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PREFACE

Educators are constantly'seeking mea&ns to predict the future
behavior of atudents. We wish to make these predictions as effi-
ciently as possible, capitalizing first on student data currently
available, This monograph, the twelfth in the series, was pre-
pared to answer placement questions poaed by the Mathematics
Department and the Junior Division at Indiana University,

Perhaps the most significant outcome of thia atudy is the.
presentation of expectancy tablea which can be used by adviaors
who have minimal qualifications in interpretation of statistical
data, We urge that the resulta of the use of th® tables be made
available to the Bureau for further atudy and refinement,

The Bureau of Educational Studies and Testing 1a a university-
wide applied research and evalustion service center, One of our
major objectives has boen to conduct & series of atudies in the
prediction of student behavior, The first eleven monographs by
title are: S .

" No.'l Predicting Success for University Freahmen'

No, 2 Prodicting Individual Course Success for Entering
Freahmen''

No. 3 "The Prediction and Annlysis of Grade Achievement
Behavior"

No. 4 "Predicting Success for Advanced Graduate Studeata
in Education" ’

"No. 5 "Predicting Success for Master's Degree Studenta
o in Education"

No. 6 "The University Freshman Dropout"’
No. 7 "Who Shall Persist?"

No. 8 "Tests of English Language as Predictors of Success
for Foreign Students''

Noe. 5 ~ "An Anmlysia of Achlevement Behavior in the Law
: School"

No, 10 '"Modern Language Placement: An Alternative to
Testing"

No. 11 "Freshmen View The College Scene: Opinions Before
‘and After the Initial Semester" ’ -
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Many persons have helped in the work of tho rather ex-
tensive research effort, Chief among these have been Dr, George
Springer, Chairman, Department of Mathematics; and Mr, Donald
Brineman, Assistant Dean of Junior Division, Also, we sincerely
appreciated the cooperation of the students who participated in
the study, ’

R.C.P,
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INDIANA STUDIES IN PREDICTION: No. 12

AN ANALYSIS OF ACHIEVEMENT BEHAVIOR
IN SELECTED MATHEMATICS COURSES

Background

During the academic year of 1967-68, the Mathematics De-
partment and the Junior Division at Indiana University jointly
requested that the Bureau of Educational Studies and Testing con-
duct a criterion-related validity study of the College Entrance
Examination Board (CEEB) Mathematics Achievement Test, Level I,
for the beginning mathematics courses at Indiana University.

An ever present proplem for counselors and advisors is the
correct placement of incoming students in courses so that the stu-
dent is challenged and yet can attain an acceptable degree of suc-
cess, This monograph, number twelve in the series of prediction
studies at Indiana University, addresges itself to this problem in
order to provide information leading to better placement of stu-
dents in beginning mathematics courses, The criterion of success
in this project was defined as the final grade received in the re-
spective mathematics courses,

Predictor variables considered in this study were scores -
on the CEEB Mathematics Achievement Test, Level I, and the verbal,
mathematics, and total scores of the CEEB Scholastic Aptitude Test,
Other predictor variables were the number of units of high school
mathematics (Units) which was defined as the number of years during
which a student was enrolled in mathematics courses and the high
school rank (HSR) which is defined as the student's rank ia gradu-
ation class divided by the class size,

High school rank vas scaled in:terms of deciies, The point
which defines the top ten percent of a given graduating high school
class 18 called the first decile, Any student who is in the top '
ten percent of his graduating class is ssid’'to be in the first
decoid? where a decoid is the interval between any two deciles,

15 .weighting system was used in which an "A" was given a
value of 4, "B" a value of 3, "C" a value of 2, D" a value of 1,
~and "F" a value of 0.

2Chnse, C, I., Elementary Statistical Procedures, McGraw
Hill, 1967, ' :

O
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Similarly, the point which defines the next ten percent of a éiven
graduating class is called the second decile., Therefore, a sgiident
who ranks in this part of his class 15 said to be in the second
decoid,

Purposes

The specific purposes of this project at Indiana University
were: 1) to determine the relative effectiveness of the Mathe-
matics Achlevement Test, Level I, as an instrument for placing
students in beginning mathematics courses; 2) to deteraine the most
effective combination of various predictors of achievément in be-
ginning mathematics courses; and 3) to develop expectancy tables
for predicting success in the begimning mathematics courses as an
aid to advisors in placing students, The purposes were essentially
served by conducting three consecutive studies during the academic
year 1967-68,

Descripticns and Procedures

The mathematics courses included in this project are de-
scribed in the following paragraphs and will thereafter be re-
ferred to by the course number accompanying the description.3

A Review of Algebra and Trigonometry (Mil5) is a five credit
hour course which does not count toward & degree in the 0011ege
of Arts and Sclences and is described by its title,

. A Partial Review of Algebra and Trigonometry (M117) is a
three credit hour course which is also described by its title and
does not count toward & degree in the College of Arts and Scilences,

