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ABSTRACT

A COMPARISON OF THREE METHODS
OF
MATHEMATICS PLACEMENT FOR COLLEGE FRESHMEN

By

Mary Adams Bone

An experiment was designed to compare the effective-
ness of three methods of mathematics placement at Lake
Superior State College in Sault Ste. Marie, Michigan.

Nineteen-eighty incoming freshmen were randomly
assigned to one of three treatment groups. Placement
was based on one of the following:

(1) Performance on a mathematics placement test written

by LSSC faculty member Dr. Gary Thesing. The experiment

‘was cross-validating for the cutoff scores employed.

(2) Performance on the American College Testing Program's
Mathematics subtest (ACTM) and the Cooperative Mathematics
Test, Algebra II (CAT II). Norms had been cross-validated
earlier.

(3) The recommendation made by a mathematics professor,
following an individual conference with the student,

whose high school transcript, ACT profile and application
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for admission were made available beforehand.

Measurement was based on fall term 1980 mathematics
grades. "Success" was defined as a grade of A, B or C;
"unsuccessful" students were those receiving a D, F or
N. The subjects placed in Intermediate Algebra, a
remedial course, were contrasted with those placed in
college algebra and in calculus. A "log likelihood test,"
similar to the chi-square test, was used to analyzé the
resulting three-way contingency table. A second analysis
was performed with "A" grades excluded.

Both analyses were statistically significant. One-
degree-of-freedom tests, most of which were significant
at the one-half of one percent critical level, revealed
differences between testing and advising for the criterion
variables "success" and "course level." Confidence
intervals, obtained from the normal approximation to the
binomial distribution, indicated that students receiving
faculty advice tended to be placed at a higher level of
mathematics than those placed by tests and that they
were less likely to be successful. There were no
interaction effects.

Instructors judged their mathematics students as
being at the right course level, too high or too low.
Analysis of these ratings produced a statistically

significant difference between counseling and testing
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at the one-half of one percent critical level. Students
rated as "should have taken a lower-level course"
occurred in greater proportion in the group placed

by faculty members.

No significant differences were found between the
two testing methods for any of the dependent variables;
however, the "success" effect was significant at the one-
half of one percent level when students who accepted a
testing recommendation were compared with those who
rejected advice. Confidence intervals confirmed that
the former group was much more likely to be successful.

A "good test" for mathematics placement was defined
as one having a cross-validated success rate of 70
percent or more at a particular institution. It was
concluded that the Thesing Placement Test is a good
test for Lake Superior State College and that the ACTM-
CAT II combination is probably a good testing method
there.

Adoption of Dr. Thesing's test for mathematics
placement at LSSC is recommended; non-statistical
considerations indicate that it is preferable to the
combination of the standardized instruments. Continuing
reliability and validity studies are also suggested.
Means of inducing students to accept the test's prognoses

would be beneficial.
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Further conclusions, partially substantiated by
the literature of "clinical versus statistical prediction,”
are that members of a college mathematics faculty will
place students at a higher level of beginning mathematics
than a good actuarial method will, and that the students
placed by faculty are less likely to succeed.

Genuine comparative experiments in mathematics
placement should be carried out more often. The
phenomenon of "clinical versus statistical placement"

may deserve further investigation.
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CHAPTER I

THE PROBLEM

What placement method should a post-secondary school
use to help its incoming freshman students choose an
appropriate beginning mathematics class? By "appropriate"
is meant a course which is suited to the student's
curriculum, ability and experience, so that a reasonable
amount of effort, neither trivial nor gargantuan, would
result in a grade of "C" or better.

There are various options in curricula; for example,
one calculus course for mathematics majors, another for
engineering students, still another for those in a
business curriculum. In addition to these options, some
students will require remedial work; others will be
ready for graduate courses.

The number of methods used to place college freshmen
in mathematics courses is diverse. Some colleges rely on
a professional counseling staff to place students, a
staff guided by such tools as high-school grades and
standardized test scores. 1In other schools, similar
counseling is done by members of the mathematics faculty.
In some cases, assignment is made by an actuarial method

and no individual judgment is involved.

1



In this dissertation, three methods of mathematics
placement are compared experimentally. They are:
(1) placement based on performance on a local testing
instrument;
(2) placement based on scores obtained on two standard-
ized, commercially available tests;
(3) placement recommended by members of a mathematics

faculty following individual conferences with students.
SIGNIFICANCE OF THE PROBLEM

The problem has great personal.significance to
the author, because of experiences both in placing
students and in being placed - sometimes for the
better and once very definitely for the worse - in
mathematics courses.

Shana'a has ably stated the case for the importance
of mathematics placement:

...the increasing horizons of knowledge
demand efficiency of educational effort.
Yet one cannot enter indiscriminately at
an advanced level into a field of study,
for many academic areas require an ordered,
systematic conquering of concepts and
techniques.

The placement of a student in a course which
proves to be a review of previous experiences
can result in boredom and a loss of interest
by him in the entire field. Placement at too
difficult a level is equally frustrating and
unrewarding, and can generate an acute dislike
for the subject. If the student thus placed
fails, not only will he probably feel his

time and effort have been wasted, but he still
may lack the needed knowledge and skills to



even repeat the course successfully. In
addition, the psychological effects of
failure are frequently detrimental and
combined with the resulting grade point
deficiency may cause lost opportunities
and drop-outs by capable young people.

Either of the foregoing extremes in placement
... can result in circumstances which prove
to be a disservice not only to the individual,
but to his classmates, his instructor, and
the academic field under study. Educational
institutions ... must make maximum utilization
of available instructional facilities. The
improperly-placed students consume the same
physical facilities, the same teaching time,
and the same instructional effort--in fact,
often more of the latter--as the student
capable of maximum profit from the course.
This is a drain on our limited educational
resources.

In the field of mathematics, the problem

of correct placement takes on special urgency.

Mathematics is a fabric consisting of various

interwoven and dependent branches of study.

The student's success, therefore, in a

mathematics course is often dictated as

much by his former studies in this field 1

as by the new material presented in the course.

Few involved in mathematics placement would dispute
this description. More controversial than the need
for mathematics placement are the questions: How
should it be done? Who should do it?

At Lake Superior State College in Sault Ste. Marie,
Michigan, the question has a special significance. The
college is oriented strongly towards science, technology
and business; most students are involved with a mathema-
tics sequence at some point in their curricula. Educators

there have never been completely satisfied with their

placement procedures.



From 1973 through 1977, mathematics placement
was based on the American College Testing Program's
Mathematics and Composite scores and the Educational
Testing Service's Cooperative Mathematics Test,
Algebra II. (These tests will be abbreviated as
ACTM, ACTC and CAT II, respectively, in what follows.
Lake Superior State College will usually be denoted

as LSSC).

The major placement problem at LSSC is distinguish-
ing students who should elect MA 100, "Intermediate

Algebra,"

An algebra course for those students who

have not had at least 1% years of high

school algebra or who need a refresher

course in algebra. Elementary operations,
first degree equations, one unknown, products
and factoring, algebraic fractions, exponents
and radicals, quadratic equations, functions
and systems of equations.2

from those who are prepared for more advanced work.
There are three courses at LSSC in which students
ordinarily begin a college-level mathematics sequence:

MA 111 (for biology, business, social science,
etc.) Freshman Mathematics I.

Sets, analytic geometry topics, functions

and graphs (including exponential, logarithmic
and trigonometric), logarithms, probability,
with problem solving applications of these
concepts.

MA 121 (for mathematics, chemistry, engineering,
and students wanting a rigorous calculus course)
Pre-Calculus Mathematics.

Basic theory of functions including polynomial,
exponential, logarithmic and trigonometric
functions. Inequalities, topics from analytic
geometry and plane trigonometry.



MA 181 (for technology) Applied Mathematics I.
A course in algebra and trigonometry covering
elementary operations, functions and graphs,
fractions, systems of linear equations,
quadratic equations, exponents and radicals,
trigonometric functions, graphs of trigonometric
functions, vectors and logarithms.3

Although they are not of equal difficulty and two cover
some trigonometry, these courses will be loosely and
collectively termed "college algebra."

A secondary problem at LSSC is determining which
students may bypass college algebra and safely attempt
MA 132, "Calculus and Analytic Geometry I." The
1973-77 standards for placement were:

(1) For students scoring at or below the

30th percentile on ACTM and CAT II and below

the 50th percentile on ACTC, MA 100, Intermediate
Algebra, was the recommended course. Students
who had not taken Algebra II in high school

and Canadian students scoring at or below

the 30th percentile on CAT II were also
recommended for MA 100.

(2) Students whose performance exceeded
these criteria but who did not achieve
percentile scores of 90 or above on all

three tests: ACTM, ACTC and CAT II, were
considered as appropriately placed in college
algebra.

(3) For a student whose scores on all three
tests were in the 90th percentile or above,

MA 132, Calculus with Analytic Geometry I,

was recommended, provided the student had

taken three and one-half or four years of

high school mathematics, including trigonometry.

A belief had grown in the LSSC mathematics department
that the CAT II "over-predicted" success in mathematics,

because it was somewhat out-of-date and the material



covered was easier than the content of MA 100.5 For

that reason, Dr. Gary Thesing, then department chairman,
prepared in 1977 a placement examination based on the
department's behavioral objectives for Intermediate
Algebra. By using it as part of the final examination
in some sections of MA 100, preliminary norms were
obtained in 1978. The test was administered to freshmen
during their 1978 pre-orientation sessions at the
college and faculty advisors were supplied with the

following placement guidelines.

TABLE 1

MATHEMATICS PLACEMENT STANDARDS AT
LAKE SUPERIOR STATE COLLEGE, 1978

Score (out of 50) Recommendation
0-19 Strongly recommend Intermediate
Algebra
20-29 Recommend Intermediate Algebra
30-39 Recommend college algebra
40-50 Recommend Calculus with Analytic

Geometry I if the student has an
adequate trigonometry preparation

Student performance in 1978 indicated that Dr.
Thesing's test and norms might be "under-predicting"
mathematical success; that perhaps a significant number

of students were placed in Intermediate Algebra when in



fact one of the college algebra courses was appropriate.

Test responses for the 415 freshmen for whom
American College Test scores were available were then
analyzed.8 The mean score was 20.29; the standard
deviation, 8.60; the median score, 18.72; and the mode,
16 (29 students). The percentage of students who didn't
complete the test was 27.47, indicating that the test
should be shortened and/or the 50-minute time period
lengthened before calculating a split-half reliability
coefficient. The Pearson product-moment correlation
coefficient of the test with the ACTC was 0.64; with
ACTM, 0.78.

Data were then ranked in descending order by test
score and a detailed item analysis was performed,
comparing the number of students in the upper third
who chose each "distracter" with the number in the
lower one-third who did so.9 Difficulty, discrimination
and their indices were also computed. The same analysis
was done after arranging the data in descending order by
ACTM score, and again after ordering by ACTC. The
analysis pointed to the desirability of revising a
number of items or eliminating them from Dr. Thesing's
test; this was done. Dr. Thesing also shortened the
test to 45 items and extended the time period to an
hour. Other modifications included the listing of

distracters vertically, rather than horizontally, in



ascending order for numbers (in ascending order by
degree for polynomials, etc.) and in general attempting
to follow the recommendations of Mehrens and Lehmann.10
This revision of the original Thesing test will be
denoted TPT in what follows; if the original Thesing
test is referenced, that will be made plain.

There was not time after the revision of the
test to determine norms for mathematics placement
in 1979. A "seat of the pants" recommendation was
made by Dr. Thesing, based on his experience with the

first version of the instrument.

TABLE 2

MATHEMATICS PLACEMENT STANDARDS AT
LAKE SUPERIOR STATE COLLEGE, 1979

Score (out of 45) Recommendation
0-14 Strongly recommend Intermediate
Algebra
15-24 Pecommend Intermediate Algebra
25-34 Recommend college algebra
35-45 Recommend Calculus with Analytic

Geometry I if the student has an
adequate trigonometry preparation

11

An analysis similar to that done in 1978 was done
for the 394 students who had provided the college with

their ACT scores. The mean score on the TPT was 21.18;



the standard deviation, 9.77; the median score, 19.29;
and the mode, 14 (28 students). This time, 96.70
percent of those taking the test were able to complete
it and a split-half reliability coefficient of 0.92
was obtained by finding the Pearson product-moment
correlation coefficient of scores on odd-numbered
gquestions with those on even-numbered items (0.8581)
and applying the Spearman-Brown correction. The
standard error of measurement was then calculated;

it was 2.70.

The correlation coefficient of the TPT with ACTC
was 0.62; with 2CTM, 0.79. Discrimination indices
ranged from 21 to 80 for all items but one; that had
a discrimination index of 11.8 and on close examination
did not appear to need revision. A summary of discrimin-
ation and difficulty data may be found in Appendix A.

Equally encouraging information was revealed when
fall term 1979 grades in MA 100, MA 111, MA 121, MA 181
and MA 132 were examined. More than 84 percent of the
students scoring 14 or more on the TPT passed MA 100
with a grade of C or higher, or "succeeded." Conversely,
more than 60 percent of those whose score fell below 12
received a D or F or withdrew from the course (N). Just
over half of the students scoring 13 and 14 (10 out of
17) were successful.

In the college algebra group of courses, more than
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85 percent of those scoring 28 or more succeeded; more
than 80 percent of those scoring 25 or above did so.
Below 22, less than 28 percent were successful, while
those scoring 22 or 23 had a two-thirds chance (six
out of nine cases) of achieving a grade of C or better.
The small number (32) of observations available for
Calculus with Analytic Geometry I showed that 79 percent
of those scoring above 35 succeeded, while neither of
the two students scoring below 33 did so (their scores
were 29 and 31). Students who scored 34 or 35 had a
two-thirds chance of success: three people obtained
each score and two succeeded.

The mathematics department had concurrently been
developing a "Basic Mathematics" course to meet the
needs of students whose mathematical background was
insufficient for MA 100. A pilot project covering
arithmetic operations, exponents, proportions, percent-
ages, graphing and an introduction to algebralz was
offered in winter term 1979-80. The college made plans
to offer the course each quarter, beginning in fall
term 1980.

