten-

dency for lower grade point averages.

10. A study should be done to determine specific mathematics

topics or abilities associated with success in calculus.

11. A study should be done with students entering college

from different sized high schools to determine if the

students from the smallest schools do better in college

and, if so, what characteristics are associated with

this success.

12. Data should be continually collected regarding articula-

tion between secondary and college mathematics pro-

grams and feedback to the secondary schools to be a
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continual practice.

13. Oregon State University mathematics department person-

nel should recommend content for topics appropriate to an

introduction to calculus.

14. Oregon State University mathematics department person-

nel should recommend content related to trigonometry

appropriate for students entering Oregon State University.

It is hoped that the above recommendations will be helpful in

promoting action to maintain and improve effective articulation be-

tween mathematics programs in Oregon secondary schools and col-

lege mathematics at Oregon State University. The implementation

cost would be offset by the reduction of waste as represented by

failing grades received by students in college mathematics.

The value of this study to the investigator goes beyond the

value of the findings reported. The experience has illustrated the

possibilities that research offers and the problems that one encoun-

ters in conducting a study. Hopefully, future research could be

done with fewer mistakes and less wasted effort.
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OREGON STATE UNIVERSITY
96

CORVALLIS, OREGON 97331

SCHOOL OF SCIENCE Relpy to: DEPARTMENT OF SCIENCE EDUCATION

March 14, 1967

Dear Educator:

The enclosed questionnaire is to be used in connection with a
doctoral study surveying upper-level mathematics courses in Oregon
Secondary schools and relating these and other factors to the CEEB
Mathematics Achievement Test scores and college placement. This is
of interest to the Mathematics Department in its continued effort to
bring about better articulation of high school and college work.

Your cooperation in seeing that the forms are completed and
returned by April 20, 1967 will be greatly appreciated.

The school name is requested only for the purpose of checking
upon the response and to facilitate follow-ups. Since the students
of a particular school who go on to OSU do not necessarily form a

representative sample, no judgment as to the quality of a specific
program can be made. For this reason, analysis will be based primarily
upon groups of schools, with size as a factor. No identification will
be made of individual schools or students.

Dr. A. T. Lonseth, Chairman
Department of Mathematics

Dr. S. E. Williamson, Chairman
BN:dkf Department of Science Education

Enc.

Mr. Bruce Nelson, Researcher



97
SURVEY OF UPPER-LEVEL MATHEMATICS

IN OREGON SECONDARY SCHOOLS

Instructions:

Please fill out the general form below applying to the school and have
one of the attached forms filled out for each upper-level mathematics course
offered, using the definition that an upper-level course is one normally offered
to juniors, seniors, and advanced sophomores and which normally has a pre-
requisite of two or more years of secondary mathematics beginning with
Algebra I or its equivalent.

For courses containing second-year algebra, calculus, or trigonometry
material, use the special forms provided. If different sections vary considerably
in content covered, use an additional form or indicate differences under
`Remarks'.

Staple all forms together and return in the enclosed envelope by April 20,
1967. If course descriptions are available, it would be helpful if these were
also included.

GENERAL QUESTIONNAIRE

School

Grades enrolled Number of students

List upper-level secondary mathematics courses offered, using the definition

above

Briefly state any changes being considered in the mathematics program at this

level
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COURSE INFORMATION FORM

SECOND-YEAR ALGEBRA

(Use for courses with second-year algebra content, whether combined
with other subject material or not. If trigonometry is involved, use
the form provided to note topics.)

Course Name

Time given to algebra Total enrollment in this course
weeks

Course normally taken by
11th, 12th, adv. 10th, etc.

Textbook

Approximate page coverage

Content (Check appropriate topics):

Number Systems

natural numbers

integers

real numbers

complex numbers

functions

exponential functions

logarithmic functions

special products and factors

factors of sum and difference
of cubes

remainder theorem

fundamental theorem of
algebra

algebraic fractions

vectors

quadratic equations

__quadratic inequalities
systems of quadratics

equations and inequalities

equations of lines

distance formula

pairs of equations

systems of three equations

Graphs of

relations

functions

inequalities

first degree equations

second degree equations

complex numbers

powers and roots

arithmetic sequences

geometric sequences

binomial expansion

Other topics (please specify):

Remarks



COURSE INFORMATION FORM-TRIGONOMETRY

(Use this form to check content for trigonometry whether combined
with other subject material or not.)

Course Name

Time given to trig. Total enrollment in this course
weeks

Course normally taken by
11th, 12th, advanced 10th, etc.

