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Executive Summary

The purpose of this study was to examine the effects of Advanced Placement® (AP®) exam
participation and performance on college grades for courses taken in the same subject

area as students’ AP Exam(s). Students’ first-year college subject area grade point averages
(SGPAs) were examined in nine subject areas: mathematics, computer science, engineering,
natural science, social science, history, English, world language, and art and music. Using
cross-classified multilevel modeling for each subject area separately, and controlling for
gender, racial or ethnic identity, socioeconomic status and prior academic ability, as average
AP Exam score in each subject area increased, expected SGPA increased. Model selection
procedures led us to include the number of AP Exams taken in the model for only three of the
nine subject areas: engineering, natural science, and social science.

Introduction

Exploration of the plethora of possible career opportunities often gains momentum in high school
when students are first able to exert their preferences in course selection. This most often
occurs after students have attained their fundamental education requirements and are able to
enroll in advanced academic courses that spark their interests. Through enrollment in Advanced
Placement® (AP®), International Baccalaureate, dual enrollment’ and other college-level courses,
students can also use this opportunity as a way to jump-start their college education.

AP is a program of college-level courses and examinations offered by the College Board. The
content and skills taught in each AP course intend to represent the content and skills taught

in a corresponding introductory college-level course. As such, students who earn a particular
grade on an AP Exam, depending on the individual credit policy of the institution, can place out
of, or obtain credit for, the corresponding introductory college course. Since the inception of AP
in 1955, the program has gone through many changes in terms of the number of courses and
exams offered. As of the 2009-10 academic year, there were 33 courses and exams in a variety
of subject areas.

Given that the primary motivation for taking an AP Exam is the opportunity to earn credit for an
introductory college course or courses or to place into advanced course work, past research on
AP focused mainly on the validity of AP Exam scores for predicting student performance in the
subsequent course, that is, the course(s) students would take immediately after completing
the introductory course. Studies in this area most often show that students who perform well
on the AP Exam and place out of the introductory college course perform as well or better in
the subsequent course as students who take the introductory course (Casserly, 1986; Dodd,
Fitzpatrick, De Ayala, & Jennings, 2002; Hargrove, Godin, & Dodd, 2008; Keng & Dodd, 2008;
Morgan & Crone, 1993; Morgan & Ramist, 1998; Willingham & Morris, 1986).

Morgan and Crone (1993) aver that the success of the AP program should be measured not
only by performance differences between AP and non-AP students in subsequent course work,
but also by differences in the future interest AP students show in their AP Exam subjects and
college performance in courses related to their AP Exam subjects. They compared college
freshmen in 1988 and 1989 who took an AP Exam in Biology, Calculus AB, or Chemistry

to non-AP students to examine whether there were differences in the amount and types

of college courses taken as well as the grade in the subsequent course (due to placement

out of the introductory course from their AP grade). Results showed that the AP students

who took Calculus AB or Chemistry continued to pursue a course of study in these areas. In
addition, students who received an AP grade of 3 or higher received higher mean grades in the
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subsequent course than did non-AP students. Finally, students who received an AP grade

of 4 or 5 did extremely well in their initial college course work in their AP subject. Additional
research expands these findings to show that students who take AP Exams earn more college
credits than non-AP students in their AP subjects (Morgan & Maneckshana, 2000;

Morgan & Ramist, 1998).

Willingham and Morris (1986) tracked the college academic pathways of over 1,000 AP students
who attended private liberal arts colleges for a period of four years. To study the effects of AP
Exam performance on subsequent performance in college they grouped the exams into six
subject areas: English, history, foreign language, biological sciences, mathematics, and physical
sciences. Similar to other studies, the researchers found that AP students were more likely to
enroll in courses in the same AP subject area and earn higher grades in those courses than
non-AP students. Overall, the AP students outperformed the group of non-AP students who
were matched on academic ability. In addition, students with AP grades of 4 or 5 earned much
higher college GPAs than would have been predicted by typical measures of college readiness
(i.e., SAT® scores and high school rank). This study did not find any additional differences in
terms of college performance between the AP and non-AP groups based on gender, high school
affiliation (i.e., public or private), or college selectivity.

More recent studies have also looked at performance in college courses in the AP subject
area. For example, Dodd, Fitzpatrick, De Ayala, and Jennings (2002) examined AP performance
for students entering a large public university in Texas from 1995-1999. Results showed that
AP students who received AP credit (i.e., a grade of 3 or higher) for the English Language and
Composition, Calculus AB, or Biology exams attained the same or higher grades in subsequent
courses and achieved higher GPAs in the subject area of the AP Exam than AP students who
did not earn credit and took the introductory course, non-AP students of similar ability, and dual
enroliment students.

Similarly, Morgan and Klaric (2007) compared the college academic records of students

who did and did not take AP Exams. Their sample included over 72,000 students from the

class of 1994 who attended 27 institutions. The institutions in their sample were targeted
because they received large volumes of AP score reports in connection with the undergraduate
admissions process. Students were tracked for five years on course-taking behavior and
performance in subject areas in which an AP Exam was taken. Results showed that AP
students performed well in the course that followed the introductory course for which they
received advanced placement or credit. With the exception of AP English Literature, compared
to their non-AP counterparts, AP students took a greater number of college courses in their AP
Exam subjects. They also found that AP students outperformed their non-AP counterparts in
the subsequent course and that there was a positive relationship between AP Exam grades and
college course grades.

In another study, Keng and Dodd (2008) analyzed AP performance on 10 exams with
subsequent college performance. Their sample included first-year students who attended

a large public institution in Texas from 1998-2001. They compared performance for AP and
non-AP students who were matched on ability. Results showed that AP students consistently
outperformed non-AP students in total first-year GPA and earned higher GPAs in each of the AP
subject areas.

Hargrove, Godin, and Dodd (2008) also utilized data from Texas; however, their sample included
students who graduated from high school in Texas from 1998-2002, took at least one of seven
AP Exams (i.e., English Language and Composition, English Literature, Calculus AB, Biology,
Chemistry, U.S. History, and Spanish Language), and attended any public institution in Texas.
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Additional predictor variables included gender and racial or ethnic identity as well as SAT scores
and free or reduced price lunch status, which were included to control for college readiness

and socioeconomic status, respectively. Outcome variables included first- and fourth-year

GPA, credit hours earned, and graduation within four years. When the sample was aggregated
across exams, AP students who took both the course and exam outperformed students who:
only took the AP course; only took the AP Exam; took neither the course nor an exam (non-AP
students); and non-AP dual enrollment students on GPA, graduation rate, and overall number

of credit hours. While there were differences in college performance by gender and racial or
ethnic identity for the specific AP Exam taken, the overall finding that AP students who took the
course and exam outperformed their counterparts was consistent across subgroups.

The purpose of this study was to examine the effects
of AP Exam participation and performance on college
grades in nine subject areas, as compared with non-AP

The purpose Of thlS examinees. Overall, nine subject areas were examined:

study was to examine

mathematics, computer science, engineering, natural
science, social science, history, English, world

language, and art and music. In accordance with past
research (e.g., Dodd, Fitzpatrick, De Ayala & Jennings,

the effeCtS Of AP 2002; Keng & Dodd, 2008), it was hypothesized that

with either greater numbers of subject area AP Exams

Exam pa]_’tlclpa‘tlon taken or higher mean grades on those subject area AP

Exams, students would earn higher subject area first-

and performance year grade point averages (SGPAs).

Through the design of this study, some key

on COHege gradeS 1I1 methodological limitations of past studies were

mitigated. First, by including outcome data on students

Illne SU.b] eCt areas who attended more than 100 fouryear colleges and

universities that varied on a variety of characteristics,
this study had greater generalizability to the entire

as Compared Wlth population of college students than studies that

focused on data from one institution (Dodd, Fitzpatrick,

non‘AP examlnees . De Ayala, & Jennings, 2002; Keng & Dodd, 2008;

6

Morgan & Crone, 1993) or a group of homogenous
institutions (Willingham & Morris, 1986). Second, by
utilizing cross-classified multilevel modeling to examine
student effects and controlling for the random variation
of SGPAs across the high schools and colleges attended, the results of this study addressed
potential confounds of past research (Dodd, Fitzpatrick, De Ayala & Jennings, 2002; Keng &
Dodd, 2008; Morgan & Crone, 1993; Morgan & Klaric, 2007). Given that the outcome of interest
(SGPA) was observed within colleges and because variation in that outcome was likely to be
more easily attributed to differences across colleges — rather than across high schools — more
random variation in student performance was expected to be associated with the college, than
with the high school. Similarly, this study controlled for prior academic achievement (i.e., SAT
scores and high school grade point average) as well as student (i.e., racial or ethnic identity,
gender, and parental education), high school (i.e., location, mean enrollment per grade, and
affiliation), and college (control, admittance rate, and undergraduate enrollment) demographic
characteristics that have been related to academic success (Kobrin, Patterson, Shaw, Mattern,
& Barbuti, 2008; Mattern, Patterson, Shaw, Kobrin, & Barbuti, 2008) and excluded from other
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studies (e.g., Keng & Dodd, 2008). Finally, this study analyzed data from lower volume

AP Exams (e.g., AP Computer Science A) that were typically excluded from prior research due
to a lack of data (e.g., Dodd, Fitzpatrick, De Ayala, & Jennings, 2002; Morgan & Klaric, 2007,
Keng & Dodd, 2008; and Hargrove, Godin, & Dodd, 2008).