The availability of the Basic Mathematics course,
combined with the 1979 validity data for the TPT,
suggested the following guidelines for mathematics

placement at Lake Superior State College.
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TABLE 3

PROPOSED GUIDELINES FOR USE OF THE
THESING PLACEMENT TEST IN 1980

Score (out of 45) Recommendation
0-11 Strongly recommend Basic Mathematics
12-13 Recommend Basic Mathematics
14-22 Strongly recommend Intermediate
Algebra
23-24 Recommend Intermediate Algebra
25-33 Recommend college algebra
34-45 Recommend Calculus with Analytic

Geometry I if the student has an
adequate trigonometry preparation

Despite the promise of placement accuracy held by
the test, a number of questions remained. Even if
cross-validation in 1980 were to show the same degree
of success, one might reasonably ask, "Would placement
not have been equally effective had the ACTM and CAT I1I
been used? With the plethora of data available for
them, surely a cross-validated set of norms could be
developed to meet the standard of the TPT." And in
fact this proved to be the case.

An important question frequently asked at LSSC and
at other institutions is whether members of the mathe-
matics department should not advise incoming students

on the appropriate mathematics course. Kurtz, asking
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"Who should place college freshmen in mathematics?"
weighed the qualifications of the professional
counseling bureau against those of the mathematics
faculty and found for the latter:

...it is the belief of this writer that

the advisement of freshmen students in

mathematics should be done by the student's

adviser in mathematics. It seems that the
mathematics adviser ... is in a better

position to provide adequately for these

students in the course he teaches.14

LSSC is certainly a suitable setting for such
advising. It is a residential college serving
approximately 2,000 students. Mathematics classes
are small: 35 students or fewer except in some
sections of MA 100, which may be as large as 80. In
those courses, however, four student tutors assist
the instructor. All the full-time members of the
mathematics faculty have taught at the college for
seven years or longer; thus, all are familiar with
the students and their abilities. All are dedicated
teachers.

No clear-cut picture emerges from the literature
of mathematics placement. Kurtz' viewpoint, often
expressed by teachers of mathematics (including this
author), may be the best one, but it is supported only
by opinion. The literature of "clinical versus statisti-

cal prediction" suggests that statistical methods of

placement could be at least as effective as advisors.
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If so, then the actuarial method, which "takes less time,
less effort and - no minor point - can be entrusted to

lower paid personnel possessing much less skill" is to

be preferred.15

Shana'a studied "the placement program for freshmen
entering their initial college mathematics courses at
the University of Oklahoma" and concluded that

The ACTM appears to be the best single variable
for use as a placement guideline. This con-
clusion, however, is probably reflecting an
inherent bias toward this variable resulting
from its use as the primary guideline for the
original placement of our sample in their [sic]
mathematics courses.

Discriminant functions dependent on the ACTM,

the ACTC, the high school mathematics grade

point average, and the number of semesters

of high school mathematics are of value in

distinguishing membership in different mathe-

matics courses at the five percent level of

significance. However, they do not prove

significantly better than the ACTM at this

level as placement tools.1l6

In contrast, Morgan employed discriminant analysis
for mathematics placement at an Ohio community college
and found that "a significant loss ensues" when any of
the four variables: CAT II score; high school mathematics
grade point average; "number of years of academic high
school mathematics;" and age; are deleted.l7

Michigan State University, like LSSC,'uses a local
placement test for mathematics. A recommendation modest
in the extreme was provided for that instrument by

Professor Douglas Hall: "“The statisticians came around
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a few years ago and looked at our data. They told us
that our test was lousy and the ACTM was worthless."
He added, meaningfully, "Of course, that's not fair,
because we do placement on the basis of our test."18

Shana'a and Hall have pinpointed the essential
weakness in the majority of mathematics placement
studies: "a single group is studied only once."19

...such studies have such a total absence

of control as to be of almost no scientific

value. ... Basic to scientific evidence ...

is the process of comparison, of recording

differences, or of contrast. Any appearance

of absolute knowledge, or intrinsic knowledge

about singular isolated objects, is found to

be illusory upon analysis. Securing scienti-

fic evidence involves making at least one

comparison. For such a comparison to be

useful, both sides of the comparison should

be made with similar care and precision. 20

A comparative experiment was therefore designed
to provide edification on mathematics placement at
LSSC. Perhaps some future studies of mathematics
placement will also observe contrasts, rather than
single-group phenomena. This experiment may suggest
better ones; a description of the procedures and
problems encountered may help others. At the same
time, some insight into "clinical versus statistical
placement" - the relative ability of human judges and

actuarial methods to maximize individual success - may

be obtained.
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DESIGN OF THE EXPERIMENT

Nineteen-eighty entering freshmen at LSSC were
randomly assigned to one of three placement (treatment)
groups.

Members of the first group were recommended for
various levels of mathematics courses on the basis of
their performance on the TPT, using the guidelines of
Table 3. Nineteen-eighty was the cross-validating year
for these standards.

Members of the second group were assigned to
mathematics classes using scores on the ACTM and CAT II
as criteria. Norms were based on data for 1975, 1976
and 1977 freshmen and had been cross-validated. The
percentage of students in each classification who had
passed the course in question was nearly identical
to the corresponding ratio obtained for the TPT in 1979.

Students in the third group whose curricula
required mathematics or who wished to elect a mathematics
class met with members of the mathematics faculty in
individual counseling sessions; 15 minutes was scheduled
for each conference. Professors then recommended a
specific mathematics course for each student with whom
they met. Subjects in this group who did not plan to
take a mathematics class attended a short talk,
accompanied by a handout, on the various beginning

mathematics classes at LSSC and the procedures to
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follow should they ever wish (or be required) to take
such a class there.

The criterion variable was a dichotomous one,
based on grades in fall term 1980 mathematics courses.
Students achieving a grade of A, B or C were termed
"successful;" those who received a grade of D, F or
N, "unsuccessful." Subjects were classified according
to the level of mathematics at which they were placed.
The data were subjected to a "log likelihood ratio test,"
similar to the chi-square test, to determine if the
criterion variables were independent of the mathematics
placement methods. A supplementary measurement in the

form of faculty opinion on the suitability of courses

for each student was also analyzed.
ORGANIZATION OF THE STUDY

The general plan of the study is to present a
review of the literature on mathematics placement and
related subject matter in Chapter Two. The third
chapter is an account of the methodology used in
collecting the data and the techniques employed in
analyzing them. The results of the analysis are
reported in Chapter Four. The summary, conclusions
and implications for further study appear in the

final chapter.21



CHAPTER 11

A REVIEW OF THE LITERATURE

This chapter is composed of three parts. First,
the literature of mathematics placement is surveyed;
the majority of studies in this area are predictive
ones.

The second part is a digest of the research
relating to prediction of overall college success;
this issue is similar to the problem of predicting
success in mathematics.

Finally, there is a brief discussion of "clinical
versus statistical prediction," motivated by experiments
in forecasting college grade point average (GPA).

An overview of this material concludes the

chapter.

PLACEMENT AND PREDICTION OF SUCCESS IN MATHEMATICS

Reviews from the Mental Measurements Yearbooks

Because Buros' Mental Measurements Yearbooks

are widely accepted as the best source of information
on published tests,22 it is appropriate to begin with

assessments of the ACTM and CAT II from that source.

17
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The ACTM is one of four academic tests contained

in the ACT Assessment (formerly the ACT Test Battery).

The mathematics usage test consists of 40
items in arithmetic, algebra, and plane
geometry with a 50-minute time limit. The
emphasis on geometry varies among different
forms of the test. The problems are of the
traditional variety, reflecting little or
no "modern mathematics."23

Hills says that

The scores for the four parts seem to be

a little less reliable than one might expect
from a carefully developed test, roughly

in the high seventies to high eighties ...
However, a modest sacrifice in reliability
of individual scores in order to measure
four different characteristics would be

an acceptable compromise, and the composite
score based on all four scores has an
estimated reliability of about .90. The
reliabilities of these tests, then, are
acceptable...

Statistics for a 1975-76 form (18D) supplied

to the reviewer indicate internal-consistency

reliabilities of about .9 for the four

separate parts.24

But Wallace warns that "since many students do
not finish the parts of the ACT within the time limits,
it may be concluded that the reliability coefficients
reported are spuriously high."25

Hills, in the eighth and most recent Mental

Measurements Yearbook, reports the results of validity

studies:

The cross-validated multiple correlations
of ACT scores with college grade averages
can be represented by a value in the low
.40s, ranging from .20 to .56. The typical
correlation between ACT scores and college
grades in the appropriate subject would be
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about .4. Adding ACT scores to high school
grade averages for predicting college grade
averages increases the multiple correlation
by about .1, on the average. 26

However,

With tests whose titles seem to suggest that
the scores may be closely related to success
in particular college courses, such as
English and mathematics, it is important

to note that there is no technically accept-
able evidence that these tests are effective
for placement. 27

The need felt by Dr. Thesing and individuals at
other institutions to develop their own examinations
may have arisen because

There has been a reprehensible neglect of
new test development or experimentation
associated with the ACT. Intensive attempts
toward the evolvement of more varied yet
pertinent measures of intellectual skills
are long overdue. 28

Blommers described the three Cooperative Mathematics
tests: Algebra I, Algebra II and Algebra II, as
"reasonably fair for students whose first or second

courses in algebra were either of the traditional or

modern kind."29

...the items appear to be of excellent quality,
the emphasis throughout being on understanding
of algebraic concepts as contrasted with
manipulative skill. Speed as a possible
factor is minimized by a time limit (40
minutes for 40 five-response multiple choice
problems for both tests I and II) which should
prove more than ample for any student who has
truly attained understanding. 30

The Director of Counseling and Testing at LSSC, however,

reports that "most students do not finish the CAT II."31
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This might be interpreted to the detriment of entering
freshmen there, but for Travers' comment in a later

review:

Speededness data ... indicate that while over
95 percent of the students answered 30 of the
40 items, only between 68 and 71 percent of
the students completed the tests. Therefore,
speededness does appear to be a factor which
may influence the scores.32

Thus the reported Kuder-Richardson formula 20 reliability

coefficients of 0.84 to 0.89 are probably, like those of

the ACTM, artificially inflated.33

Describing the CAT II specifically, Travers says

that:

Prospective users of this test will find that
the items adequately sample topics dealt with
in at least the first semester of second-year
algebra currently being taught. But, in some
cases, this test will offer inadequate coverage
since topics such as trigonometry, determinants,
and properties of polynomials, which are
recently more common in algebra II classes,

are deferred until subsequent tests in this
series...34

and in the most recent edition of the Mental Measurements

Yearbook, Forsyth comments: "These tests probably do not

sample some of the important content of many current

algebra courses."35

On validity:

The normative data supplied for these tests
were gathered in the spring of 1962. ...
It hardly seems necessary to note that the
use of 1962 norms in the late '70s would
yield highly suspect normative information.
This seems particularly true given the
current concern over declining mathematics
achievement. 36



21

Validity coefficients are not reported.
An additional criticism of the CAT II is that "the
test items .. do not often sample cognitive behavior

above the comprehension or application stage."37

ACT Reports to Lake Superior State College

ACT provides a number of services to colleges that

utilize the Assessment; among them:

For every participating college that cooperates
by providing the necessary criterion data,
separate validity studies are performed.
Furthermore, the predictive effectiveness

of the ACT scores is analyzed by course or
subject-matter groupings within schools...38

Lake Superior State College is provided with the Standard

Research Report every other year and the Basic Research

Report in the alternate years, in accordance with the
ACT's recommendation. In the former, for 1976-77
freshmen, the ACT listed correlation coefficients of:
(a) 0.239 between ACTM and college mathematics grade
point average (MGPA):

(b) 0.248 between all four academic tests and MGPA
(multiple correlation);

(c) 0.259 between high school mathematics grades and
MGPA;

(d) 0.241 between CAT II and MGPA;

(e) 0.238 between high school average and MGPA.39

The analysis was based on data submitted for 143 students

enrolled in MA 100, MA 111 and MA 181 in the fall term of



22

1976. The three courses were pooled in order to obtain
a minimum sample size required by ACT. Two difficulties
are immediately apparent.

First, MA 100 is a remedial course; MA 111 and
MA 181, from the college algebra group, are at a higher
level. Therefore a student scoring in the 50th percentile
on ACTM (or CAT II) could be expected to perform
satisfactorily in MA 100; such a student would probably
find the other courses rather difficult. That is, the
same test score could logically be paired with either a
high grade or a low one, depending on the course in
which the student enrolled.

The "restricted range" problem also arises.
Although the lowest-scoring students are thoroughly
represented, because MA 100 was the lowest-level
mathematics course available in 1976-77, the higher-
scoring students who chose calculus are not. This of
course is common to all situations in which screening
has taken place, and its effect is to depress the
value of the correlation coefficient.

There are two ways in which meaningful coefficients
might be obtained. All students might be placed in a
single course for this express purpose, but this is
clearly not feasible. Or, coefficients could be
calculated for each course level separately and the

(further) restricted range considered when making
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interpretations. Implicit in the use of either are

assumptions that the mathematics grades form a normally

distributed variable and that the ways in which the tests

are used for placement will not affect the coefficients.

Both of these assumptions are open to question.40
Unfortunately, then, the information available

from the ACT must be regarded as carrying very little

meaning. Additionally, the only available validity

data comparing the ACTM and the TPT are from 1978,

for the original version of Dr. Thesing's test, rather

than the revised one employed in the present experiment.

For the record, these coefficients are:

(a) 0.429 between ACTM and MGPA;

(b) 0.473 between the four ACT academic tests and MGPA:

(c) 0.230 between high school mathematics grades and

MGPA;

(d) 0.276 between the original Thesing test and MGPA;

for 177 students in the same three courses.41
Shana'a's Survey, Review and Results

As background for "A statistical analysis of the
placement program in mathematics for freshmen at the
University of Oklahoma,"

An informal survey of the principal state
universities of the United States was
made and that investigation indicates
most placement programs are combinations
of two or more measurements verying in
type and emphasis. Thirty-five schools
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from twenty-nine states responded to letters
of inquiry sent to their mathematics depart-
ments. Of this group, eight are using the
ACT program and nine, the College Entrance
Examination Boards (CEEB). Twenty-seven

use locally designed tests or other standard-
ized national examinations for placement
decisions, advanced standings (with or
without college credit), and exemption
purposes. Twelve consider the high school
grade point averages while eighteen checked
the specific high school courses in mathe-
matics taken by the student. A few emphasized
individual interviews for decision purposes
in placement, and choice of the major field
of study played a role of diversified
emphasis in most programs. Some colleges
partially solve the problem by stringent
entrance requirements in mathematics which
help assure a certain level of mathematical
maturity in the student qualified for
admittance to their schools. ...

