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ABSTRACT

This study examined the accuracy of predictions of BEnglish, mathematics,
social studies, and natural sciences course grades, and of overall freshman
GPA. The predictions were based on ACT Asgsessment test scores and on high
school course work and grade information from the ACT Assessment Course Grade
Information Section (CGIS). Estimates of prediction accuracy were compared to
those obtained using ACT scores and the four self-reported grades from the
registration folder (TH index), ACT Assessment scores alone, and CGIS
information alone as predictqrs.

Base-year prediction models were developed using student records from
the 1986-87 and 1987-88 Prediction Research Services history files; these
models were then crossvalidated using data from the same institutions for
1988-89. Separate models were developed and crossvalidated for juniors and
seniors., In addition, total group prediction models were developed and
crogsvalidated separately for juniors and seniors.

The results showed that most ACT/CGIS models slightly increased
prediction accuracy in some subject areas over that obtained by the TH index.
The model based on the four ACT scores and an average of 23 grades improved
prediction accuracy over that of the TH index for more than 50% of the
institutions. The amount of improvement was modest, however. The results
clearly supported the use of prediction models based jointly on ACT scores and

high school grades, rather than on either ACT scores or grades alone.
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PREDICTING COLLEGE GRADES FROM ACT ASSESSMENT SCORES
AND HIGH SCHOOL COURSE WORK AND GRADE INFORMATION

Julie P. Noble

College admissions or placement decisions are often based in part on
predictions of students’ performance during their freshman year (e.g., course
grades or GPA). Students whose predicted performance falls above a certain
level of performance are admitted into the college or course; students whose
predicted performance falls below the specified level may be denied admission
or may be admitted under special conditions.

The Prediction Research Services (formerly Standard Research and Basic
Research Services) provided by ACT allows institutions to develop predictions
of students’ grades in specific college courses. The predictions are based on
regression models composed of students’ ACT test scores (in English,
mathematics, social studies, and natural sciences; in English and mathematics
during the transition to the enhanced ACT Assessment} and their self-reported
high school grades in the same subject areas. .

Predicted grades and regression weights in the Prediction Research
Services are derived for each institution using the TH index, which is
calculated using two prediction models:

ACT English Usage score
a, * ACT Mathematics Usage score

*

+

+ a; * ACT Social Studies Reading score

+ a, * ACT Natural Sciences Reading score

(1) Yy = a + a,

* HS English grade

+ b, * HS Mathematics grade

+ b; * HS Social Studies grade

+ b, * HS Natural Sciences grade

(2) Y, = b, + b,

For these equations, Y; and Y, are the predicted course grades for the
two models; the subscript T refers to the test models, or T index, and the H
refers to the high school grade model, or H index. The TH index is the
average of the twr college grade predictions, the T index and the H index.
The TH index resembles an B-variable prediction model and has been shown to
yield predictions of comparable accuracy (ACT, 1965). The values a;, a,, a,,
a,, a4, by, by, by, by, and b, are regression weights; all values are specific

to an institution and the course grade being predicted. The weights are



calculated from the college course grades, ACT test scores, and self-reported
high school grades for students from each institution participating in the
Prediction Research Services.

The self-reported grades in the four major subject areas are those
traditionally collected on the ACT Assessment Registration Folder (RF). There
are several limitations in using the RF grades to predict college grades:
first, a postsecondary institution cannot determine the exact content of the
courses taken in a particular subject area, and thus cannot determine their
appropriateness for predicting college course grades. In addition, the
institution is limited to high school grades for courses in the four major
subject areas (English, mathematics, social studies, natural sciences). The
Registration Folder does not include course work in foreign languages or fine
arts. Further, each of the four self-reported grades is a single measure, and
thus may be less reliable than information derived from multiple measures.

In the fall of 1985, the ACT Assessment Registration Folder was revised
to include the High School Course Grade Information Section (CGIS), in which
etudents report the courses they have taken or plan to take in high school and
the grades they earned. The CGIS collects information on 30 specific high
school courses in English, mathematics, social studies, natural sciences,
languages, and the arts. Given the greater specificity in reported course
work and grades collected in the CGIS compared to the four self-reported
grades, it might be assumed that a better estimate of students’ knowledge and
skill might be obtained using CGIS data, and thus a stronger relationship with
college grades might be found. The purpose of this study, therefore, was to
determine the accuracy of college course grade predictions in English,
mathematics, social studies, natural sciences, and overall freshman GPA using
ACT test scores and information from the CGIS as predictors. The results were
compared to those obtained using the four self-reported grades, high school
average based on the four self-reported grades, or using ACT scores or CGIS
information alone.

The prediction equations developed for one freshman class are typically

applied to the test scores and high school grades of future freshman classes.
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Because the students enrolled in courses may differ over time in their test
scores, high school grades, or college grades, predictive validity statistics
developed from one years’ data may mis-state the strength of the relationship
associated with actual use of the predictions. Crossvalidation analysis
compares the predicted grades calculated from equations developed from one
freshman class with the actual grades earned by a subsequent class. This
procedure models the actual use of prediction equations by institutions, and
it avoids the tendency of estimates of predictive accuracy based on a single
years’ data to be overly optimistic. A second purpose of this study,
therefore, was to determine the crossvalidated predictive accuracy of college
course grade predictions.

Students typically take the ACT Assessment as high school juniors or
seniors, or after graduating ffom high school (on national test dates and
through "residual" testing on college campuses). Only -high school juniors and
seniors were included in this study; therefore, students will be identified as
either "juniors" or "seniors." Approximately 35% of students nationally take
the ACT Assessment as; juniors, and 65% as seniors (ACT, 1988).

ACT-tested juniors tend to be more academically able than their senior
counterparts: The average ACT Composite score of juniors was about 2.7 ACT
score units higher than that.of seniors in 1988 (ACT, 1988). As a result, the
course work and grades reported by juniors and seniors might be expected to
differ, both as a result of differences in educational development and when
the test was taken. With one more year of high school than juniors, seniors
typically have taken at least one more English course and Social Studies
course than juniors, and slightly more mathematics and natural sciences course
work (Noble and McNabb, 1989). Seniors also have grades for these courses,
whereas juniors can only indicate their intent to take or not take additional
courses. Therefore, for this study, course grade predictions were examined.by
grade level (juniors vs. seniors), as well as for the total group.

The utility of ACT test scores and high school course work, as measured
by grades or courses taken by students, for predicting college course grades

rests on several assumptions:



1. ACT test scores and high school course work and grades either
directly measure or are closely related to the academic skills and
knowledge required for success in particular courses.

2. College course grades are of sufficient reliability and validity
so that they measure real and relevant educational outcomes,
rather than random or irrelevant factors.

If these assumptions are true, then there should be a statistical
relationship between ACT scores, high school course work, and college freshman
grades. Prediction accuracy is therefore a relevant factor in determining the
suitability of using test scores and high school grades for making admissions
and placement decisions.

Earlier Research

Many studies have been conducted that examined the relationships among
college admissions/piacement test scores, high school performance, and college
grades. Test predictor variables have included ACT écores, SAT scores, and
subject-specific tests like the Mathematics Achievemént or CEEB-English tests.
High school predictors have included high school rank, high school GPA, and
four self-reported grades in English, mathematics, social studies, and natural
sciences. These studies were limited, however, both in the nature of the high
school predictors used and in the criteria being measured. The high school
predictors were typically a single value, (e.g., high school rank or GPA) or a
set of individual values (e.g., four self-reported grades). Comprehensive
measures that took into account the specific nature of the courses or the
number of courses taken in each subject area were not used. 1In addition, the
exact nature of the high school information was frequently not specified in
sufficient detail to permit comparing the results across institutions.

The criteria examined in the studies were typically freshman GPA, grades
from a single specific course, or grades from a small cluster of courses. 1In
addition, for all studies except Noble and Sawyer (1987) and Sawyer and Maxey
(1979), the results were based on one years’ data and were not crossvalidated.

Their results could thus be overly optimistic.
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Noble and Sawyer (1987) examined specific college coursgse grade
predictions using ACT Assessment test scores and the four RF high school
grades as predictors. They included a comprehensive review of the research
conducted on the topic. Their findings are summarized below; for a more
detailed description of each study see Noble and Sawyer.

The studies on the relationship between English course grades and test
scores alone reported relatively low correlations, with values ranging from
.13 to .38. Higher multiple R values were reported by Noble and Sawyer
(1987), who reported medium multiple Rs of .41 to .47 (four ACT scores), .38
to .46 (four self-reported grades), and .48 to .55 (four ACT scores and four
high school grades) when predicting college English grades. Under cross-
validation, however, multiple R for the combined model decreased by .00 to .08
across selected English courses.

For the mathematics validity studies, a variety of predictors were uséd
to predict mathematics course grades; the resulting correlations ranged from
.04 to .75. Two studies included high school grades, and reported multiple Rs
of .36 to .47 between high school grades and college mathematics grade
(Bridgeman, 1982; Howlett, 1969). Noble and Sawyer (1987) found median
multiple Rs of .36 to .43 using the four ACT scores, .36 to .46 using four
self-reported high school grades, and .46 to .56 using test scores and high
school grades for predicting mathematic grades. Multiple R typically
decreased by .07 for selected mathematics courses when crossvalidated,
however.

Social studies validity studies generally showed moderate positive
correlations (.32 to .52); these results were based only on test scores.
Noble and Sawyer (1987) reported median multiple correlations of .50 to .56
when four ACT scores and four self-reported high school grades were used to
predict social studies grade, with a typical decrease in multiple R of .03 to
.07 under crossvalidation.

The studies on the relationship between natural sciences grades, test
scores, and high school performance reported correlations of .14 to .61.

Median multiple correlations of .46 to .51 were reported by Noble and Sawyer



(1987) when ACT scores were used to predict Biology and Chemistry grades;
median multiple R increased to .56 and .61 when the four high school grades
were added to the prediction model. For the combined model, typical decreases
in multiple R of .02 to .05 were found under crossvalidation, however.

Each year ACT publishes the Prediction Research Services Summary Tables
(ACT, 1988), which summarize regression statistics derived through the
Prediction Research Services during the previous three years. These tables
include frequency distributions of correlation coefficients and standard
errors of estimate for predicting grades in English, mathematics, social
studies, and natural sciences courses, as well as for predicting college
freshman GPA. Across the four subject areas, median multiple Rs of .39 to .47
were reported between ACT test scores and college course grade (T index), .40
to .47 between high school grades and college grade (H index), and .48 to .56
between ACT scores, high school grades, and college grade (TH index).

The research published since 1975 on predicting overall GPA is
summarized in Table 1. The authors and date of publication, the c¢riterion
used, the test and/or high school course work variables used as predictors,
the sample size, and the correlation coefficients are presented for each
study. For a complete description of the samples and the predictor variables
used in each study, see the specific articles cited.

The research on the prediction of college GPA using test scores and high
school grades showed somewhat larger correlations than models using test
scores or grades alone. Lenning (1975) and Sawyer and Maxey (1979) reported
multiple correlations of .53 to .63 for predicting college GPA from the four
ACT scores and four self-reported high school grades.

The correlations between high school rank or high school record alone
and college GPA were typically between .41 and .56, though Willingham and
Breland (1982) reported correlations as low as .25 using high school rank.
Sawyer and Maxey (1979) reported crossvalidated correlations of .43 between
the four self-reported high school grades and college freshman GPA.

When test scores alone were used to predict college GPA, the

correlations ranged from .40 to .50 for ACT scores, and from .27 to .42 for
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SAT scores. There were three exceptions: Willingham and Breland (1982) and
Camercon (1989) reported correlations of .57 to .61 between SAT scores and
college GPA, and Lenning (1975) reported correlations ranging from .50 to .59
between the five ACT scores and college GPA. Sawyer and Maxey (1979) reported
median crossvalidated correlations of .48 to .50 between ACT scores and
college freshman GPA.

Data for the Study

The analyses in this study were based on student records submitted by
institutions through their participation in ACT’s. Prediction Research
Services. Each student record contained the four ACT test scores in English,
mathematics, social studies, and natural sciences, plus the ACT Composite
score (the average of the four test scores). Scores are reported on a
standard scale of 1 to 36. 1In addition, each record contained two sets of
high school course work information: the four RF grades in English,
mathematics, social studies, and natural sciences, and the course-taking and
grade information from the CGIS (see page 2). High school grades (RF and
CGIS) were reported on a O (F) to 4 (A) point scale. A high school average
(HSA) based on the four RF high school grades was also included.