Method

Sample

The sample included 110 fouryear colleges and universities that were originally recruited as
part of a national study to evaluate the validity of the SAT after its revision in March 2005.
Recruitment plans were based on a stratified sampling scheme of fouryear colleges and
universities that took into account U.S. region, size,

selectivity (as measured by admittance rate) and control

(i.e., public or private). Participating institutions provided

all first-year course grades for their entire cohort of After Comblnll’lg the
first-time, first-year students entering in the fall of 2006.

A nominal stipend was offered to offset the resources Co]_lege—leve]_ data
needed to create the student data file. See Kobrin, et al.

(2008) for more information on the target population and :

sample characteristics. W]'th COHege Board
After combining the college-level data with College data (]_ e. , SAT and
Board data (i.e., SAT and AP Exam data), the sample

included 195,099 first-time, first-year students who

enrolled in college in the fall of 2006. Inclusion in one AP Exam data)’ the
of the nine subject area samples, a student must have 1 . 1

received a grade and credit for at least one college Samp e 1ncC U.ded
course in the subject area. When limited to those )
students with complete data for all three SAT sections, 1 95’099 ﬁ]_’St—tlme’
high school grade point average (HSGPA), high school

charactenst@s, and credit and a grgde in a.t least ﬁISt_yeaI StudentS WhO
one course in at least one of the nine subject areas,

the sample was reduced to 147051. Students who 11 d . 11 .
transferred out of one of the 110 colleges but who had enrolliea 1n co ege mn
complete data on the required elements listed above

were included in the analyses. Students who transferred the fall Of 2006

into one of the sampled colleges during the 2006-

07 academic year, however, were not included. High

school affiliation was determined by the most recent

high school attended. Table 1 presents the number of college students and the number of AP
examinees who were included in each of the nine subject area samples.

Measures

AP Exam Participation and Performance. The data set used in this study could not track
students who took an AP course, but not the corresponding AP Exam. Therefore, AP participation
was operationalized as the number of AP Exams taken in the subject area. During the time
students in this sample attended high school (2002-06), there were at least? 34 AP Exams offered
in 20 subjects. AP performance was operationalized as the mean of AP Exam grades earned in
the relevant subject area. The AP grading scale associates each grade from 1to 5

with a student’s ability to perform well in the corresponding subsequent college course
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(i.e., T = no recommendation; 2 = possibly qualified: 3 = qualified: 4 = well qualified; and 5 =
extremely well qualified).We viewed the score scale as a set of categorical judgments of students’
knowledge and skills and chose not to assume a linear relationship of the scale score with the
SGPA. As such, mean AP Exam performance was treated as a categorical measure and students'
mean AP Exam grades in each subject area were computed and then rounded to the nearest
score on the 1 to 5 scale.

Subject Area First-Year College Performance. The participating colleges submitted course-
taking data on each of their students that included the course label (e.g., ENGL 101); name

(e.g., Freshman Composition); grade (e.g., 3.67); credit (e.g., 3.0); and the term (i.e., semester,
trimester, quarter; e.g., second semester) in which the course was taken. Course grades generally
ranged from 0.00 to 4.00, but five colleges granted course grades up to 4.30. Each course was
coded into one of 14 subject areas (e.g., social science).The nine subject areas most compatible
with existing AP Exam subject areas included mathematics, computer science, engineering,
natural science, social science, history, English, world language, and art and music. The subject
area first-year GPA (SGPA) was computed as the mean course grade within a subject area,
weighted by the number of credits for each course. There was no limit placed on how many
courses or credits a student would need to be included in the analyses.

The world language SGPA analyses were based on all courses where a non-English language
(e.g., Spanish, Japanese) was taught. While alternate approaches would be to conduct a separate
analysis either by each language family (e.g., the romance languages) or by each language (e.g.,
French), this study combined the data from all world languages. e propose that the grouping

of all world languages is appropriate because of a phenomenon known as language layering,
whereby students accrue general skills while learning a second language that are transferrable and
assist in learning a third language (New Jersey Department of Education, 1999).

Student Characteristics. Self-reported gender, racial or ethnic identity, and parental education
levels from the SAT Questionnaire were included in the cross-classified multilevel models to
control for demographic and socioeconomic differences across students.

Overall Academic Preparedness. Two measures of prior academic preparedness were used in
the current study: SAT scores and high school grade point average (HSGPA). The SAT consists

of three sections: critical reading (SAT-CR), mathematics (SAT-M), and writing (SATW), with each
section scaled from 200 to 800. Students’ latest SAT scores were used in the analyses in order to
measure academic preparedness as close as possible to the date of entrance into college. HSGPA
was a student self-reported measure taken from the SAT Questionnaire, which was administered
during SAT registration. Past research on this sample showed a high correlation between self-
reported HSGPA and true HSGPA (Shaw & Mattern, 2010). HSGPA was reported on a 12-point
scale, ranging from 0.00 to 4.33.

High School Characteristics. A variety of characteristics were included to characterize the high
schools attended by students in each subject area sample. Most high school level variables were
obtained from data prepared in the spring of 2006 by Market Data Retrieval, Inc. (MDR, 2006).
Variables from this data source included the urbanicity of the area surrounding the high school
(i.e., rural, suburban, or urban), the mean student enrollment per grade, and the high school
affiliation (i.e., public, private Catholic, or private non-Catholic).

In addition to the MDR data (2006), the number of AP courses offered by each high school

was included. Since data on the number of AP courses offered at each high school were not
readily available for the time frame of the cohort’s high school enroliment, this number was
approximated. If at least five students took a particular AP Exam in a particular year, then the high
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school was assumed to have offered that AP course in that year. The number of identified
AP courses was then aggregated across the four years that this cohort attended high school
(2003-06).

College/University Characteristics. Descriptive variables about the colleges and universities
attended included control (i.e., public or private), admittance rate, and total undergraduate
enrollment. These data were based on the Annual Survey of Colleges — which the College Board
conducts to inform its annual college handbooks (College Board, 2007) — and were included to
demonstrate the variation in size, selectivity, and control of the institutions in the sample.

Analyses

Once subject area samples were created, descriptive

statistics were run to determine whether there were

differences in composition between the samples based G’lven that some
on student, high school, and college characteristic

variables. In addition, the SGPA, HSGPA, and SAT

scores were summarized for each subject area overall, Of the Varlablhty 1n
by HSGPA category and by mean AP Exam grade ,

category, to illustrate the performance differences on StUdentS S G’PAS may
many of the measures that may be directly observed.

HSGPA categories were created as follows: HSGPAs of be attributable to the
0.00, 1.00, and 1.33 mapped to the “D or F” category;

1.67,2.00, and 2.33 to “C-to C+"; 2.67 3.00, and 3.33 o

mapped to “B-to B+"; and 3.67 4.00, and 4.33 mapped hlgh SChOOl attended
to "A-to A+

and/or the college

Given that some of the variability in students’ SGPAs
may be attributable to the high school attended and/
or the college attended, a cross-classified multilevel
modeling approach was employed. The data were

attended, a cross-

cross-classified, rather than nested hierarchically (e.g., ClaSS].ﬁed mU.lt].leVGI
high schools within school districts); because students )
from the same high school generally attended a variety modehng app]_’oach

of different colleges and each college admitted students

from a variety of different high schools. By using

cross-classification, the idiosyncrasies of the particular was employed'
set of high schools and colleges in the sample were

separated from the variables of interest (i.e., those

relating to students’ participation in and performance

on AP Exams) through the inclusion of random effect terms. The use of random intercept effects
strengthened the ability to make inferences to the general population, because the fluctuations

in SGPA due to the high school or college attended that cannot be explained by the student-level
variables included in the model were separated out from the parameter estimates of the model to
be estimated.

In this study, the intercept term represents the (expected) mean SGPA for students from the
reference group (described below), attending each observed combination of high school and
college. The expected mean for all levels of the demographic and academic variables is then
modeled with random main effects for the high school and the college attended and their random
interaction assumed zero, following Raudenbush & Bryk (2002; p. 378). Specifically, the models
allowed students who were comparable on overall prior academic preparedness to have different
predicted SGPA values, if students from a given high school consistently over or underperformed
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relative to the expected SGPA under that model. For example, consider two students with equally
high latent mathematics ability; one attended a high school with strict grading standards, while the
other attended a high school with less rigorous grading standards. In this case, failing to include
the random effect for high school may have resulted in estimates of mathematics SGPAs that
were biased. For more information on cross-classified multilevel modeling, see Beretvas (2008).