Finite Mathematics (Ml18) is a three credit hour course con-
cerned with set theory, linear systems, matrices, determinants,
probability and linear programming with applications to problems
in the social sciences, -

A Brief Survey of Calculus (MI19) is a three credit hour
course providing an introduction to calculus primarily for stu-
dents in the social Ssciences,

3course descriptions are tcken from the 1968-69 College
of Arts and Sciences Bulletin, Indians University.
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Plsne Analytic Geometry (M1S1l) is a two credit hour course °
dealing with coordinate systems, loci, equstions of curves, straight
-1ine, circle, conic sections and general second degree equations,

Analytic Geometry and Calculus I-II (M215-216) are sequen-
tial five credit hour courses dealing with coordinates, functions,
straight line, limits, continuity, derivative and definite in-
tegrals, spplications, circies, conics, tochniquos ‘of integration
and 1n11n1to series,

The instruments used in this project are described.in the
following parsgraphs and are thereafter referred to by the abbre-
viations which accompany the descriptions,

The Scholastic Aptitude Test? (SAT) of the College Entrance
Examination Board 18 a three hour objective test designed to meas-
ure the development of verbal and mathematical skills and yields
‘three Scores, A verbal score (SAT V) is the measure of reading
comprekension and word-idea relationships, A mathexatical acore
(SAT M) is the mesasure of prblem solving through understanding
of and reasoning with mathe»aticsl symbols, The third score some-
times used s3 a gonvral indicetor of aptitude is the mrithmetic
total of SAT V and SAT M, (SAT TOT),

The intended purpose of the test is the prediction of in-
dividual scademic perforaanceé which may be 2pplisd to adunissions
or placement functions,

The Mathematics Achievement Test, Level I° (LEVEL I) of the
College Entrance Examinstion Bokrd is & on® hour objective test,
"It is & broad rang®, cumulative test with approximately half the
focus of the test on algebra and plane geometry. The remminder
deals with such topics as coordinate geometry, trigonometry, func-
tions, apace perceptions and simple solids, nthﬂnticﬂl reasoning
and the nature of proof, The purpose of the test is "to measure
the level of achievement in particular subjsct fields" "6 which for
this test is mathematics. ST

: 4A Description of the Couogg Board Scholastic Agtit
Test, Conogo Entrance Exsmination Board, 1967-68,

5A Description of the College Board Scholastic Agut
Test, College Entrance Examination noard, 1968-69.-

Gsuueun of Information, College Board Admissions Test,
College Entrance Examination Board, 1968-69, p. 4.
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The first study of the project was conducted in the fall
semester of the acadeuic year, 1967-68, The sample consisted of
all students who received a final grade in M115, M117 and M215 and
for whom information pertaining to LEVEL I, SAT V, SAT M scores
as well as HSR and Units was available, Students receiving grades
of W (withdrawn) or I (incomplete) and those utilizing the pass-
fail option were not included in the study., Students receiving
a8 grade of W~F {withdrawn failing) were included with those stu-
dents receiving &8 final grade of F (failing), The preceding in-
formation was taken from student files and final grades wexre ob-
tained {rom final grade reports,

Although there were small Ns, the trends in the means of
the variables were particularly interesting as all means progress
in the expected direction, The one possible exception is that of
the average grade which 1s lower in M215 than in the other two
courses, Means and standard deviations were generated for all
variables, distributed by courses and are reported along with the
regpective sample sizes in Table 1,

TABLE 1, MEANS AND STANDARD DEVIATIONS OF COURSE GRADE, CEEB
SCHOLASTIC APTITUDE TEST MATHEMATICS AND VERBAL SCORES, HIGH
SCHOOL RANK, CEEB MATHEMATICS ACHIEVEMENT TEST LEVEL I, AND
UNITS OF HIGH SCHOOL HATHEMATICS DISTRIBUIED BY mmam'ncs
COURSE, STUDY I,

: Course '

M115 M117 M215

Variable N =20 N a 59 N = 83

GRADE - Mo 2,75 2,76 2,40
- sD 1,02 1,28 - 1,11

SAT V M . 423,50 493,25 516,64

sp - 78.29 88,81 80,02

SAT M M 512,50 560,00 626,31

SD 62,06 73,95 65,73

HSR o 3,70 2,40 1.80

. : Sp 2,40 1,70 ) 1,50

LEVEL I ¥ 487,00 531,36 609,04

: sp 60,36 72,65 71,86

UNITS M 3,10 3,36 3,68

SD .72 +58 49
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A limitation of the results in this first study resulted
from the general lack of complete sets of predictive measures on .
sufficient sample sizes, particularly for LEVEL I scores, As a-
result of the small sample siZzes in the first study it was decided
to conduct & second study to provide more information relative to
the LEVEL I test,

Since it was apparent that few additional subjects with
LEVEL I scores as a predictive measure would become available, the
LEVEL 1 test was administered in conjunction with final examina-
tions concluding the spring semester, Two parallel forms of the
LEVEL I test were provided by the Educational Testing Service for
this purpose, An important distinction hetween this study and the
previous one 1is that LEVEL I is a "concurrent” measure rsthar than-
a predictive one,

Data for this study consisted of H3R, SAT V, SAT M collected
from student records; the final course grade collected from final
grade reports; and the LEVEL I score from the end-of-course
administration, Samples for this study consisted of those students
enrolled in Mll5 and M117 during the spring semester of the academic
year 1967-68, and for whom complete data were available, Again,
students utilizing the pass-fail option or receiving grades of I or
¥ were excluded from the study. Those receiving grades of W-F
were included and were pooled with those receiving a grade of F.