The ACT scores used for this study were those of students who tested
prior to the intrcduction of the enhanced ACT Assessment in Fall 1989. This
study will be replicated when there is a sufficient number of student records
with "enhanced" ACT scores and college grades.

The CGIS collects information on 30 specific courses typically found in
college preparatory high school curricula. Students are asked to identify the
courses they have taken, the courses they plan to take in high school, and the
grades they earned. Data are collected for four English courses, seven
mathematics courses, seven social studies courses, four natural sciences
courses, four foreign language courses, and three fine arts courses. The CGIS
is reproduced in Appendix A.

Each student record in the Prediction Research Services also contains
grades for one or more specific freshman courses chosen by individual

institutions. Detailed descriptions of courses used in this study (e.qg.,
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"college algebra™) were not possible, however; instead, college course grades
were classified in the four general subject areas of English, mathematics,
social studies, and natural sciences. All other courses reported by
institutions (e.g., Religion or Agriculture) were not included in the study.
All course grades were reported on a 0.0-4.0 scale.

Sample

Student records from the 1986-87, 1987-88, and 1988-89 Prediction
Research Services history files were used for the study. Since the CGIS was
not added to the ACT Assessment until 1985, the earliest CGIS data were
available for students who took the ACT Assessment in 1985-86 as seniors and
enrolled as freshmen in 1986-~87. The 1987-88 and 1988-89 files contained
records for both juniors and seniors. The 1986-87 file contained records for
87,780 freshmen from 171 colleges who took the ACT as seniors in 1985-86. The
1987-88 file contained records from 175 institutions, with 32,375 students who
took the ACT as juniors (1985-86) and 85,922 who took the ACT in 1986-87 as
seniors; the 1988-89 file contained records from 168 institutions with 43,672
students who took the ACT as juniors (1986-87) and 112,906 who took it as
seniors.

It should be noted that the data in this study pertain only to ACT-
tested students and to institutions participating in the Prediction Research
Services. As a result, they are in some respects not representative of
students nationally:

* Participating in ACT’'s Prediction Research Services is voluntary;
the colleges represented are therefore self-selected even among
colleges that use the ACT Assessment.

* Private institutions are relatively underrepresented among college
that use the ACT Assessment, and public institutions are over-
represented.

* Colleges that use the ACT Assessment are located mainly in the
Rocky Mountains, Great Plains, Southwest, Midwest, and South, with

comparatively fewer in the East Coast and West Coast.



Therefore, the results of the study cannot be claimed to represent
precisely the results that would be obtained if test score and courgse grade
data from all colleges in the United States could somehow be collected.

Creation of New CGIS Variables

Several new variables were created from information provided in the

CGIS:

1. Number of courses taken (1), or not taken (Q) in the six subject
areas (English, mathematics, social studies, natural sciences,
languages, and fine arts).

2. Number of courses taken/planned to take (1), or planned not to
take (0) in the six subject areas.

3. Average grade in each of the six subject areas.

4. Sum of all grades in each of the six subject areas.

5. Sum of grades for each of 21 specific course clusters. The
clusters included one or more courses in a subject area that were
selected to reflect both typical high school course sequences and
those that maximized the differences in course-taking among
students. (For example, English 9 & English 10 was not included
because virtually all students take these courses.) A list of the
clusters studied is provided in Appendix B. :

6. Dummy variables representing whether a student took all of the
courses in a given course cluster (1), or did not take all courses
in the cluster (0).

7. Average of all reported CGIS grades for each student.

8. Average of the CGIS grades in English, mathematics, social
studies, and natural sciences.

9. Average of each students’ average grades in the four major content
areas.

i0. Dummy variables representing whether a student completed a core

curriculum of four courses in English and three in mathematics,
social studies, and natural sciences (1); or did not complete a
core curriculum (0).

11. Dummy variables representing whether a student completed a core
curriculum of four courses in English, three in mathematics, and
two in social studies and natural sciences (1); or did not
complete a core curriculum (0),.

12. Dummy variables representing whether a student completed a core
curriculum of four courses taken in English and two in
mathematics, social studies, and natural sciences (1); or did not
complete a core curriculum (0).

Creation of New RF Variables

New course work variables, paralleling those for the CGIS, were developed
from the four RF grades and from other data collected in the registration
folder (RF). The RF collects, among other data, self-reported number of years
in high school course work in English, mathematics, social studies, natural
sciences, French, German, Spanish, and other foreign languages. The scale
ranged from 0 (none) to 4 (four or more years).

Using the RF course-taking variables, the total number of years taken in

each subject areas was computed. The number of years of French, Spanish,
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German, and other languages were combined into the total number of yeare of
foreign languages taken. 1In addition, three dummy variables were developed to
represent whether the student had completed a core curriculum. The same core
curriculum definitions were used here as were used for the CGIS variables;
however, the number of years of courses taken was used in the RF variables,
rather than the number of courses taken.

RAnalysis

Descriptive Analysis

Descriptive statistics were calculated, by grade level, for college
course grades and GPA, ACT Composite score, high school average (RF), average
of the 23 high school grades (CGIS) and student sample sizes for each
institution that participated in the Prediction Research Services in 1987-88.
The descriptive statistics were then summarized across institutions.
Descriptive statistics based on student sample sizes smaller than 50 were
deleted from the summaries.

Selection of Predictor Variables

There were 161 CGIS and RF variables that could potentially be used as
predictors of college course grades and GPA. Viable predictors were
identified initially by correlating all CGIS and RF course grade and course-
taking variables with college course grades and overall freshman GPA.

A representative sample of 10 colleges was drawn from the 1986-87 data to
study the relationship between the CGIS and RF course-taking information and
college grades. Institutions were chosen according to region, college type,

control, and admissions policy, as identified in the College Planning/Search

Book (ACT, 1986).

The CGIS and RF variables used for this analysis included the following:

CGIS
1. Each of the 30 courses taken or not taken.
2. Grades reported for each of the 30 CGIS courses taken.
3. Number of courses taken in a subject area.
4. Average of the grades received in a subject area.
5. Sum of grades received in a subject area.
6. Sum of grades for each of the 21 course clusters.
7. Each of the 21 course clusters taken or not taken.
8. Average of all reported grades.
9. Average of the grades in English, mathematics, social studies, and

natural sciences.
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10. Average of the four average grades in English, mathematics, social
studies, and natural sciences.
11. Sum of all grades.
12. Core or more (all three definitions).
RF
1. Number of years of courses taken in a subject area.
2. Four self-reported grades in English, mathematics, social studies,
and natural sciences.
3. Average of the four self-reported grades.
4. Core or more (all three definitions).

Correlation coefficients were computed for each institution and then
summarized across institutions. Institutions with sample sizes less than 25
for a given pair of variables were deleted from the summary for that
correlation.

Of the possible CGIS predictor variables, 36 variables had consistently
high correlations with college grade and GPA, relative to other predictors.
Appendix C contains the median correlation coefficients for those CGIS and RF
predictor variables most highly related to course grades and GPA.

Selection of Prediction Models

From the CGIS and RF course work variables most highly related to college
performance, 15 preliminary prediction models were ju¢gementally identified.
The numbers of courses taken in each subject area were also included in these
preliminary models.

Initial prediction models were developed using the sample of 10 colleges.
Multiple correlations (R) and standard errors of estimate (SEE) were
calculated for each model and college and then summarized across institutions.
R ranges from O to 1, with larger values indicating more accurate prediction.
SEE is the square root of the average squared differences between actual and
predicted course grades. Smaller values of SEE indicate more accurate
prediction.

All but three models were then estimated from the complete 1986-87 data
file of 171 institutions and 87,780 freshmen who took the ACT Assessment as
seniors in 1985-86. These three models were eliminated because they showed
less prediction accuracy than the other 12 models. The results for the total
group of institutions, as reported in Appendix D, were similar to those found

for the sample of 10 colleges.
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For the final set of analyses, 13 additional models were estimated to
explore further the relationships among high school course work, ACT test
scores, and performance in college. In particular, the added models
differentiated between courses taken and courses taken/plan to take. Separate
models were also developed for the CGIS variables alone, in order to determine
the incremental validity of combined test score and CGIS models over that of
ACT test score, RF, or CGIS models alone. Due to relatively low base-year
prediction accuracy, one model was dropped from the final analyses, resulting
in 24 models to be crossvalidated.

Crossvalidation Analysis

For each college, 24 simple or multiple linear regression prediction
equations were developed for each college grade and GPA. The models were
estimated from the 1987-88 data (base-year), and were developed separately for

juniors and seniors. The 24 models were:

ACT
1. ACT score in the corresponding college subject area.
2. Four ACT scores.
RF
3. Four high school grades.
ACT/RF
4. TH Index.
5. Four ACT scores & HSA.
6. ACT Composite & HSA.
CGIS
7. Average grade in the corresponding subject area.
8. Average grade in the corresponding subject area & numbers of
courses taken in mathematics and science.
9. Four high school grade averages.
10. Four high school grade averages & four numbers of courses taken.
11. Four high school grade averages & four numbers of courses
taken/plan to take.
12. Average grade in corresponding subject area & numbers of courses
taken/plan to take in mathematics and science.
ACT/CGIS
13. ACT score and average grade in the corresponding subject area.
14. ACT score and average grade in the corresponding subject area &
numbers of courses taken in mathematics and science.
15. Four ACT scores & four high school grade averages.
16. Four AcT scores & four high school grade averages & four numbers

of courses taken.
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17. Four ACT scores & four high school grade averages & numbers of
courses taken in mathematics and science.

18. Four ACT scores & average of 23 high school grades.

19. ACT Composite & average of 23 high school grades.

20. Four ACT scores & average of 30 high school grades.

21. ACT Composite & average of 30 high school grades.

22. Four ACT scores & four high school grade averages & four numbers
of courses taken/plan to take.

23. Four ACT scores & four high school grade averages & numbers of
courses taken/plan to take in mathematics and science.

24. ACT score and average grade in corresponding subject area &

numbers of courses taken/plan to take in mathematics and science.

Institutions from the 1987-88 data file were then identified that had
also participated in ACT's Prediction Research Services in 1988-89. The
minimum sample size for each institution was set at 50 for both years to
reduce sampling error. Of the 175 institutions from 1987-88 and 168
institutions from 1988-89, 81 institutions were identified as having reported
college freshman GPA for at least 50 students per year.

The 24 regression equations developed from the base-year data were used
to predict the grades of students enrclled in the same course during the
crossvalidation year (1988-89). Predicted and actual grades were then
compared and the following measures of prediction accuracy were computed for
each college, grade level, and course grade or GPA:

* CVR (crossvalidated correlation), the Pearson correlation between
predicted and earned course grade/GPA. This coefficient can be
compared with the correlation coefficient calculated from the
base-year data to give an indication of the stability of the
predictions over time.

* RMSE (obsexrved root mean squared error), the square root of the
average squared different between predicted and earned college
grade/GPA. Smaller values of RMSE correspond to more accurate
prediction than do larger values. This statistic can be compared
with the standard error of estimate calculated from the base-year
data to give an indication of the stability of the predictions
over time.

* MAE (mean absolute error), the average of the absolute value of
the difference between predicted and earned college grade/GPA.

This statistic has immediate relevance for the quality of grade



14

predictions. For example, if the MARE is .32 for predicting
freshman GPA, then, on average, there is an average absolute
discrepancy of .32 grade units between predicted and earned GPA at
the college.

* BIAS (prediction bias), the average difference between predicted
and earned college grade/GPA. Positive values of BIAS
corresponding to overprediction, and negative values correspond to
underprediction.

These crossvalidation statistics were summarized across institutions;
minimum, median, and maximum institutional values were computed for each grade
level and subject area grade or GPA.

Total Group Prediction Model

The use of total group prediction models, rather than separate models for
each grade level, was also examined. Using the most parsimonious models
identified in the crossvalidation analysis, total group linear regression
prediction equations were developed for each college grade and GPA using the
1987-88 data (base-year). The total group models were then crossvalidated by
grade level using the 1988-89 data for the same institutions. Each
institution was required to have a minimum sample size of 50 students per year
in order to be included in the analyses. This analysis would provide evidence
regarding the validity of using one total group model to predict college
grades instead of separate models for each grade level.