Thirteen schools indicated some research

had been done or was in progress to validate
their placement practices. Several institu-
tions mentioned that justification for their
present practices is based more on expert
opinion and lack of complaints than on
conclusions reached by statistical studies.42

Other results in the literature were reported by
Shana'a, who summarized the findings.

In the field of mathematics, the high school
mathematics grade point average and mathe-
matical achievement tests concentrating on
specific concepts and skills in algebra and
trigonometry appear most commonly accepted
as predictive tools. There is, however,
considerable variation in placement policies,
as cited in the study of the major state
universities, and no one variable has yet
been generally acclaimed as the reliable
placement guideline for mathematics.43

Shana'a herself correlated seven predictive variables
with course grade in initial mathematics class and

concluded that
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The only available predictive variables
whose correlation coefficients with the
course grade criterion differ from 0 at
the five percent level of significance

for each of the elementary mathematics
courses ... are the high school grade
point average, the high school mathematics
grade point average, the ACTE [ACT English]
and the ACTC. 44

She pointed out, however, that "the amount of correlation
between a variable and the course grade does not
necessarily indicate the power of the variable in
classifying students in different courses according
to their abilities and skills."45
She then examined "the statistics on the subset of
properly placed students in our fall sample to determine
which variables distinguish between the given courses
with a minimum overlap in the ranges of values character-
istic of each course level."46
Students achieving a grade of B or C in their
initial mathematics course were termed "properly placed;"
the "subset of students receiving grades of A" was not
so classified, because these individuals "may have been
capable of accelerating their educational progress by
enrolling in the next advanced course."47 She found that
The ACTM appears to be the best single variable
for use as a placement guideline. This
conclusion, however, is probably reflecting
an inherent bias toward this variable resulting
from its use as the primary guideline for the
original placement of our sample in their [sic]

mathematics courses.

Discriminant functions dependent on the ACTM,
the ACTC, the high school mathematics grade
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point average, and the number of semesters

of high school mathematics are of value in

distinguishing membership in different

mathematics courses at the five percent

level of significance. However, they do

not prove significantly better than the

ACTM at this level as placement tools.48

The sample consisted of 1,029 freshmen "enrolled
in mathematics [in] the fall of 1962 at the University
of Oklahoma.“49 Shana'a cautions the reader "to remain
cognizant of the inherent bias in our sample as he
examines the data and conclusions of this study;"
because "the sharp steady increase of mean values for
the course levels with respect to the ACTM and the
number of semesters of high school mathematics probably
is a reflection of bias resulting from the present
placement policy."50

Attention is now turned to other studies, not
included in Shana'a's dissertation, where such straight-

forwardness is not often found.

Review of Other Literature

Turner studied "Prediction of success as a mathe-
matics major at the Minnesota State Colleges;" while
the results are of limited interest in this context,
it is worth noting that they "indicate that those
variables most useful in predicting success in mathema-
tics at any one of the Minnesota State Colleges were

not necessarily of prime importance at another..."51
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Regression analysis was employed, with course
grades (4.0 scale) as the dependent variable. Turner's
subjects were

One hundred sixty-nine ... students who
graduated with a major in mathematics

from the Minnesota State Colleges during
the academic year 1966-67... Complete

data were not available for six graduating
mathematics majors; consequently, they were
not included in the study.52

Corotto studied "the relative effectiveness of
a test of general scholastic aptitude and a test of

mathematics achievement" to predict success in

mathematics.53

Although evidence is somewhat contradictory,
aptitude tests and achievement tests designed
to measure specific content areas appear to
provide greater predictive accuracy of success
in mathematics than do tests of general
intelligence or ability. Seigle reports a
study of the prediction of success in college
mathematics at Washburn University. Results
indicate that at Washburn, an entrance mathe-
matics test was the best single predictor for
success in algebra courses. When Krathwohl
compared success in college algebra with
scores on the Iowa Mathematical Aptitude Test,
he found a significant correlation. Wallace
found the Iowa Foreign Language Aptitude Test
and the Mathematics Placement Test (form B-2)
to be significantly more effective in predicting
grades for mathematics courses than the ACE
[American Council on Education Psychological
Examination for College Freshmen] for three
levels of algebraic difficulty.54

In comparing "the relationships between 1) success
in an initial mathematics course and scores on the
three scales of the ACE" (the linguistic, L; the quanti-

tative, Q; and the combined L and Q scores, T) with 2)
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success in an initial mathematics course and score on a
"mathematics screening test developed at the University
of Houston (MST)," he found that "the ACE is a better
predictor for ... a purely remedial course, while the
MST is a better predictor of initial success in
[college algebra]."55
The sample consisted of 513 students "who entered
the University [of Houston] during the fall semester

>6 Success was defined

of the 1955-56 academic year."
as a grade of A, B or C; failure, as a grade of D or F.
Biserial correlation coefficients were employed in the
analysis.

The means by which students were placed in the
beginning courses is not specified, but it was probably
the MST.

Boyce used the product-moment method to determine
correlations between grades in a "basic college algebra"

course and " (1) Educational Testing Service SCAT

Q-score, (2) American College Testing Program Mathematics

Usage Score, and (3) ACE Cooperative Mathematics Pre-

Test for College Students."57 Instructors assigned a

"rank order to each student in each class" so that a
reliability estimate for grades (of 0.98) could be
obtained.58

The correlation coefficients found were, respect-

ively: (1) 0.13, not significant; (2) 0.25, significant
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at the 0.05 critical level; and (3) 0.41, significant

at the 0.01 level.59

The sample consisted of "100 qualified freshmen"
but Boyce does not describe their selection, nor the
year in which they matriculated at an unnamed college
in Alabama. "A similar study was performed at four

other institutions of higher education in the state.

Similar results were obtained at each."60

The algebra course was "required of all prospective

mathematics majors," but no mention is made of the

method used, if any, to place students in the course.61

In "A study of the factors associated with success
in first-year college mathematics," Wick investigated
the records of 1,692 students at "six Minnesota and
Wisconsin colleges and universities ... chosen so as
to be representative of the different types of public

and private institutions as well as of the different

types of college curricula."62

The five predictor variables used in the equations

varied from course to course, but in general
they may be classified as follows: a measure
of high school mathematics achievement, high
school rank, mathematics placement test scores,
and scores on mathematical and general scholas-
tic aptitude tests.63

He found that

1. ...there appears to be no significant
difference in the quality of preparation

for first-year college mathematics as between
the experimental (SMSG) and the traditional
programs in high school mathematics. ...
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2. The high school mathematics record was
consistently the source of the best predictors
of success in first-year college mathematics.
The mathematics average over grades ten to
twelve gave the highest correlations with
success in college algebra courses, whereas
the average in grade twelve appeared to be
slightly more indicative of success in
beginning calculus. ...

3. The use of multiple regression techniques

for predicting success represented a consider-

able improvement over the use of single

predictor variables. 64

Dunn used student-reported data to define "ideal"
placement groups while studying "the University of
Arkansas Mathematics Entrance Exam as a placement

n65 He found that the test's "glaring difficulty

device.
seems to be that its questions do not pose sufficient
variety to be an effective discriminator between various
levels of mathematical sophistication” and that "the
best possibility .. for improving ... seems to be to
construct a new test."66
At Mississippi State University, where the

Cooperative Mathematics Test, Algebra III (COOP) was
"used for several semesters as a placement test for the

”

first course in calculus," Kohler computed "Pearson
product-moment correlations between all pairs of the
four variables" COOP, ACTM, ACT Composite score and
"grade point average (4.0 scale) obtained in college
algebra."67
He found that while "GPA correlates highest with

COOP (r = .53) the extremely small increase over the
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correlation between GPA and ACTM [0.52], in.this
instance, does not warrant a mathematics placement
testing program to provide information over and above
that afforded by the ACT service."68 However, the
COOP was administered "post-instruction during the
last week of the semester," while "the ACT battery
was administered ... prior to a student's entering
Mississippi State University," so that the ACTM may
have been used for mathematics placement; the method
used to place students in the algebra course is not
stated.68
The sample consisted of 161 students "enrolled
in ... college algebra for the fall semester, 1972,"
but "not all 161 records were complete. Therefore,
the Ns varied depending upon the number of complete
records."70
Pugh found that "the combination of SAT-M [CEEB
Scholastic Aptitude Test - mathematics score] and HSR
[high school rank] was the most efficacious predictor
of success" for a sample "of students in one of seven
different beginning mathematics courses offered by

71 The conclusion was "based on

72

Indiana University."

several multiple regression analyses."
Howlett used the multiple-regression technique to

determine "the best possible predictor combinations”

for success in MA 132, Analytic Geometry with Vectors,
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at Michigan Technological University.73 Fourteen
variables were utilized; the use of the "CAT"
(Cooperative Algebra Test; probably CAT II, but
this is not specified) and high school class rank
"proved to be the best combination of two variables
and at the same time proved to be a substantial
improvement in correlation from the single predictor
method."74
The subjects were "approximately 1000 entering
college freshmen at Michigan Tech ... from the freshman

class of fall 1966."75

No cross-validation is reported,
nor the means used to place the students in MA 132;
it may be inferred that the latter was the "CAT."

Shevel and Whitney found that ACT's Mathematics
Placement Examination "improves college mathematics
grade prediction ... and that the increase is greater
for higher-level courses. ... Prediction of grades by
ACT scores and high school grades in low level courses
is not much improved by the use of the Mathematics
Placement Examination."76

The analysis used was "multiple correlation between
first semester mathematics grades and six variables
(ACT Mathematics, ACT Composite, and the four ACT high
school grades)."77 Placement methods used by the

colleges included in the sample are not stated.

During the 1966-67 academic year all students
enrolled in engineering technology at the



33

University Community and Technical College
of the University of Toledo were required
to take a Cooperative Mathematics Test
[CAT II] for placement purposes. Students
that received a raw score of fifteen or
greater on this particular test were
permitted to take the introductory course
[college algebra]. About 50 percent of
those students ... received grades of A,
B, or C. The remaining students received
grades of D, F, or Drop. This survival-
attrition rate dictated the necessity of
identifying those students that required
remedial work prior to entering the basic
course.

The arbitrary cutoff point ... failed to

provide adequate discrimination. 1In

retrospect it was concluded that a dis-

criminant equation would be required in

order to provide the desired discrimination.78

"Success" was defined as a grade of A, Bor C in
the college algebra course; the "unsuccessful” group
consisted of students receiving a grade of D, F or
Drop.79 The independent variables employed were
" (1) score on the Cooperative Mathematics Test (CAT I1I);
(2) the number of years of academic high school mathe-
matics; (3) the mean grade point in high school
mathematics; and (4) age, in months beyond the seven-
teenth birthday."80

When the discriminant function obtained was applied
to the original sample of 50 students, it was found to
be "accurate in 90 percent of the cases," which is
scarcely surprising.81 Like Wick and Howlett, Morgan
found that "a significant loss ensues when any of these

variables are deleted."82
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At Chattanooga State Technical Institute

a formerly used standardized test provided
no significant correlation between the test
score and a student's success in mathematics
... as a result the failure rate was high
for these courses, averaging about 50% of
the enrollment.

Hoping to better place students in their
initial mathematics course, the mathematics
department designed a thirty-six question
multiple-choice diagnostic exam including
some of the basic concepts of arithmetic,
algebra, and trigonometry. ... Class
changes were recommended based on rough
guidelines established by the department.

Based on the known statistics of the diagnostic
exam and the Otis I. Q. score, the problem is
to determine the appropriate level for an
entering student in mathematics at C. S. T. I.
so that the probability of success in his
initial mathematics course will be at least
0.7. Success in a course is defined as a C

or better...83

A multiple regression analysis was used (1)
to establish an equation to determine the
lower limit of the prediction interval, (2)
to determine which of the variables, I. Q.
or mathematics placement score, has more of
an influence on a student's grade ... and
(3) to determine how much of the variance
in grade can be explained by the I. Q. and
mathematics placement exam...84

The sample consisted of students "who had both a

diagnostic exam grade and an Otis I. Q. score during

the three quarter sequence" 1970—71.85

It was concluded that the diagnostic exam

was more significant for predicting purposes
than the I. Q. score. The linear models ...
were both statistically significant as were
the individual variables of diagnostic exam
and I. Q. score. ... Finally, the explained
variance suggested that there was considerable
room for improvement in the prediction.86
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Hooper therefore suggested that "additional variables
such as high school grade point average, high school
mathematics grade point average, number of working

hours per week ... need to be examined for possible

use in the prediction equation."87

"To add to the knowledge about remedial programs
in mathematics,”" Edwards undertook a

study to determine those factors from a
selected domain (of ten possible predictors)
which were the best predictors of success
in remedial mathematics courses in the
public community junior college and to
develop a regression equation based upon
those predictors.

