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Introduction

In April 2000 the state of North Carolina announced an increase in the minimum number of
math courses students would need to take to be considered for admission as undergraduates to any of
the University of North Carolina’s 15 four-year branch campuses.. Previously, students had been
required to take at least three math courses in high school to be eligible for admission. The new
standard required at least four math courses and applied to all students graduating from high school in
the 2005-06 school year or after.! The state justified this increase in required math preparation by
arguing that it would improve college completion rates. But there has been no assessment to date
whether these hopes have in fact been realized or, indeed, whether the beefed up requirements had
any effect at all. After all, it is likely that many students in the state would have taken four math courses

in high school whether or not the state had increased the mandated number.

The purpose of this paper is to assess the effects of this increase in the mandated minimum
number of math courses. This assessment entails two separate questions. One is whether the policy
affected actual course-taking among high school students. In exploring this question, we are attentive to
the likelihood that the new standard might have a bigger effect on some groups of students than on
others. Another question is whether any such changes in high school course-taking, together with the
threat of being denied admission, affected college enrollment patterns or students’ choices or
performance once enrolled. Enrollment refers to whether and where students went to college within
the UNC system. Beyond enrollment, we examine several in-college outcomes, including students’

choice of major, their grades in college, and graduation.

! For a description of the minimum requirements for UNC, see Minimum Admission Requirements,
http://www.northcarolina.edu/?q=prospective-students/minimum-admission-requirements, 10/27/15.
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We cannot simply compare the college enrollment and college success of students with
different numbers of high school math courses, however, because the decisions students make are
influenced by a number of factors that also affect their college performance. Instead we use differences
in course offerings and rates of change by district, year, and math aptitude as instruments in our
student- level models explaining enrollment by branch university, choice of major, and post-enroliment
performance. These differences are exogenous to the student, even though she herself had choices

regarding how many math courses to take and when

The study extends the existing literature in three ways. First, it sheds light on how a policy
change at the university level affects the behavior of students in high school. Second, it extends the
literature on the effects of math taking in high school to college enroliment and college success. Third it
makes a methodological contribution by its close attention to the estimation of causal relationships that

leverage the plausibly exogenous variation that arises as a result of the policy change.

Our findings fall into three groups. First, the evidence is consistent with the expectation that the
increased requirements would influence the number of high school math courses taken by at least some
students. Throughout our analysis we characterize students by their math aptitude as measured by their
performance on the required 8" grade math end of grade test, with performance divided into deciles
from low to high. Many students, particularly those at the higher deciles, were already taking four math
courses by the time the minimum number was increased, so the new requirement presumably had no
direct effect on them. But in eight of the 10 deciles we observed greater-than-expected increases in the
share of students who, using the proxy we had (whether a student had taken Algebra Il by 11* grade),
were in a position to meet the new four-course standard. We cannot prove that these increases were

due to the policy, but it is reasonable to think that at least most of them were.



Second are findings related to whether the increase in math courses affected whether students
enrolled in one of the state’s public university campuses and, if so, where. Because the increases in
math courses were greatest for students with 8" grade math scores in the middle deciles, one might
have expected that the branch campuses whose students traditionally come from those deciles would
have experienced the biggest increases in enrollment due to the changes in math course taking in high
school. Surprisingly, we did not find that. Instead, we find increases in predicted enrollment due to
changes in math course taking across all campuses, distributed differently across math achievement
deciles. Each branch experienced increases in predicted enrollment, but those increases tended to be
for students in the deciles that were already most common at those branches. For the branches that
have traditionally drawn from deciles below the median, the newly stimulated enrollments came from
those deciles. For the two branches with the highest shares of students from the top deciles before the
policy change, the new policy stimulated new enrollment, and it was mainly in those same top deciles.
Despite the general tendency before the change for top-decile students to have taken four math
courses, many top decile students apparently had not been doing so, especially in school districts that
had not pushed such students to do so in the past. Once the policy change was enacted, such districts
beefed up their math pathways, causing more top students to take more math. Conceivably, the new
requirement caused these top students to consider attending the leading research universities at Chapel

Hill or NC State instead of one of the branches closer to their homes.