CVR, RMSE, MAE, and BIAS statistics were computed for each model, by
institution, grade level, and subject area/GPA. The statistics were then
summarized across institutions (minimum, median, maximum) for each grade level
and subject area/GPA. Total group median crossvalidation statistics were
compared across models and grade levels, and were also compared to the
statistics based on separate regression equations for each grade level.

Incremental Validity Rnalysis

The incremental validity of test score and/or high school course work
models for each grade level were compared by calculating, by institution and

grade level, the differences in CVR and RMSE for the most parsimonious models.
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The differences were then summarized across institutions. This analysis would
help determine any improvement in prediction accuracy by using ACT/CGIS
predictor models rather than ACT/RF models, and by using combined test
score/high school course work models rather than test scores or high school
course work alone.
Results

Descriptive Statistics

Tables 2 and 3 contain descriptive statistics for each subject area from
institutions reporting grades in those areas. The number of institutions in
each area is reported, along with the minimum, median, and maximum of the
following institutional statistics: number of students, mean, and standard
deviation of course grade/GPA, ACT Composite, and high school average (RF);
and number of students, mean, and standard deviation of the averages of 23
high school grades (CGIS). The minimum and maximum values illustrate the
range of values obtained across institutions; the median values illustrate the
results for the typical, or average, institution.

In order to maximize the sample sizes from each institution, the
statistics related to the ACT Agsessment and RF data were calculated
independently of the CGIS data. Approximately 5% of the students failed to
complete all or part of the CGIS; the missing information may be noted in
Table 2 by comparing the median number of students with college course grade
data and those with the CGIS averages. However, the number of colleges
pertains to those institutions that had at least 50 students with ACT
Assessment, RF, CGIS, and college course grade/GPA data.

As shown in Tables 2 and 3, English course grades were consistently
higher than those from other subject areas for both juniors and sgeniors.
Median grades for mathematics and natural sciences were at least .20 grade
units lower than the median English grade for juniors and seniors, and the
median overall freshman GPA for seniors. The median standard deviations for
mathematics grade were also somewhat larger than those for other subject

areas; mathematics grade standard deviations were .15 to .39 score units
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larger for juniors and seniors. Conversely, median standard deviations were
somewhat smaller for English grade and GPA.

The median ACT Composite score was relatively low for ACT-tested juniors
and seniors in English courses, as compared to other subject areas. Smaller
median ACT Composite standard deviations were also found for students in
mathematics and natural sciences courses, compared to other subject areas.
The median ACT Composite standard deviation for students in English courses
tended to be smaller than that for students with overall freshman GPAs.

Median high school average (RF) differed somewhat across subject areas
and grade levels, though median high school average standard deviations were
similar. Median high school average (RF) was slightly higher for students in
mathematics and natural sciences courses than those in other subject areas.
The median high school average from the CGIS was slightly higher for ACT-
tested juniors and seniors in mathematics and natural sciences courses,
relative to those in English courses and freshman GPA. Median standard
deviations were similar across subject areas, however. It may also be noted
that the median CGIS high school average was slightly higher than the median
RF average for all subject areas and grade levels.

Across grade levels, median college course grades were consistently
higher for juniors than for seniors, particularly in natural sciences (2.54
ve. 2.23) and social studies (2.60 vs. 2.30). Median course grade standard
deviations were slightly larger for seniors, however, particularly in English
(.95 va. .B5).

As expected, ACT Composite scores typically were higher for juniors than
for seniors by 1.5 to 2.2 score units, and had consistently smaller standard
deviations. Juniors’ median high school average (RF) was also slightly higher
than that for seniors in natural sciences (3.20 vs. 3.04) and for overall GPA
(3.05 vs. 2.90). The corresponding median standard deviations were similar,
however.

The median CGIS high school averages were fairly similar across grade

levels and subject areas except for mathematics, where the median high school



17
average for juniors was slightly higher than that for seniors. Median CGIS
average standard deviations were similar for juniors and seniors, however.

Crossvalidation Results

The crossvalidation analysis revealed that using courses taken/planned to
take (am compared to courses taken) did not increase prediction accuracy
across regression models. 1In addition, including the four numbers of courses
taken, or the number of courses taken in mathematics and science, did not
increase prediction accuracy over and above that for the four ACT scores, the
four high school grades, or the single ACT test score and corresponding high
school grade models. Further, the models including HSA (RF) did not yield
greater prediction accuracy than the TH index. Therefore, the regression
statistics for these models will not be reported. Detailed results for these
models are available from the author.

The crossvalidation analysis by grade level revealed that CVR, RMSE, MAE,
and BIAS did not differ substantially between juniors and seniors, although
the median CVRs, RMSEs, and MAEs for seniors were slightly larger than those
for juniors. Cougse grades and GPA tended to be slightly overpredictea for
juniors, as compared to those for seniors. The separate grade level
crossvalidation analysis therefore will not be reported here. For a complete
discussion of the separate grade level results, see Appendix E.

Five prediction models were selected from the 24 models used for juniors
and seniors to conduct the total group regression analysis. Since the
crossvalidation results by grade level for the models using 23 grades versus
those using 30 grades were similar for most subject areas, the models based on
30 grades were not included in this analysis. The models used for this

analysis included:

M1. TH index

M2, ACT test score & corresponding high school grade average
M3. Four ACT scores & four high school grade averages

M4, Four ACT scores & average of 23 high school grades

M5. ACT Composite & average of 23 high school grades
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Tables 4 through 8 contain the results of the total group crossvalidation
analysis. The total group base-~year results are available from the author.

As shown in Tables 4 through 8, the minimum, median, and maximum
crossvalidation results (CVR, RMSE, MAE, and BIAS) are reported for each
prediction model. The minimum and maximum institutional statistics show the
variability in crossvalidated prediction accuracy across institutions. The
medians illustrate the typical crossvalidated prediction accuracy obtained
across the institutions.

The results for predicting English grade for juniocrs (Table 4) showed a
relatively large median CVR for the four ACT scores & four grade averages
model (.45; M3), as compared to the results for the TH index (M1l) and ACT
Composite & average of 23 grades (M5) models (.39 and .40). The median CVRs
for the other ACT/CGIS models were similar. Median RMSE and MAE were similar
across all of the models, but the median BIAS results showed that all models
tended to underpredict English grade, with median BIAS values ranging from
-.05 to -.08.

In contrast, for seniors all crossvalidation statistics were similar
acroses the models. Compared to the results for juniors, median RMSE and MAE
were somewhat larger for seniors across all models. Median CVR was slightly
larger for juniors for the ACT English & English grade average (M2) and four
ACT scores & four high school grade averages (M3) models, with CVR median
differences of .03. The most noticeable difference wasg in the median BIAS
statistics for all models; English grade was more likely to be underpredicted
for junior-tested students than for seniors. BIAS median differences ranged
from .05 to .07.

Table 5 contains the crossvalidation results for predicting mathematics
grade. Median CVRs for juniors were fairly similar across the models, with a
somewhat smaller median CVR for the ACT Composite & average of 23 grades model
(.42; M5). Median RMSE ranged from 1.07 to 1.10, and median MAE from .87 to
.90, with the TH index (M1l) and ACT Mathematics & Mathematics grade average
(M2) models having slightly less prediction accuracy (median RMSE = 1.10;

median MAE = ,90) than the four ACT score & average of 23 grades model (median
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RMSE = 1.07; median MAE = .87). The TH index (M1l) tended to slightly
underpredict mathematics grade for juniors (median BIAS = -.04), as did the
two models using the average of 23 high school grades (median BIAS = -.03).

For seniors, median CVR was similar across all models. However, median
RMSE was slightly smaller for the four ACT scores & average of 23 grades model
(1.08; M4) than for the TH index (1.11; Ml). The TH index (Ml) also had a
slightly larger median MAE (.92), particularly when compared to the two models
including the average of 23 grades (median MAE = ,87; M4 and M5). Median BIAS
was near zero for all models.

In comparison to juniors, median CVRs for the ACT Mathematics &
Mathematics grade average (M2) and ACT Composite & average of 23 grades (MS)
models were slightly larger for seniors (median CVR difference=.03). Median
RMSE and MAE, however, tended to be fairly similar for juniors and seniors.

Rs was the case for English grade, however, all prediction models tended to
underpredict mathematics grade for juniors, as compared to seniors (BIAS
median difference = ,02 to .07).

The results for social studies grade are reported in Table 6. For
juniors, the crossvalidation statistics were similar across all models except
for the ACT Social Studies & Social Studies grade average model (M2) and the
TH index (Ml). The former model had smaller median CVR (.42) and somewhat
larger median RMSE (.92) and MAE (.74) than the other models. The TH index
{M1) was more likely to underpredict social studies grade (median BIAS = -~.07)
than the other models.

As was found for juniors, the median CVR for the ACT Social Studies &
Social Studies grade average model for seniors (.42; M2) was smaller than
those of other models. However, median RMSE and MAE were similar across the
models. The median BIAS results showed a tendency for most of the models to
slightly overpredict social studies course grade for seniors, particularly ﬁhe
TH index (median BIAS = .05; Ml).

The results for seniors, compared to those for juniors, showed similar
prediction accuracy across the models, as measured by median CVR. However,

median RMSE and MAE were consistently larger for seniors, with RMSE and MAE



20

median differences ranging from .03 to .06. Typically, median BIAS
differences ranged from .03 to .12. The models tended to underpredict social
studies grade for juniors and overpredict for seniors.

Natural Science grade crossvalidation results are reported in Table 7.
It should be noted that one institution was eliminated from the analyses for
Natural Sciences grade, based on extreme BIAS values and confirmation from the
institution that the courses used in 1987-88 and in 1988-89 were not the same
courses. The results for juniors were similar to those found for Social
Studies grade: the ACT Natural Sciences & Natural Sciences grade average
model (M2) typically had smaller CVRs (median CVR = .44) and somewhat larger
RMSEs (median RMSE = ,92) than the other models. This model and the TH index
(Ml) tended to have somewhat larger median MAEs (.73); the TH index was also
more likely to underpredict Natural Sciences grade (median BIAS = -.06) than
other models.

For seniors the results were similar for all models except the ACT
Natural Sciences & Natural Science grade average model (M2) and the TH index
(Ml). The ACT Natural Sciences & Natural Sciences grade average model yielded
a smaller median CVR (.42), and a somewhat larger median RMSE (.98) and MAE
(-79) than other models. Both models had a slightly larger median BIAS (.04
and .05) than did other models. The four ACT scores & average of 23 grades
model (M10) had the largest median CVR (.52) and the smallest median RMSE
(.93) and MAE (.75).

The differences between the results for juniors and seniors were fairly
consistent across the prediction models. Median RMSE and MAE were generally
larger for seniors, with differences in medians ranging from .03 to .06.
Positive median BIAS was typical for ACT-tested seniors; for juniors, Natural
Sciences grade was more likely to be underpredicted. Overall, BIAS median
differences ranged from .03 to .11. With median CVR, however, slight
differences between juniors and seniors were found for the TH index (M1) and
four ACT scores & average of 23 grades models (M1 and M5). Seniors had
slightly higher median CVRs than juniors for these models (CVR median

difference = .03).

.
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The results for predicting college freshman GPA for juniors and seniors
are reported in Table 8. The results for juniors were similar for all
prediction models, except for the TH index (M1). The TH index had the
smallest median CVR (.51), the largest median RMSE (.68) and MAE (.54), and
was more likely to underpredict college freshman GPA for juniors (median BIAS
= -.07) than were the other models. All of the ACT/CGIS models tended to
slightly underpredict college GPA, with median BIAS values of -.03 to -.04.

For seniors, no differences were found in the results across all models.
In contrast to juniors, however, median RMSE was typically larger for seniors
(RMSE median difference = .03, .04) for all models, and college freshman GPA
was more likely to be underpredicted for juniors than for seniors.

Total Group Versus Grade Level Models. The use of total group models,

rather than separate grade level models, influenced the crossvalidation
results for juniors. 1In English and mathematics, the median CVRs associated
with the total group models for juniors were actually larger than the CVRs
associated with the separate grade level models. Moreover, all models but one
ACT/CGIS model were more accurate when predicting English grades from the
total group data.

The results for seniors showed no differences in median CVR using total
or separate group models. For both juniors and seniors, no differences were
found in median RMSE and MAE for all subject areas except English for juniors,
where median RMSE decreased slightly for the ACT/CGIS models when using the
total group data.