In the cross-classified multilevel model analyses, four variables (SAT-CR, SAT-M, SATW, and
HSGPA) were grand-mean centered to the sample of 147051 students who took the SAT, reported
their HSGPA, and for whom high school data was available. This approach was taken so that the
reference group for each model would be more meaningful: White males whose parents’ highest
education level was a bachelor’s degree (and whose best spoken language was English alone, for
the world language analysis), who took none of the subject area AP Exams, and whose SAT-CR,
SAT-M, SATW, and HSGPA scores were equal to the grand mean. In addition, for the purposes

of the cross-classified multilevel model, SAT scores were divided by 100 so that the scale more
closely matched that of HSGPA and SGPA.

Four models were estimated to examine variability and effects of AP Exam participation and
performance for each of the nine subject areas. All predictor variables were included at the
student level. Model 1 included gender, racial or ethnic identity, highest parental education

level, SAT-CR, SAT-M, SAT'W, and HSGPA and served as the comparison for the three remaining
models. Models 2 and 3 added the number of subject area AP Exams and average subject area
AP Exam score, respectively, to Model 1 and Model 4 contained both of these AP variables. The
best-fitting model for each subject area was identified using the Akaike Information Criterion (AIC),
where a smaller value indicates a better fitting model (Akaike, 1974) and where a more complex
model must have shown an AIC difference of twice the difference in the number of additional
parameters in order for it to be selected, over a more parsimonious model.

Results

Descriptive Statistics

Sample sizes for college courses in each subject area ranged from relatively small for very specific
subject areas, such as engineering (n = 13,214), to quite large for the more general subject areas,
such as social science (n = 115,324; see Table 1). Engineering, mathematics, English, and the
natural sciences had the greatest number of examinees taking at least one AP Exam within that
subject. Across subject area, the percentage of students taking at least one AP Exam in the
subject area of interest ranged from 6.2 percent for art and music to 68.4 percent for engineering.

Table 2 (see page 37) shows the composition of the nine subject area samples by gender, racial or
ethnic identity, best spoken language, and highest parental education level. The subject areas with
the greatest gender differences were engineering (80.8 percent male), computer science (63.4
percent male), and world language (63.1 percent female). Asian/Pacific Islander students made up
a greater proportion of the engineering sample and a smaller proportion of the history sample than
they did other subject areas. In addition, Black/African American students made up a relatively
smaller proportion of the engineering sample than they did other subject areas. Differences in

the composition of the subject area samples in terms of best spoken language were quite small,
even for the world language sample. Finally, the engineering and world language samples both
had relatively fewer students whose parents’ highest educational level was a high school diploma
or less and relatively more students with at least one parent having earned a graduate degree,
relative to the other subject area samples.
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Table 1

rea Sample
Sample AP Exams Taken n
Mathematics Total 101,120 100.0
No mathematics 67,539 66.8
At least one mathematics 33,681 33.2
Calculus AB 22,658 22.4
Calculus BC 7,711 7.6
Statistics 9,200 91
Computer Science Total 18,253 100.0
No computer science 17111 93.7
At least one computer science 1,142 6.3
Computer Science A 835 4.6
Computer Science AB 469 2.6
Engineering Total 13,214 100.0
No math or natural science 4174 31.6
At least one math 8,009 60.6
At least one natural science 6,186 46.8
At least one math or natural science 9,040 68.4
Natural Science Total 91,596 100.0
No natural science 64,457 70.4
At least one natural science 27,139 29.6
Biology 12,698 13.9
Chemisty 10,138 111
Environmental Science 2,960 3.2
Physics B 6,174 6.7
Physics C: Electricity & Magnetism 1,704 1.9
Physics C: Mechanics 3,745 41
Social Science Total 115,324 125.9
No social science 88,383 76.6
At least one social science 26,941 23.4
Macroeconomics 7191 6.2
Microeconomics 3,863 3.3
Comparative Government 1,423 1.2
U.S. Government 16,109 14.0
Human Geography 1,306 11
Psychology 8,809 7.6
History Total 48,729 100.0
No history 34,701 71.2
At least one history 14,028 28.8
U.S. History 12,092 24.8
European History 3,363 6.9
World History 2,606 5.3
English Total 102,375 100.0
No English 70,391 68.8
At least one English 31,984 31.2
English Language & Composition 18,868 18.4
English Literature & Composition 24,692 241
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Table 1 (continued)

® Examinees by Subje rea Sample

Sample AP Exams Taken n %
World Language Total 39,618 100.0
No world language 32,189 81.2

At least one world language 7,429 18.8

French Language 1,695 4.3

French Literature 209 0.5

German Language 305 0.8

Italian Language & Culture 100 0.3

Spanish Language 4,714 11.9

Spanish Literature 550 14

Latin Literature 347 0.9

Latin Vergil 486 1.2
Art & Music Total 52,677 100.0
No art or music 49,430 93.8

At least one art or music 3,247 6.2

Art History 1,016 1.9

Studio Drawing 792 15

Studio Art: 2-D Design 691 1.3

Studio Art: 3-D Design 97 0.2

Music Theory 931 1.8

Note: Subject area sample consists of all students taking college courses in the relevant subject area.

The percentages of students for each subject area by high school affiliation, urbanicity,
estimated number of AP courses offered, and the mean numbers of students enrolled per grade
are shown inTable 3 (see page 38). Public high school students tended to comprise a relatively
smaller proportion of the world language sample than they did other subject areas, while private
school (both Catholic and non-Catholic) students tended to make up relatively more of the

world language sample than they did other subject areas. Students from suburban high schools
tended to make up a greater percentage of the computer science sample than other subject
areas and urban high school students made up a relatively smaller proportion of the computer
science sample than other subject areas. The engineering sample tended to be comprised of
relatively more students from high schools offering 21 or more AP courses and relatively fewer
students from high schools with between 1 and 5 AP courses, compared to other subject
areas; the English sample contained fewer students from high schools with 21 or more AP
courses offered, relative to other subject areas. Across all subject areas, larger high schools (as
measured by mean enrollment per grade) tended to account for greater proportions of students.

The college characteristics considered in this study were control, admittance rate, and
undergraduate enrollment (see Table 4, page 39). Almost all of the subject area samples were
comprised of approximately 70 percent public college attendees, except for the world language
sample, which was comprised of only 56.0 percent public college attendees. The percentages
of students by admittance rate were fairly consistent across subject area samples, whereby
most students attended schools that admitted between 50 percent and 75 percent of students.
In this study, a greater proportion of world language students tended to come from colleges
with low admittance rates (under 50 percent) and fewer tended to come from those with high
admittance rates (75 percent or greater), relative to other subject areas. In addition, a smaller
proportion of computer science students were from colleges with low admittance rates than
other subject area samples. Finally, as with mean high school enrollment per grade, each
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of the nine subject areas consisted of a greater proportion of students from larger colleges
(undergraduate enrollment > 7500) than from smaller ones (undergraduate enrollment < 7,500).
Those attending large colleges (with 15,000 or more undergraduates) tended to make up more
of the engineering and less of the computer science samples, relative to other subject areas.

Cross-Classified Multilevel Modeling

To establish support for the use of cross-classified multilevel models, null models (i.e., models
without any predictors) with random effects for the high school and college attended were
estimated. Thus, for each subject area the null model was used to partition variance in SGPA
into a component between high schools, a component between colleges, and the remaining
(residual) variance within high school-college combinations. The formulation of the models in
this study assumed that the random interaction between high school and college attended
was zero; in other words, the separate main effects of high school and college attended
adequately accounted for random variation in SGPA.

Table 5 shows the covariance parameter estimates from the null model for each subject area.®
These parameters separately indicated how much random variation was accounted for uniquely
by high school and college. The larger these values were, the more support there was for the

use of cross-classified multilevel modeling. The percent of variance accounted for by high school
attended ranged from 2.0 percent for art and music to 4.6 percent for natural science. The college
attended always accounted for substantially more variance than high school attended, ranging
from 72 percent for mathematics to 12.1 percent for history. This result supported the hypothesis
that SGPAs vary more by college attended than by high school attended — presumably because
SGPA was observed at the college level. The main effects for high school and college random
effects accounted for SGPA variance between 10.4 percent for art and music and 15.3 percent for
history, which supported the appropriateness of the cross-classification of the random effects.