A possible source of bias in this respect is the exclusion from
the study of those students who as a result of impending failure
in the course did not take the final examination and consequently
the LEVEL 1 test.

Again, the same trend in means of the variables was evident,
All means progress in the expected direction with the exception .
of the mean grade for the students in ML17 which is lower than that
of M115, Means and standard deviations for each variable within
a given course are presented in Table 2,

O
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TABLE 2, MEANS AND STANDARD DEVIATIONS OF COURSE GRADE, CEEB
* SCHOLASTIC APTITUDE TEST MATHEMATICS AND VERBAL SCORES, HIGH
SCHOOL RANK AND CEEB MATHEMATICS ACHIEVEMENT TEST LEVEL I

DISTRIBUTED BY MATHEMATICS COURSE, STUDY II,

Course
M115 _ M117
variable N =211 . - M =154
GRADE M 2,59 2,31
sD 1,11 1,22
SAT V - X 484,10 496,32
sb 95,14 89,12
SAT M M . 453,30 548,87
- 8D 95,52 78,81
HSR M 3,20 2,70
SD 1,90 2,00
LEVEL I ' u 503,76 529,77

SD 78,36 _ © 70,47

The third and final study of this project was comducted as
a result of decisions made on the hasis of the two previous studies,

The samples consisted of all students enrolled in M115, Ml117,
M118, Mi19, M13l, M215 and M216 during the academic year 1967-68 .
for whom SAT V, SAT M, SAT TOT, HSR and final course grade could
be obtained and, in part, overlaps with the samples in the Iirst
two studiea, Exclusions from the study were the same as for the
previous studies and students receiving grades of W-F were pooled
with those receiving grades of F,

Trends in the means were generally similar.-to the trends
in the previous studies, Ono rather consistent exception to these
trends was M119 in which student performance was very high,

Moans and standard deviations classified by course are
presented for each variable in Table 3,

ERIC

Aruitoxt provided by Eic:



(-0 § 09°1 08°1 0L°1 06°T 00°2 w 5 as
oLt 00°2 ov'z 06°1 09°2 oL'z 0z'e oA usH
69°9ST OT°*6€T L8°SET 19°GST ST*EPT €0V £0°LST as
£5°69TT pE°6E8TT LS°960T 09°8ET1 L9°180T TL°0S01 £8°2L6 1 IOL Lvs
ovLL Z8°EL v°2L 9Z°18 . 85°6L 91°9L £1°68 as
£€2°189 $9°819 0Z°08S 6£°109 0S°6LS 86°€5S 8V ° 96V n R lvs
£1°66 Z9°L8 v0°L8 0Z°86 9268 65°88 LZ°E6 as
g 8es 12°02S LE*9TS 12°L€S L1°Z0S €L°96Y ce*oLY X A Ivs
S1°1 61°1 (2% ¢ FA R It 1t 2z2°1 8T°1 as
. 6F°2 9e°Z 6£°% 09°2Z se°z ceee 6v°2 ), FAVID
8LZ = K 8vy = N L0T = R 6T = N 182 = N 2Ty = N 0% = N eTqeTIvA
91IZR SIZR TETN 6TTH STH LITR SITH
28IN0)
*III XanLs

Nmmg SOLIVWWHHLW X Dﬂ.ﬁauﬂ.ﬁmun ANVH 7TOOHOS HOIH az< { STUOOS TVIOL ANV SOTIVHAHIVK
‘TviyaA ISEL HQ:HHE OYISVIOHOS 9730 ‘TAVAD HSHROD J0 SNOILVIASA QUWINVLS NV SNVEN °€ FTAvl

O

Aruitoxt provided by Eic

E



[E

These data were used to generate expectancy tables and mul-
tiple linear regression equations for predicting success in the
various mathematics courses included in this project, Tables and
equations will be presented in a later section of this monograph,

Results

In each of the studies furtber analysis consisted of zero~
order intercorrelations betweer all variables within a given study
distributed by course, In addition a stepwise multiple linear
regression technique was employod to gemerate multiple linear
regresgion equations and multiple correlation coefficients for
predicting achievement in the respective courses from a weighted
combination of the various predictor variables,

In a stepwise multiple regression approach the variable
selected -at the first step 1s the one which makes the greatest
reduction in the residual sum of squares, At each successive
step a variable is selected in such a manner as to provide the
greatest reduction in the residual sum of squares whem taken in
combination with the subset of variables selected by the previous
step,