A sample of 359 remedial students enrolled
in seven public community colleges in the
fall 1970 semester provided data for the
study - six colleges were in Connecticut

and one in Massachusetts. In the regression
analysis, the following independent variables
were identified: scores from the CEEB
Comparative Guidance and Placement battery...,
high school average, number of class hours
for which registered, number of credit hours
given in remedial mathematics, an attitude
toward mathematics score from the Dutton
Test, work status while attending college,
and sex. The criterion variable was a
dichotomous variable based on grades in
remedial mathematics courses - A, B, C, or
satisfactory for success and D, F, W, or
unsatisfactory for failure. The total
sample was divided into two random samples
(main and cross-validation) stratified by
college. 88

A regression equation was determined;

When a cutoff for success and failure in
remedial mathematics courses was set at

0.60 (for the computed criterion or Y-value),
the regression equation led to correct
predictions 71 percent of the time (for

the cross-validation sample..)...
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It was concluded that prediction of success
in remedial mathematics courses can be made
correctly 71 percent of the time using five
select predictors: high school average,
mathematics test score.., attitude toward
mathematics score..., sentence test score..,
and mathematics interest score...89

Reilly employed "the discriminant analysis method
... to combine a variety of test and self-report data
in describing ideal groups in remedial and regular
mathematics and English courses."90

The original subjects were students from four
junior colleges enrolled in regular and remedial courses
in 1967; a cross-validation sample was drawn in 1968
from the same sources.91

The predictors were "selected tests of achievement,
ability, and interest from the Comparative Guidance
and Placement Program (CGP) Battery."92

Data were analyzed separately for each school;
the classification rules developed for the original
sample were then applied to the cross-validation
group.93 The percentage of "hits" - a "predicted
assignment [which] fell into either one of the actual
criterion categories" - ranged from 46.7 to 77.2 for
the cross-validation sample.94

The overall agreement among the schools

in each sample with respect to the relative

weights given each predictor variable in

general was not good... This lack of

agreement suggests that courses labeled

remedial and regular in one junior college

may be quite different from their respective
counterparts in another school. It also
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follows that a test found to be a highly
valid placement device for one school may
be useless in another program.95

Reilly concluded that "the results tend to support

the use of multivariate statistical methods in making

placement decisions."96

At Southern West Virginia Community College, where
"ACT is used for placement," Nolan found a correlation

coefficient of only 0.2627 between ACTM score and grade

97

earned in College Math I. As a result of this and

other low correlations between "ACT Subtest scores and

grades for the corresponding academic [subjects]," he

98

recommended that use of the ACT be discontinued. The

sample consisted of 22 students who "had ACT results on

file and who had completed the coursework with a letter

grade other than W (withdrawal) or I (incomplete)..."99

"A study was done at MSU on the backgrounds of

students taking ... [certain] math courses [in] fall

term 1977..."100

Lappan and Phillips

concluded that the number of years of high
school math together with the high [school]
math grade point is a good predictor of
whether a student starts with remedial math
or with a pre-calculus or calculus course.
A student with at least 3 years of high
school math (taken at the college preparatory
level) with math grades of 3.02 [sic] and
overall grade point of 3.19 will probably
not start with a remedial math course.1l01l

These are not the criteria used to place students in
mathematics courses at Michigan State University; a

local algebra placement examination (there are several
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forms) is administered "to determine the appropriate
math course for all freshmen. The placement exam
roughly [sic] required one to one and one half years
of H. S. algebra."102

As high school grades, high school mathematics
grades and type of high school mathematics classes
pursued appear to be important factors in predicting
success in mathematics, it might be expected that the
faculty advisors at LSSC, to whom both high-school
transcripts and ACT scores were available, would be
more capable of selecting a mathematics course for
freshmen than an algorithm based on a test score or
two.

Certainly Kurtz believed that "the adviser in
mathematics is in a better position ... to properly

103 He saw "lack of available

make this recommendation."
time and records," which "could be rectified," as "the
two main objections to advisement by the mathematics

advisers."104

He assumes that the advising would be
superior to (or no worse than) any provided by a
professional counseling bureau; no evidence is furnished
for this assumption.

However, some plausibility may be lent to this
position by Foshay, Schwen and Namy who, in studying

instructional development at Indiana University, found

that the judgment of students' full-time academic
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advisors accounts for variance independently of

Scholastic Aptitude Test (SAT) and GPA when predicting

105

final course grade. It was also "inferred that

part of the valid variance in advisor judgment was

gained in face-to-face meetings."106

Moreover, the Supervisor of Placement and Profi-
ciency Testing at the University of Illinois, Urbana,
warns that

Expectancy data alone are probably not

sufficient information for course selection.

... Teachers vary according to their teaching

style... Students vary in terms of learning

rates, styles, and subject-matter interest.

...An attempt to match teacher and student

variables and merge them into the student's

own academic context may provide more useful

information than course-grade expectancies
in any form.107

PREDICTION OF SUCCESS IN COLLEGE

Although the prediction of college success is a
more general problem - and apparently a more difficult

one108

- than that of predicting success in a single
subject, such as mathematics, there are some parallels
that justify a brief review. Additionally, at least
one comparative experiment very similar to the core
study of this dissertatation has been done.

Five hundred and eighty studies of college
achievement, made between 1949 and 1959, were located
by Fishman and Pasanella.109 More than 90 percent

used intellective criteria (college grades) as the
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dependent variable. Three-quarters of these investigated

intellective predictors, e.g., high-school grades and

test scores. 110

"The most obvious intellective predictor is the
high-school record, usually expressed as total average
grade or rank in class ... this measure correlated

roughly .50 with comprehensive freshman-year intellective

. . wlll
criteria.

Studies employing the "usual combination”" of "an

aptitude test plus high school record" produced multiple

correlations ranging from 0.31 to 0.82.112

In general, the use of any one intellective
predictor, or more than one, with the high-

school record improved the forecast of freshman
average in 181 studies by .00 to .38, with an
average gain of .1l1. It seems useless,

however, to employ more than two or three
intellective predictors, from both the point 113
of view of practicality and that of efficiency.

Few studies came to the point of combining
intellective and non-intellective predictors

by means of multiple-correlation techniques.
Where this was done, the gain in multiple
correlation attributable to the nonintellective
predictor was discouragingly small. As a
result, much of the literature on nonintellec-
tive predictors dealt with attempts to

improve their technical and theoretical founda-
tions.114

A later and lengthier review of the literature by
Lavin substantiates these findings.115
Loeb provided further verification in 1972, but

pointed out that test scores may prove a more reliable

predictor for disadvantaged students than high school
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rank.116 She also emphasized the importance of continuing

: 9 . 7
"routine validity studles."11
Bloom and Peters pointed out that by "considering

”

institutional variation," "there is almost as much
consistency between high school grades and college
grades as there is among grades within a single
institution," with correlation coefficients of 0.72
to 0.75.118 The use of academic prediction scales
entailing "statisfical corrections for intraschool
and interschool nonequivalence of grades" to improve
prediction of college achievement is recommended.119
This brief review reveals a number of similarities
to the literature on prediction of success in an initial
college mathematics course. High school records and
intellective tests are the best predictors; multi-
variate methods can improve prediction significantly.
Predictability is reduced by differences among and
within institutions, although adjustments may be made
for this. The majority of the investigations consist
of "one-shot case studies." However, comparative

experiments have also been done and some are described

in the next section.

CLINICAL VERSUS STATISTICAL PREDICTION120

Sarbin suggested a test of the hypothesis that

"A complete case study will increase the accuracy of
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prediction of behavior over that obtained from the

use of statistical tables based on experience with

relatively few variables."121

He then laid down a set of rules for such a test:

(a) the criterion to be predicted must be
subject to definition and measurement;

(b) experience tables or regression equations
must be available beforehand in order to

make statistical predictions; (c) the
individuals whose behavior is to be predicted
must have had at least one clinical interview;
and (d),[sic] in addition to the statistically
determined variables, other data which are
presumably associated with the criterion

must be made available to the clinician.122

and designed an experiment to test the more specific

hypothesis that
By virtue of the case-study method employed,
clinical counselors' predictions of academic
success will be more accurate than those
determined from regression equations.123
The subjects were 162 freshmen "who matriculated in
the fall of 1939 in the arts college of the University

124

of Minnesota." No mention is made of the selection

process.
Five counselors participated in the experiment;
four "possessed the Ph. D. degree or its equivalent.
All five had considerable experience in clinical counsel-
ing work with university students."125
Previously derived regression equations were
available
in which academic achievement is predicted

by a combination of two variables: rank
in high-school graduating class and college
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aptitude test. All subjects had one interview
with the clinician prior to exposure to
college classes. Data available to the
predictors in addition to the measurement
variables were in the form of additional

tests of aptitude, achievement, vocational
interest, and personality; an eight-page
individual record form; a preliminary inter-
viewer's form and impressions; and, finally,
the counselor's own observations.126

The correlation coefficients between the clinical
predictions and actual first-quarter GPA were 0.35 for
the 73 men and 0.69 for the 89 women in the sample;
the corresponding figures for the statistical method
are 0.45 and 0.70. The differences between the two

127 "At

methods were not statistically significant.
any rate, we can draw the conclusion that the clinical
counselors in this study did not predict college
achievement more accurately than did the statistical
method."128
Sarbin makes further intriguing points; three
are of especial interest. First, the counselors tended
to "overestimate the contribution of the two measurement
variables [high-school rank and college aptitude

w129

test]. Second, "the interviewers over-estimate

the college achievement of the group studied."130
Third, when a chi-square analysis was applied to the
hypothesis that counselors can better predict " success
or failure" - "where success is considered to be a

'C' average or better and failure less than a 'C’

average" - the clinical predictions were not significantly
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different from the statistical predictions "for men,
while for women the chi-square value shows a doubtful

difference [at the 0.05 critical level] - favoring the

actuarial predictions in regard to accuracy."131

One of the first areas to be investigated by
clinical psychologists, as the profession grew
rapidly after World War II, was the degree to
which human judgment could be used in the
prediction of variables such as patient
response to treatment, recidivism, or academic
success. What could such judgment add to
prediction that could be made on a purely
statistical basis by, for example, developing
linear regression equations? The statistical
analysis was thought to provide a floor to
which the judgment of the experienced
clinician could be compared.

The floor turned out to be a ceiling. Meehl
(1954) reviewed approximately 20 studies in
which actuarial methods were pitted against
the judgments of the clinician; in all cases
the actuarial method won the contest or the
two methods tied. Since the publication of
Meehl's book, there has been a plethora of
additional studies directed toward the question
of whether clinical judgment is inferior to
actuarial prediction, and some of these studies
have been quite extensive. But Meehl was able
to conclude, some 10 years after his book was
published, that there was only a single
example in the literature showing clinical
judgment to be superior, and this conclusion
was immediately disputed by Goldberg on the
grounds that even that example did not show
such superiority. We know of no examples
after that (within the standard limitations)
that have purported to show the superiority
of clinical judgment.132

What are the reasons for this outcome? Meehl
suggests that

there is a major pragmatic difference between

the predictive demands made upon the clinician

during therapy and those made in the purely
prognostic setting. All of us expect a certain
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amount of blind-alley hypothesizing to

occur in the course of a therapeutic series.
Therapists form transitory hypotheses of
extreme tentativity and often may not follow
them up by so much as a leading question
unless additional support subsequently appears
in the client's spontaneous productions. ...
Nobody knows what the payoff rate is for

these moment-to-moment guesses that come to
therapists; but the over-all success frequency
might be considerably less than 50 per cent
and still justify the guessing, for ... the
time spent on exploration of poor guesses

need not greatly detract from the positive
contribution of successful ones. Presumably
even the unsuccessful paths are rarely pure
waste, since they contribute to such diverse
concurrent aims as further getting acquainted,
general desensitization, and incidental
support for quite unrelated constructions...

When we move over into the straight prediction
situation, all this is radically changed.

Here, no erroneous weighting is filler in

the above harmless sense, because statistical
filler is error variance. ... So that in the
straight prediction setting, all bad ideas

tend to subtract from the power of good ones.133

Meehl points out that the studies he has reviewed
"all involve the prediction of a somewhat heterogeneous,
crude, socially defined behavior outcome,"” rather than
the "relatively specific and concrete predictions and

postdictions" that might yield an advantage to the

e e . 134
clinician.

Dawes and Corrigan report that linear models are
especially effective for situations

in which: (a) the predictor variables have
conditionally monotone relationships to
criteria...; (b) there is error in the
dependent variable; (c) there is error in

the independent variables; and (d) deviations
from optimal weighting do not make much
practical difference. ... Thus the situation
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demands decision-making behavior approximately

like that of a linear model if the decision-

making is to be appropriate...135

So very appropriate are linear models in such
contexts that random linear models - models whose
weights are chosen randomly except for their signs,
which are taken to have a positive relationship with
the criterion - can outperform human judges on such

tasks as the prediction of GPA.136

SUMMARY

Reviews in the Mental Measurements Yearbooks

reveal that the ACTM and CAT II are reasonably reliable
and valid instruments, though not without weaknesses.
Many of the correlation coefficients between each of
the three tests under consideration - the ACTM, CAT II
and TPT - and mathematics grade at LSSC, obtained by
the American College Testing Service, are not impressive;
however, not much meaning can be attached to them
because of methodological difficulties.

A large number of studies exist which attempt
to predict success in beginning college mathematics.
The prediction of success in college algebra, and the
problem of distinguishing students to be placed at
that level from those who should do remedial work,

occur most frequently in the literature.
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The prevailing criterion variable is mathematics
course grade, either utilized on a 4.0 scale or
dichotomized for "success" and "failure." The use
of student-supplied data and of instructors' rankings
of students are also reported. A "success" rate of
70 percent appears to be a reasonable goal for
mathematics placement.

Linear regression, multiple regression and dis-
criminant analysis comprise the chosen methodologies.
Multivariate procedures usually, but not always, have
significantly greater predictive ability than those
employing a single independent variable.

The factors found to correlate most highly with
success in college mathematics are high school grades
and scores on mathematics placement examinations.

Less highly correlated are tests of other skills,
tests of general academic ability, personality factors
and sex. The form in which high school grades are
utilized varies; class rank, GPA and mathematics

GPA all occur. Nor does any test of mathematical
ability emerge as clearly superior.

Most, but not all, studies of the ACTM and CAT II
show that they have good predictive validity. A
number of investigations of locally-written mathematics
placement examinations may be found. Usually, not

invariably, good results for these tests are reported;
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however, the test has probably been the placement
device employed in those instances.

No experimental comparisons of such instruments
with standardized tests have been found; in fact, in
the field of mathematics placement, no comparative
experiments of any kind have been encountered.

Many of the "one-shot case studies" are flawed
by one or more of the following disadvantages:

1. Failure to cross-validate results.

2. Samples that have not been randomly drawn from

the population observed. The phrase "for whom records
were available" occurs frequently.

3. Omission of the methods and standards used to
place students in a beginning mathematics class. 1In

a number of studies, the apparent superiority of one
testing instrument is probably due to its use as the
original placement device. This is not always stated.
4. Equating beginning courses that are not equivalent
(either within the same institution or among diverse
colleges or both).

One mathematics professor, who is probably
speaking for many, argues that members of mathematics
faculties, rather than professional counselors, should
place students in beginning mathematics courses.

There is some evidence that advisors' judgments can

contribute to the prediction of grades, above and
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beyond the donation of the "usual predictors.”