We believe this second set of findings represent causal effects of the policy change. We express
these findings as predicted changes in enrollment rates, based as they are on results from an
instrumental variables model for 10 different deciles of students for each of 15 different branches.
Comparing these predicted changes to the actual changes in enrollment rates by decile and branch
reveals some big differences, suggesting other forces were at work as well as this policy. One force was

capacity. Few of the branches of the university were prepared for very large changes, up or down, in



total enrollment. Therefore, it would not be surprising if their admissions decisions became tougher or
easier as a result of changes in student demand. Other forces, including demand for admission spots
from out of state, the effects of SAT coaching, or the extraordinary rise in the incomes of the most

affluent families, could easily have overwhelmed the effect of the policy itself.

The third set of findings relate to whether the minimum course requirement affected the
behavior of students once they enrolled in one of the branches. Here the results are less broad-based
than for the other analyses. We find some evidence that the policy change increased the likelihood that
high decile students would major in a STEM field, but reduced the likelihood of low decile students of
doing so. Further, we find that the program raised the GPA of students in deciles 8 and 9, but had at

most limited effects on four-year graduation rates.

The paper begins by giving some of the background to the policy announced in 2000. Next we
describe the data set we use to analyze the policy. In the fourth section, we examine patterns of course-
taking in the state’s high schools, looking for evidence that the state’s new mandate affected those
patterns. Section IV describes the instrumental variable approach that we use to estimate the effects of
the increase in the minimum course requirement. Section VI discusses the potential for differences in
impact across the system’s 15 branches and presents instrumental variable estimates of the effect of
variations in the rigor of high school math regimes encountered by high school students across the state
over time.? In section VIl we turn our attention to the possible effects of the new mandate on college
outcomes. The paper’s last two sections discuss alternative explanations of our findings, implications of

those findings, and possible unintended consequences of the policy itself.

2 The University of North Carolina has 17 branch campuses, one of which is a two-year senior high school for
science and math and one of which, the North Carolina School of the Arts, combines high school grades with
college. We omit these two institutions in the present study. The remaining 15 institutions are listed in Appendix
Table Al.



The State’s Rationale for Raising the Bar

The state of North Carolina was a leader in pushing for higher performance in its public schools,
adopting rigorous statewide standards for K-12 curricula in the 1990s and following up by adopting a
muscular assessment regime. At the heart of this assessment system was a host of annual tests for all
public school students in elementary and middle schools beginning in 3™ grade as well as high school
students taking several key courses in math, English, and other subjects. In step with these top-down
policies for K-12 schools, the state also established minimum course requirements for students wishing
to go on to attend one of the state’s 15 public four-year colleges and universities, which collectively
comprise the University of North Carolina system. By 1990 the state was requiring that students hoping
to enroll in any of the 15 branches needed to complete four courses in English and at least three courses
each in mathematics and science and two in social science. The three math courses had to include

Algebra | and Il plus either geometry or a course for which Algebra Il was a prerequisite.

By the end of the 1990s a consensus among education policy makers in the state had evidently
developed that this three-course math requirement needed to be strengthened. This resolve was
spurred in part by state leaders like Governor Jim Hunt, who saw improved education as central to the
state’s ambitions for economic development. Advocates of stiffer math requirements cited research
showing a strong correlation between high school math course-taking and success in college.? As calls
for more math reverberated in political circles, high school graduation requirements in North Carolina
remained unchanged for 9" graders entering between 1999/00 and 2008-09. During this period
students could choose from four “tracks” that led to a high school diploma. Only one of the four tracks,

“College/University Prep,” required four math credits. The others demanded only three credits of math.*

3 Much of the early research linking increases in math instruction with later beneficial outcomes were based on
correlations rather than full causal models. See, for example, Rose and Betts (2001).