An alternative to zllowing the variables to enter the re- -
gression oquation in a stepwise manner is to control their entry
by siecifylng the crder of emtry. In study I, all predictor vari-
ables were allowed to enter the regression equation in a stepwise
manner except LEVEL I, which was suppressed until the last step.
The effect was to provide informetion regarding the increase in
predictive power due to the addition of LEVEL I, over all other
variables,

STUDY 1

The sample for M115 consisted of only 20 Ss which was con-
sidered too small for regression analysis, The sample for M117
consisted of 59 Ss, It can be noted that SAT M correlated the
highest with the criterion followed by LEVEL I, HSR, Units and
SAT V respectively, (Table 4)

¥hen one considers the summary regression table in which
all predictor variables were allowed to enter in a stepwise manner
(Appendix A), it is observed that the order im which the predictor

O
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variables entered the equation was SAT M, Units, HSR, LEVEL I and
fipally SAT V., This may be accounted for in part by the correla-
tion of .58 between SAT M and LEVEL I,

The lultiple corrélation (R) between all piedictor variables
and the criterion is .72 while the value for SAT M, Units and HSR
as predictors of GRADE is ,69, The variables 8AT V and LEVEL I
apparently add little to the predictive power. This is further
evident when one considers the reduction in the standard error of
estimate of ,95 for SAT M, Units and HSR as opposed to ,93 for
all variables (see Appendix A),

By forcing LEVEL I into the equation last, it is seen that
very little is addec to the predictive power, This is seen by the
small increase in the multiple correlation and the small reduction
in the stendard error of estimate (Appendix A).

. Tha multiple linear prediction equation for M117 using all
variables is presented in Appendix B, )

- 'The sample for N215 contained 82 Ss, All correlations be-
tween the predictors and the criterion were low with LEVEL I

heving the highest correlatioun of .35 (see Table 4). Interestingly
enough when allowed to enter the regression equatiop in a stepwise
manner, LEVEL I entered first while SAT M was the last to enmter,
The order in which the intervening variables entered was SAT V,
HSR, and Units,

The fact that SAT M was the last to enter may be partially
explained by the intercorrelation of .64 between LEVEL I and
SAT M. The relative order of HSR and SAT V remains the same as
for M117; however, Units is of a8 lower priority, This is not
totally unoxpectod since placement in the various courses is con-
tingent upon Units, For studonts placed in M215 the distribution
of Units has a more restricted range of possible values than for
M115 or M117 (see Tables 1, 2 and 3).

The fact that LEVEL I enters the equation first indicates
that it is the most effective in reducing the residual sur of
squares, This 1is supported by forcing LEVEL I to enter the
equation last and noticing the 6 percent increase of criterion
variance accounted for and the accompanying, although relatively
small, reduction in the standaxd error of estimate,

The question is now raised as to the efficacy of LIVEL I
a8 opposed to & weighted combination of SAT M and HSR, When
LEVEL I is allowed to enter the equation first, the correlation
is .35 which is significant at the .0l level of significance,
LEVEL I accounts for 12 percent of the criterion variance and
when HSR, SAT V, Units and SAT N are allowed to enter the equation

Q
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first they account for an additional 2 percent of the criterion
variance, The corresponding decrease in the standard error of
estimate i3 negligible (Appendix A), Thus, LEVEL I alone pro-
vides as much information as all variables taken together, If

no information regarding LEVEL I were available (simulated by
forcing LEVEL I tc enter the regression equation last) it 1s noted
that SAT M enters the equation first folloved by HSR, These two
variables taken together produce A multiple F. of ,28 which 1is
signiticant at the ,05 level with & standard error of estimate

of 1,08, These two variables account for slightly more than

.8 percent.of the criterion variance, . It can further be seen that

SAT V' and Units add 1little to the predictive power of this mul-
tiple regression equation., Therefore, «EVEL X alone accounts for
12 percent of the criterion variance with an accompanying standard
error of estimate of 1,05 which is an increase of 4 percent over
the 8 percent of accounted-for variance produced by the weighted
combination of SAT M and HSR, The ,03 error in estimated grade -
advantage for LEVEL I (1,08-1,05) over SAT M and HSR is considered
to be negligible, ) : )

In smﬂlry, the 1niornition obtained served as a prelimi~
nary indictment against LEVEL I on the basis of the small return
realized from the cost in time and money necessary to collect the
data, :

The multiple prediction equation ﬁaing all .variables is
presented in Appendix B,
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TABLE 4, ZERO ORDER INTERWRREIATIONS BETWEEN ALL VARIABLES AND
MULTIPLE CORBELATION COEFFICIENTS BETWEEN ALL PREDICTOR VARI-
ABLES AND GRADE DISTRIBUTED BY MATEEMATICS COURSE, STUDY I,

Variables SAT V SAT M HSR LEVEL I UNITS

ML17 (N = 59)

