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ABSTRACT

Methods for predicting specific college course grades, based on small
numbers of observations, were investigated. These methods use collateral
information across potentially diverse institutions to obtain refined within-
group parameter estimates. One method, referred to as pooled least squares
with adjusted intercepts, assumes that slopes and residual variances are homo-
geneous across selected colleges. The second method, referred to as Bayesian
m-group regression, allows estimates of slopes and residual variances to vary
across colleges, without ignoring available collateral information. These
central prediction models were compared with the more usual procedure of
deriving regression equations within each college considered in isolation from
other colleges. It was found that for both models employing collateral infor-
mation, a sample size of 20 resulted in a level of crossvalidated prediction
accuracy comparable to that obtained using the within-college least squares
procedure at colleges with 50 or more observations. The Bayesian approach
outperformed the pooled least squares approach. It is noted that the Bayesian
approach is highly adaptive to different structures and can thus be expected

to outperform the other two procedures across most situations.




Central Prediction Systéms for
Predicting Specific Course Grades

Through the ACT Assessment‘ Progréh, postsecondary institutions can
predict their ffeshmen‘ students' grades 1in specific courses. Typically,
institutions use specific course grade prédictions for placement in courses
requiring varying levels of écédemié developmént. For example, students with
low predicted chances of success iﬁ a sténdard freshman English course might
be advised or required to énroll in a remedial English course. On the other
hand, students with a high predicted brobability of success in an accelerated
course might be encouréged to enrolibin it.

Institutions usualiy make placemént decisions on the basis of explicit
selection on test scoreé; for example; studenté wifﬁ ACT English test scores
less than 16 might be placed in a remedial English course. Through the ACT
Standard Research Service (SRS);‘inéfitutioﬁs can make placement decisions
using all four ACT test scores éﬁd sfudent's self-reported high school grades.
Such placement decisions, 'baséd ‘on ‘mofé infofmation, are potentially more
accurate than decisions based on'single test scores.

The placement rulesﬁderiVeduthfough participation in SRS are based on
prediction equatiohs for specific’wcoursé gfades using student's ACT test
scores in English, mathematics;‘social stuaies, and natural sciences, and the
student's self-reported high'school grades in thesé same areas. Associated
with each prediction equation are an estimated intercept, estimated regression
slopes, and an estimated reéidual vafiance. The multiple correlation
coefficient and residual variance are the standard measures used to assess the
accuracy of the course grade prédictions.

For deciding on whether to place a sﬁudent in a standard level or

remedial course, a predicted grade in the standard level course is computed.
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decision rules for specific course placement (Sawyer, 1988). However, without
an assumption of multivariate normality, these indices are largely
uninformative. In validating placement decision rules, it is perhaps
necessary, but not sufficient to describe the relationship between the
predictor variables and the criterion variable by these traditional indices,

SRS grade predictions are based on within-college least squares (WCLS)
procedures, which use data from each institution separately, in isolation from
the data of other institutions. Potential problems encountered in using
within-group regression equations include the presence of negative regression
weights and a lack of adequate prediction accuracy on crossvalidation. As
sample sizes become .smaller, these problems increase in severity. Other
factors that could lead to these problems are the low reliability of specific
course grades and extreme collinearity among the predictor variables.

The present research investigated alternative methods for predicting the
freshman course grades of students. from their ACT scores and high school
grades. In contrast to within-college 1least squares procedures, the
alternative methods, called central prediction systems, use information from
several institutions collaterally to derive a prediction equation for each
individual institution.

There has been research over the past 20 years (e.g.; Novick, Jackson,
Thayer, & Cole, 1972; Rubin, 1980; Braun, Jones, Rubin, & Thayer, 1983;
Houston, 1987) on both the mathematical and empirically observed properties of
central prediction systems. A typical finding in these studies has been that
using collateral information from several institutions can increase both the

prediction accuracy and the stability of estimated regression weights over
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identical to the assumptions in traditional analysis of covariance models.
Thus, the pooled least squares approach is hereafter referred to as the ANCOVA
approach,

Bayesian m-group regression models allow estimates of regression slopes
and variances to vary across institutions. They use collateral information
only to the extent appropriate; when colleges differ greatly in their
regression structures, or as sample sizes become large, Bayesian parameter
estimates converge to the within-group 1east squares estimates. Bayesian m—
group regression brings‘to bear the available collateral information for the
estimation of the regression parameters while allowing for potential
differences to exist among groups. Because the m-group regression model does
not commit. one to rigid a priori assumptions about the similarities of the
within-group regression structures across ;olleges, it is more flexible than
the ANCOVA approach.

The ANCOVA model, in contrast, assumes that regression slopes and
residual variances are homogeneous across institutions. To the degree that
institutions differ in their regression slopes, the ANCOVA approach introduces
pfediction bias. To the degree that institutions differ in their residual
variances, this approach introduces bias into the estimated probabilities
associated with grade expectancies. On the other hand, the ANCOVA model is
simpler to implement and operate.than the Bayesian m-group model.

The WCLS model, fhe Bayesian m-group regression model, and the ANCOVA
model may be compared along a continuum. If all of the colleges were entirely
different in their regression structures, then WCLS would likely be more
appropriate than ANCOVA, If all the colleges were very similar in their

regression structures except for intercepts, then the ANCOVA model would be
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Method
Data Source

Data for this investigation were obtained from colleges that participated
in ACT's Standard Research Service (SRS) during the 1983-84 academic year and
during at least one of the academic years 1984-85, 1985-86, or 1986-87,
Alternative methods were investigated for predicting grades in the following
three specific college courses: writing/grammar, algebra, and biology.
Courses were identified from informaticn collected by Noble and Sawyer (1987).