Differences between total group and separate grade level models were
shown in the BIAS statistics. Across all models and subject areas, most of
the total group models for juniors showed much lower and more negative median
BIAS values than the separate grade level models; median changes in BIAS
ranged from -.02 to .08 for juniors. For seniors, however, median BIAS values
were somewhat larger and more positive using the total group models than were

those using separate grade level models.
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Incremental Validity of Selected Prediction Models

Of the separate grade level prediction models used in the crossvalidation
analysis, seven had the greatest prediction accuracy in one or more subject

areas for juniors and seniors:

Ml. TH index

M2, ACT test score & corresponding high school grade average
M3. Four ACT scores & four high school grade averages

M4. Four ACT scores & average of 23 high school grades

M5. ACT Composite & average of 23 high school grades

Mb6. Four AcT scores & average of 30 high school grades

M7 ACT Composite & average of 30 high school grades

Two other models were added to this analysis to help defermine the
incremental validity of each model; these included the ACT test score for the
relevant subject area (MB) and the four CGIS high school grade averages (M9).
Due to the similarity in median crossvalidation statistics for the models
using 23 or 30 high school grades, only the high school average based on 23
grades was retained for this analysis.

Most of the ACT/CGIS models did not increase CVR over that of the TH
index (M1l) across institutions, grade levels, and subject areas. The only
model that showed any increase in CVR over the TH index was the four ACT
scores & average of 23 grades model (M4), with median CVR increases of .00 to
.02.

In comparison to using the four high school grade averages alone, the
four ACT scores & four high school grades (M3) and four ACT scores & average
of 23 grades (M4) models typically increased CVR by .03 to .05 units across
all four subject areas and GPA, and decreased RMSE by .00 to .03 for both
juniors and seniors. The ACT Composite & average of 23 high school grades
(M5) model typically yielded larger CVRs than the four high school grade
averages modél (median CVR difference = .03 to .06; M6), but only for social
studies, natural sciences, and freshman GPA.

Larger differences in CVR and RMSE were found when the results for the

combined ACT/CGIS models or the TH index were compared with those based on
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individual ACT scores alone. Using the four ACT scores & four grade averages
(M3) or the four ACT scores & average of 23 grades models (M4) increased CVR,
in general, by .04 to .13 across the four subject areas. RMSE typically
decreased by .03 to .07 units using these models for mathematics, social
studies, and natural sciences grade. The four high school grade averages
model (M9), when compared to models based on individual ACT scores (M8),
typically had larger CVRs by .04 to .07 units and smaller RMSEs by .02 to .03
units, but only for mathematics, social studies, and natural sciences. The
ACT Composite typically obtained similar CVRs and RMSEs as the four high
school grade averages when predicting college freshman GPA.

In aggregate, relatively small increases in prediction accuracy were
found using ACT/CGIS models rather than the TH index. The practical utility
of ACT/CGIS models over the TH index model for individual institutions
required further investigation. A second method for examining the incremental
validity of these models was therefore used to determine the proportion of
institutions that increased CVR and/or decreased RMSE using one model rather
than another. For this analysis, the CVRs and RMSEs from the ACT/CGIS models
were compared with those for the TH index. The proportions of institutions in
each subject area for which CVR was larger and RMSE was smaller using an
ACT/CGIS model rather than the TH index was then determined. The results
showed that the four ACT scores & average of 23 high school grades (M4) model
was the only model that increased CVR or reduced RMSE over those for the TH
index for more than 50% of the institutions, across grade levels and all four
subject areas and freshman GPA. Typically, 60% to 72% of the institutions
showed an increase in CVR and 70% to 83% showed a decrease in RMSE.

Summary and Conclusions

The ACT/CGIS models only slightly increased prediction accuracy in some
subject areas over that obtained by the TH index, as measured by median CVR,
RMSE, or MAE. The four ACT scores & average of 23 grades model was the only
model to improve prediction accuracy over that of the TH index for a least 50%
of the institutions, across all subject areas and grade levels. The four ACT

scores & average of 23 grades (M4) and four ACT scores & four grade averages
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(M3) models yielded similar or slightly greater prediction accuracy, as
measured by CVR and RMSE, than the TH index model, particular for English
grade and GPA. The four ACT scores & average of 23 grades model had greater
prediction accuracy than the ACT Composite & average of 23 grades model for
English and mathematics, where median differences in CVR favored the four ACT
gscores model. The single ACT test score & single grade average model (M2) had
the greatest prediction accuracy for predicting English grade, but typically
had less prediction accuracy than other ACT/CGIS models for predicting
mathematics, social studies, and natural science course grades.

Across subject areas and grade levels, prediction models based on ACT
scores and high school grades (either CGIS or RF) had higher median CVRs than
predictions based on CGIS average grades, RF grades, or ACT scores alone. The
CGIS grade averages typically had somewhat greater prediction accuracy, as
measured by CVR, than the four grades or high school average from the
registration folder, and somewhat smaller median RMSEs and MAEs for
mathematics grade. Moreover, the CGIS grade averages had larger median CVRs
and slightly smaller median RMSEs and MAEs than the four ACT scores for most
subject areas and grade levels.

In addition, inclusion of courses taken or courses taken/plan to take did
not increase prediction accuracy over that obtained using CGIS grades and ACT
scores. Further, no differences in prediction accuracy were found for models
using courses taken, as compared to those using courses taken/plan to take.

The results of this study were similar to or slightly better, in terms of
prediction accuracy, than those of earlier studies, except for those for
college English courses and those from the Prediction Research Services
Summary Tables. These regults are positive in that the other studies
typically used only base-year data and did not differentiate students by grade
level. Statistics based on one year‘s data and on a more hetercgeneous group
of students (all students rather than separated by grade level) would tend to
yield greater prediction accuracy. In comparison to the results for Noble and
Sawyer (1987), prediction accuracy was similar for all four subject areas

except English, for which this study showed lesser prediction accuracy. The
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results for predicting freshman GPA were similar to those obtained by Sawyer
and Maxey (1979).
Factors Related to Variation in Predictive Validity Statistics

The use of ACT scores and CGIS course work and grade information for
predicting college grades increased prediction accuracy only slightly over
that obtained using ACT scores and four self-reported grades. The failure to
increase prediction accuracy to a large degree might be attributed to
unreliability in the predictors (ACT scores and high school grades),
unreliability in the criteria (college grades or GPA), and less than perfect
relationships between the true scores of predictors and criteria.

The reliabilities of ACT test scores have been estimated between .84 and
.91 for the four tests (ACT, 1987). These were KR20 reliabilities calculated
across 15 forms of the ACT Assessment administered between 1983 and 1986.

The reliability of specific course grades has proven to be difficult té
determine. Students do not typically retake courses unless required to do so,
and thus "test-retest” reliability estimates are not feasible. The research
that has been done on college course grade reliabilities has predominantly
relied on other methods to estimate reliabilities, including using a Spearman-
Brown formula to step down an overall GPA reliability to a single course
reliability estimate (Etaugh, Etaugh, and Hurd, 1972; Schoenfeldt and Brush,
1875). All of these studies examined the reliability of college grades,
rather than high school grades. Etaugh, et al. reported single course
reliabilities of .30 and .44; Schoenfeldt and Brush obtained single course
reliabilities ranging from .39 to .76 for 12 specific course areas. The
reliability of college freshman GPA has been estimated to be much higher than
single course reliabilities, with estimates ranging between .80 and .82
(Millman, Slovacek, Kulick, and Mitchell, 1983; Munday, 1970).

The accuracy with which students report courses taken and grades received
was studied by Sawyer, Laing, and Houston (1988), who concluded that students
report their course grades and courses taken with a high degree of accuracy.
Similar results were found by Maxey and Ormsby (1971), who compared the four

self-reported grades with actual grades, and found that 97.8% of the grades
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were reported within one grade point of their actual value. BAccuracy of the
high school average based on the four self-reported grades was also estimated
at .92 (ACT, 1965).

The relationship between ACT scores, high school course work and grades,
and freshman course grades is also influenced by the degree of content overlap
between the three measures. BAs noted by Olson (1989}, high school grades tend
to not only measure academic skills and knowledge, but may include other
factors such as Bocially acceptable behavior, motivation, or effort. Similar
findings have been noted for college grades: students’ grades are often
influenced by class participation, effort, or other factors (e.g., Pedulla,
Airasian, and Madaus, 1980). In addition, differential standards of grading
can be found across disciplines and instructors (e.g., Duke, 1983).

One may conclude, then, that the CGIS and RF information both accurately
represent course work and grades, as reported in the high school transcript.
However, the validity and reliability of high school grades as measures of
academic achievement is limited, as are the reliability and validity of
college grades. The extent to which level of achievement is distorted by
other characteristics of the student, or by unreliability in course grading,
will impact on errors of prediction, regardless of whether self-reported or
actual grades are used. The slight increase in prediction accuracy by using
CGIS grades rather than RF grades could be attributed to the greater
reliability of grade averages based on CGIS variables, as compared to the RF
individual course grades.

An additional factor for the college grades used here is that, in
participating in ACT’'s Prediction Research Services, institutions are free to
report any course at any level (developmental, standard, honors) in a given
subject area. The criteria lack the precision of gpecific course grades,
which will directly impact prediction accuracy for any given subject area.

Although the ACT Assessment tests may not measure all of the knowledge
and skills required for performance in college, it is likely that they measure
a majority of the most important or necessary skills and knowledge required in

college courses. This will result in a strong relationship between ACT test



27

scores and students’ performance in college. If the ACT tests do not directly
measure the requisite skills or knowledge for a specific course, they may
measure closely related ones; for students in such courses, we could expect a
significant relationship between the two sets of measured skill and/or
knowledge.

The relationship between test score, high schcol grades, and college
grades is also influenced by the variability in both the predictors and the
criterion; by increasing their heterogeneity, CVR will increase (Nunnally,
1978). Conversely, if the variability in the predictors or criterion is
restricted, then CVR will decrease. Given a fixed value of CVR, RMSE
increases as the criterion standard deviation increases. For predictor/
criterion relationships with homoscedastic errors, RMSE is not directly
affected by changes in the standard deviation of the predictors. In practice,
the variability in ACT scores, high school grades, or college course grades
may be affected by preselection, placement, or college grading practices.

Across the four subject areas and GPA, median CVR, RMSE, and MAE were
typically smaller for English grade than for the three other subject area
grades for both juniors and seniors. Median RMSE and MAE were similar for
college GPA and English grade, however. These results could be attributed to
placement or preselection of students into English courses.

The median standard deviations found for English grade were smaller than
those of other subject areas, with the exception of freshman GPA, which had
similar standard deviations. The reduced variability in English grades or GPA
are reflected in reduced median RMSE and MAE. For English grade, however,
median CVR was smaller than those for other subject areas, whereas for GPA,
median CVR was similar to or larger than those for other subject areas.
Further, the standard deviation for ACT Composite score for students in
English was smaller than that for GPA. The restriction of range in the
predictor and in the criterion would tend to reduce median CVR.

The restriction of range in ACT scores is likely due to placement of
students into English courses. The reduced variability in English grades,

accompanied by relatively high course grade averages, compared to other
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subject areas, would suggest that grading standards for English courses are
more lenient than in other subject areas, with relatively little variation in
grading.

Mathematics grade median RMSEs and MAEs were larger than those for other
subject areas. These larger medians might be attributed to the grading
standards used for mathematics courses. The larger median standard deviations
for mathematics grade would suggest greater variability in grading for
mathematics courses, compared to other subject areas. This result was also
noted by Noble and Sawyer (1987); however, they noted greater differences in
mean course grade than was found here, with lower median grades in mathematics
than in the other three subject areas.

Implications

The results found here support the use of combined prediction models
using ACT scores and high school grades, rather than ACT test scores or grades
alone, for admissions and placement. Using high school grade averages based
on several courses rather than four course grades will slightly improve the
accuracy of placement or admissions decigions. In order to maximize
prediction accuracy, combined prediction models should be used in making such
decisions; in particular, the four ACT scores & average of 23 CGIS high school
grades model would maximize prediction accuracy across all subject areas and
GPA.

Thorndike (1969), Hills (1981), and Stiggins, et al. (198%) advance the
notion that grades students receive should reflect, as much as possible,
relatively pure measures of achievement. As noted above, this is often not
the case for either high school or college grades. Tests like the ACT
Assessment provide a relatively distortion~free (i.e., valid) measure of
academic development. In combination with high school grades, they appear to
provide greater accuracy for making college placement and admissions
decisions, in comparison to using either test scores or grades alone.