The literature of predicting success in college
bears a number of similarities to that of forecasting
success in mathematics. Nearly all the studies use
college GPA in some form as the criterion variable;
virtually all investigate "intellective" predictors.
High school grades are unquestionably the best predictor
of college GPA; scholastic aptitude (or achievement)137
tests are next. Significant increases in correlation
are obtained with multivariate analysis in most cases.

Some comparative experiments have been carried
out to test the hypothesis that human judges can predict
college GPA more accurately than can statistical methods.
The results of these and analogous experiments in other
areas show "no significant differences" or favor the
actuarial approach. However, the present experiment
differs in design from the "clinical versus statistical”
studies, so that these outcomes may not be taken as
conclusive.

It may be concluded that a comparative experiment
would provide insight not previously obtained into
the relative effectiveness of different methods of

mathematics placement.



CHAPTER III

DESIGN AND METHODOLOGY

This chapter consists of four major parts. First,
the abstract design of the experiment is presented,
together with a brief discussion of confounding variables.

The details of implementation are described next:
the participants' actions in July and September, 1980;
the precautions taken to avoid a "Hawthorne effect;"
the way in which subjects were randomly assigned to
treatment groups and the methods used for other arrange-
ments; and the particulars of the test-norming process.

Measurement is the third topic. The independent
variables are listed. Then, because no universally

accepted means of measuring "effective mathematics

placement" has been found, a discussion of the difficulties

involved in choosing criterion variables and a justifica-
tion of those chosen accompanies their description.

Finally, the statistical methods and the variables
and tables chosen for analysis will be specified.

A summary concludes the chapter.

50
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DESIGN OF THE EXPERIMENT

The experiment is an elaboration of the "Posttest-
Only Control Group Design" described in Campbell and

Stanley's Experimental and Quasi-Experimental Designs

for Research:

R X O1

R O2
where X represents the exposure of a group to an
experimental variable or event, O refers to some process
of observation or measurement, and R indicates random
assignment of subjects to treatment groups.138

In this case, the design can be represented as:

R Xl O1
R X2 O2
R X3 O3

X, is mathematics placement based on the student's

score on the Thesing Placement Test; X, is placement

2
based on the two scores: Cooperative Algebra II Test
and ACT Mathematics; X3 is placement based on interviews
with members of the mathematics faculty at Lake

Superior State College. The observations are fall term
mathematics grades, course level and instructors'
judgments about the suitability of courses to students.

Largely because of the random assignment of subjects

to treatment groups, Campbell and Stanley's well-known
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sources of internal invalidity - history, maturation,
testing, instrumentation, statistical regression,
selection, experimental mortality and selection-
maturation interaction - are controlled by this
design.139
Some factors that may jeopardize the external
validity, or representativeness of an experiment are:
the reactive or interaction effect of testing produced
by a pretest; the interaction of selection biases
and the experimental variable; reactive effects of
experimental arrangements; and multiple-treatment

40 Neither the first nor the last

interference.1
is applicable here: there was no pretest and each
subject received only one treatment.

Experimental procedures were designed with care
to prevent a "Hawthorne effect,” i.e., reactive arrange-
ments, and will be described. Almost certainly,
however, there are characteristics of Lake Superior
State College that interact with treatment to limit

the generalizability of the results and these will

be considered in Chapter Five.
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EXPERIMENTAL PROCEDURES
General Description

Almost all entering freshmen at Lake Superior
State College attend one of four "pre-orientation"
sessions. Three are held in July and one in September.
On the second morning of the July sessions, reading
and mathematics placement tests have traditionally
been given. The tests are scored by Counseling Center
personnel and a summary report for all students, indi-
cating their English and mathematics placement, is
complied, reproduced during the noon hour, and then
distributed to major field advisors. These are usually
the department heads, but other faculty may share the
advising task.

After lunch, the students attend a talk on course
scheduling delivered by the Registrar of the college;
then they disperse to meet with their advisors and
schedule courses. The September pre-orientation differs
in that only testing is done and that in the evening,
and students have the next several days to schedule
courses in consultation with their advisors.

A day or two before testing in 1980, members of
each pre-orientation group were randomly assigned to
one of three treatments (Ti):

Tl: This group was placed in mathematics classes on
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the basis of performance on the revised version of the
Thesing Placement Test (TPT). Norms to establish
cutoffs for various levels of mathematics were obtained
from an examination of student performance in fall

term 1979 mathematics courses.

T This group was placed on the basis of scores on

2:
the ACTM and CAT II. Norms to determine cutoffs were
derived from fall term mathematics grades for 1975,

1976 and 1977 entering freshmen and showed approximately

the same percentage of students passing at each level

as did the TPT in 1979,

T3: Members of this group who planned to take a
mathematics course during the 1980-81 school year -

about half the group ~ met one-to-one with members

of the LSSC mathematics faculty, who recommended a
suitable course. Two to four professors advised at

each session; fifteen minutes were allocated for each
consultation. Students in this group for whom mathematics
was neither required nor an elective received a "placebo
treatment:" a talk, accompanied by a handout, about

the beginning mathematics courses at LSSC and the

procedures to follow should they ever wish to take

mathematics there.

The curriculum choice of each subject in T3 was

ascertained. If mathematics was required in that major,
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the subject was assigned to a mathematics professor for
advising; otherwise, the student was placed in the
"placebo" group.

A form was then filled out for each student,
indicating the individual's name, room assigned for
mathematics placement, advisor's or test administrator's
name, time of appointment, and a caveat about placement

satisfaction.

FIGURE 1

MATHEMATICS PLACEMENT FORM

Name
First Middle Last
Room Assigned for Math Placement (Crawford
Hall)
Time:

If you are dissatisfied with your English or
mathematics placement, be sure to discuss this
with your major academic department advisor.

File material - the high school transcript, ACT profile,
and front page of the LSSC application form for admission
(a copy of that document is reproduced in Appendix A) -

for students who had appointments with mathematics
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professors was duplicated and delivered to that
advisor's mailbox.
The forms were arranged alphabetically and, on
the day testing was scheduled, given to students as
they entered Crawford Hall. Two Counseling Center
staff members and the author sat under signs labeled
"A-K," "L-P," "Q-Z;" students collected their forms
from the appropriate person. Those who showed up
without having pre-registered were sent to the
auditorium where Mr. John Truckey, Director of
Counseling and Testing at LSSC, asked them to inscribe
their names on blank forms and return them immediately.
While the subjects took the Cooperative Reading
Test in the auditorium, the author randomly assigned
latecomers to treatment groups and completed the forms
Mr. Truckey had obtained from them. These were returned
at the conclusion of the reading test, when all students
were told to proceed to mathematics placement at the
time indicated on their forms. Meanwhile, the Admissions
Office was alerted to the need for file material on
last-minute arrivals who'd been assigned to mathematics
professors. The records were immediately duplicated
and delivered. Signs in the corridors directed students
to the rooms used for placement; in addition to the
auditorium, these were: 204, 309, 315 and the faculty

offices. All are in Crawford Hall of Science.
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Administration of the TPT and CAT II followed a
"standard operating procedure:" students were asked
to read the test's instructions and to attempt each
problem. They were assured that the test was for the
college's information only. When the allotted time -
40 minutes for the CAT II, 60 for the TPT - was over,
tests were collected and students sent back to the
auditorium to collect their college catalogs and
attend a student forum on college orientation.

Implementation of T, was more complicated. An

3
outline for advising students had been drawn up by

Dr. Thesing and distributed to the mathematics faculty;
this is reproduced in Appendix A. The advisors also
received a supply of forms for recording course
recommendations; a copy of one is in Appendix A.

Students whose placement slips bore appointments
with mathematics professors simply went to the
instructor's office at the appointed time. Occasionally,
one or two would not read the time carefully (or at
all), but these problems were easily corrected. A
few students were, necessarily, scheduled for
conferences at the same time as the college orientation.
Professors were supplied with catalogs for these indi-
viduals, who were sent on to lunch after the appointment.

The "placebo" talk was scheduled to begin at the

same time as the mathematics tests. The administrator



58

began with a personal introduction and then asked if
anyone had made a new curriculum choice or was con-
sidering a mathematics elective. These individuals
were asked to remain in the room after the meeting
so that placement could be arranged without delay.

A handout describing beginning mathematics courses
and placement procedures was then distributed; it is
reproduced in Appendix A. Each course was characterized
in terms of its level and its suitability to various
curricula. Mathematics placement procedures were
outlined and questions invited.

Students needing placement were then named and
again asked to stay; the others were dismissed. A
number of students expressed interest in a mathematics
elective only after the talk had been delivered, which
was an unexpected outcome.

A conference with a faculty member was arranged
for students needing placement. When their place-
ment forms had been suitably modified, the administrator
called the Admissions Office to arrange for transmission
of file material to the mathematics advisor. The
faculty members were then notified of their new
appointments.

When testing was completed, the treatment adminis-
trators went on to the Counseling Center to assist

with scoring. Once scored, tests were arranged in
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alphabetical order, as were the forms generated by

the individual conferences. ACT profiles for members
of the pre-orientation group had been pulled from the
files, and all this information was used to assemble
the placement roster for English, developmental reading
and mathematics. Upon completion, the roster was
duplicated; copies were delivered to each department

in the college by 1:30 p.m.

Avoiding Reactive Arrangements

Campbell and Stanley warn that

In the usual psychological experiment, if
not in educational research, a most prominent
source of unrepresentativeness is the patent
artificiality of the experimental setting
and the student's knowledge that he is
participating in an experiment. ... The
play-acting, outguessing, up-for-inspection,
I'm-a-guinea-pig, or whatever attitudes so
generated are unrepresentative of the school
setting, and seem to be qualifiers of the
effect of X [treatment], seriously hampering
generalization. 141

While treatment occurred at a "plausible period
in the curriculum calendar" and the observations were
"similarly embedded as regular events" (and at a good
distance in time - 10 to 19 weeks - from treatment),

142 it seemed

as suggested by Campbell and Stanley,
nevertheless reasonable that a reactive, or "Hawthorne
effect," could occur if prospective students were told
that they were subjects in an experiment on mathematics

placement. For example, those who conferred with
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mathematics professors might feel singled out in some
especial way and consequently make greater efforts
in the mathematics courses they undertook. Others
might resent taking a standardized test - "I never
do very well on those" - and insist on seeing a faculty
member also, thus upsetting the random assignment of
subjects to treatment groups.

On the other hand, it appeared that there could
be no unfairness involved in leaving the subjects
unaware of the existence of the experiment. Had there
been no experiment, the TPT would have been used to
place all students in mathematics courses; clearly,
then, it was reasonable to place about one-third of
them that way. Because the standardized tests had been
used for mathematics placement at LSSC for a long
period of time, and because the profile of successful
placement was very like that of the TPT in 1979, this
method was also deemed equitable. Moreover, norms for
the standardized tests had already been cross-validated,
while the 1980 sample was to be cross-validating for
the TPT. Finally, the experience and interest of the
LSSC mathematics faculty members in advising students
judtified that method of placement. As in past years,
students who were dissatisfied with their mathematics
placement, or otherwise presented a placement problem,

were encouraged to seek advice from members of the
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mathematics teaching staff before making a final
decision.

Prospective students, then, were not told that an
experiment was in progress. At each pre-orientation
session, after the subjects had found seats in the
Crawford Hall Auditorium and before the Cooperative
Reading Test was administered, Mr. Truckey introduced
himself and his assistants. He then said something
like, "We're a small college and so we're able to do
more individualizing and small-group advising in the
mathematics area. So after you finish the reading
test we're going to have now, you will go for your
math advising as indicated on the slip you have."

Reasoning similar to that applied in the case of
students suggested that no useful purpose would be
served by advertising the experiment to the college
faculty, especially the major field advisors. Therefore,
few faculty members were told about the research. Some
obvious exceptions were the mathematics teachers and
Professor C. Ernest Kemp, Head of the Department of
Earth Science, Mathematics and Physics. The only
other faculty members to be informed were Dr. David
Behmer and Dr. Susan Ratwik, who assisted with the
methodology of the experiment. Neither was a faculty
advisor to students attending pre-orientation. Some

college administrators were informed; cooperation from
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a number of them was needed and was most generously
given. However, where no one needed to know, no one
was apprised, and the project was carried out very
quietly.

It was almost inevitable that someone would figure
out that different freshmen were getting different
forms of mathematics placement. A memorandum to those
involved suggested that any inquiries be met in the
following way:

We do math placement in smaller groups here
at LSSC, as we've found that works out better.
We want as many students as possible to see
math faculty members, but because of summer
schedules, meetings out of town, and so on,
it isn't possible for everyone to see a math
professor today. However, the department
head will be available this afternoon, if
you want to talk with him. Also, if you're
still uncertain about your math class, even
if you're already scheduled for it, we'd
encourage you to get advice from one of the
math professors first thing this fall.

A variation for department heads was,

We wanted to get all students in to see the
math faculty this summer, but because of
summer schedules, it just wasn't possible.

But Ernie [Professor Kemp] will be in this
afternoon, if you want to send a student

over, and of course all the faculty will

be here in the fall and any student is
welcome to come and discuss placement then. 143

The author was approached once or twice by students
who wondered why one was seeing a professor and another
wasn't, and why all times scheduled were not the same.

The "formula" of the memorandum was successful and
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when asked, "Would you like to see a mathematics

professor?" these individuals rejected the opportunity.
The format of the placement roster presented a

few problems in the experimental situation. 1In

previous years, the roster bore .the students' relevant

test scores and a covering memorandum laid down the

guidelines to be followed by major field advisors in

interpreting these scores for mathematics placement.

It was essential that instructions should not reveal

the variation in placement techniques. Dr. Thesing

and the author had identified six useful categories

for mathematics placement (see Table 3):

1. Strongly recommend Basic Mathematics;

2. Recommend Basic Mathematics;

3. Strongly recommend Intermediate Algebra;

4. Recommend Intermediate Algebra;

5. Recommend college algebra;

6. Recommend Calculus with Analytic Geometry I if

the student has an adequate trigonometry preparation.
Mathematics placement coded by a number between

one and six, inclusive, with the meaning described

in the companion memorandum, seemed to suit the purpose

admirably. But almost immediately there was a stumbling

block: mathematics advisors would be recommending a

specific course, rather than a general denomination.

And while those recommendations could have been coded,
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so that an "MA 181" became a "5," and "Basic Math"
transformed to "1," that would have eliminated one

of the advantages of individual advising: the ability
of a professor to determine a student's curriculum
choice and identify the appropriate course exactly.