GRADE «33 «60 =.41 52 34

SAT V 31 =25 «27 -.06
SAT M -.28 .58 13
HSR : -.18 : .22

LEVEL I .26
' MULTIPLE CORREIATION = ,72

M215 (N = 83)

GRADE .08 023 "023 «35 -003
SAT V 44 -.38 .48 -1l
SAT M -34 .64 -.17
HSR ~o45 22
LEVEL I ' -,04

MULTIPLE CORREIATION = ,38

STUDY II

The data were not available to analyze further LEVEL I as
a predictor variable, The only workable way for analysis of
LEVEL I as a predictor of GRADE was to administer LEVEL I ea a
postteat to stwdents enrolled in eacz mathematics course, How-
ever, in order to gain some insight into the relationship Letween
LEVEL I, SAT M and GRADE, LEVEL I was administered in conjunction
with finsl examinations in Ml1l5 and M117 during the spring
gemester, :

The sample for M11l5 consisted of 211 Ss for whom complete

data were available, In this study LEVEL I was administered as
a concurrent validity measure rather than a predictive measure,

O
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The zero order correlations of SAT M and LEVEL I with the
criterion were ,46 and ,45 respectively, followed by HSR and
SAT V, A most revealing correlation is the one between SAT M, a
predictive measure and LEVEL I, 8 concurrent measnre, the magni-
tude of which 1s ,71 (see Table 5), Since LEVEL I is pot a pre-
dictive measure, only SAT M, HSR and SAT V were allowed to enter
the multiple regression equation and they entered in that order,
The multiple correlation using all thrss predictors was .56 with
a standard error of estimiate of ,93, If only SAT M and HSR are
considered, the multiple correlation is .55 with a standard error
of estimate of .94, It is, therefore, obvious that SAT V adds
little to the predictive power,

- The multiple regression equation using SAT M and HSR is
presented in Appendix B,

In the data for M117 the zero order correlations between
the respective variables and the criterion lacked the general
consistency heretofore exhibited, HSR with & correlation of .57
(disregarding the negative sign) was highest followed by LEVEL I,
SAT V and SAT M (see Table 5), However, consistency was seen in
the relatively high correlation between SAT M and LEVEL I, .61,

HSR was selected first by the stepwise routine in multiple
regression. followed by SAT M which increased the correlation (R)
to .59, When SAT V was included, the multiple R was ,60, .Al-
though HSR produced the greatest single reduction in residual
score variance, consistency was exhibited in that SAT V added
1ittle to the predictive power,

The multiple linear regression equation for pi'edicting
GRADE from SAT V, SAT K and HSR is presented in Appendix B,

M215 is the first semester course of &8 two course gequence
and hence no data wereavailable for M215 in tiids study duxing

. the spring semester,

O
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TABLE 5, ZERO ORDER INTERCORRELIATIONS BETWEEN ALL VARIABLES AND
KULTIPLE CORREIATION COEFFICIENTS BETWEEN ALL PREDICTOR VARI-
ABLES* AND GRADE DISTRIBUTED BY MATHEMATICS COURSE, STUDY 1I,

Variable SAT Vv SAT M - HSR LEVEL I

M115 (N = 211)

GRADE W17 .46 -.39 45

SAT V .44 -.33 .30

SAT M -.20 .71

HSR .23
MULTIPLE CORREIATION = 56

M117 (N = 154)

" GRADE ' .37 .35 -.57 .50
&T V .50 -041 041
SAT M -.38 061
HSR . .36

MULTIPLE CORREIATION = .60

*LEVEL I was not a predictor variable and was not included in
the multiple correlation,

In view of the consistently high correlation bétween SAT M
and LEVEL I scores, the fact that for LEVEL I to be a predictive
measure it would have to be administered as a pretest to those
enrolled in each course and that SAT M and HSR were consistently
the best predictors of GRADE to the exclusion of the SAT V, it
was decided that approximately as many error free placement deci-
sions could be made using predictive measuvres SAT M and HSR,
Exclusion of SAT V from the multiple prediction equation is sup-
ported by thecbnsistentlyhigh intercorrelations between SAT V
and SAT M, the subsequent small increase in the multiple R and
the corresponding small reduction in the standard error of
estimate,

O
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STUDY I1I

In study III the course enrollments varied from 107 in
M131 to 448 in M215 (see Table 3)., The data for these seven
courses were relatively consistent, In making contrasts, mul-
tiple correlations using SAT TOT and HSR as predictors were com-
pared to those using SAT Vv, SAT M aud HSR to determine which
combination of variables would be the best predictor of GRADE,
Criteria used to make this determination were criterion variance
accounted for by the weighted combinations of the variables and
the reduction of the standard error of estimate,

In each case the muitiple correlation obtained by using
SAT V, SAT M and HSR was as great as that obtained by using
SAT TOT and HSR, Further, tha standard error of estimate obtained
by using SAT M, SAT V and HSR was approximately the same as that
obtained by using SAT TOT and HSR (sce Table 6), One notices that
in every case where the multiple correlation is obtained by using