One must also note that there is variability in the predictive accuracy
of the course grade predictors across models, grade levels, and subject areas.

As a result, local course grade and GPA prediction equations need to be




29
developed to be assured of maximum predictive accuracy and correct placement
and admissions decisions.

Recommendations for Further Study

The test scores used in this study were from the ACT Assessment
administered prior to October, 1989. A new version of the ACT Assessment was
implemented beginning in October, 1989 (ACT, 1989). The general character of
the ACT Assessment was maintained in the new version, in that its contents are
achievement-oriented and curriculum-based; the contents, however, incorporate
recent changes in secondary and postsecondary curricula. It is likely,
therefore, that the relationship between scores on the new ACT tests, high
school course work and grades, and college grades will be stronger than those
reported here. This study will by replicated to determine whether similar or
increased prediction accuracy may be obtained using enhanced ACT Agsesgsment
test scores.

Though they estimate prediction accuracy, multiple regression prediction
equations do not directly address the results of making admissions or
placement decisions based on test scores and/or high school course work.
Additional regsearch will be conducted using alternative statistical methods
that estimate the proportions of true and false positives and negatives
resulting from using ACT/CGIS models in making admissions and placement

decisions.
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ACT Assessment
Course Grade Information Section



HIGH SCHOOL COURSE/
GRADE INFORMATION

STUDENT'S SIGNATURE: | hercby cerlily that the course and grade informalion provided
below is accurale and complete to the best ol my knowledge. (I realize that this information

x This scction hsts 30 hugh school may be venticd at a later ine by college personncel.)
G courses ladicale whether ar not you
L". have laken or plan to take each
Icomsc and. il you have taken i, the Student's Signature Date
2 ast grade you cained  You may
wish to tefer 10 your previous tugh
sthool grade reporls or a copy ol COURSES TAKEN OR PLANNED GRADES EARNED
owr current high school tran 1 :
;h: |nlolm.1||ol? Y0: provide :/(u:lrllge Indicate whether or nat you have taken por each course you have completed or
Sent 10 e colleges you indicale on each of lhe high school courses listed have taken tor a fult tean {semesier, quar-
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k the courses before you finish high school. prade) youreceived It you lock the course
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Appendix B

High School Course Clusters



Cluster

English 11 & English 12
English 11 & Speech
English 11 & English 12 & Speech

Algebra II & Trigonometry

Geometry & Trigonometry

Algebra II & Geometry & Trigonometry

Algebra II & Geometry & Trigonometry & Calculus

World History & American Government

World History & Geography

World History & American Government & Economics

World History & American Government & Economics & Geography
American Government & Economics

American Government & Economics & Geography

Biology & Chem:stry
Biology & Chemistry & Physics
Chemistry & Physics

Spanish
Spanish & French

Art
Music
Art & Music




Appendix C

Median Simple Correlations Between

Selected Predictor Variables,
Overall GPA

Course Grades,

and



|
|
Grade/GPA '
Social Natural
Predictor variable English Mathematics Studies Sciences Overall
cors i
English 9 .39 .31 .27 .35 .40
English 10 .38 .28 .30 .32 .36 l
English 11 .36 .33 .32 .37 .60 l
English 12 .29 .33 .29 .30 .37
Speech .39 .19 .23 .23 .30 .
Algebra I .32 .33 .25 .36 .34
Algebra II .32 .29 .32 .43 .38 '
Geometry .26 .35 .31 .36 .35 .
Trigonometry .25 .34 .28 .30 .33
Beginning Calculus .31 .50 .04 .56 -- .
Other Advanced Mathematics .32 .13 .30 .36 .29
Computer Science .20 .10 .24 .11 .27 .
U.S. History .30 .26 .36 .34 .40
World History .30 .23 .36 .34 .36 '
Other History .35 .27 .25 .37 .39 '
American Government .29 .28 .35 .38 .38
Economics .28 .29 .32 W4l .35 .
Geography .30 .16 .22 .36 .37
Psychology .39 .31 .25 .36 .35 .
General Science .31 .28 .29 .34 .36 '
Biology .32 .30 .36 .42 41
Chemistry .26 .34 .33 .42' .39 .
Physics .32 .26 .23 .26 .39
(Continued on next page) .
i




Grade/GPA
Social Natural

Predictor variable English Mathematics Studies Sciences Overall
English grade average N .36 .34 LGl L47
Mathematics grade average .37 42 .36 .64 A
Social Studies grade average .32 .30 .37 J62 . A
Natural Sciences grade average .38 .33 .38 .40 .45
Sum of grades in

English .32 <24 .22 .31 .32

Mathematics .30 .38 .33 .45 .38

Social Studies .16 .08 .16 .18 .19

Natural Sciences 24 .27 .26 .35 .33

Foreign Languages .18 .16 .13 .25 W21
Average of 30 high school grades 44 W42 W40 .53 .54
Average of 23 high school grades .45 W42 .38 .33 K
Average of 4 grade averages .45 42 40 .54 94
Sum of all grades .36 .36 .35 .49 W45
RF

self-reported grades in

English - .36 .33 .32 .36 .40

Mathematics .30 .33 .29 .36 .33

Social Studies .35 .24 .35 .34 .40

Natural Sciences .35 .34 .32 .36 .39
Average of 4 self-reported grades .42 .39 .42 48 A48







Appendix D

Median Multiple R and SEE
for Predicting College Grades and GPA
1986-87 Preliminary Models



English (K=131)* Mathematics (K=95) Social Studies (K=101) Natural Sciences {K=81) Callege CPA {k=156)

Mul{t. R SEE Mult. R SEE Mult. R SEF Mult., R SEE Mult. R SEE

ACT

4 ACT scores .40 .85 .38 1.09 L46 .96 .46 .96 45 13

RF

4 high school grades (RF) .40 .86 .4l 1.07 o4 .96 47 .94 .48 .72

ACT/RF

4 ACT scores & 4 high school W48 .82 .50 1.02 « 54 .91 .35 .90 .55 .69
grades (RF)

4 ACT scores & high school .46 .83 .48 1.04 .52 .92 .54 .91 .55 .69
average (RF)

Th index .47 .83 .49 1.04 .53 .92 .54 .91 .59 .69

ACT/CGIS

4 ACT scores & 4 high school .50 .81 .53 1.00 .55 91 .58 .90 .57 .67
grade averages (CGIS)

4 ACT scores & average of 30 .48 .82 .50 1.00 .53 .90 .57 .90 .56 .68
high school grades

4 ACT scores & average of 23 A8 .82 49 1.00 .53 .90 .56 .90 .56 .68
high school grades

ACT Composite & averape of 30 .43 .82 YA 1,05 .52 .90 .55 .90 .55 .68
high school grades

ACT Composite & average of 23 .43 .83 .44 1.04 .52 .90 .55 .90 .55 .68
high school grades

4 ACT scores & 4 high school Sl .81 .54 .99 .57 .90 .60 .89 .58 .67

grade averages & 4 numbers
of courses taken
4 ACT scores & 4 high schoo! .50 .81 .54 .99 .56 .90 .59 .90 .58 .67
grade averages & numbers of
courses taken in mathematics
& science

% K = number of colleges




Appendix E

Crossvalidation Results
Using Separate Grade Level
Prediction Models



Tables E-1 through E-8 contain the median CVR, RMSE, MAE, and BIAS
statistics for each regression model by grade level and subject area. Minimum
and maximum values are also reported, along with the total number of
institutions included in the analysis.

Eleven institutions were found to have BIAS values exceeding *.50 across

the subject areas. These institutions were contacted by telephone to
determine whether (a) different courses were used in 1988-89 than in 1987-88,
(b) different grading standards were used in 1988-89 than in 1987-88, or (c¢)
different samples of students were used (changes in admissions standards,
including honors courses the second year, etc.). Using these criteria, eight
of the eleven institutions were eliminated from the analysis: two because
different courses were used, three because different grading standards were
used or different grading schemes were used to report grades, and four because
of differences in the student samples. For the other three institutions, no
evidence could be found to support their elimination from the sample, and so
were retained for the crossvalidation analysis.

As shown in Table E-1, the crossvalidation statistics for juniors were,
in general, similar across the prediction models for English grade. The
largest median CVRs occurred for the ACT English & English grade average model
(.41; M7). All ACT/CGIS models (M7-M12) had similar or slightly higher median
CVRs than the TH index (.38; M4). The ACT English & English grade average
model (M7) also had the least prediction error, as measured by median RMSE
(.80); median MAE was slightly higher for the ACT (M1 and M2) and RF (M3)
models. Median BIAS was similar across the models, typically showing no
overprediction or underprediction (Median BIAS = -.01 to .0l).

For seniors, several ACT/CGIS models and the TH index model (M4) had
comparable median CVRs of .41. Slightly lower median CVRs were found for
models using CGIS predictors alone (Median CVR = .36 to .38; M5 and M6) or RF
(M3) or ACT (Ml and M2) variables alone (.31 to .35). Median RMSE was fairly
similar across the models for seniors, with values ranging from .86 to .88 for
all models using CGIS or RF variables. Median MAE was similar across

prediction models, as was median BIAS.




The median CVRs for the ACT and RF models for seniors were .02 to .05
units larger than those for juniors; the CVRs for the ACT/CGIS models were
typically .00 to .03 units larger for seniors. Median RMSE and MAE were, in
general, slightly larger for seniors than for juniors, with median RMSE and
MAE differences ranging from .02 to .05 across all models. Median BIAS
differences showed that the models were slightly more likely to underpredict
grades for seniors than for juniors.

The results for mathematics grade are provided in Table E-2. For
juniors, the largest median CVR was found for the TH index (.45; M4); median
CVRs of .44 were obtained for three ACT/CGIS models (M8-four ACT scores & four
grade averages, M9-four ACT scores & average of 23 grades, and Mll-four ACT
scores & average of 30 grades). Median RMSE was, in general, larger for
models using ACT scores or RF variables alone, or when mathematics grade
average was used alone (median RMSE = 1.14 to 1.16; Ml) to predict mathematics
grade. The largest median MAEs were shown for the models using ACT scores
alone (.95; M1 and M2). The smallest median MAEs were found for the four ACT
scores & average of 23 (M9) or average of 30 grades (Mil) models (.88). The
BIAS results showed that, in general, most models tended to overpredict
mathematics grade, with median values ranging from .0l to .06. The models
with the largest median BIAS values were the ACT/CGIS models (.05, .06).

The crossvalidation results for seniors showed somewhat larger median CVR
values for the ACT/CGIS models using eitheé the four high school grade
averages (M8) or the average of 23 high school grades (.48; M9-M12), when
compared to other models.  These models also had the smallest median RMSEs
(1.08, 1.09) and median MAEs (.86, .87). Much smaller median CVRs were found
for four high school grades (median CVR = .39; M3) or ACT scores alone (median
CVR = .35, .36; Ml and M2). Conversely, these models had the largest median
RMSEs (1.14, 1.15) and MAEs (.94). The median BIAS results revealed that most
models typically did not overpredict or underpredict mathematics grade.

Median CVRs for seniors were typically .03 or .04 units larger than those
for juniors, except for the RF (M3) and TH index (M4) models, for which median

CVRs were similar for juniors and seniors. Median RMSE and MAE were also



similar for juniors and seniors, with median differences of -.03 to .0l across
the prediction models. However, differences were found in median BIAS between
the models for juniors and seniors; median BIAS differences ranged from -.05
to -.07 for the ACT/CGIS models, with these models tending to overpredict
mathematics grade for juniors and not for seniors.

Table E-3 contains the crossvalidation results for predicting college
social studies grade. For juniors, the smallest median CVRs were found for
the models using ACT scores (M1l and M2) or RF (M3) variables alone and the
CGIS model using high school Social Studies grade average alone (.34 to .39;
M5). The largest median CVRs occurred for the four ACT scores & average of 23
or 30 grades models (.47; M9 and Mll). The TH index and ACT/CGIS models had
much larger median CVRs than separate ACT, RF, or CGIS models, particularly
when all four ACT scores were used. The converse was true for median RMSE and
MAE, where the separate models had somewhat larger median values (median RMSE
= .95 to .98; median MAE = .74 to .78) than the combined models. Median BIAS
for juniors ranged from -.00 to .04, with slightly larger values for all but
two of the ACT/CGIS models (.03, .04).