In some cases, moreover, accuracy could be lost in
translation. For example, a professor might determine
that a student majoring in chemistry had sufficient
background to attempt a college algebra course but
lacked the ability to succeed in the rather demanding
MA 121. Thus MA 181, to be followed by MA 182, might
be recommended; these two courses cover the MA 121
material in a somewhat more leisurely fashion. A

code of "5," however, would almost certainly cause

the student's major advisor to select MA 121.

Dr. Thesing then suggested placing an asterisk (%)
in the "Mathematics" heading of each sheet of the
placement roster and a corresponding message at the
foot of the page: "* In cases where test scores and
other indicators are especially strong in their
implications, a particular course has been recommend-
ed."144

This solved one problem, but raised another: was
it possible that listing a specific course - thus
relieving the major advisors of the subtleties of

interpretation - could, in and of itself, improve the



65

results of mathematics placement? Then "specific
course" represented a possible source of confounding:
if significant differences were found in favor of T3,
they might be due to this extraneous variable. If so,
alternate placement methods, less expensive and easier
to implement than individual advising, should be
considered; e.g., employing one or two mathematics
professors to examine the files of students whose

test scores placed them in categories 2, 4, 5 or 6,
and make explicit recommendations.

To assess the difference in placement effectiveness,
if any, between "coding" and naming a course exactly,
each student who scored 0-11 on the TPT (Category 1 -
Basic Mathematics) or 14-22 (Category 3 - Intermediate
Algebra) was randomly assigned to one of two groups.
Mathematics placement was listed as "Basic Math" or
"MA 100" for members of the first group, while it was
coded as "1" or "3" for those in the second. A
contingency table enumerating course choices for
each group would be analyzed to determine whether
or not these choices were independent of nomenclature.

It was then noted that some students do not
submit their ACT profiles in advance and this would

cause difficulties if they were in T This was

2.
resolved by treating missing ACTM scores as if they

were zero, a move which in almost all cases could
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lower placement no more than one level, and attaching
a double asterisk (**) to the student's level number.
On the memorandum accompanying the placement roster,
these double asterisks were also appended to categories
1, 2, 4 and 5 (students in T2 could not be assigned
to levels 3 or 6 unless the ACTM was available) and
a footnote explained:
** A double asterisk may be attached to these

categories for certain students. This

indicates that ACT scores have not yet

been submitted. Such students should

be queried about their high school

background to determine placement and,

if they are still uncertain about the

appropriate mathematics class, should

consult a member of the mathematics

faculty immediately upon returning in

September for a re-evaluation of placement.l145

Doubtful of the capacity of the major advisors to
absorb all these dicta just before their advisees
engulfed them, Professor Kemp called on each department
head well in advance of pre-orientation to explain the
new rules and distribute copies of them. The rationale
for a new system was the introduction of Basic Mathematics
to the curriculum, which clearly rendered mathematics
placement more complex. Professor Kemp did not,
however, mention the single asterisk; advisors saw
it for the first time on the roster.

The major field advisors' instructions for

mathematics placement in 1980 are in Appendix A,

together with a facsimile of a page from the placement
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roster.

Random and Other Assignments

A list of about 600 random digits between one
and three, inclusive, was obtained from a table of
random digitsl46 in the following way: a stab of the
finger (with eyes closed) was used to determine a
starting point; the number nine was discarded from
consideration, and one plus the remainder of each
digit after division by three was recorded. Thus
the digits 7, 5, 3, 0, 2, 4, 9, 1, would yield the
sequence 3, 3, 1, 1, 3, 2, (ignored), 2.

Postcards, provided by LSSC and indicating a
student's choice of pre-orientation session, had been
mailed to the Office of Admissions by most of the
prospects for the sessions. While the author read
from the random number list, an assistant dealt the
cards for a particular session into one of three
piles clearly labeled "1," "2," or "3," which identified
the treatment group. Forms for mathematics placement
were then completed. As numbers were used, they were,
of course, discarded from consideration. This random
number list was used again to designate treatments
for last-minute arrivals who had not pre-registered
for the session.

The treatment administrators were Mr. David
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Castner, who is an LSSC counselor, Mr. Truckey and the
author. Early plans had called for a random permutation
of room and administrator assignments among treatment
groups, with the permutations re-randomized for each
pre-orientation session. It was soon clear that this
would not be practicable: rooms 204, 309 and 315

are the three largest in Crawford Hall (except for

the auditorium); 180 students were expected to attend
the first session; and room 309 has a capacity of only
40. Additionally, the author had designed the placebo
talk and wished to deliver it at the first session;

Mr. Castner and Mr. Truckey were experienced in
administering standardized tests and the author was
not. Consequently, room 309 and the author were
assigned to the T3 placebo treatment for the first
session; the remaining assignments were made by random
permutations of the digits (1,2). Rooms were ordered
numerically and administrators alphabetically for this
purpose. Six random permutations of the digits (1,2,3)
were obtained from the same table of random digits
(this time by observing the order in which these digits
appeared among the rest; a different part of the table
was of course employed) and these were used to assign
rooms and administrators for the remaining pre-orientation

meetings. This resulted in the following arrangement:
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El EE Ei (Placebo)
Session 1
Room 204 315 309
Administrator Castner Truckey Bone
Session 2
Room 315 204 309
Administrator Bone Truckey Castner
Session 3
Room 315 309 204
Administrator Castner Bone Truckey
Session 4
Room 309 204 315 147
Administrator Truckey Bone Castner

Unfortunately, further adjustments to these plans

were unavoidable.

The random numbers used to assign

subjects to treatment groups for the first session did

not fall neatly into three groups of about 60 each;

instead, Tl

almost half.

of 60, unsuitable for that treatment.

claimed the lion's share of subjects,
This rendered room 204, with a capacity

The most

reasonable resolution seemed to be stroking out the

"204" on the placement slips (Figure 1) for this group
and substituting "Aud" (for "Auditorium"), which was done.
A similar problem arose before the last session.

It was difficult to predict how many students would

be attending, because a large number had chosen other
colleges by that time. As many as 200 were anticipated;
about 160 actually appeared. Room 309 was too small

for Tl and again the auditorium was substituted. Thus

there occurred a minor but systematic difference
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between Tl and the other treatment groups: more than
half of these subjects did not move from the Crawford
Hall auditorium to another room for mathematics
placement, while all the members of the other treatment
groups did.

Random assignment of T3 students to mathematics
professors had also been planned and a list of random
digits from one to four had been prepared for this
purpose. After the first session, however, it became
clear that this was unpropitious: one faculty member
ended up with 11 advisees while another had only five.
This meant that the latter received more last-minute
advisees (who were not randomly assigned) and therefore
had less time to review his students' files. Random
permutations of the digits (1,2,3,4) would have solved
that problem, but it would have made assignment of
students attending the placebo talk and needing place-
ment almost unbearably complicated, especially when
there were other considerations to be borne in mind.
Some professors served as "back-up men" for particular
sessions and were entitled to go home earlier than those
whose "regular" turn of duty it was. Finally, assign-
ment of professors to pre-orientation session was not
random at all, but was at the professors' convenience.
Thus no inferences could be drawn about the abilities

of individual advisors. Therefore, students in sessions
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subsequent to the first were simply "dealt out" 1-2-3
(or 1-2 or 1-2-3-4) to the faculty members advising
them.

There were no difficulties in dividing students
scoring 0-11 or 14-22 on the TPT into two groups, one
with a specific course listed on the placement roster
and the other with codes of "1" or "3." A list of
random ones and twos was derived from a previously
untouched (for the purposes of this experiment) portion
of the random digits table by observing whether each
such digit was even or odd - yielding a value of zero
or one, respectively - and adding one. Courses for the
first group were named and those for the second were

coded.

Norming the TPT and the ACTM-CAT II Combination148

Establishing norms for the TPT was not difficult.
A student achieving a grade of A, B, C, "Credit," or
"Credit by examination" had been defined as "successfully
placed" in a mathematics course; others were not so
considered. The choice of this criterion, which is
neither universal nor indisputable, will be aired in
the next section. As it had been chosen and accepted,
however, it was natural to use it as the basis for
cutoff scores.

Because the TPT had been revised just prior to
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its use in 1979, only fall term mathematics grades for
that year could be utilized. Data were obtained by
comparing the Counseling Center's list of orientation
test scores with the Registrar's fall quarter 1979
grade verification lists. The data suggested that the
placement guidelines of Table 2 be revised if the
percentage of students passing courses at each level

of mathematics was to be maximized.149

Employing
this principle, Dr. Thesing and the author obtained
the criteria of Table 3. A small exception to the
"Maximization of percentage of passing students"”
principle was the standard set for calculus: Dr.
Thesing thought that a borderline category was
inadvisable here and that a cutoff score of 34 was
fairer to students than one of 36.

It appeared that a student's odds for success
were three out of four or better when a course was
definitely recommended; they were about three out
of five for students in the borderline categories
choosing the higher of the two levels of mathematics;
and they ranged from zero to two out of five for students
taking a course more difficult than the recommended
one. Table 4 summarizes this information by course
choice for the various levels of placement.

Data for 1977 were examined at the same time as

those for 1979. The Registrar and the Director of
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TABLE 4

VALIDITY DATA FOR THE THESING PLACEMENT TEST (1979)

Placement Percent Percent Total Number of
Category Successful Unsuccessful Observations

MA 100 Intermediate Algebra

1 39 61 33

2 59 41 17

3 84 16 75

4 87.5 12.5 8

3 and 4 84 16 83
MA 111, MA 121, MA 181 - College Algebra

3 or below 28 72 18

4 62.5 37.5 24

5 77.5 22.5 40

6* 100 0 22

5 and 6% 85 15 62
MA 132 Calculus with Analytic Geometry I

5 0 100 2

6 77 23 30

*Presumably students whose trigonometry background was
insufficient for calculus.
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Admissions at LSSC had agreed that there were no
pronounced characteristics that made any one of the
freshmen classes 1973-77 atypical, and it was natural
to begin with the closest chronologically.

The CAT I1I appeared to predict success at the
college algebra level about as well as did the TPT;
the ACTM, not quite so well. Possibly because there
was only one instructor for both MA 100, where one
man taught both sections, and MA 132, which consisted
of a single section, little emerged in the nature of
a relationship between test scores and success in
those classes. This was especially true of the ACTC,
which was then dropped from consideration.

It appeared that the TPT would set the standard
for placement: norms for the standardized tests must
be found yielding nearly the same odds for success
or they could not be used. The 1977 data were insuffi-
cient to establish such norms for the elementary classes
or calculus. Nineteen seventy-seven and 1976 outcomes
for these courses were then merged to obtain norms
which were cross-validated on 1975 information; 1976
data were used to cross-validate the cutoff scores
suggested by the 1977 college algebra results.

The criteria established for placement at various
levels are given in Table 5. Tables 6, 7 and 8 display,

by course level, the percentages of successful and
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TABLE 5

GUIDELINES FOR USE OF THE ACTM AND CAT II IN 1980

Test Scores

Placement
Category ACTM CAT 11
1 22 or less AND 19 or less
2 23 - 64 OR* 20 - 49
3 23 - 64 AND 20 - 49
4 65 or more OR* 50 or more**
5 65 or more AND 50 or more***
or
Unavailable AND 85 or more
6 85 or more AND 85 or more
or
70 or more AND 90 or more
or
90 or more AND 70 or more

*Exclusive or
**But not eligible for Category 5

***But not eligible for Category 6
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unsuccessful students meeting these standards and the
total number of observations. The year or years used
to establish the cutoff scores are shown first; then
the cross-validating year; finally, the total results
for all years.

A comparison of the 1979 TPT results with the
data from the combined years for the standardized
tests (abbreviated ST) is given in Table 9. The
evidence indicates that students taking courses at
the recommended level of placement - 3 or 4 for MA 100,
5 (or 6 without trigonometry) for college algebra, 6
for calculus - stand approximately equal chances of
passing, whether the TPT or the standardized instruments
are used. The penalties for ignoring placement advice -
taking MA 100 at level 1 or 2, college algebra at 3
or 4, or calculus at level 5 - are somewhat less severe
when the standardized tests are employed. This is
markedly true for calculus; however, one would expect
that as more observations become available, the results
will be moderated.

An obvious difference between the two prescripts
does appear when the "Total Number of Observations"”
column is examined. Of the 133 subjects taking MA 100
in 1979, only 17, or 13 percent, were in the borderline
category 2, while the corresponding figures are 109

out of 301, or 36 percent for the standardized tests.
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TABLE 6

VALIDITY DATA FOR STANDARDIZED TESTS (1975-77)
MA 100 INTERMEDIATE ALGEBRA

Placement Percent Percent Total Number of
Category Successful Unsuccessful Observations

1976 and 1977

1* 48 52 101
2 63 37 63
3 83 17 18
4 87.5 12.5 8
and 4 85 15 26
1975
(Cross-Validating Year)
1%** 51 49 39
2 67 33 46
3 82 18 17
4 89 11 9
and 4 85 15 26

1975, 1976 and 1977

%% 49 51 140
2 65 35 109
3 83 17 35
4 88 12 17
and 4 85 15 52

*I1f students for whom one test score was missing (usually

the ACTM, but not always) are omitted from consideration,

these percentages become: successful - 41%; unsuccessful -
597%. There were 28 such students in category 1 (MA 100,

1976 and 1977), three in category 2 and none in the others.
This pattern appears consistently in the three years studied:

a fairly large number of missing scores in category 1 and

a substantial swing away from "success' when these observations
are not included in the computations.