Colleges were selected so that the number of observations at a given
college for a particular course was less than 100 in the 1983-84 base year and
greater than or equal to 20 in at least one of the crossvalidation years
(1984-85, 1985-86, or 1986-87). Including colleges with both the required and
less than required base year sample size of 50, relative to currently
published SRS guidelines, facilitated making a more precise evaluation of the
potential benefits that may be realized from using collateral information. In
order to obtain a sufficient number of colleges with less than the required
sample size, all analyses were conducted for males and females separately.
Colleges were selected only on the basis of available sample sizes and on our
ability to identify the specific course.

The number of colleges available within each course group and level of
sex; the total number of observations and the ranges of observations within
colleges for both the base year and crossvalidation years, are presented in
Table 1. The term "analysis group" is hereafter used to indicate a particular
course group and level of sex. The colleges within each analysis group were
considered to be exchangeable for the Bayesian portion of the analyses.

Briefly, the assumption of exchangeability implies that one's subjective
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judgements about the within-college regression parameters are the same for all
colleges. See Lindley (1971) for a discussion of this concept.
Procedure

Two ‘different prediction equations were studied: an eight-variable
equation based on the four ACT subtests and the four high school grades, and a
two-variable equation based on the ACT Composite and high school grade point
average. For each prediction equation, regression coefficients and residual
variances were estimated using three different models: within-college least
squares (WCLS), pooled least squares with adjusted intercepts (ANCOVA), and
empirical Bayesian m-group regression.

The specific Bayesian m-group regression model used in this study (Wang,
1988), is an extension of an empirical Bayesian model developed by Rubin
‘(1980) and Braun, Jones, Rubin, and Thayer (1983). 1In all of these models,
data are used to estimate hyperparameters of a common prior distribution on
the within-college regression coefficients (intercept and slopes). The model
in this study (denoted BAYES) differs from the previous empirical m-group
regression models in its treatment of the within-group error variances. In
the BAYES model, data-based estimates are obtained for the degrees of freedom
and scale parameter of the inverse chi-square prior distribution for the
exchangeable within-group error variances. Point estimates of the within-
group regression parameters are taken to be the modes of the posterior
distributions. The mddel developed by Rubin (1980) and Braun, et al. (1983)
uses joint maximum liklihood estimates for the within-group error variances.
The BAYES model used in this study has an empirically determined informative
prior distribution on the within-group error variances and, therefore,

regresses estimates of within-group error variances toward common values. No
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Results

For the eight-variable prediction equation, the WCLS model produced a
large number of negative weights. The percentages of negative regression
slopes across colleges and variables and within analysis groups rénged from
297 (biology-female) to 38% (writing/grammar-male; algebra-male).

For three of the six analysis groups, the eight-variable ANCOVA model
’eliminated‘all of the negative regression slopes. For the remaining three
analysis groups, pooled estimates of the regression slopes associated with one
or more of the predictor variables were negative. A negative weight was
associated with the ACT Natural Sciences subtest in all three of these groups.

The BAYES eight-variable prediction model failed to eliminate one or more
of the negative regression slopes in all six analysis groups. In those
analysis groups in which the pooled estimates obtained under the ANCOVA model
were all positive, however, the BAYES model eliminated a substantial portion
of the negative weights obtained with the WCLS model.

For the two-variable prediction equation, negative regression slopes
obtained under the WCLS model were present in 4 of the 6 analysis groups. For
these 4 analysis groups, the percentage of negative slopes across colleges and
variables ranged from 3% (biology-male) to 15% (grammar/writing-male). For
all 6 analysis groups, both the BAYES and ANCOVA two-variable models
eliminated all of the negative regression weights.

Table 2 reports the means and standard deviations, across colleges within
analysis groups, of the estimates of within-college error variances for two
and eight predictor variables and for the three estimation models. For the
eight-variable equation in the writing/grammar-males analysis group, the

arithmetic mean across colleges of the maximum likelihood estimates of the
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within-college error variances obtained from the WCLS model is .59. The
standard deviation, across colleges, of these estimates is .26. The ANCOVA
model assumes that residual variances are homogeneous across colleges; under
the assumption of homogeneity, the maximum likelihood estimate of the common
within-college residual variance is .73. The BAYES model estimates the
within-college error variances as the modes of the marginal posterior
distributions on the error variances. The average of these Bayesian point
estimates, across colleges, is .68. Their standard deviation, across
colleges, is .14,

Note in Table 2 that for each analysis group, the BAYES model has sub-
stantially regressed the estimates of within-college error variances toward
common values. The extent of the regression effect is reflected in the
reduction in standard deviations between the WCLS and BAYES models. In three
cases (algebra-male-2 variable; biology-male-8 variable; and biology-male-2
variable), the BAYES model regressed the estimates of within-college error
variances virtually»to a constant., For other analysis groups, the regression
effect was more moderate.

The results of the crossvalidation analyses for each analysis group and
prediction equation are reported in Appendix A. The tables there give the
medians, across colleges within analysis groups, of the following cross-
validation statistics: mean squared error (MSE), mean absolute error (MAE),
zero-order correlationvbetween predicted and observed course grades (R), and
prediction bias (BIAS). Results are provided separately for the two-variable
and eight-variable prediction equations, for the three different estimation

models (WCLS, ANCOVA, and BAYES), and for colleges with different base year