For seniors similar differences were found among the prediction models,
as measured by median CVR, RMSE, and MAE. Median CVR values were similar for
the TH index and all ACT/CGIS models except the ACT Social Studies & Social
Studies grade average model (.47 to .49; M7). Separate CGIS (M5 and Mé6), ACT
(M1 and M2), and RF (M3) models had smaller median CVRs (.35 to .42) and
somewhat larger median RMSEs (.99 to 1.02) and MREs (.79 to .82) than the
combined models. All ACT/CGIS models but one had slightly smaller median
RMSEs (.94, .95) and MAEs (.75, .76) than the TH index model (median RMSE =
.97; median MAE = .78). Median BIAS values ranged from -.02 to .02.

In comparison to juniors, median CVRs for seniors tended to be slightly
larger for the four ACT scores (M2) and the Social Studies grade average (M5)
models, with median differences of .04, Median RMSE and MAE were consistently
larger for seniors, with values from .02 to .07 grade units larger than those
for juniors. Social studies grade tended to be somewhat overpredicted for

juniors using the ACT/CGIS models, compared to seniors, with median



differences of .02 to .03. The two exceptions were the ACT Social Studies &
Social Studies grade average (M7) and ACT Composite & average of 30 grades
(M12) models, where median BIAS values were similar.

The median crossvalidation statistics for natural sciences grade are
provided in Table E-4. As was the case for predicting social studies grade,
the TH index model and the ACT/CGIS models using four ACT scores or the ACT
Composite (M8 through M12) had the largest median CVRs, with values ranging
from .48 to .50. The largest median CVRs were found for the ACT Composite &
average of 23 or 30 high school grades models (.50; M10 and M12). These
models also had the smallest median RMSEs (.89, .90) and MAEs (.71). Models
based on high school Natural Sciences grade average alone (M5) or in
combination with ACT Natural Sciences Reading (M7) had the largest median
RMSEs (.92, .93) and MAEs (.73, .75). Grades in natural sciences courses
tended to be slightly overpredicted for juniors using the ACT/CGIS models,
with median BIAS values ranging from .03 to .0S.

Similar results were found for seniors. The largest median CVRs were
found for the TH index and all ACT/CGIS models except the ACT Natural Sciences
Reading & Natural Sciences grade average model (ﬁedian CVR‘= .49 to .51; M7).
These models also had the smallest median RMSEs (.93 to .96) and MAEs (.75 to
.77). Median BIAS values showed that the CGIS models (M5 and M6) and the
model using a single ACT score and grade average (M7) tended to slightly
overpredict natural sciences grade, with median values of .03 and .04.

Seniors and juniors had similar median CVRs across all models except the
four high school grade averages model (M6), where the median CVR for seniors
was slightly larger (.45) than that for juniors (.42). Median RMSE and MAE
were typically larger for seniors than for juniors; median values were from
.03 to .08 grade units larger for seniors than for juniors. Conversely,
median BIAS values tended to be slightly smaller for seniors; however, for
both juniors and seniors, the ACT Natural Sciences & Natural Sciences grade
average model (M7) tended to overpredict natural sciences grade. One major
difference was found using four ACT scores alone as predictors (M2); median

BIAS was .05 grade units larger for juniors than for seniors.



Table E-5 contains the results for predicting college freshman GPA.
Prediction accuracy for juniors, as measured by median CVR, was greatest for
the ACT/CGIS models using four ACT scores and four high school averages (M8)
or four ACT scores and averages of 23 or 30 high school grades (median CVR =
.52, .53; M9 and M11l). Note that the median CVR for the ACT Composite &
average of 23 or 30 grades was .03 units larger than the TH index (ACT/RF)
model, The smallest median RMSEs and MAEs were also found for these models
(median RMSE = .66, .67; median MAE = .52). In comparison, the models based
on ACT Composite score (M1l), all four ACT scores (M2), or RF grades (M3) alone
had smaller median CVRs (.37 to .46) and somewhat larger median RMSEs (.70,
.72) and median MAEs (.55, .56). Median BIAS for juniors was similar across
the CGIS, ACT/CGIS, and TH index models (median BIAS = .00 to .02). The ACT
Composite score and four ACT scores models (M1l and M2) tended to slightly
overpredict college GPA, with median BIAS values of .03.

For seniors the ACT/CGIS models had the largest median CVRs (.52 and
.53); the smallest median values were found when using the ACT Composite (M1l),
the four ACT scores (M2), or the RF (M3) models (median CVR = .38 to .44). As
was the case for juniors, the ACT Composite or four ACT scores & average of 23
or 30 high school grades models (M9 through M12) yielded somewhat larger
median CVRs (.52 and .53) than the corresponding TH index model (.50). Median
RMSE and MAE were somewhat larger for the ACT (M1l and M2) and RF (M3) models,
compared to the other models, with median RMSEs of .73 and .75 and median MAE
values ranging from .57 to .59. The ACT Composite & average of 23 or 30 high
school grades (M10 and M12) models yielded both the smallest median RMSEs
(.68) and median MAEs (.53). No differences were found in median BIAS across
the models.

No differences in median CVR were found between juniors and seniors for
all prediction models for college GPA. Slightly larger median RMSEs were
found for seniors for the TH index (M4), ACT Composite alone (M1l), four high
school grade averages (CGIS; M6), and four high school grades {RF; M3) models
(median difference = .03). Median MAE was similar across all models except

the ACT Composite model (M1l); seniors had a larger median MAE value for this



model. The ACT Composite and the four ACT score models tended to slightly

overpredict college freshman GPA for juniors, but not for seniors.

BIAS was Bimilar across all other models.

Median



Table E-1

Distributions, Across Institutions, of Crossvalidation Statistics for Predicting College English Grades
(Juniors; NBumber of institutions = 45)

Juniors Seniors

Model Quantile CVR RMSE MAE BIAS CVR RMSE MAE BLAS

ACT

Ml ACT English Usage Max .49 1,20 .92 LAl .59 1.18 .98 .39
Med .27 .85 .65 .00 .31 .90 .69 ~.02
Min .07 .54 LGl -.34 -.07 94 43 ~.23

M2 Four ACT scores Max .51 1.21 .93 .42 .59 1.17 .97 .18
Med .26 .85 .65 ~.00 .31 .90 .69 -.02
Min .08 .54 L4l -.38 -.04 .53 W43 -.26

RF

M3  Four high school grades Max .52 1.26 .99 .31 .55 1.36 1.22 .35
Med .33 .84 .64 ~-.00 .35 .88 .68 ~.03
Min .00 .90 .39 ~.41 .01 .92 43 ~.27

ACT/RF

M4 TH index Max .54 1.18 .91 .36 .60 1.20 1.06 .37
Med .38 .82 .63 ~.00 .41 .87 .66 ~.03
Min .19 .50 .37 -.38 .07 .51 .42 -.23

CGIS

M5 English grade average Max .52 1.22 .94 .30 .57 1.33 1.17 .36
Med .35 .82 .63 ~.00 .36 .87 .67 -.02
Min .13 .52 41 ~.31 .07 .52 W42 -.26

M6 Four high school grade averages Max .53 1,22 .94 .30 .59 1.32 1.16 .35
Med .36 .83 .62 ~.00 .38 .86 .66 -.02
Min 17 .50 41 ~.30 .05 .52 42 -.217

{(continued on next page)
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Table E-1 (continued)

Juniors Seniors

Hode QuanlL ile CVR RMSE MAL BIAS CVR RMSFE MAE BIAS
ACT/CCIS

M7 ACT English & English grade average Max .54 1.16 .90 .36 .62 1.15 .94 37

Med L4l .80 .62 .00 41 .85 .65 -.02

Min L7 <52 41 -.32 .14 .51 42 -.23

M8 Four ACT scores & four high school Max .56 1.16 .89 .37 .63 1.1% .93 .40

grade averages Med .38 .B3 .61 -.00 W41 .85 .66 -.02

Min .21 .92 W41 -.39 .09 .51 42 -.24

M9 Four ACT scores & average of 23 Max .97 1.18 .90 377 .64 1.15 .94 .37

high school grades Med .39 -83 .61 -.00 W4l .85 .65 ~.03

Min .25 .51 .41 -.47 .08 .52 Ry -.25

MI0 ACT Composite & average of 23 Max .61 1.19 1 .36 .62 t.23 1.04 .35

high school grades Med .38 .82 .63 -.00 WAl .86 .67 -.02

Min .23 L45 .38 -.38 .16 .52 W43 -.26

M1l Four ACT scores & average of 30 Max .58 1.18 .90 .37 .63 1.15 .93 .37

high schoo!l grades Med .39 .83 .61 -.00 W4l -85 65 ~.02

Min .25 .52 L4 -.46 .08 .52 W42 -.26

M12 ACT Composite & average of 30 Max .60 1.19 .93 .36 .62 1.22 1.03 .35

high school grades Med .39 .82 .64 -.00 40 .86 .66 -.02

Min 24 47 .39 -.138 .16 .52 a2 -.26




Table E-2

Distributions, Across Institutions, of Crossvalidation Statistics for Predicling College Mathematics Grades
(Number of institutions: 30 (juniors), 53 (seniors))

: Juniors Seniors .

Model Quantile CVR RMSE MAE BIAS CVR RMSE MAE BIAS

ACT

Ml ACT Mathematics Usage Max .56 1.47 1.26 .42 .62 1.47 1.31 .33
Med .32 1.16 .95 .03 .35 1.15 94 -.0!
Min .12 .78 .65 -.3t .13 .82 .67 -.40

M2 Four ACT scores Max .56 1.50 1,26 .42 .63 1.45 1.29 .34
Med .33 1.16 .95 .04 .36 1.14 .94 -.00
Min .14 .79 .65 -.30 .19 .82 .68 ~-.43

RF

M3 Four high school grades Max .53 1.43 1.22 .43 .54 1.44 1.27 51
Med .38 1.14 .93 .01 .39 1.15 .94 -.00
Min .06 .76 .64 -.54 .02 .84 .69 ~.50

ACT/RF

M4 TH index Max .66 1.43 1.23 .42 .66 1.43 1.28 .42
Med .45 1.10 .92 .03 W45 1.13 .92 -.01
Min .20 .77 .63 -.42 .23 .84 .68 ~.46

CCIS

M5 Mathematics grade average Max .56 1.42 1.22 .40 .59 1.43 1,28 .42
Med .36 1.14 .93 .04 .40 1.13 .91 -.01
Min .09 .76 .64 -.39 .16 .84 .68 -.46

M6 Four high school grade averages Max .58 1.40 1.21 40 .61 1.42 1.25 .50
Med .41 1.10 .91 .04 ) 1.11 .89 .00
Min .13 .75 .63 -.3 A7 .83 .67 -.5%0

(continued on next page)




Table F-2 (conlinued}

Juniors Seniors

Model Quantile CVR RMSI MAE B1AS CVR RMSE MAE BIAS
ACT/CGIS

M? ACT Mathematics & Mathematics Hax .65 1.41 1.22 36 .66 1.43 1.27 .36

grade average Med .43 1.11 .91 .05 46 1.10 .89 -.02

Min .25 .75 .63 ~.30 .24 .80 .65 ~-.45

M8 Four ACT scores & four high scheol Max .65 1.44 1.23 .37 .67 1.41 1.24 .39

grade averages Hed 1A 1.10¢ .89 .06 48 1.09 .87 .00

Min - .28 .16 .63 -.29 .24 .80 .65 ~.48

M9 Four ACT scores & average of 23 Hax .62 1.43 1.23 42 .67 1.41 1.24 .37

high school grades Med 2 1.09 .88 .05 .48 1.08 .86 -.01

Min .29 .76 .63 ~-.32 .27 .79 .65 -.40

M10 ACT Composite & average of 23 Max .62 1.41 1.23 .44 .60 1.42 1.25 .41

high school grades Hed .4l 1.10 .89 .05 .45 1.10 .87 -.00

Min .10 .15 .63 -.41 .15 .82 .66 -4l

M1l Four ACT scores & average of 30 Max .62 1.43 1.23 .40 .67 l1.41 1.25 37

high school grades Med W44 1.10 .88 .06 .48 1.09 .86 -.0l1

Min .30 .75 .62 -.31 .25 .79 .65 -.39

M12 ACT Composite & average of 30 Max .61 1.42 1.23 .42 .61 1.42 1.25 W41

bigh school grades Med 4l 1.10 .89 .05 W45 1.10 .87 ~.0¢

Min .11 .15 .62 .40 .16 .82 .66 -.40




Table E-3

Distributions, Across Institutions, of Crossvalidation Statistics for PredicLing College Social Studies Grades
{(Number of institutions: 33 (juniors), 60 (seniors))