**Omitting subjects for whom one test score is missing:
successful - 43%; unsuccessful - 577%.

***Omitting subjects for whom one test score is missing:

successful - 427%; unsuccessful - 587%.
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TABLE 7

VALIDITY DATA FOR STANDARDIZED TESTS (1976 AND 1977)
MA 111, MA 121, MA 181 - COLLEGE ALGEBRA

Placement Percent Percent Total Number of
Category Successful Unsuccessful Observations
1977
3 33 67 36
4 66 34 35
5 83 17 23
6* 93 7 15
5 and 6% 87 13 38
1976
(Cross-Validating Year)
3 35 65 43
4 63 37 51
5 77 23 30
6% 86 14 7
5 and 6%* 78 22 37
1976 and 1977
3 34 66 79
4 64 36 86
5 79 21 53
6% 91 9 22
5 and 6% 83 17 75

*Presumably students whose trigonometry background was
insufficient for calculus.
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TABLE 8

VALIDITY DATA FOR STANDARDIZED TESTS (1975-77)

Placement
Category

5 or below
6

5 or below

6

5 or below

6

Percent Percent
Successful Unsuccessful

1976 and 1977

26 74
67 33
1975
(Cross-Validating Year)
43 57
94 6

1975, 1976 and 1977

32 68
77 23

MA 132 CALCULUS WITH ANALYTIC GEOMETRY I

Total Number of
Observations

27
27

14
17

41
44
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TABLE 9

COMPARISON OF VALIDITY DATA FOR THE TPT
WITH THAT OF THE ACTM-CAT II COMBINATION

Placement Percent Percent Total Number of
Category Successful Unsuccessful Observations
TPT ST TPT ST TPT ST

MA 100 Intermediate Algebra

1 39 49% 61 51% 33
2 59 65 41 35 17
and 4 84 85 16 15 83

MA 111, MA 121, MA 181 - College Algebra

3 28 34 72 66 18
4 62.5 64 37.5 36 24
and 6%* 85 83 15 17 62

MA 132 Calculus with Analytic Geometry I

or below 0 32 100 68 2
6 77 77 23 23 30

*These become: 427 successful; 587 unsuccessful; when

140
109
52

79
86
75

41
44

students for whom one test score is missing are omitted

from consideration.

*%*Students who, presumably, lack a trigonometry background.
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This is similar to each of the years considered, not
an effect of one particular year.

In the other borderline category, 4, we find 23
percent of the 1979 college algebra students, compared
to 36 percent for 1976 and 1977, a difference less
marked than at level 2 but a difference nevertheless.

One could argue cogently that more students in
borderline categories is "good," because there is
correspondingly greater flexibility; students can
assess their own motivation - difficult to measure
objectively - and determine an appropriate course
based on that assessment. An equally persuasive brief
could be made for more precise guidelines. Significant
differences in favor of one method of placement or the
other will not resolve this point; they may indicate
which is to be preferred but not why. The issue
remains moot, but it is an interesting one and deserves

further investigation.

MEASUREMENT

The Independent Variables

The independent variable of cardinal interest in
this project is "treatment," or method of mathematics
placement. 1In particular, the subjects who were

recommended to a specific course or level and took
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that course, or one at that level, will be carefully
studied.

Some students, however, did not abide by the
placement advice tendered. Mathematics placement at
LSSC is advisory only, partly because of the difficulties
of enforcing mandatory placement. Students may take a
mathematics class other than the recommended one if
they obtain their major field advisor's consent to do
so (and some have made their way around that requirement,
as is their wont). Some may feel inadequate to the
recommended course, or equipped for a more difficult
one. Their advisors may suggest another choice,
perhaps because the placement data were not carefully
noted; perhaps for other reasons, as in the case of
the advisor to the medical technology students. He
believes that their first year's curriculum is so
difficult that MA 111 - to be succeeded by MA 112 and
MA 113 in subsequent terms - is the best way to meet
the National Accrediting Agency for Clinical Laboratory
Sciences' requirement for 12 units of college-level
mathematics, even for very capable students.150

To complicate the issue further, a supplemental
placement device is rather informally employed in
sections of MA 132. The calculus instructors give
each of their students a copy of the previous year's

MA 121 (pre-calculus) final examination. The students
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are told to treat it like a take-home test. If they
can solve the problems readily, they belong in calculus;
if not, they are advised to drop it and enroll in MA 121.
The students who decide to make this change may not all
have been recommended to calculus to begin with. Some
could have been from "level 4" or "level 5;" some

could have been directed to MA 121 by a mathematics
faculty member. The same phenomenon can and does

occur in other courses: students may be told to take

a certain course, decide to take another, then discover
that the original recommendation was better and enroll
in that.

Measurement and analysis are of interest for those
students who took the course recommended by treatment.
The point of view taken here is that intermediate
gyrations are not important: students who bounced
around once or twice before settling in the recommended
course will not be distinguished from those who did
so initially.

To the author's surprise, this attitude has proved
controversial in some quarters. Certainly the two
kinds of student are "different" in unidentified -
perhaps unidentifiable - ways. And perhaps the term
"successful placement" is a misnomer in this context;
what the author and the interested parties at LSSC

actually want to know is this: was the original
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placement advice accurate? Was the student successful

or unsuccessful in the course recommended by treatment?

The query as to whether or not placement was "successful"
in the sense that a student was initially obedient to
its commands is not addressed.

There is, moreover, no reason to suppose that the
students who "bounced around" are not distributed
proportionately across treatment groups, and one reason -
random assignment - to suppose that they are. This
question cannot be answered with accuracy because there
is no permanent record of course changes made during
the first six days of instruction. The author digd,
however, retain the preiiminary class list for MA 121
and was able to identify students who added the course
during or after the first day of classes. In most
cases, these individuals had initially signed up for
calculus and then been scared out by the MA 121 final.

A rough estimate by Dr. Thesing is that these 14 students
account for one-third to one-half of those who made
mathematics course changes in the first six days.

Their distribution across treatment groups may or may

not be representative. Nine of the 14 were experimental
subjects; three of these nine had been placed by Tl'
three by T2 and three by T3!

Although the original assignment of subjects to

treatment groups was under the experimenter's control,
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the direction of students to classes as a result of
the treatments was not. We are led to consider six,
not three, levels of the principal independent variable:
1 - students who were placed in mathematics courses by
the TPT and who eventually took the recommended course
(or one at the recommended level);
2 - students placed by ACTM and CAT II who eventually
took the recommended course or level;
3 - students placed by faculty advising, who eventually
took the recommended course;
4, 5, 6 - students in Ti-3 who, ultimately, did not
take the recommended course or level.

There is another independent variable, which was
used to provide insight on whether the provision of
a specific course on the placement roster improves
the chances of a student's choosing that course. It
will be called N, for nomenclature; there are two
levels:
1 - student's placement was given explicitly as Basic
Math or MA 100;

2 - student's placement was coded as 1 or 3.
Difficulties

"In studies of academic achievement the traditional

criterion of performance is the student's grades."151

Especially is this true of placement studies in



86

mathematics, as a review of the literature demonstrated.
This criterion has given rise to numerous sources

of concern. What shall be said of a student who receives

an F in Basic Mathematics? Clearly the student was

accurately placed; no lower placement is available;

yet application of the grading scale results in a

decision of "unsuccessful placement.f Reilly addressed

this difficulty by using a "combination of self-report

data and course performance."153

A student was considered to be ideally placed
in a remedial course if he did not find the
course repeating past learning experiences.

A student who failed to obtain a grade of C
or higher was also considered ideally placed
regardless of his opinion of the course. All
other students in remedial courses, including
those neutral toward the repetition question,
were defined as "misplaced remedial."154

At the other extreme, "the majority of students
receiving 'A's' may be working at their full potential;
some, however, may have been capable of accelerating

their educational progress by enrolling in the next

w155

advanced course. Shana'a resolved this difficulty

by omitting "the subset of students receiving grades

of A from the sample classified as properly placed."156

Reilly's approach:

A student was considered ideally placed in

a regular course if he was given a grade of
C or better and disagreed with the statement
that the course was too difficult for him.
All other regular course students were
considered misplaced. 157



87

is puzzling unless his statement that "a regular course

is generally the highest level course in which a student

158

may be placed" is interpreted to mean that only one

such course was available. Otherwise, students achieving
a grade of A and finding the course "too easy" (although
they were not asked that question in "regular courses")
would be considered as "ideally placed." This would not
correspond to the notions of ideal placement held by most.
If grades are selected as the primary or exclusive
standard of successful placement, we must also ask
whether or not "the uncontrollable variables such as
different instructors, diversified grading philosophies,

and divergent teaching techniques have relatively

insignificant roles in determining the final grade."159

There are other, profound reasons to dispute a
choice of grades as the sole criterion of accomplishment.
Lavin's discussion merits quoting at some length.

In studies of academic achievement the
traditional criterion of performance is
the student's grades. ...

The overriding use of this criterion has
been a cause of concern to some persons.
There are three issues here. The first
involves the question of the goals and value
premises that underlie the heavy emphasis

on grades as an index of academic performance.
A second is whether there are other socially
significant values and goals in terms of
which aspects of performance besides grades
become important. Third is the question

of the degree to which the traditional
emphasis on academic performance is related
to these other values. ...
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Because of .. practical considerations and
perhaps because of the ease of obtaining
data on grades, high grades have assumed
the status of a terminal value; academic
performance, particularly as represented
by high levels of academic achievement,
has become an end in itself.

However, if we view the educational process
within a broader context, other aspects

of the student role may assume greater
importance. Formal education is one aspect

of the socialization process. When we speak
of this process, we imply that we are
socializing for something - primarily for
performance In a variety of adult roles. ...
if career success, critical-mindedness,

and creativity are valuable for a variety

of personal and societal goals, what is

the meaning of grades (especially the implicit
value position that high grades are inherently
good) in the context of these other values?

In short, there is a question as to why -

and for what - grades are important. ...

If grades will not predict future eminence,
and if the early identification of outstanding
talent is a task worth pursuing, there is

a need to develop additional criteria of

good student performance. ...

Of course, grades are not unimportant.

They are unquestionably an index of competence
in school work, but within the context of

some personal and societal goals, reliance
upon grades as the only criterion of student
performance is unwarranted.l160

What "additional criteria of good student performance"
are relevant? Shana'a suggested that

Ideally we could speak of a student achieving

success in a course if all or any of the

following occurs.

1. The student experiences a growth of his
rational powers.

2. He develops an interest and curiosity
about the field of study and is motivated
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to continue work in that area.

3. He displays mastery of the material
and is ready to study more advanced
concepts in the field.

4. He has been challenged to put forth
maximum efforts in constructive learning
activities.

5. His time has been utilized in effective,
significant ways during the course.l61l

(It might be noted that, having set them forth,
she promptly rejected them.

..these results are often nebulous and
uncontrollable, sometimes unidentifiable,

and if recognized and identified, difficult
to measure. Moreover, when they can be
measured, no absolute scale permits one

to draw a line between a success and failure
dependent on the amount of variation shown.
Even if the foregoing five criteria represent
proper outcomes from a course, they are not ..
well-defined common criteria which can be
used to promote or judge educational efficiency.

We need, therefore, a criterion which is
readily accessible, recognizable and acceptable
to use in judging an individual's success in
any course. We are .. led to the academic
grade a student receives in the course. ...

We will assume .. that the most efficient,
practical measure of a student's academic
success is his final course grade.l1l62)

Bloom, Krathwohl and others recognized the need for
a "classification of the student behaviors which represent
the intended outcomes of the educational process."163

The Cognitive Domain, the first handbook of the Taxonomy

of Educational Objectives, divides "the cognitive

objectives into subdivisions from the simplest behavior

164

to the most complex." Very briefly, these objectives
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are:

1.00 Knowledge

1.10 Knowledge of specifics

1.20 Knowledge of ways and means of dealing
with specifics

1.30 Knowledge of the universals and
abstractions in a field

2.00 Comprehension

2.10 Translation
2.20 Interpretation
2.30 Extrapolation

3.00 Application

4.00 Analysis

4.10 Analysis of elements
4.20 Analysis of relationships
4.30 Analysis of organizational principles

5.00 Synthesis

5.10 Production of a unique communication
5.20 Production of a plan, or proposed set
of operations
5.30 Derivation of a set of abstract relations

6.00 Evaluation

6.10 Judgments in terms of internal evidencel

6.20 Judgments in terms of external criteria 65

A second handbook classifies aspects of The Affective

Domain. "The search for a continuum that would provide
a means of ordering and relating the different kinds of
affective behavior" was "perhaps the most difficult

part of the task of building the affective domain of

the Taxonomy."166

"Internalization" provided that means.
This word seemed an apt description of

the process by which the phenomenon or value
successively and pervasively become [sic]

a part of the individual. When we tried

this concept as an organizing principle,

we found we were able to construct a
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meaningful continuum.167

In outline form, the affective goals delineated by
Krathwohl, Bloom and Masia are:
1.0 Receiving (Attending)
1.1 Awareness
1.2 Willingness to Receive
1.3 Controlled or Selected Attention
2.0 Responding
2.1 Acquiescence in Responding
2.2 Willingness to Respond
2.3 Satisfaction in Response
3.0 Valuing
3.1 Acceptance of a Value
3.2 Preference for a Value
3.3 Commitment
4.0 Organization
4.1 Conceptualization of a Value
4.2 Organization of a Value System
5.0 Characterization by a Value or Value Complex
5.1 Generalized Set 168
5.2 Characterization
There is no question of the value of these characteri-
zations. Further, the handbooks provide insight into
identification and measurement of the concepts involved.
The organizing principles of "complexity" and "internali-
zation" are continua along which one might "draw a line
between success and failure."
There are two major disadvantages. One is the
issue of practicability illumined by Lavin. The task
of developing and validating such criteria before
proceeding with the present experiment would have been

enormous; that of obtaining final course grades, slight.

The other demurrer is perhaps less tainted. Students
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in Basic Mathematics and Intermediate Algebra classes
are expected to exhibit some knowledge and comprehension
of the material studied and, to a limited extent, an
ability to apply it. We also hope for reception and

at least "acquiescence in responding" from them. More
suitable to higher-level courses, such as MA 121 and

MA 132, would be the attributes of application and
analysis, acceptance and even commitment. In a word,
the criteria will not be uniform across courses unless

they can be transformed to a common standard.

The Dependent Variables

The fall term 1980 mathematics grades of experimental
subjects who enrolled in one of five courses: MA 100
Intermediate Algebra; MA 111, MA 121 and MA 181, college
algebra; and MA 132 Calculus with Analytic Geometry I;
were examined. A dichotomous variable X was called
"successful" if a student's grade was A, B, C, "Credit"
or "Credit by Examination;" X became "unsuccessful" when
the mark was D, F or N. This was considered to be a
reasonable and meaningful measure of placement effects.

A second dependent variable, Y, was almost identical
to X; however, grades of "A" were excluded from considera-
tion.

A third variable, G, took on the exact value of the

grade received: that is, G =A, B, C, D, F or N. G was
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not converted to any numerical scale.