Textbook

Approximate page coverage

Content (Check appropriate topics):

__radian measure

basic trigonometric functions of acute angles

circular functions

.trigonometric functions of any angles

inverses of trigonometric functions

_graphs of trigonometric functions

trigonometric functions in a right triangle

use of trigonometric functions in oblique triangles

quotient identities

Pythagorean identity

_half -angle formula

double-angle formula

identities involving sum and difference of two angles

Moivre's Theorem

logarithms

logarithms of trigonometric functions

Other topics (please specify)

Remarks

99
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COURSE INFORMATION FORM-CALCULUS

Course Name

Prerequisite

Length of course Total enrollment in this course
weeks

Approximate number of students taking advanced placement tests
Approximate number of students who will receive advanced placement credit

or will be given advanced standing in calculus

The principal reason for offering this course is

Textbook

Approximate page coverage

Content (Check appropriate topics):

functions

limits and continuity

mathematical induction

Derivatives:

computation of

implicit differentiation

higher derivatives

of composite functions

of trigonometric functions

of logarithmic functions

of exponential functions

of inverse functions

of inverse trig. functions

Applications of Derivatives:

geometric properties of
graphs

maximum-minimum
problems

related rate problems

Integration:

fundamental theorem of
calculus

indefinite integral

definite integral

elementary formal integration

_by direct substitution
by parts

by inverse substitution

of rational functions

Applications of Integrals:

area problems

_work problems
volumes of solids

application to curves

elementary differential
equations

Remarks



COURSE INFORMATION FORM
ADDITIONAL COURSES

Course Name

Prerequisite

Length of course Total enrollment in this course
weeks

Course normally taken by
11th, 12th, advanced 10th, etc.

Textbook

Content (Approximate page coverage is sufficient. If topics are included which
are not covered in the basic text, these could be listed briefly. If a course
description is available, it would be helpful if it was returned along with
the forms.)

Remarks

101
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Appendix Table 1. Percentile ranks: SAT-M, representative
national sample of high school seniors' and
mathematics students in the population included
in a study of 1966 Oregon State University
_freshmen.

SAT-M
Score

Percentiles
National Sample Population

StudiedBoys Girls

800 99+ 99+ 99+

750 99+ 99+ 99+

700 98 99 95

650 94 97 87

600 89 95 72

550 81 90 48

500 72 83 32

450 61 73 17

400 48 62 7

350 37 48 2

300 21 30

250 5 9

200 1- 1-

1 Based on a special test administration in the fall of 1966 to 17,000
high school seniors.
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Appendix Tablet : Mth 50 grade distribution for students in different
ranges of SAT-M scores.

SAT-M
Score

Number of Students Percent of Students
A B C D F AB C DF

550-800 18 17 10 4 2 69 19 12

530-549 10 5 5 2 1 65 22 13

510-529 9 14 7 1 2 70 21 9

490-509 16 10 9 2 3 65 22 13

470-489 19 13 9 1 4 70 19 11

450-469 12 17 15 12 4 48 25 27

430-449 9 32 27 8 3 52 34 14

410-429 4 11 14 10 0 38 36 26

390-409 7 3 13 1 4 31 50 19

370-389 5 5 8 6 4 36 50 19

350-369 1 2 6 7 5 14 29 57

200-349 5 6 10 8 8 30 27 43
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Appendix Table 3 : Mth 101 grade distributions f or students in
different ranges of SAT-M scores.

SAT-M
Score

Number of Students Percent of Students
A B CD F AB C DF

600-800 36 35 12 7 3 76 13 11

570-599 15 26 31 8 10 46 34 20

550-569 7 23 27 5 7 44 39 17

530-549 7 11 21 4 5 38 44 18

510-529 5 14 17 8 3 40 36 24

490-509 4 9 10 4 5 40 32 28

470-489 5 5 11 3 5 34 38 28

450-469 3 3 10 1 2 32 52 16

200-449 1 5 5 4 5 30 25 45
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Appendix Table 4 : Mth 161 grade distributions for students in
different ranges of SAT-M scores.

SAT-M
Score

Number of Students Percent of Students
A B C D F AB C DF

600-800 14 15 13 2 1 64 29 7

570-599 4 5 5 3 2 48 26 26

550-569 2 4 3 6 2 35 18 47

530-549 1 4 8 5 2 25 40 35

510-529 1 1 8 3 4 12 47 41

490-509 1 6 5 3 1 44 31 25

470-489 1 4 3 1 1 50 30 20

450-469 2 6 3 18 55 27

200-449 2 3 2 4 18 27 55