- SAT V, SAT M and HSR, SAT V is the last to enter the equation and

never adds more than one percemt of accounted for criterion vari-
ance, If at all, it only slightly reduces tha standard errer of
estimate,

Another interesting finding from these dat® was the moder—
ately high intercorrelation between SAT M and SAT V (wmedian r = ,48),
This corroborates the evidence present<d regarding its selection

‘for the regression equations,

O

In courses Mll5, M118 and M119, SAT M entered the regression
equation first, followed by HSR, In courses M117, M131, M215 and
M216 the order of entry was reversed, Examination of similarities
of course descriptions failed to explain this reversal,

ERIC
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TABLE 6, ZERO ORDER INTERCORREIATIONS BETWEEN ALL VARIABLES AND
MULTIPLE CORREIATION- COEFFICIENTS BETWEEN A WEIGHTED COMBINA-
TION OF HIGH SCHOOL RANK AND CZEB SCHOIASTIC APTITUDE MATHE-
MATICS SCORE AS PREDICTORS OF GRADE DISTRIBUTED BY MATHEMATICS
COURSE, STUDY III,

variable GRADE SAT V SAT M SAT TOT HSR
M15 (N = 402)
GRADE 1.00 .26 .49 .43 -.44
SAT V 1.00 .48 .87 ~.31
&T M 1.00 .85 ‘.25
SAT TOT 1.00 .33
HSR _ 1,00
MULTIPLE CORRELATION = .59
M117 (N = 412)
GRADE 1.00 .27 .40 .39 -.47
SAT V 1,00 .45 - .88 ~.33
SAT M 1.00 .83 -.30
SAT TOT 1,00 -.37
HSR 1,00
MULTIPLE CORREIATION = .54
M118 (N = 297)
GRADE 1,00 .26 .39 .38 -.36
SAT V 1,00 .44 .87 -.34
SAT M 1,00 .83 -.27
SAT TOT 1,00 -.36
HSR : 1,00
NULTIPLE CORREIATION = ,47
M119 (N = 149)
GRADE 1.00 .20 .27 .27 ~.22
BAT V 1,00 50 .89 -.42
SAT M 1,00 .84 -.21
SAT TOT ' 1,00 -.38
HSR 1,00

MULTIPLE CORRELATION = ,31
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TABLE 6 (Continued)

variable GRADE . SAT V SAT M SAT TOT HSR

M131 (N = 107)
GRADE 1.00 .21 .33 .31 ~.53
SAT V 1.00 .45 .88 -,32
&T M 1.00 083 -.06
SAT TOT 1.00 -.23
HSR 1,00

MULTIPLE CORREIATION = ,61

M215 (N = 448)
GRADE 1,00 25 .33 .33 ~.36
SAT ¥ 1,00 .48 .89 -,31
SAT M 1,00 .83 -.32
SAT TOT 1.00 -.37
HSR 1.00

‘MULTIPLE CORREIATION = ,42

M216 (N = 238)
GRADE 1,00 .14 .14 .16 -.24
SAT ‘.’ ) 1.00 057 091 ".34
SAT M 1.00 .85 -.30
SAT TOT 1,00 =,36
HSR 1,00

MULTIPLE CORRELATION = ,25

Expectancy tables for predicting success as measured by
course grade for each course contingent upon SAT M and HSR have

E

been constructed on the basis of actual performance by those stu-

dents involved in this study,

course in Appendix C.

These tables are presented for each
Multiple linear regression equations using

HSR and SAT H as predictors of GRADE are presented for each course

in Appendix B,

O
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Summary and Conclusions

The Bureau of Educational Studies and Testing was requested
by the Mathematics Department and the Junior Division at Indiana
University to conduct 8 criterion related validity study of achieve-
ment in beginning mathematics courses during the azademic year of
1967-68, Preliminary investigation revealed that the correlation

‘between SAT M and LEVEL I, both predictive measures, was high,

However, some ambiguity was introduced as LEVEL I contributed
little to the predictive power of GRADE over a weighted combination
of SAT M and HSR in M117 but entered the regression equation first
in M2i5, -

In M215, LREVEL I alone accounted for 12 percent of the
criterion variance with a correlation of ,35, significant at the
.01 level, SAT M and HSR, with a multiple R, of .28, significant
at the .05 level accounted for 8 percent of the criterion variance,
The difference of ,03 of an estimated grade between the standard
error of estimate was considered of little consequence. The 4 per-
cent advantage of LEVEL I over the weighted combination of SAT M
and HSR hardly seemed to justify the expense in time and money
which would have to be incurred due to administrating the LEVEL I
test. te all students enroliing in mathematics, This was especially
true when one considers the ambiguity revealed by the data from
M117,