Cross-Classified Multilevel Model Covariance Parameter Estimates
for Null Models

College Residual

Subject Est.
Mathematics 101,120 0.0441 3.9 0.0812 7.2 1.0065 88.9
Computer Science 18,253 0.0339 3.0 0.1116 9.8 0.9967 87.3
Engineering 13,214 0.0232 3.1 0.0696 9.3 0.6554 87.6
Natural Science 91,596 0.0420 46 0.0781 8.5 0.8013 87.0
Social Science 115,324 0.0298 3.7 0.0679 8.4 0.7074 87.9
History 48,729 0.0309 3.2 0.1180 12.1 0.8242 84.7
English 102,375 0.0202 2.9 0.0763 10.9 0.6005 86.2
World Language 39,618 0.0229 3.6 0.0568 8.9 0.56594 87.5
Art & Music 52,677 0.0163 2.0 0.0670 8.4 0.7153 89.6

Note. PVAF = Percent of variance accounted for by the relevant covariance parameter. Null model refers to a
model with no fixed effects specified, other than a common intercept, with random intercept effects for each
high school and college under full-information maximum likelihood. All covariance parameter estimates were
statistically significant at oo = .01 for each random effect in each subject area.
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Mathematics Course Performance

Table 6 presents summary statistics for the 101,120 students who took at least one mathematics
course in college. As self-reported HSGPA increased from the “C"” range, mathematics SGPA,
SAT-CR, SAT-M, SATW, and the number of mathematics AP Exams taken increased. Similarly,

as the mean AP Exam grade in mathematics increased from 1 to 5 — recall that mean AP Exam
grades in a subject area were computed and then rounded to the nearest score on the 1-to-5 scale
— these variables also increased. In addition, all of the AP students, even those who received a
mean AP Exam grade of 1, outperformed non-AP examinees on all measures.

Table 6
Means (Standard Deviations) on Academic Characteristics

of Mathematics Sample

Academic Math AP Math
Characteristic n SGPA FYGPA HSGPA SAT-CR SAT-M SAT-W Exams Taken
Total 101,120 2.72 2.99 3.61 568 584 562 0.39
(1.06) (0.68) (0.50) (93.5) (95.4) (92.0) (0.60)
High School GPA
A-to A+ 63,442 2.95 3.16 3.93 580 609 575 0.52
(0.97) (0.60) (0.24) (90.6) (89.5) (88.9) (0.65)
B- to B+ 35,353 2.36 271 313 524 547 516 0.19
(1.09) (0.68) (0.23) (86.4) (90.2) (83.1) (0.45)
C-to C+ 2,303 1.97 2.35 2.20 484 495 468 0.05
(1.15) (0.76) (0.19) (82.9) (86.4) (79.5) (0.24)
DorF 22 2.18 2.46 0.95 502 525 475 0.23
(1.03) (0.78) (0.65) (121.5) (118.1) (121.3) (0.63)
Mean AP Mathematics Exam Grade
5 8,618 3.38 3.48 3.95 653 715 646 1.30
(0.74) (0.48) (0.34) (79.8) (54.4) (78.3) (0.51)
4 7,160 3.12 3.28 3.86 620 674 614 1.23
(0.86) (0.54) (0.37) (77.8) (57.6) (78.1) (0.46)
3 6,948 3.02 3.16 3.80 598 648 593 1.15
(0.89) (0.56) (0.39) (79.9) (61.1) (80.0) (0.38)
2 5,094 291 3.05 3.77 575 618 571 1.11
(0.94) (0.61) (0.41) (80.5) (63.9) (78.3) (0.32)
1 5,861 2.63 2.88 3.76 544 582 540 1.04
(1.04) (0.66) (0.42) (81.8) (71.5) (79.7) (0.19)
N= 67,539 2.56 2.88 3.60 535 550 528 0.00
(1.09) (0.69) (0.50) (87.4) (84.1) (85.3) 0.00

@ Students took zero AP Exams in the subject area.

The results of the estimation of several cross-classified multilevel models for mathematics
SGPA are presented inTable 7. Recall that Table 5 showed that there was significant (p < .01)
random variation in the mathematics SGPA model across the 110 colleges and across the 7480
high schools. According to the AIC, the best-fitting model was Model 3, which included gender,
racial or ethnic identity, highest parental education level, HSGPA, SAT-CR, SAT-M, SAT-W, and
the mean AP Exam grade in mathematics. The addition of the number of AP mathematics
exams, as seen in Model 4, did not substantially improve the model fit of Model 3.
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Mathematics Cross-Classified Multilevel Model Results

Table 7

Model 1 Model 2 Model 3 Model 4
Variable Value / Group Est. (p) Est. (p) Est. (p) Est. (p)
Fixed-Effects
Intercept 2.659 (0.000) | 2.616 (0.000) | 2.597 (0.000) | 2.597 (0.000)
Gender Female 0.230 (0.000) | 0.232(0.000) | 0.234(0.000) | 0.234 (0.000)
Racial or Ethnic American Indian -0.175 (0.000) | -0.172(0.000) | -0.170(0.000) | -0.170 (0.000)
Identity Asian 0.027 (0.014) 0.008 (0.468) 0.009 (0.389) 0.010 (0.352)
Black -0.145 (0.000) | -0.154 (0.000) | -0.154 (0.000) | -0.154 (0.000)
Hispanic -0.117 (0.000) | -0.123(0.000) | -0.118 (0.000) | -0.118 (0.000)
Other -0.040 (0.026) | -0.044(0.012) | -0.043(0.016) | -0.042 (0.017)
Missing 0.053(0.353) | 0.062(0.272) | 0.061(0.285) | 0.061 (0.284)
Highest Parental H.S. Diploma or Less | -0.058 (0.000) -0.059 (0.000) -0.058 (0.000) -0.058 (0.000)
Ed. Level Associate Degree -0.035(0.007) | -0.035(0.007) | -0.033(0.009) | -0.033 (0.009)
Graduate Degree 0.025 (0.001) | 0.022(0.003) | 0.021(0.005) | 0.021 (0.005)
Missing 0.018 (0.135) 0.015 (0.216) 0.013 (0.288) 0.013 (0.286)
High School GPA * 0.571 (0.000) | 0.556 (0.000) | 0.550(0.000) | 0.549 (0.000)
SAT Critical Reading *° -0.063 (0.000) | -0.051 (0.000) | -0.054 (0.000) | -0.055 (0.000)
SAT Mathematics ** 0.267 (0.000) | 0.236 (0.000) | 0.217 (0.000) 0.217 (0.000)
SAT Writing 0.080 (0.000) | 0.078 (0.000) | 0.075(0.000) | 0.075 (0.000)
Number of Math AP Exams 0.124 (0.000) -0.017 (0.181)
Mean AP Math 1 -0.004 (0.756) | 0.014 (0.468)
Exam Grade 2 0.153 (0.000) | 0.172 (0.000)
3 0.196 (0.000) 0.215 (0.000)
4 0.211 (0.000) | 0.232(0.000)
5 0.361 (0.000) | 0.383(0.000)
Random Parameters
Intercept College 0.070 (0.000) | 0.070(0.000) | 0.070(0.000) | 0.070 (0.000)
Intercept High School 0.028 (0.000) | 0.028 (0.000) | 0.028(0.000) | 0.028 (0.000)
Residual 0.859 (0.000) | 0.859 (0.000) | 0.859 (0.000) | 0.859 (0.000)
AIC (model parameters) 274,401 (19) 273,991 (20) 273,488 (24) 273,488 (25)

Note. The reference group was white males whose parents’ highest education level was a bachelor’'s degree
and who took zero subject area AP Exams. Models were estimated based on 101,120 students from 7,535 high
schools attending 110 colleges.

@ Variable was grand-mean centered. * Variable was divided by 100.

The chosen model (Model 3) showed that on average and controlling for the other variables

in the model, females earned expected mathematics SGPAs of 0.23 higher than males;
American Indian, Black/African American, and Hispanic/Latino students underperformed white
students by between 0.12 and 0.17 points on expected mathematics SGPA. Students whose
highest parental education level was a high school diploma or less or an associate degree
earned expected mathematics SGPAs of 0.06 and 0.03 points, respectively, less than those
whose parents’ highest education level was a bachelor's degree (the reference level) and
those with at least one parent earning a graduate degree outperformed the reference group
by 0.02 on expected mathematics SGPA.

In terms of the academic predictors, as HSGPA increased one point, expected mathematics
SGPAs increased by 0.55. On average, students who earned SAT-M and SAT-W scores of

100 points greater than the population mean were expected to earn mathematics SGPAs of
0.22 and 0.08 higher, respectively. In other words, the marginal effect of SAT-M on expected
mathematics SGPA — controlling for the other variables in the model — is almost three times
as large as the marginal effect of SAT\W on expected mathematics SGPA. This was unsurprising
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given that the knowledge and skills measured in first-year college mathematics courses
overlaps more with those measured by the SAT-M than by the SATW. There was a small,
but significant negative effect (p < .01) for SAT-CR on expected mathematics SGPA, with a
parameter estimate of -0.05 associated with a 100-point increase in SAT-CR.