Juniors Seniors

Model Quantile CVR RMSE MAE Bl AS CVR RMSE MAE BLAS

ACT

Ml ACT Social Studies Reading Max .50 1.17 .96 .38 .64 1.25 1.04 .49
Med <34 .98 .18 .02 35 1.02 .82 -.02
Min .12 .69 .54 -.38 .10 .13 .57 -.43

M2 Four ACT scores Max .62 1.16 .93 +39 .66 1.21 1.02 Wbl
Med .37 .97 .15 .03 Wl .99 .79 .02
Min W11 .68 .54 -.39 W13 .12 .56 -.41

RF

M3 Four high school grades Max .56 1.40 1,14 .39 .58 1.53 1.25 .50
Med .39 .96 T -.00 39 1.01 .81 .01
Min A2 b .52 -, a4 -.01 .70 .99 -.43

ACT/RF

M4 TH index Max .62 1.14 .92 .39 .71 1.18 .97 45
Med 46 .92 .13 .02 48 .97 .78 ~.01
Min .22 .65 .50 -.40 W21 .69 .53 42

CGIS

M5 Social Studies grade average Max .51 1,22 .98 .50 .51 1.20 1.01 W45
Med .33 .97 .18 -.00 37 1.01 .82 .01
Min .18 .68 .52 ~. 43 .12 .72 57 -.41

M6 Four high school grade averages Max 1 1.18 .92 .49 .66 1.17 .97 .39
Med WAl .95 4 -.00 42 .99 .79 .00
Min 24 .66 .52 -. 46 .14 .10 .55 -.41

(continued on next page)




Table E3 (continued)

Juniors Seniors

Model Quantile CVR RMSE MAE BIAS CVR RMSE MAE B1AS
ACT/CGIS

M7 ACT Social Studies & Social Studies Max .53 1.17 .94 .50 .13 1.19 .98 46

grade average Med .41 .93 .74 .01 A .97 .78 .00

Min .09 .67 .51 -.39 24 2 .56 -.41

MB Four ACT scores & four high school Max .61 1.14 .90 .48 .70 1.15 .95 .38

gprade averages Med .65 .92 .12 .03 a7 995 .16 .00

Min . .24 .64 .51 -.41 .26 .69 54 -.39

M9 Four ACT scores & average of 23 Max .63 1.15 .91 .49 .13 1.15 .94 .40

high school grades Med W47 .91 .1 .04 48 .94 .75 .01

Min .26 .64 .50 -.41 .27 .69 .54 -.39

M10 ACT Composite & average of 23 Max .62 1.15 .90 .52 .72 1.13 .94 .38

high school grades Med 46 .91 .12 .03 .48 .95 .75 .01

Min .28 .65 .51 -.40 .26 .69 .53 -.40

M1l Four ACT scores & average of 30 Max .64 1.14 .90 .48 .12 1.15 .94 .40

high school grades Med 47 .91 .72 .03 W48 94 T4 .01

Min .21 .64 .50 -.41 .21 .69 .54 -.39

M12 ACT Composite & average of 30 Max .63 1.14 .89 .51 .72 l.14 .94 .38

high school grades Med .46 .91 .71 .02 .49 .95 .75 .02

Min .30 .65 .51 -.40 .25 .69 .53 -.40




Table E-4

Distributions, Across Institutions, of Crossvalidation Statistics for Predicting College Natural Sciences Crades
(Number of institutions: 28 (juniors), 54 (seniors))

Juniors Seniors

Model Quantile CVR RMSE MAE BLAS CVR RMSE MAE RIAS

AcT

M1 ACT Natural Sciences Reading Max .46 i.19 .99 .35 46 1.23 1.04 .38
Med .33 .96 .19 ~-.00 .32 1.03 .83 .01
Min .11 .66 .55 -.35 ~-.03 72 .57 .4l

M2 Four ACT scores Max .61 1.09 .91 .33 .62 1.20 1.00 .37
Med .39 .93 .75 .04 4l .98 .79 -.01
Min .28 .62 .51 -.39 .07 .74 .59 -.61

E

M3 Four high school grades Max .63 1.22 .98 .40 .60 1.23 1.02 .38
Med W42 .92 T4 .03 42 .99 .19 .02
Min .27 .61 .49 -.37 .17 .70 .57 -.42

ACT/RF

M4 TH index Max .67 1.10 .89 .37 .69 1.15 .97 .37
Med .48 .89 .71 .03 .50 .96 17 .02
Min .36 .57 W47 -.38 .20 .69 .55 -.40

CCIS

M5 Natural Sciences grade average Max .52 1.23 1.00 .35 .55 1.20 1.01 .29
Med .36 .93 .75 .02 .38 1.01 .82 .04
Min .14 .65 .52 -.33 .05 .12 .58 -.44

M6 Four high school grade averages Max .62 1.25 1.03 .38 .65 1.21 1.03 .29
Med .42 .91 .72 .03 W45 .97 .18 .03
Min .22 .62 .50 -.38 .13 .69 .56 -.44

(continued on next page)




Table E-4 (continued)

Juniors Seniors

Model Quantile CVR RMSE MAE BIAS CVR RMSE MAE BIAS
ACT/CCIS

M7 ACT Natural Sciences & Natural Sciences Max .59 1.15 .92 .36 .61 1.19 1.00 32

grade average Med .43 .92 .13 .03 42 .98 .79 .04

HMin .30 .62 .49 -.37 .04 .70 .56 ~.46

M8 Four ACT scores & four high school Max .64 1.12 .91 .34 .69 1.25 1.03 .32

grade averages Med .49 .90 W71 .04 .49 .94 .76 .02

Min .35 .59 46 -.40 -.03 .69 .53 -.46

M9 Four ACT scores & average of 23 Max .65 1.12 .91 .34 .69 1.18 .96 .30

high school grades Med .48 .89 .71 .05 .50 .93 .76 .02

Min .35 .58 L4b -.40 A1 .68 .54 -.46

M10 ACT Composite & average of 23 Max .67 1.10 .90 .34 .71 1.14 .97 .28

high school grades Med .50 .90 .11 .04 .51 .93 .75 .02

Min .37 .58 .46 -.37 .27 .68 .51 -.46

M1l Four ACT scores & average of 30 Max .66 1.11 .91 .34 .69 1.19 97 .30

high school grades Med .48 .89 .70 .04 .50 .94 .75 .02

Min .37 .58 .46 -.40 .12 .68 .54 - .46

M12 ACT Composite & average of 30 Max .67 1.09 .90 .33 .71 1.16 .98 .27

high school grades Med .50 .89 71 .04 .51 .94 .15 .02

.38 .27 .68 .52 -.46

Min .37 .58 .47




Table E-5

Distributions, Across Institutions, of Crossvalidation Statistics for Predicting College CPA
{Number of institutions: 56 (juniors), 8! (seniors))

Juniors Seniors

Model Quantile CVR RMSE MAE B1AS CVR RMSE MAE BIAS

ACT

Ml ACT Composite Max .58 1.01 17 3?7 .62 .98 .76 .26
Med 37 .12 .56 .03 .38 .15 .99 -.00
Min .22 JAa7 .38 -.20 W19 .92 A4 -.30

M2 Four ACT scores Max .61 1.0} .77 .37 .64 1.01 .16 .26
Med 40 .12 .36 .03 40 .13 .58 -.01
Min .23 .46 .36 -.22 14 .53 42 -.27

RF

M3  Four high school prades Max W63 .98 .15 .34 .67 .99 .76 25
Med 46 .1C )) -.00 A4 .13 57 -.00
Min .04 .46 .37 -.28 .06 A8 .38 -.38

ACT/RF

M4 TH index Max .65 .94 12 .36 .73 .93 .73 .24
Med .50 .68 .93 .01 .50 71 .55 -.00
Min .28 44 .35 -.25 .25 A4 .36 -.33

(A F]

M5 Average of 23 high school grades Max .68 .94 .70 .31 .70 .93 72 .32
Med .50 .68 .53 .00 .49 .70 b)) .01
Min .29 W43 .34 -.31 .22 Ry .38 -.32

M6 Four high schoal grade averages Max .69 .94 .70 .31 .71 .94 .72 .29
Med .49 .67 .53 .00 WG9 W71 .55 -.00
Min .29 43 .34 -.29 24 45 37 -.34

(continued on next page)



Table E-5 (continued)

Juniors Seniors

Model Quantile CVR RMSE MAE BIAS CVR RMSF MAE BIAS
ACT/CCIS

M8 Four ACT scores & four high school Max .10 .93 .69 .36 .75 .93 .69 .29

grade averages Med .52 .66 .92 .Q2 .53 .69 .53 ~.00

Min .30 .42 .31 -.26 .26 W43 34 -.30

M9 Four ACT scores & average of 23 Max .69 .93 .69 .35 .75 .95 J1 .33

high school grades Med .52 .67 .92 .02 .93 .69 .54 .00

Min - .27 .61 .31 -.27 .24 a4 .36 -.28

M10 ACT Composite & average of 23 Max .69 .93 .69 .35 .74 .90 .69 .25

high school grades Med .93 .66 .52 .01 .52 .68 .53 -.01

Min .38 Ry .32 -.26 .31 46 .37 -.29

M1l Four ACT scores & average of 30 Hax .68 .94 .69 .35 .15 .96 .71 .33

high school grades Med .52 . b6 .52 .02 .52 .69 .54 -.00

Min .28 WAl .31 -.26 .24 .44 .39 -.28

M12 ACT Composite & average of 30 Max .68 .94 .68 .35 .74 .90 .69 .23

high school grades Med .53 .67 .52 .01 .53 .68 .53 -.00

Min .38 .42 .30 -.25 30 .45 .37 -.29




Table 1

Summary of Research on Predicting Freshman GPA

Predictor variables

Author Criterion Test High school information N R
ACT (1988) College GPA 4 ACT tests 269* .45
4 HS grades .48
4 ACT tests 4 HS grades 55
Aleamoni & Qvoler (1978) College GPA SAT-T HS rank 4,283 .43
SAT-V, SAT-M HS rank .45
ACT Composite HS rank .45
HS rank .44
Cameron (1989) College GPA HS rank 21,685% W95, .48
SAT-T WO7, .42
SAT-T HS rank B85, 55
Crouse & Trusheim (1988) Col lege GPA SAT-T 2,470 <37
HS rank W1
SAT-T ) HS rank +16
Crouse & Trusheim (1989) College GPA SAT-T, sex 1,010 .48-,54
Dalton (1976) First semester GPA SAT-T HS rank 386-4,863 A7~ ,64
Durio & Slover (1980) Col lege GPA SAT-V, SAT-M, Math Ach, HS rank 1,379-2,189 .56, .60
ETS (1980) Cot lege GPA SAT-T 827* .41
HS GPA .52
SAT-T HS GPA .58
forg & Campds (1977 College GPA SAT-V 829*% .40
SAT-M <35
HS rank .50
SAT-V, SAT-M HS rank .58

(Continued on next page)
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Predictor variables

Author Criterion Test High school information N R
Hedges & Majer (1976) College GPA SAT-M, SAT-V HS GPA 161 N ¥4
Humphreys, Levy, & Taber (1973) First-eighth semester HS rank 2,811 06-,29
GPA ACT-English Usage 03-,16
ACT-Mathematics Usage -,02-.16
ACT-Social Studies Reading 05-,16
ACT-Natural Sciences Reading -.02-.,16
ACT-Composi te 04-,24
Lenning (1975) GPA 4 ACT tests 40* .46
4 ACT tests 4 HS grades .58
SAT-V, SAT-M 27t, 348 W27, .55
4 ACT tests .40, .44
CEEB-E .09, .19
CEEB-M <29, .35
SAT-T, CEEB-E, CEEB-M .29, .40
McCornack 8 MchLeod (1988) College GPA SAT-Y, SAT-M HS GPA 50-1,491 <37
Specific course grades SAT-V, SAT-M HS GPA 3
Rowan (1978) First semester GPA 4 ACT tests & ACT Composite 1,135 .53, .59
Second semester GPA 4 ACT tests & ACT Composite 1,154 .50, .56
Sawyer & Maxey (1979) College GPA 4 ACT tests 260* .48
4 HS grades .48-,50
4 ACT tests 4 HS grades .55, .56
Sue & Abe (1988) College GPA SAT-V, SAT-M HS GPA 848, 3,730 .45, .50
English Comp, Math | HS GPA 651, 2,510 A5, .47
English Comp, Math 11| HS GPA 172, 1,153 .46, .54
Trusheim & Middaugh (1987) College GPA SAT-T, SAT-M, sex 11,868 .57
Willingham & Bretand (1982) Coliege GPA SAT-T 9x* «29-.,61
SAT-T HS rank (normalized)} «25-,56
HS rank (normalized) +46-,65