In Study II more information was sought concerning LEVEL I
before a decision concerning its validity could be reached, Con-
sequently, it was administered in conjunction with final examina-
tion in M115 and M117 in the spring semester of the academic year
1967-68, The correlations between SAT M as a predictive measure
and LEVEL I as a concurrent measure of .71 and .61 for M1l15 and
M117 respectively tended to corroborate the decision to rely on
SAT M and HSR rather than LEVEL I for decision miking purposes,

On the basis of these decisions attention was focused on
SAT V, SAT M, SAT TOT and HSR as predictors of achievement in
courses M1I15, MIl7, M118, M119, M131, M215 and M216,

All subjects enrolled in these courses during the academic
year 1967-68 for whom complete data were available with those
exceptions noted in an earlier part of the study were included in
the analysis,

"In each case, -SAT M and HSR were as effective as SAT TOT

and HSR on the basis of the multiple correlation and the standard
error of egtimate, Further, in no case did SAT V add more than

Q
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1 percent to the accounted for criterion variance nor decrease the
standard error of multiple estimate by more than .0l of a grade
unit. Hence, it was decided that the most efficaclious combina-
tion of predictors of achievement in beginning mathematics courses
was SAT M arnd HSR, The order in which these two variables entered
the multiple regression equation was SAT M and HSR respectively |
for M1l5, M118 and M119 and the reverse for M117, M131, M215 nnd
M216, :

Prediction equations and ezpectancy tables for predicting
guccess based on S8AT M and HSR were generated for each course
and are presented in Appendix B and C respectively,
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APPENDIX A

Appendix A provides summary tables of the stepwise multiple
regression technique for each course within each study, This in-
formation 1s presented in order that the reader may examine the
rationale behind the decisions made im this study,

The step number indicates the order inm which the variables
were selected, Each variable 1s selected im such a way that when
combined with the variables of the previous step the greatest re-
duction in the residual sum of Ssquares occurs,

The multiple R is an index of the relationship between the
predictors and the criterion, The square of the multiple R gives
the proportion of criterion variance accounted for by that combima-
tion of predictors, The increase in RSQ allows one to assess the
contribution of the last variable in terms of accounted for
variance, ’

The standard error of estimate allows one to establish a
band about the predicted grade within which the actual grade of a
certain percent of students should fall,

O
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SUMMARY TABLES OF STEPWISE MULTIPLE REGRESSION
PROCEDURE CIASSIFLED BY COURSE WITHIN STUDIES,

STUDY 1

TABIR 7, ALL PREDICTOR VARIABLES WERE ALLOWED TO ENTER THE

EQUATION IN A STEPWISE MANNER,

STEP VARIABLE -INCREASE S.E,
NUMBER ENTERED R RSQ IN RSQ ESTIMATE
M117 (N = 59)

1 S8AT M +60 «36 «36 1,03
2 UNITS «65 42 «06 +58
3 HSR +69 +48 .06 «95
4 LEVEL I 71 +50 .02 «94
5 SAT V «72 52 .02 093
M215 (N = 83)
1 LEVEL I «35 «12 «12 1,08
2 SAT V «36 +13 .01 1.05
3 HSR «37 .14 .01 1.05
4 UNITS «38 <14 .00 1.06
5 SAT M .38 14 .00 1,06
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TABLE 8, PREDICTOR VARIABLES SAT V, SAT M, UNITS AND HSR WERE
ALLOWED TO ENTER IN A STEPWISE MANNER, LEVEL I WAS FORCED INTO
THE EQUATION LAST,

STEP VARIABLE INCREASE S.B,
NUMBER ENTERED R RSQ IN RSQ ESTIMATE

M117 (N = 59)

1 SAT M +60 +36 +36 1,03
2 UNITS .65 .42 .06 «98
3 HSR «69 «48 .06 «95
4 SAT V «70 «49 .01 «95
5 LEVEL 1 72 +52 03 «93

M215 (N = 83)

1 SAT M 223 «05 «05 1,09

2 HSR 28 .08 <03 1,08

3 SAT V 29 .08 .01 1,09

4 URITS 29 .08 «00 1,09

5 LEVEL I «38 14 «06 1,07
STUDY II

TABLE 9, ALL PREDICTOR VARIABLES ¥WERE ALLOWED TO ENTER THE PRE-
DICTION EQUATION IN A STEPWISE MANNER,

STEP VARIABLE INCREASE S.E.
NUMBER ENTERED R RSQ IN RSQ ESTIMATE

M115 (N = 211)

1 SAT M +46 «22 «22 1,00
2 HSR «55 «30 «09 94
3 SAT V «56 31 .01 «93

M117 (N = 154)

1 HSR «57 «32 «32 1.01
2 SAT M «59 «35 <03 «99
3 SAT V .60 «36 .01 «99

— —————
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STUDY II1I

TABLE 10, ALL PREDICTOR VARIABLES WERE ALLOWED 70 ENTER THE PRE-
DICTION EQUATION IN A STEPWISE MANNER,

STEP  VARIABLE INCREASE S.E.
NUMBER = ENTERED R RSQ IN RSQ ESTIMATE
M115 (N = 402)