While students with a mean AP mathematics exam grade of 1 did not significantly outperform
non-AP examinees in expected mathematics SGPA (p > .01), those with higher mean AP
Exam grades in mathematics significantly (p < .01) and substantially outperformed non-AP
examinees in mathematics. Expected mathematics SGPA differences ranged from 0.15 to
0.36 for those with mean AP mathematics exam grades of 2 to 5, respectively.

Computer Science Course Performance

The sample of students taking at least one college course in computer science is described
in Table 8. This was one of the smallest groups (n = 18,253) in this study, which also had one
of the smallest subject area participation rates in the AP Exams of interest (6.4 percent).

All variables presented in the table increased with an increase in HSGPA, but students

in adjacent mean AP computer science exam grade categories did not generally differ
significantly (p < .01) from each other. The small number of significant differences may

be attributed to the relatively small sample size in each mean AP computer science exam
category, which ranged from 88 to 394 examinees.

Table 8

Means (Standard Deviations) on Academic Characteristics of

Computer Science Sample

Academic P AP Comp. Sci.
Characteristic Sci. SGPA | FYGPA | HSGPA | SAT-CR | SAT-M Exams Taken
Total 18,253 2.93 2.96 3.53 552 590 543 0.07
(1.06) (0.69) (0.52) (95.5) (100.9) (93.5) (0.29)
High School GPA

A-to A+ 10,229 3.14 3.18 3.92 581 624 574 0.09
(0.95) (0.61) (0.24) (90.8) (92.6) (89.0) (0.33)

B- to B+ 7,391 2.68 2.70 311 518 550 508 0.05
(1.12) (0.68) (0.23) (87.7) (92.7) (83.4) (0.23)

C-to C+ 629 2.37 2.34 2.20 477 494 458 0.01
(1.17) (0.75) (0.19) (81.9) (87.7) (78.7) (0.12)

DorF 4 n/r n/r n/r n/r n/r n/r n/r

n/r n/r n/r n/r n/r n/r n/r

Mean AP Computer Science Exam Grade

5 394 3.49 3.39 3.87 670 733 652 1.21
(0.76) (0.63) (0.36) (73.7) (52.4) (79.0) (0.41)
4 273 312 3.06 3.75 630 698 610 1.16
(0.94) (0.71) (0.42) (77.0) (59.2) (81.6) (0.36)
3 197 3.056 2.98 3.67 617 674 595 1.14
(0.97) (0.65) (0.42) (72.2) (64.8) (79.4) (0.35)
2 88 2.90 2.86 3.61 585 662 569 1.09
(1.01) (0.75) (0.46) (91.6) (62.2) (79.1) (0.29)
1 190 273 277 3.43 567 631 550 1.01
(1.10) (0.66) (0.49) (83.1) (74.5) (85.2) (0.07)
N« 17111 2.91 2.95 3.52 547 583 539 0.00
(1.06) (0.69) (0.53) (94.0) (98.9) (92.1) 0.00

n/r Not reported due to small sample size (n < 15).

@ Students took zero AP Exams in the subject area.
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The cross-classified multilevel model results for computer science SGPA are presented in
Table 9. The high school and college level accounted for significant variation (p < .01) on
expected computer science SGPA (see Table 5) among the 3,488 high schools and the 106
colleges represented in this sample. As with mathematics, the model that best fit the data
included all demographic and non-AP prior academic preparedness variables, along with mean
AP Exam performance in computer science (Model 3). In addition, Model 3 showed that
females outperformed males by 0.19 points on expected computer science SGPA; American
Indian, Black/African American, and Hispanic/Latino students underperformed white students
by between 0.13 and 0.45 points on expected computer science SGPA. The only significant
difference (p < .01) on expected computer science SGPA for parental education level was for
those whose parents earned a high school diploma or less; this group underperformed those
whose parents’ highest education level was a bachelor's degree by 0.06 in terms of expected
computer science SGPA.

Table 9
Computer Science Cross-Classified Multilevel Model Results
Model 1 Model 2 Model 3 Model 4
Variable Value / Group Est. (p) Est. (p) Est. (p) Est. (p)
Fixed-Effects
Intercept 2.975 (0.000) 2.965 (0.000) 2.963 (0.000) 2.963 (0.000)
Gender Female 0.182 (0.000) 0.186 (0.000) 0.187 (0.000) 0.187 (0.000)
Racial or Ethnic American Indian -0.453 (0.000) -0.450 (0.000) -0.449 (0.000) -0.449 (0.000)
Identity Asian -0.022 (0.403) -0.026 (0.314) -0.026 (0.323) -0.025 (0.328)
Black -0.321 (0.000) -0.321 (0.000) -0.321 (0.000) -0.321 (0.000)
Hispanic -0.134 (0.000) -0.134 (0.000) -0.133 (0.000) -0.133 (0.000)
Other -0.032 (0.469) -0.033 (0.444) -0.032 (0.458) -0.032 (0.457)
Missing -0.138 (0.290) -0.133 (0.309) -0.133 (0.310) -0.133 (0.309)
Highest Parental H.S. Diploma or Less | -0.058 (0.004) -0.058 (0.004) -0.058 (0.005) -0.058 (0.005)
Ed. Level Associate Degree -0.029 (0.334) | -0.029 (0.344) | -0.028 (0.362) | -0.028 (0.367)
Graduate Degree 0.025 (0.167) 0.025 (0.165) 0.024 (0.177) 0.024 (0.177)
Missing -0.010 (0.733) -0.012 (0.686) -0.012 (0.680) -0.012 (0.682)
High School GPA @ 0.485 (0.000) 0.487 (0.000) 0.486 (0.000) 0.486 (0.000)
SAT Critical Reading ** 0.012 (0.340) 0.011 (0.399) 0.010 (0.461) 0.010 (0.464)
SAT Mathematics * " 0.132 (0.000) 0.127 (0.000) 0.126 (0.000) 0.126 (0.000)
SAT Writing *? 0.062 (0.000) 0.062 (0.000) 0.061 (0.000) 0.061 (0.000)
Number of Comp. Sci. AP Exams 0.112 (0.000) -0.053 (0.530)
Mean AP Comp. 1 -0.009 (0.899) 0.044 (0.689)
Sci.Exam Grade | o 0088 (0.393) | 0.145(0.291)
3 0.113 (0.104) 0.172 (0.143)
4 0.104 (0.082) 0.164 (0.147)
5 0.285 (0.000) 0.348 (0.002)
Random Parameters
Intercept College 0.098 (0.000) 0.098 (0.000) 0.098 (0.000) 0.098 (0.000)
Intercept High School 0.024 (0.000) 0.024 (0.000) 0.024 (0.000) 0.024 (0.000)
Residual 0.890 (0.000) 0.890 (0.000) 0.890 (0.000) 0.890 (0.000)
AIC (model parameters) 50,382 (19) 50,367 (20) 50,359 (24) 50,361 (25)

Note. The reference group was white males whose parents’ highest education level was a bachelor’'s degree
and who took zero subject area AP Exams. Models were estimated based on 18,253 students from 3,488 high
schools attending 106 colleges.

@ Variable was grand-mean centered. * Variable was divided by 100.
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Among the academic predictors in the model, an increase in one point on HSGPA was
related to an increase in expected computer science SGPA of 0.49. A 100-point increase in
SAT mathematics and writing was associated with increases of 0.13 and 0.06 in expected
computer science SGPA, respectively. Students with a mean computer science AP Exam
grade of 5 were the only group who outperformed the reference group (i.e., non-computer
science AP examinees), with expected computer science SGPAs that were 0.29 higher.

Engineering Course Performance

The sample of students who took engineering courses had the smallest sample size

(n = 13,214) and the greatest AP Exam participation rate (68.4 percent) of the nine subject
areas examined. Table 10 shows that as HSGPA increased so too did each of the other
academic predictors. Examinees who received a mean grade of 3 or greater significantly
outperformed each adjacent lower grade category on all measures (p < .01; e.g., those with
a mean score of 5 outperformed those with a mean score of 4), except on HSGPA for those
whose mean grade was 3 and on the number of AP mathematics and natural science exams
for those whose mean grade was 5. Performance on engineering SGPA and each SAT section
among non-AP examinees was generally indistinguishable from AP examinees with a mean
mathematics and science AP Exam grade of 1.