Also of interest was whether one placement method
tended to place students at a higher level of mathematics
than the others. Thus arose the variable C, whose
values are "Intermediate Algebra," "College Algebra" or
"Calculus with Analytic Geometry I."

A measure, I, consisting of instructors' assessments
of congruity of courses to students was employed.169
Copies of final class lists were sent to those teaching
MA 100, MA 111, MA 121, MA 181, MA 132 and Basic
Mathematics, who were asked to characterize their
freshmen students in one of four ways:

1 - student is working at the right level;

2 - student should have taken a lower-level course;

3 - student should have taken a higher-level course;
4 - I don't know this student well enough to comment.

Finally, the dependent variable of interest in
the investigation of "naming versus coding" is similar,
but not identical to C. It will be denoted D, and its
levels are:

1 - student took Basic Mathematics, if that was recommended,
or MA 100 if that was the indicated course;
2 - student took a course other than the recommended one;

3 - student did not elect any mathematics course.
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Rationale

Although no ideal method of measuring successful
placement has been discovered, the dependent variables
chosen resolve or attenuate many of the difficulties
encountered in making such a choice.

The issues Lavin raises are far-reaching. 1Is a
"heavy emphasis on grades" suitable to the "goals and
value premises" that underlie this experiment? The
answer is a qualified "yes." The emphasis is on a
relatively narrow aspect of the educational process:
obtaining optimum placement in fall term mathematics
classes for incoming freshmen.

Neither students nor faculty members would be
likely to characterize placement as "successful" if
it results in a grade of D, F or N. Conversely, a
grade of C or better usually indicates success; there
remain, however, the questions of whether these students -
especially the A students - have found the course to be
a repetition of material learned earlier; could have
succeeded at a higher level of mathematics; have found
their acuity or creativity dulled by the relatively
low level of the material. This is another "socially
significant value and goal" that deserves investigation,
and the "traditional emphasis on academic performance"
will not illuminate it. Three approaches have been

taken here: first, examination of Y, the result of
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eliminating A grades when calculating the dichotomous
variable; next, by considering each set of grades as
a separate entity (the variable G); finally, by
considering the instructors' evaluations of course
suitability.

The emphasis on high grades that Lavin finds
disturbing has been diluted by dichotomizing the
variables X and Y. If analysis of these were to
reveal no significant differences among treatment
groups and if examination of the teachers' opinions
did not indicate a large number of A students working
below the level of their capability, there are other
hypotheses worth testing. Does one placement method
produce a larger number of A's and B's than another?
Does one method result in students being placed at a
higher level of mathematics than the others? G and C
were introduced to clarify these issues.

On the question of whether different instructors
play a significant role in determining a student's final
grade, the author's experience has been very like that
of Shana'a, who maintained

that the nature of mathematics and its objective

rather than subjective characteristic of testing

permits grading practices more divorced from the
instructor's individual feelings than possible
in fields such as English, philosophy or

education.l1l70

Both [objective evaluation of student achieve-
ment and objective grading practices]...can be
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carried out quite independently of most
subjective factors such as essay examinations
and personality differences between teachers
and students which could offset the learner's
comprehension of the subject.1l71

To obtain evidence in support of this viewpoint,
she tested the hypothesis that

The correlations between the given predictive
variables and the common examination grade in
one multi-sectioned course are significantly
greater than the correlations between the
same predictive variables and the final
course grades as issued by the several
instructors of the course.l72

A sample of 283 freshmen, representing 14 different
sections of the same course and taught by ten different
instructors, was used to test this hypothesis, which was

rejected for each pair of correlations with

the eight predictive variables at the five

percent level of significance. Other studies

have verified that correlations of given

variables with a criterion such as a course

grade which is an average of many tests

tend to be equal or higher than those based

on a single test score. Thus the course

grade is as valid a criterion as the more

uniform, standardized examination which

limits variances caused by different teaching

philosophies, grading practices, etc.173

The use of instructors' judgments represents an
imperfect but optomistic attempt to transform the
cognitive and affective objectives of Bloom, Krathwohl,
et al., to a common standard. It is assumed that teachers
of MA 132 who find their calculus students applying
and analyzing their knowledge, accepting and committing

themselves to mathematical principles, will rate such
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students as "working at the proper level;" if they are
merely displaying "knowledge of specifics," the
instructors would not so rate them, although Basic
Mathematics pupils doing so would be considered as
properly placed.

Two further discussions are in order. One concerns
the classification of D students as "unsuccessfully
placed,"” an action that may seem contradictory because
D is a passing grade and permits a student to enter
the next higher level of mathematics at LSSC. This,
however, is a formal rule of the college and does not
correspond to the actual state of affairs in mathematics.
Few students receiving a grade of D go on to the next
course; the chances of receiving a grade higher than F
for those who do are almost non-existent. Most
mathematics teachers warn students that unless they
have received a grade of C or higher in the pre-
requisite course, they are not going to pass the
present one. The college does have an established
policy that D is a passing grade; probably it suffices
as a prerequisite in some of the courses in other
disciplines. For the mathematics teachers to obtain
a variance, a proposal would have to be made and
accepted by various committees and administrators.
Apparently because no serious problems have arisen

from the present way of doing things, no waiver has
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been sought nor are there plans to seek one.

Finally, a word about student-reported data.
Students were not asked if their placement was appro-
priate, if the course was a repetition of earlier work,
if the material was too difficult, for a combination
of reasons. The author confesses to a somewhat
jaundiced view on the subject of such data: on student-
faculty evaluation forms, for example, students report
their class attendance as nearly perfect regardless
of the actual state of affairs. Thus students
unsuccessful in mathematics would - in this writer's
opinion - be very apt to lay the responsibility on
placement, rather than poor study habits or other
personal shortcomings.

As a supplement to the other variables, however,
these appraisals might have been useful and even
illuminating, could they have been collected without
demolishing all the efforts that had gone into avoiding
a "Hawthorne effect." This was not possible. First,
logistics dictated that such data be collected before
the end of fall quarter 1980; otherwise some subjects
would have been difficult or impossible to locate,
whereas a questionnaire could be distributed easily
in the fall term mathematics courses. If students
were required to name themselves, however, there would

be a justifiable concern as to whether or not their
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instructors would see the responses, and to what end.
Even if this had no effect on their answers - which

this author considers very unlikely - it would certainly
serve to make them aware of their mathematics placement.
Those who had wondered vaguely about the "small group”
placement for mathematics would be set to thinking about
it all over again.

If replies were collected anonymously, identification
of subjects by treatment group would become infeasible.
It could have been made clear to subjects at the time
of the experiment that they were in one of three
groups - and just which one - so that they could provide
that information at term's end on a self-report question-
naire. Very definite distinctions would have had to be
made, so that students would not confuse T1 with T2’
nor assume that their contacts with major field advisors

meant, necessarily, that they were in T This of

3
course would have nullified completely the efforts to
avoid reactive arrangements, while entailing a dependence
on students' memories over a period as long as 19 weeks.

Finally, much student-reported data is obtained
informally by faculty members and used, after filtration,
in their judgments about placement. Some of this

information will therefore be reflected in the variable

I.
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Criterion Contamination

The full-time mathematics faculty of Lake Superior
State College was in the summer of 1980 comprised of
Professors Bernard Arbic, Galen Harrison, Reino Hakala,
Thomas Mickewich, Gerald Samson, Gary Thesing and Paul
Wilson. All participated in the experiment by advising
some of the subjects; the number of advisees was:

Arbic - 17; Harrison - 18; Hakala - 14; Mickewich - 15;
Samson - 24; Thesing -17; Wilson - 71.

In August, 1980, Dr. Hakala became Dean of Arts
and Science at Governor's State University in Park
Forest South, Illinois, and therefore did not teach
at LSSC in the fall. Each of the others taught at
least one section of the relevant courses (Basic
Mathematics, Intermediate Algebra, college algebra and
Calculus I). The number of experimental subjects
taught by each was: Arbic - 17; Harrison - 41;
Mickewich - 18; Samson - 10; Thesing -~ 70; Wilson - 66.

There were also two part-time faculty members.

One was Mr. William Gough, who taught a section of

MA 111 with 11 experimental subjects in it; the

other was the author, who taught MA 121, with 23
subjects. Dr. Charles Jones of the Department of
Biology and Chemistry taught a section of MA 100; there

were 23 experimental subjects in that class.



101

Professors Arbic, Harrison, Mickewich, Samson,
Wilson, Gough and Jones made no effort to obtain
placement data about any of their students. The author
looked up placement information for each of the MA 121
students early in the term. Midway through fall quarter,
Dr. Thesing received from the Counseling Center a
list of all freshmen together with their mathematics
placement data. In past years, he has distributed this
list to the other mathematics teachers but, because it
came too late to be useful for placement changes, he
did not do so this time. He did examine his own
students' records.

When asked if any of their advisees were also their
mathematics students, Professors Arbic, Mickewich, Samson
and Thesing replied, "Not as far as I know," or words to
that effect. Professor Wilson said, "Just one, and she's
not going to make it." Professor Harrison, in response
to the same question: "One, and I made a mistake. She's
too smart for 181." The exact number of students whose
mathematics professor was also their T3 advisor, and the
grades and ratings they received, will be reported, by
faculty member, in Chapter Four.

Remembering her days as one of three mathematics
teachers at Mills College in Oakland, California, the
author had anticipated that conversations about

individual advising would abound. On the contrary,
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it appears that no discussions of this kind took place
at all.

It is possible that instructors' awareness of
which students enrolled in the course originally and
which added it later (almost always within the first
six days of instruction) constitutes a form of criterion
contamination. Certainly some instructors can identify
some students who scheduled the course by the drop/add
method; there is no question about it if the student
added after the six-day "grace period," because this
is difficult and complicated. It is hard to believe,
however, that it would make a difference in the assessment
of students. The instructor, whose part in the drop/add
procedure is merely to scrawl a signature on a form
presented during the first busy days of school, would
not always be able to identify these students, especially
as the department head and department secretary may
sign unless the class is full.

Dr. Thesing's facetious remark to the author:
"I guess that you and I are the only ones who are
contaminated," is not technically true; however, we

appear to be the only two who are thoroughly contaminated.
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ANALYSIS174

Contingency Tables and the Log Likelihood Test

All the variables in this study are classification
variables, or categorical attributes. An exception
might have been made for G; omitting grades of N and
utilizing the familiar four-point system would have
permitted the use of analysis of variance (ANOVA) to
test the null hypothesis that mean values of mathematics
grades are equal for all three methods of mathematics
placement.175

This was not feasible. The definition of "successful
placement" adopted implies a much greater difference
between the grades of "C" and "D" than between any other
adjacent pair, so that grades may not be regarded as
continuous, as z-scores, or even as "interval data," as
required by the ANOVA assumptions.176

"A contingency table is .. constructed for the
purpose of studying the relationship between ...

nl77 and several such tables

variables of classification
will appear in the analysis. A chi-square test is
usually employed to test the hypothesis that the
variables are independent; it is defined by the

where O denotes the

- E12
equation x2 =) ﬂlirgl

observed frequency in a cell of the contingency table;

E is the expected frequency; and the sum is taken over
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all entries in the table.178 This value is compared

with the appropriate value from the chi-square
distribution; i.e., the value corresponding to the
chosen critical region and the number of degrees of
freedom. Should the computed value exceed the tabled

value, the null hypothesis of independence between or

among the classification variables is rejected.179

An alternative criterion to the usual

statistic for comparing observed frequencies
with those expected under a particular
hypothesis is the likelihood ratio criterion, xﬁ,
given by

xi = 2 Z Observed loge(Observed/Expected)

which like x? has a chi-square distribution
when the hypothesis is true. (The degrees
of freedom of Xf are ... the same as for x2).

...The two statistics will take similar values
for many tables. However, Ku and Kullback..,
Williams.., and others show that, in general,
xﬁ is preferable to x? ...180

Sokal and Rohlf point out that this log likelihood
test, or "G-test,"

can be recommended on theoretical grounds
and has also been shown to be more efficient
for variously structured data by empirical
studies. The major advantage of the G-test
is in more complicated designs where it is
simpler to carry out than the chi-square
test and often permits certain types of
detailed analyses which are impossible

using x2 ... 181

The log likelihood test has been chosen to analyze
the hypotheses of interest in this experiment. It is
especially attractive because the three-way contingency

table whose analysis is fundamental to this study is one
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of the "more complicated designs" referred to by

Sokal and Rohlf.
Data Based on Grades
Data Matrix

Data based on fall term 1980 grades will be laid
out in a three by six by six matrix M, whose entries
will consist of the total number of subjects falling
into certain categories. The first dimension, rows,
of M designates "mathematics course level." Rows
will be subscripted by the letter i; i = 1 corresponds
to MA 100 Intermediate Algebra; i = 2, to the college
algebra courses, MA 111, MA 121 and MA 181; i = 3, to
MA 132 Calculus with Analytic Geometry I.

The second dimension, columns, is course grade,
subscripted by j; values of j =1, 2, 3, 4, 5, 6,
correspond to grades of A, B, C, D, F, N, respectively.

The third dimension, "layers," signifies treatment
group for those who took mathematics at the level
that was recommended by placement for k = 1, 2 and 3.
Values of k = 4, 5 and 6 indicate the students who

took a course at a level different from that prescribed

by Tk-3'
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Preliminary Analysis

Denote the (i, j,k)th element of M by m, A

jk*
six-element contingency table (ak) will be generated

from M in the following way:

To each ay will then be added the number of Basic

Mathematics students in 'I‘k to obtain:

TIGURE 2
TREATMENT GROUP-OUTCOME CONTINGENCY TABLE FORMAT

TREATMENT GROUP

T T T

OUTCOME 1 2 3
Took placement

advice al a2 a3
Did not take a4 a5 a6

advice

This table will be used to test the null hypothesis that
"taking placement advice (ultimately) is independent of
the method of mathematics placement." The five percent
critical value of chi-squared for n = 2 degrees of
freedom is 5.99; it will be compared to the G-value
(the log likelihood value) for these data.

It is assumed that the test will confirm the

hypothesis of independence; if not, careful interpretation
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of further results is mandated.

The Fundamental Analysis

For k =1, 2, 3, let

3 6

fl1k © jzl ™15k f12x T jZ4 ™13k
33 6 3

L1k © jzl izz ™23k faok T jZA iZZ ™23k

<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>