1 SAT M .49 .24 .24 1,03
2 HSR .59 .35 A1 .95
3. SAT V .59 .35 .00 .95

M117 (N = 412)

1 HSR °47 22 .22 1

2 SAT M «54 .29 .07 1

3 SAT V .55 .30 .01 1,03
M118 (N = 297)

1 SAT M «39 o15 .15 1,02

2 HSR .47 .22 .07 98

3 SAT V .47 o 2% .00 .98
M 119 (N = 149)

1 SAT M 27 .07 .07 1,08

2 HSR - «31 .10 .03 1,07

3 BAT V «32 .10 .00 1,07
M131 (X = 107)

1 HSR «53 .28 .28 .97

2 SAT M «61 .37 .09 92

3 SAT V . .81 «37 «060 o9l
M215 (N = 448)

1 HSR «36 .13 .13 1,11

2 SAT M .42 .18 .05 1,08

3 SAT V .43 .18 .00 1,08
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TABLE 10 (Continued)

STEP VARIABLE INCREASE S.E,
NUMBER ENTERED R RSQ IN BSQ ESTIMATE

M216 (N = 238)

1 HSR .23 .05 .05 1.14
2 SAT M .25 .06 .01 1.14
3 8AT V .25 .06 .00 1.14

O
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APPENDIX B

In Appendix B are presented the regression equations for
predicting the final grade in & given mathematics course using
mathematics scores on the SAT and high school rank expressed as a
decoid. For example, let us predict the grads of Isaac in M131l
when his SAT M score is 400 and his HSR is 3,2, His predicted
grade is thon found by completing the following computation:
PREDiCTED GRADE equals ,00465 (400) - .32449 (3.2) + ,47446. This
valuve when computed is 1,30 to two significant figures, By adding
and subtracting the standard error of estimate of ,92 a prodicted
grade range from ,38 to 2,32 is obtained, Approximately two-
thirds of the students vho have a weighted combination of SAT M
scores and HSR equal to Johnny's will have actual grades within
this range, )
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STUDY 1

TABLE 11, MULTIPLE LINEAR REGRESSION EQUATIONS FOR PREDICTING

COURSE GRADE,

Equation

Standard error
of estimate

1, Ml17 (N = 59)
+00175 (SAT V) + ,00634(SAT M) +
+00331(LEVEL I) + ,45743(UNITS) -
.14728(HSR) ~ 4,60678 = PREDICTED GRADE
2, M215 (X = 83)
~,00184(SAT V) + ,00046(SAT M) +
.00537 (JEVEL I) - ,11885(UNITS) -

.07839 (4SR) + ,42046 = PREDICTED GRADE

.93
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STUDY Il

TABLE 12, MNULTIPLE LINEAR REGRESSION EQUATIONS FOR PREDICTING
COURSE GRADE, .

Standard error
Equation of estimate

1, M115 (N = 211)

-.030162(SAT V) + ,00519(SAT M) -

«20113(HSR) + 1,45841 = PREDICTED GBADE 93
2, M117 (N = 154)

.00145(SAT V) + ,00201(SAT M) -

«29677(HSR) + 1,31265 = PREDICTED GRADE «99
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STUDY III

TABLE 13, MULTIPLE LINEAR REGRESSION EQUATIONS FOR PREDICTING
COOURSE GRADE,

Standard error
Equation of estimate

1, M15 (N = 402)
«00526 (SAT M) - ,20545(HSR) + ,54792 =
PREDICTED GRADE «95

2, W17 (N = 412)
«00A56 (SAT M) - ,24756(HSR) + ,51153 =
PREDICTED GRADE 1.03

3. M118 (N = 297)
+00445(SAT M) - ,18063(HSR) + ,25343 =
PREDICTED GRADE .98

4, K119 (N = 149)
«00316(SAT M) - ,14417(HSR) + ,98533 =
PREDICTED GRADE 1.07

5, M131 (N = 107)
+00465 (SAT M) - (32449(HSR) + ,47446 =
PREDICTED GRADE 92

6, M215 (N = 448)
«00388(SAT M) - ,20949(HSR) + ,39675 =
' PREDICTED GRADE 1.08

7. M2l6 (N = 238)
.00122(SAT M) - ,18941(HSR) + 2,05473 =
PREDICTED GRADE 1.14
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APPENDIX C
Appendix C presents expectancy tables based on AT M

scores and HSR for each course,

These tables show frequencies, cumulative frequencies and

- cumulative percents of students whose SAT M scores fall within

a given range and whose HSR expressed as a decoid fall within a
given range that achieve a grade of A, B, C, Dor F in a given
mathematics course.

For example, of the thirty-nine students in M115 whose
SAT M scores were from 500 to 549 and whose HSR was in the first
or second decoid,; seventeen students, or forty-four percent re-
ceived A's, Twenty-six cf the thirty-nine, or sixty-seven. per-
cent received A's or B's while virtually one hundred percent of
those students received grades of A, B, or C,
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