Table 10

Means (Standard Deviations) on Academic Characteristics of

Engineering Sample

Academic Engineering AP Math & Sci.
Characteristic n SGPA FYGPA HSGPA SAT-CR SAT-M SAT-W Exams Taken
Total 13,214 3.16 2.96 3.75 587 652 573 1.48
(0.86) (0.69) (0.45) (87.9) (79.2) (87.9) (1.42)
High School GPA

A-to A+ 9,796 3.28 3.10 3.96 599 664 587 1.69
(0.77) (0.64) (0.24) (85.6) (74.5) (85.2) (1.43)

B-to B+ 3,275 2.83 2.57 3.17 554 619 536 0.93
(0.99) (0.69) (0.21) (85.4) (81.3) (83.3) (1.23)

C-to C+ 142 2.45 2.21 2.22 522 569 491 0.30
(1.14) (0.80) (0.18) (81.4) (86.5) (79.3) (0.71)

DorF 1 n/r n/r n/r n/r n/r n/r n/r

n/r n/r n/r n/r n/r n/r n/r

Mean AP Mathematics and Natural Science Exam Grade

5 2,280 3.56 3.45 3.94 652 722 639 2.52
(0.69) (0.54) (0.34) (78.0) (53.8) (76.7) (1.34)
4 2,690 3.37 3.19 3.86 620 692 610 2.40
(0.68) (0.55) (0.38) (72.3) (65.1) (74.1) (1.21)
3 2,065 318 2.96 3.79 592 662 578 2.04
(0.75) (0.59) (0.40) (75.4) (66.3) (74.9) (1.11)
2 1,204 3.00 277 3.76 568 632 566 178
(0.86) (0.61) (0.40) (72.3) (59.8) (74.0) (0.93)
1 811 2.82 2.59 3.72 533 596 525 1.32
(0.97) (0.67) (0.44) (77.8) (65.0) (71.6) (0.65)
Ne 4,174 2.90 2.65 3.65 544 599 527 0.00
(0.98) (0.71) (0.50) (82.0) (74.8) (80.0) 0.00

n/r Not reported due to small sample size (n < 15).

@ Students took zero AP Exams in the subject area.
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Table 11 shows the results of the cross-classified multilevel model analysis of engineering
SGPA. According to the AIC, Model 4 was the best fit and included demographic predictors,
non-AP academic predictors, and both the number of AP Exams taken and the mean AP
Exam grades received in mathematics and natural science. The covariance parameters for
the 2,823 high schools and the 65 colleges were significant (p < .01). Females outperformed
males by a margin of 0.10 on expected engineering SGPA; Asian/Pacific Islander, Black/African
American, and Hispanic/Latino students and those reporting their racial or ethnic identity as
other earned lower expected SGPAs in engineering than white students by between 0.06 and
0.24 points; and students whose highest parental education level was a high school diploma
or less were expected to earn engineering SGPAs of 0.09 points less than those whose
parents’ highest education level was a bachelor’s degree. The non-AP academic predictors
that were significantly related (p < .01) to expected engineering SGPA were HSGPA, SAT-M,
and SAT-W, with parameter estimates of 0.45, 0.08, and 0.04, respectively.

Table 11
Engineering Cross-Classified Multilevel Model Results
Model 1 Model 2 Model 3 Model 4
Variable Value / Group Est. (p) Est. (p) Est. (p) Est. (p)
Fixed-Effects
Intercept 3.078 (0.000) | 3.041(0.000) | 3.013(0.000) | 3.013(0.000)
Gender Female 0.092 (0.000) | 0.093(0.000) | 0.094(0.000) | 0.096 (0.000)
Racial or Ethnic American Indian -0.250 (0.052) -0.226 (0.078) -0.197 (0.122) -0.193 (0.130)
Identity Asian -0.047 (0.035) | -0.073 (0.001) | -0.054(0.015) | -0.062 (0.005)
Black -0.237 (0.000) | -0.243 (0.000) | -0.235(0.000) | -0.237 (0.000)
Hispanic -0.131 (0.000) | -0.138(0.000) | -0.127 (0.000) | -0.127 (0.000)
Other -0.123 (0.006) | -0.133(0.003) | -0.124(0.005) | -0.127 (0.004)
Missing 0.035(0.823) | 0.065(0.674) | 0.071(0.644) | 0.072(0.641)
Highest Parental H.S. Diploma or Less | -0.095 (0.000) -0.095 (0.000) -0.089 (0.000) -0.089 (0.000)
Ed. Level Associate Degree 0.006 (0.858) | 0.006 (0.856) | 0.018 (0.553) | 0.018 (0.566)
Graduate Degree 0.009 (0.587) | 0.002(0.880) | 0.000(0.982) | -0.001 (0.940)
Missing -0.002 (0.932) | -0.009 (0.754) | -0.013 (0.654) | -0.014 (0.620)
High School GPA © 0.488 (0.000) | 0.472(0.000) | 0.454(0.000) | 0.453 (0.000)
SAT Critical Reading " -0.011 (0.372) | -0.014 (0.252) | -0.025(0.037) | -0.026 (0.033)
SAT Mathematics *® 0.157 (0.000) | 0.128(0.000) | 0.084(0.000) | 0.080 (0.000)
SAT Writing ** 0.054 (0.000) | 0.049 (0.000) | 0.039(0.002) | 0.038(0.002)
Number of Math & Nat. Sci. AP Exams 0.050 (0.000) 0.020 (0.009)
Mean AP Math 1 -0.065 (0.030) | -0.091 (0.004)
& Nat. Sci. Exam | o 0.021 (0.415) | -0.010 (0.712)
Grade
3 0.142 (0.000) | 0.107 (0.000)
4 0.244 (0.000) | 0.206 (0.000)
5 0.375 (0.000) | 0.337 (0.000)
Random Parameters
Intercept College 0.044 (0.000) | 0.044 (0.000) | 0.044 (0.000) | 0.044 (0.000)
Intercept High School 0.020 (0.000) | 0.020(0.000) | 0.020(0.000) | 0.020 (0.000)
Residual 0.576 (0.000) | 0.576 (0.000) | 0.576(0.000) | 0.576 (0.000)
AIC (model parameters) 30,777 (19) 30,710 (20) 30,508 (24) 30,503 (25)

Note. The reference group was white males whose parents’ highest education level was a bachelor’'s degree
and who took zero subject area AP Exams. Models were estimated based on 13,214 students from 2,823 high
schools attending 65 colleges.

@ Variable was grand-mean centered. * Variable was divided by 100.
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With each additional AP Exam taken in mathematics or natural science, students’ engineering
SGPAs increased by an average of 0.02 points. Those who had mean AP math and natural
science exam grades of 3, 4, or 5 were expected to outperform the non-AP group by 0.11,
0.21, and 0.34 points, respectively, while those who scored a 1 on average tended to
underperform comparable non-AP math and natural science students by 0.09.

Natural Science Course Performance

Among the students taking natural science courses in this study (n = 91,596), the results
showed a positive relationship between high school GPA and mean AP natural science exam
grade with all other academic variables (see Table 12). The cross-classified multilevel model
results show that the best-fitting model was Model 4, which included all possible variables
(see Table 13). In addition, both covariance parameters associated with the random intercept
effect for the 7267 high schools and 110 colleges were significant (p < .01).

Table 12

Means (Standard Deviations) on Academic Characteristics of

Natural Science Sample

Nat. Sci. AP Nat. Sci.
SGPA FYGPA HSGPA SAT-CR SAT-M SAT-W Exams Taken
Total 91,596 2.76 3.00 3.66 566 591 560 0.41
(0.95) (0.68) (0.48) (93.6) (94.4) (92.4) (0.73)
High School GPA
A-to A+ 61,460 2.95 3.17 3.94 585 612 580 0.561
(0.86) (0.60) (0.24) (90.7) (88.4) (89.2) (0.80)
B-to B+ 28,558 2.38 2.68 3.14 529 550 521 0.21
(0.99) (0.69) (0.22) (86.8) (90.6) (84.0) (0.562)
C-to C+ 1,566 2.05 2.34 2.21 491 500 470 0.05
(1.09) (0.77) (0.19) (85.9) (87.6) (81.9) (0.25)
DorF 12 n/r n/r n/r n/r n/r n/r n/r
n/r n/r n/r n/r n/r n/r n/r

Mean AP Natural Science Exam Grade

5 4,670 3.45 3.53 3.97 679 711 668 1.66
(0.63) (0.47) (0.33) (72.0) (61.3) (73.4) (0.87)
4 6,532 3.18 3.32 3.88 640 677 631 151
(0.72) (0.52) (0.37) (72.2) (65.6) (75.1) (0.75)
3 6,905 2.98 3.17 3.82 609 648 601 1.33
(0.79) (0.57) (0.39) (74.3) (68.2) (76.2) (0.62)
2 5,260 2.79 3.03 3.77 573 610 570 1.24
(0.85) (0.59) (0.41) (74.8) (73.4) (76.0) (0.54)
1 3,772 2.54 2.84 3.72 537 574 536 1.10
(0.95) (0.66) (0.44) (81.2) (79.9) (81.1) (0.35)
Ne 64,457 2.65 2.92 3.59 547 567 540 0.00
(0.97) (0.70) (0.49) (89.4) (88.6) (87.9) 0.00

n/r Not reported due to small sample size (n < 15).

a Students took zero AP Exams in the subject area.