* Number ot colleges



Tabte 2

Distributions, Across Institutions, of Base Year Descriptive Statistics for Course Grade/GPA, ACT Composite,
High School Average (RfF), and Average of 23 High Schoo! Grades (CGIS)

(Juniors)
Course Grade/GPA ACT Composite HS average (RF) Average of 23 HS grades (CGIS)
Number of Number of
Subject area Quantile students Mean SD Mean SO Mean SD students Mean SD
Engiish Min 57 2,%4 0.54 16,5 2,25 2,60 0,41 S7? 2,70 0,36
(60 institutions) Med 194 2,79 0,85 20,8 4,14 2,98 0.61 179 3,08 0,53
Max 1577 3.31 1,32 25,9 5,48 3.92 0,72 1478 3.54 0,66
Mathematics Min 58 1,69 0,73 18,4 2,39 2,51 0,40 56 2,62 0,33
(41 institutions) Med 169 2,41 1,17 22,1 3.89 3,15 0,58 162 3.2 0,50
Max 1316 3.06 1,52 26,4 5.18 3,56 0,68 1261 3.58 0.60
Social Studies Min 57 1,72 0.72 16.8 2,42 2.67 ¢.4) 53 2.77 0,35
(53 institutions) Med 185 2,60 0,99 21,6 4,11 3.05 0,61 172 3.14 0,52
Max 1596 3.2 1,51 26,2 5.42 3.53 0,74 1515 3.55 0,64
Natural Sciences Min 52 0,84 0.77 18,9 2.39 2.57 .40 52 2,71 0.34
(37 institutions) Med 157 2,54 1,00 22.4 3.98 3,20 0,59 152 3.25 0.50
Max 928 2.86 1,30 26.3 5.02 3.51 6,72 888 3,56 0.63
Overall GPA Min 52 2,22 0,51 16.8 2,45 2.58 0.41 50 2,69 0,35
(80 institutions) Med 249 2.61 0,79 21,2 4,43 3,05 0,62 242 3.14 0,53
Max 2002 3.06 1.05 26,3 5.91 3,51 0,74 1603 3.56 0,68




Table 3

Distributions, Across Institutions, of Base Year Descriptive Statistics for Course Grade/GPA, ACT Composite,
High Schoo! Average (RF), and Average of 23 High School Grades (CGIS)

(Seniors)
Course Grade/GPA ACT Composite HS average (RF) Average of 23 HS grades (CGIS})
Number of Number of
Subject area Quantile students Mecan SD Mean SD Mean SD students Mean SD
English Min 56 1,74 0.59 12,7 3,03 2,42 0.47 51 2,54 0.39
(97 institutions) Med 382 2.59 0,95 18,6 4,48 2.89 0.64 294 3.0 0,55
Max 2057 3,26 1,42 24.9 6,46 3.48 0.77 1818 3.53 0,66
Mathematics Min 56 1,30 0.84 13.0 2,85 2.46 0.44 50 2,55 0,37
(80 institutions) Med 213 2,25 1,22 19,6 4,35 2.99 0,63 177 3.09 0,54
Max 1654 2.76 1,49 25.3 6.82 3.55 0,78 1456 3.58 0,63
Social Studies Min 56 1.23 0,74 13,5 3.05 2.47 0.44 52 2,58 0.39
(93 institutions) Med 292 2,30 1,06 19,0 4,65 2,94 0.64 246 3.06 0.56
Max 2167 3.02 1,60 25,1 6,17 3.48 0.75 1922 3,53  0.67
Natural Sciences Min 53 0.77 0.77 12.4 2.99 2,57 0.46 51 2,65 0,37
(76 institutions) Med 220 2,23 1,07 19,6 4,50 3.04 0.63 181 3.13 0,54
Max 1845 2.74 1,37 25,2 6.41 3.51 0.79 1802 3.56 0,67
Overall GPA Min 66 1.91 0.58 12,1 3.04 2,46 0.47 55 2.58 0.56
(112 institutions) Med 573 2,42 0.83 18.9 4,83 2.50 0.65 428 3,00 0.57

Max 2729 3.14 1,07 25,6 6 .60 3.48 0.78 2518 3.54 0.68




Table 4

Distributions, Across Institutions, of Crossvalidation Statistics for Predicting College English Grades Using Total Group Models
{Number of institutions: 49 (juniors), 74 (seniors})

Juniors Seniors
Mode | Quantile CVR RMSE MAE BIAS CVR RMSE MAE BIAS
ACT /RF
M1  TH index Max 63 1.18 1,00 .32 .60 1,20 1,05 .40
Med 39 .81 .63 -.08 .41 .87 .66 -.01
Min .19 .49 .38 -.47 .10 91 .40 -, 21
ACT/CGIS
M2 ACT English & English grade average Max .60 1,15 .92 o33 .62 1,16 .93 .39
Med .44 .81 .61 -.07 A1 .85 .65 .00
Min .19 92 A1 -.45 A7 .50 .41 -.20
M3 Four ACT scores & four high school Max 63 1,16 .92 .36 .63 1.15 92 37
grade averages Med .45 .79 .61 -.06 .42 .85 .65 .00
Min W22 .46 .36 -.47 W11 .50 .40 -.22
M4 Four ACT scores & average of 23 Max Y 1,17 .94 <35 .65 1.16 .93 37
high school grades Med .43 .80 .62 -,06 42 .85 .65 -.00
Min .27 .47 .37 -.47 A3 .50 .41 -.22
M5 ACT Composite & average ot 23 Max .62 1,8 .96 .35 .62 1,23 1,04 .35
high school grades Med .40 .81 .63 -,05 .41 .86 .66 -,00
Min .23 .44 .35 -.43 16 .52 .43 ~-.24




Table 5

Distributions, Across Institutions, of Crossvalidation Statistics for Predicting College Mathematics Grade Using Total Group Models
(Number of institutions: 34 (juniors), 59 (seniors))

Juniors Seniors
Mode | Quantile CVR RMSE MAE BlAS CVR RMSE MAE B1AS
ACT /RF
MI  TH index Max .67 1,44 1.27 .32 .66 1,43 1,27 .47
Med .45 1.10 .90 -,04 .47 1 11 .92 .03
Min W21 .75 .62 -.38 23 .80 .66 -J37
ACT/CGIS
M2 ACT Mathematics & Mathematics grade average Max .65 1.43 1.26 .28 .66 1,43 1.26 .43
Med .43 1,10 .90 -.01 .46 1,10 .89 .01
Min .24 .75 .63 -.35 .24 .80 63 ~.39
M3 Four ACT scores & four high school Max .65 1,41 1,25 30 .67 1.41 1.24 .45
grade averages Med .45 1,08 .88 -,02 Y 1,09 .89 01
Min .30 .76 .62 -.34 26 .79 N - .41
M4 Four ACT scores & average of 23 Max .64 1,42 1.25 .31 .67 1,41 1,24 .44
high school grades Med .45 1.07 .87 -.03 .47 1.08 .87 Nl
Min .31 75 .62 -.35 .28 .79 .60 -.34
M5 ACT Composite & average of 23 Max .62 1,42 1,26 <32 .63 1,42 1,24 <47
high school grades Med .42 1.09 .88 -,03 .45 1.10 .87 L0l

Min .12 .15 .63 -.35 .14 .79 .60 -.34




Table 6

Distributions, Across Institutions, of Crossvalidation Statistics for Predicting
College Social Studies Grade Using Total Group Models
{(Number of institutions: 37 (juniors), 61 (seniors))

Juniors Seniors
Mode | Quantile CVR RMSE MAE BLAS CVR RMSE MAF H{AS
ACT /RF
M} TH index Max .63 1,13 .94 .34 .77 1,18 .97 .44
Med .47 91 .73 -,07 .48 .97 .78 .05
Min .23 .65 51 -,48 vl .69 .93 -.35
ACT/CGIS
M2 ACT Social Studies & Social Studies Max 58 1,14 .93 .35 W71 .19 .98 .47
grade average Med .42 92 <74 -.03 .42 .97 A7 03
Min W21 .66 .54 -.46 .24 72 .96 -.32
M3 Four ACT scores & four high schoo! Max .64 1,11 .89 .44 .70 1,16 .94 .38
grade averages Med .47 .89 A -0 AV .95 16 03
Min 24 .64 .51 -.43 .23 .69 .53 -.34
M4 Four ACT scores & average of 23 Max .64 1,11 .88 .44 .73 1,15 .94 37
high school grades Med .48 90 .70 -.01 .47 95 76 .04
Min .27 64 .50 -.44 W27 .69 93 -.35
M5 ACT Lomposite & average of 23 Max .64 1,12 .89 .47 .12 1,14 .84 .35
high school grades Med A7 .90 0 -.01 .48 .95 .76 .03
Min W31 .65 .5 -.44 25 .69 .53 -.30




Table 7

Distributions, Across lnstitutions, of Crossvalidation Statistics for Predicting
Col lege Natural Sciences Grade Using Total Group Models
(Number of institutions: 31 (juniors), 54 (seniors))

Juniors Seniors
Mode | Quantile CVR RMSE MAE B1AS CVR RMSE MAF BIAS
ACT/RF
Mi  TH index Max .67 1,07 .86 .26 .69 1.15 .97 .42
Med .48 .89 .73 -.,06 51 .95 .76 .05
Min .36 .57 .48 - .36 »20 .69 «55 -.40
ACT/CGiS
M2 ACT Natural Sciences & Natural Sciences Max .59 1.14 .90 .30 .61 1.18 .38 .37
grade average Med .44 92 .73 -.03 .42 .98 79 .04
Min .30 .63 .49 -37 .0l .68 .55 - .34
M3 Four ACT scores & four high school Max .64 1.06 .87 .26 .70 1,21 1,00 .34
grade averages Med .49 .89 .70 -,02 .50 .93 75 .02
Min W37 .60 .47 -.37 .00 .69 +53 -.36
M4 Four ACT scores & average of 23 Max .64 1.06 .87 .24 .70 1.17 .96 35
high school grades Med .49 .88 71 -.01 52 .93 75 .03
Min 37 .59 .48 -.37 .13 .68 53 -.37
M5 ACT Composite & average of 23 Max .68 ).07 .87 .25 71 1,13 .95 31
high schoo! grades Med .51 .89 A -.02 .52 .94 .75 .02

Min 37 .59 .47 -.36 27 .68 oSt -o37




Table 8

Distributions, Across Institutions, of Crossval idation Statistics for Predicting College GPA Using Total Group Models
{Number of institutions: 60 (juniors), 81 {seniors))

Juniors Seniors
Mode | Quantile CVR RMSE MAE BIAS CVR RMSE MAE BIAS
ACT/RF
Ml TH index Max .65 .94 .75 .20 .73 .92 J2 .27
Med 5l .68 .54 -,07 .50 A .55 .02
Min 36 A4 .36 -.32 .24 W43 34 -.30
ACT/CGIS
M3 Four ACT scores & four high schooi Max .69 .93 A .22 75 .92 N 27
grade averages Med 54 .65 51 -.04 53 .69 .54 02
Min W33 .42 .32 -.28 .25 .40 .32 -.28
M4 Four ACT scores & average of 23 Max 69 .93 .71 W22 .75 .92 g2 27
high schoo! grades Med .54 .66 .52 -.04 .93 .69 .53 .02
Min 36 .42 32 -.29 .23 A1 .33 -.26
M5 ACT Composite & average of 23 Max .69 .91 .69 .24 .74 .87 .69 .26
high school grades Med 53 .66 .52 -.03 52 .69 .53 .0l
Min 37 .42 <33 -.29 30 .44 36 -.27
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