The female students in the sample outperformed the males in terms of expected natural
science SGPA by 0.09; all students who indicated their racial or ethnic group were expected
to underperform white students, by a range of 0.06 to 0.27 points. Those whose parents'
highest education level was either a high school diploma or less or an associate degree
underperformed those for whom at least one parent earned at least a bachelor's degree on
expected natural science SGPA, with parameter estimates of -0.10 and -0.07, respectively.
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Students with at least one parent earning a graduate degree slightly, but significantly (p < .01),
outperformed the reference group by 0.02 on expected natural science GPA. The parameter
estimates for HSGPA and each SAT section were all significant (p < .01), and positive. With
each additional natural science AP Exam taken, students’ expected natural science SGPA
increased by 0.02. Finally, AP examinees in natural science whose mean exam grade was

a 1 earned expected natural science SGPAs of 0.13 lower than comparable non-AP natural
science examinees; and those whose mean exam grades were 3, 4, and 5, outperformed that
same reference group by 0.04, 0.13, and 0.26, respectively.

Table 1

Natural Science Cross-Classified Multilevel Model Results

 Model1 | Mosez | wosels | wodla
Variable Value / Group Est. (p) Est. (p) Est. (p) Est. (p)

Fixed-Effects

Intercept 2.753 (0.000) 2.731 (0.000) 2.725 (0.000) 2.725 (0.000)
Gender Female 0.079 (0.000) 0.082 (0.000) 0.084 (0.000) 0.085 (0.000)
Racial or Ethnic American Indian -0.123 (0.002) -0.121 (0.002) -0.122 (0.002) -0.121 (0.002)
Identity Asian -0.039 (0.000) -0.057 (0.000) -0.053 (0.000) -0.056 (0.000)
Black -0.266 (0.000) -0.270 (0.000) -0.268 (0.000) -0.268 (0.000)
Hispanic -0.175 (0.000) -0.179 (0.000) -0.174 (0.000) -0.174 (0.000)
Other -0.084 (0.000) -0.091 (0.000) -0.089 (0.000) -0.089 (0.000)
Missing -0.008 (0.885) -0.003 (0.955) -0.005 (0.931) -0.006 (0.922)
Highest Parental H.S. Diploma or Less | -0.102 (0.000) -0.102 (0.000) -0.102 (0.000) -0.102 (0.000)
Ed. Level Associate Degree | -0.072 (0.000) | -0.072 (0.000) | -0.071 (0.000) | -0.071 (0.000)
Graduate Degree 0.025 (0.000) 0.022 (0.001) 0.020 (0.003) 0.020 (0.004)
Missing 0.001 (0.918) -0.002 (0.861) -0.005 (0.673) -0.005 (0.659)
High School GPA @ 0.513 (0.000) 0.505 (0.000) 0.502 (0.000) 0.502 (0.000)
SAT Critical Reading *? 0.072 (0.000) 0.069 (0.000) 0.060 (0.000) 0.060 (0.000)
SAT Mathematics #® 0.157 (0.000) 0.146 (0.000) 0.139 (0.000) 0.138 (0.000)
SAT Writing *? 0.080 (0.000) 0.079 (0.000) 0.076 (0.000) 0.076 (0.000)
Number of Nat. Sci. AP Exams 0.059 (0.000) 0.024 (0.002)
Mean AP Nat. Sci. 1 -0.102 (0.000) -0.128 (0.000)
Exam Grade 2 0.002 (0.877) | -0.027 (0.075)
3 0.074 (0.000) 0.043 (0.004)
4 0.167 (0.000) 0.132 (0.000)
5 0.301 (0.000) 0.263 (0.000)
Random Parameters
Intercept College 0.050 (0.000) 0.050 (0.000) 0.050 (0.000) 0.050 (0.000)
Intercept High School 0.019 (0.000) 0.019 (0.000) 0.019 (0.000) 0.019 (0.000)
Residual 0.681 (0.000) 0.681 (0.000) 0.681 (0.000) 0.681 (0.000)
AIC (model parameters) 227,087 (19) 226,909 (20) 226,457 (24) 226,449 (25)

Note. The reference group was white males whose parents’ highest education level was a bachelor’'s degree
and who took zero subject area AP Exams. Models were estimated based on 91,596 students from 7,267 high
schools attending 110 colleges.

@ Variable was grand-mean centered. * Variable was divided by 100.
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Social Science Course Performance

The largest sample (n = 115,324) was the group who took at least one course in social
science in their first year of college. As Table 14 shows, there was a positive relationship
between all of the academic variables and HSGPA as it increased from C- to C+ to A- to

A+ and as mean social science AP Exam grade increased from 2 to 5; AP examinees who
received a mean grade of 1 did not significantly (p < .01) outperform the non-examinee group.

Table 14

Means (Standard Deviations) on Academic Characteristics of Social Science

Sample
Academic Soc. Sci. AP Soc. Sci.
Characteristic SGPA FYGPA HSGPA SAT-CR SAT-M SAT-W Exams Taken
Total 115,324 2.94 2.99 3.59 569 575 563 0.34
(0.89) (0.68) (0.50) (95.1) (95.5) (93.8) (0.70)
High School GPA
A-to A+ 70,171 3.16 3.18 3.92 582 601 578 0.42
(0.79) (0.60) (0.24) (92.4) (89.9) (90.7) (0.76)
B-to B+ 42,312 2.63 2.71 3.13 525 538 518 0.21
(0.93) (0.69) (0.23) (87.1) (89.1) (84.2) (0.56)
C-to C+ 2,814 2.25 2.356 2.21 485 488 469 0.08
(1.04) (0.77) (0.19) (84.5) (85.6) (80.3) (0.34)
DorF 27 2.23 2.31 1.05 473 490 449 0.07
(1.02) (0.81) (0.47) (134.1) (105.8) (122.8) (0.27)
Mean AP Social Science Exam Grade
5 4,006 3.58 3.55 3.94 685 684 672 1.49
(0.53) (0.44) (0.34) (70.2) (70.2) (71.9) (0.74)
4 7117 3.36 3.34 3.82 641 650 629 1.61
(0.64) (0.49) (0.39) (71.5) (74.1) (73.5) (0.75)
3 7,319 3.17 3.17 3.74 607 618 598 144
(0.72) (0.56) (0.41) (70.7) (77.4) (75.8) (0.70)
2 5,718 2.95 2.98 3.67 566 583 564 1.38
(0.80) (0.62) (0.44) (70.7) (77.5) (73.0) (0.63)
1 2,781 2.65 2.73 3.54 509 533 514 1.28
(0.91) (0.69) (0.47) (75.9) (86.1) (78.6) (0.57)
N e 88,383 2.87 2.93 3.54 544 561 539 0.00
(0.91) (0.70) (0.61) (92.1) (93.4) (90.8) 0.00

@ Students took zero AP Exams in the subject area.

The cross-classified multilevel model that fits the social science SGPA data the best was Model
4, which included all variables of interest (see Table 15). There was sufficient variation across
the 7857 high schools and the 110 colleges that the covariance term for the random intercept
effect was significant (p < .01) for each level. Females in this sample, on average, earned

social science SGPAs of 0.15 higher than males; American Indian, Asian/Pacific Islander, Black/
African American, and Hispanic/Latino students were expected to underperform comparable
white students by between 0.03 and 0.12; and those whose parents’ highest level of education
was either a high school diploma or less or an associate degree underperformed comparable
children of parents who earned a bachelor’s degree, while students with at least one parent
having earned a graduate degree slightly outperformed that same reference group on expected
social science SGPA. The HSGPA and SAT critical reading, mathematics, and writing section
scores were significantly (p < .01) and positively related to expected social science SGPA, with
parameter estimates of 0.49, 0.11, 0.07, and 0.07, respectively.
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Table 15

Social S

e Cross-Classified Multilevel Model Results

Mose1 | Modelz | Modsls | wowed

Variable Value / Group Est. (p) Est. (p) Est. (p) Est. (p)
Fixed-Effects
Intercept 2.943 (0.000) 2.928 (0.000) 2.921 (0.000) 2.921 (0.000)
Gender Female 0.150 (0.000) 0.151 (0.000) 0.152 (0.000) 0.152 (0.000)
Racial or Ethnic American Indian -0.091 (0.007) -0.090 (0.007) -0.090 (0.007) -0.090 (0.007)
Identity Asian -0.021 (0.015) | -0.029 (0.001) | -0.026 (0.003) | -0.026 (0.003)
Black -0.116 (0.000) -0.117 (0.000) -0.115 (0.000) -0.115 (0.000)
Hispanic -0.107 (0.000) -0.111 (0.000) -0.106 (0.000) -0.106 (0.000)
Other -0.015 (0.270) -0.017 (0.220) -0.015 (0.269) -0.015 (0.265)
Missing -0.041 (0.337) -0.035 (0.407) -0.036 (0.399) -0.036 (0.396)
Highest Parental H.S. Diploma or Less | -0.074 (0.000) -0.074 (0.000) -0.074 (0.000) -0.074 (0.000)
Ed. Level Associate Degree -0.056 (0.000) | -0.055 (0.000) | -0.055 (0.000) | -0.055 (0.000)
Graduate Degree 0.027 (0.000) 0.026 (0.000) 0.025 (0.000) 0.025 (0.000)
Missing 0.001 (0.881) 0.001 (0.912) 0.002 (0.868) 0.001 (0.884)
High School GPA*® 0.497 (0.000) 0.495 (0.000) 0.491 (0.000) 0.491 (0.000)
SAT Critical Reading ®® 0.125 (0.000) 0.120 (0.000) 0.113 (0.000) 0.113 (0.000)
SAT Mathematics ®® 0.072 (0.000) 0.071 (0.000) 0.068 (0.000) 0.068 (0.000)
SAT Writing ** 0.076 (0.000) 0.073 (0.000) 0.072 (0.000) 0.072 (0.000)
Number of Soc. Sci. AP Exams 0.055 (0.000) 0.016 (0.027)
Mean AP Soc. Sci. | 1 -0.064 (0.000) -0.084 (0.000)
Exam Grade 2 0.024 (0.030) | 0.003 (0.856)
3 0.095 (0.000) 0.073 (0.000)
4 0.159 (0.000) 0.136 (0.000)
5 0.222 (0.000) 0.200 (0.000)
Random Parameters
Intercept College 0.039 (0.000) 0.039 (0.000) 0.039 (0.000) 0.039 (0.000)
Intercept High School 0.015 (0.000) 0.015 (0.000) 0.015 (0.000) 0.015 (0.000)
Residual 0.597 (0.000) 0.697 (0.000) 0.697 (0.000) 0.697 (0.000)
AIC (model parameters) 270,297 (19) 270,088 (20) 269,812 (24) 269,810 (25)

Note. The reference group was white males whose parents’ highest education level was a bachelor’'s degree
and who took zero subject area AP Exams. Models were estimated based on 115,324 students from 7,857 high
schools attending 110 colleges.

@ Variable was grand-mean centered. » Variable was divided by 100.

This was the only model that, according to the AIC, was best fit with parameters for the
number of AP Exams in the relevant subject area and the mean performance on those exams,
but whose parameter estimate for the number of exams was only marginally significant

(p =.027). Students whose mean AP social science exam grade was a 1 significantly (p < .01)
underperformed students who did not take any social science exams by a margin of 0.08 and
those with mean exam grades of 3, 4, and 5 outperformed non-examinees by 0.07 0.14, and
0.20, respectively, in terms of expected social science SGPA.
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History Course Performance

There were 48,729 students in this study who took at least one college course in history.
History students showed a positive relationship of HSGPA over the range of C-to C+ to

A- to A+ with all of the academic predictors, and a similar positive relationship existed between
those predictors and mean AP Exam grades in history over the range of 2 through 5 (see Table
16). Students whose mean AP Exam grade in history was a 1 did not outperform students who
did not take any AP Exams in history in terms of SGPA. However, AP examinees who received a
grade of 2, 3, 4, or 5 outperformed non-AP examinees in history SGPA.

Table 16

Means (Standard Deviations) on Academic Characteristics of History Sample

Academic History AP History
Characteristic n SGPA FYGPA HSGPA SAT-CR SAT-M SAT-W Exams Taken
Total 48,729 2.82 2.92 3.54 550 562 542 0.37
(0.98) (0.71) (0.50) (94.2) (93.4) (92.2) (0.64)
High School GPA
A-to A+ 27,811 3.05 3.13 3.91 574 589 568 0.49
(0.88) (0.63) (0.23) (92.6) (88.7) (90.5) (0.70)
B- to B+ 19,606 2.64 2.67 312 520 530 511 0.22
(1.01) (0.70) (0.23) (85.9) (86.9) (82.2) (0.51)
C-to C+ 1,397 214 2.33 2.21 485 483 470 0.08
(1.08) (0.76) (0.18) (84.9) (82.2) (80.5) (0.32)
DorF 15 2.60 2.46 1.06 505 519 490 0.20
(1.32) (0.86) (0.46) (133.9) (107.9) (107.8) (0.56)
Mean AP History Exam Grade
5 1,941 3.66 3.58 3.95 707 680 687 1.60
(0.47) (0.39) (0.35) (64.1) (71.5) (69.5) (0.55)
4 2,593 3.38 3.33 3.81 656 637 637 1.40
(0.63) (0.50) (0.39) (66.3) (76.7) (71.8) (0.55)
3 3,711 3.18 3.15 3.75 612 614 600 1.31
(0.74) (0.58) (0.40) (66.0) (76.2) (71.1) (0.50)
2 3,688 2.93 2.98 3.69 570 580 562 1.18
(0.87) (0.64) (0.43) (66.5) (77.4) (69.4) (0.39)
1 2,095 2.48 2.67 3.60 509 533 508 1.09
(1.03) (0.77) (0.45) (70.5) (83.1) (72.4) (0.29)
Ne 34,701 2.70 2.84 3.46 527 544 521 0.00
(1.00) (0.72) (0.51) (85.9) (89.2) (84.5) 0.00

a Students took zero AP Exams in the subject area.

Model 3 was the best fit for the history SGPA data (see Table 17). The covariance parameters
for the intercept were significant (p < .01) for both the high school and college levels, which
showed that mean achievement in college history SGPA varied across the 5,691 high schools
and 109 colleges represented by the sample. Female students tended to outperform male
students by an average of 0.11 points on the expected history SGPA scale; American Indian,
Black/African American, and Hispanic/Latino students were expected to underperform
comparable white students by 0.17 0.13, and 0.12 points, respectively. Students whose
highest parental education level was a high school diploma or less or an associate degree
tended to underperform the reference group of students whose parents earned a bachelor’s
degree by 0.11 and 0.08, respectively, while students of parents who earned a graduate or
professional degree outperformed the reference group by 0.03 on expected history SGPA.
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Table 17

Variable Value / Group Est. (p) Est. (p) Est. (p) Est. (p)
Fixed-Effects
Intercept 2.896 (0.000) 2.862 (0.000) 2.844 (0.000) 2.844 (0.000)
Gender Female 0.108 (0.000) 0.109 (0.000) 0.114 (0.000) 0.114 (0.000)
Racial or Ethnic American Indian -0.174 (0.001) -0.171 (0.002) -0.170 (0.002) -0.170 (0.002)
Identity Asian 0.043 (0.009) 0.034 (0.039) 0.032 (0.053) 0.032 (0.053)
Black -0.132 (0.000) -0.134 (0.000) -0.132 (0.000) -0.132 (0.000)
Hispanic -0.125 (0.000) -0.131 (0.000) -0.124 (0.000) -0.124 (0.000)
Other 0.005 (0.822) 0.001 (0.974) 0.002 (0.934) 0.002 (0.937)
Missing -0.116 (0.104) -0.102 (0.151) -0.102 (0.152) -0.102 (0.152)
Highest Parental H.S. Diploma or Less | -0.109 (0.000) -0.109 (0.000) -0.109 (0.000) -0.109 (0.000)
Ed. Level Associate Degree -0.077 (0.000) | -0.077 (0.000) | -0.076 (0.000) | -0.076 (0.000)
Graduate Degree 0.036 (0.000) 0.034 (0.001) 0.032 (0.001) 0.032 (0.001)
Missing -0.015 (0.378) -0.015 (0.355) -0.016 (0.343) -0.016 (0.343)
High School GPA @ 0.483 (0.000) 0.476 (0.000) 0.471 (0.000) 0.471 (0.000)
SAT Critical Reading = 0.142 (0.000) 0.131 (0.000) 0.117 (0.000) 0.117 (0.000)
SAT Mathematics ®® 0.019 (0.003) 0.019 (0.003) 0.019 (0.003) 0.019 (0.003)
SAT Writing *? 0.107 (0.000) 0.102 (0.000) 0.097 (0.000) 0.097 (0.000)
Number of History AP Exams 0.083 (0.000) 0.005 (0.769)
Mean AP History 1 -0.072 (0.000) -0.077 (0.003)
Exam Grade 2 0.095 (0.000) | 0.089 (0.000)
3 0.160 (0.000) 0.154 (0.000)
4 0.205 (0.000) 0.199 (0.000)
5 0.304 (0.000) 0.297 (0.000)
Random Parameters
Intercept College 0.053 (0.000) 0.053 (0.000) 0.053 (0.000) 0.053 (0.000)
Intercept High School 0.017 (0.000) 0.017 (0.000) 0.017 (0.000) 0.017 (0.000)
Residual 0.717 (0.000) 0.717 (0.000) 0.717 (0.000) 0.717 (0.000)
AIC (model parameters) 123,418 (19) 123,281 (20) 123,121 (24) 123,123 (25)

Note. The reference group was white males whose parents’ highest education level was a bachelor’'s degree