4 NC Public Schools, High School Graduation Requirements (2012):
http://www.ncpublicschools.org/docs/curriculum/home/graduationrequirements.pdf
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Therefore, the changes adopted by the state of North Carolina in 2000 regarding eligibility for entry into
the four-year public university system did not overhaul the requirements for a high school diploma for
everyone, but rather put teeth into the “college prep” recommendation for students interested in going

to college.®

Research on the Relationship between High School Math and College

Success

A recent focus of the literature on mathematics course-taking has been on early exposure to
algebra (Alderman, 2006), since knowledge of algebraic concepts is a precursor to a variety of more
advanced math classes. One line of inquiry explores the effects of algebra placement policies on
students’ subsequent academic performance during high school (e.g., Clotfelter, Ladd and Vigdor, 2015;
Nomi, 2012; Allensworth et al., 2009). Another avenue examines the effects of more (or “double-dose”)
algebra on short-run performance (Nomi and Allensworth, 2009) as well as long-run outcomes like high
school graduation and college entry (Cortes, Goodman, and Nomi, 2015). Though we do not study the
direct benefits of more algebra, we use completion of Algebra Il by 11" grade as a proxy for the ability
and time to complete four courses of math in high school. Our focus is on the postsecondary effects of

encouraging high school students to take more math classes.

There is little evidence on how changes in policies at the university level affect high schools. In
addition, there is limited causal evidence on how high school course-taking affects postsecondary
success. Long, Conger, and latarola (2012) found that taking just one rigorous course early in high school

increased subsequent academic performance and the likelihood of attending a four-year college,

5 In this sense they differed significantly from changes in other states including Michigan which in 2006 adopted the
“Michigan Merit Curriculum” (MMC). The MMC emphasized academic preparation in math and science. In terms
of mathematics, the MMC increased the required number of math courses from three to four for all high school
students seeking a diploma.



relative to taking no rigorous courses (p. 314). In other work, these authors determined that differences
among college-students in the highest high school math course taken explain at least one-fourth of
racial, ethnic, and poverty gaps in readiness for college-level math (Long, Itatarola, Conger, 2009).
Finally, recent work suggests that as the number of math courses required of students rises, so do their

earnings, especially for economically disadvantaged students (Goodman, 2012).

Data

We analyze student-level administrative data collected by two state agencies, the Department
of Public Instruction, which oversees the state’s elementary and secondary schools, and the University
of North Carolina General Administration, which oversees all of the state’s four-year colleges and
universities. Through the good offices of those agencies and the North Carolina Education Research Data
Center, student records from the K-12 public schools were linked to student records from the UNC
system, stripped of identifying information, and made available to us for this project. Our data set is
made up of several cohorts of students who were in one of the state’s public schools — including both
charter schools and traditional public schools —in 7%, 8", and 9™ grades. We organized students by
cohort according to the score they made on the statewide math achievement test in their first spring as
8t graders.® A student who started 8" grade in the 1998-99 school year, for example, belongs to a
cohort we refer to as the 1999 8™ grade cohort, or simply the 1999 cohort. As a part of the state’s
assessment program, all 8" graders in North Carolina’s public schools take end-of-year tests in math and

reading in the spring of their 8" grade year; for a student in the 1999 8 grade cohort this test would

6 Any student repeating 8" grade was assigned to the cohort for the first year in that grade. In addition, we omitted
students who were not also in the public school system in the 7™ grade, since some students take Algebra I in 7%
grade, and our proxy for course-taking requires knowing whether students took this course. We limited the sample to
those who remained in public school through the 9™ grade to eliminate those who dropped out at an early age or who
enrolled in private high schools. We retained in the sample students missing socioeconomic or demographic
information, adding indicator variables to signify the omission of those variables.



have been administered in the spring of 1999. In total, we employ data on 8™ grade cohorts from 1999

to 2006.

For each cohort, we divided all the 8" grade math test-takers in the state into deciles and
assigned each student accordingly. We also identified the school district containing each student’s 8t
grade school, or, in the case of charter school students, the district where the student’s charter school
was located. The K-12 administrative data also contain information on student characteristics, such as
gender, race and ethnicity, eligibility for subsidized lunches (an indicator of low family income), and
parents’ educational attainment.” For students who subsequently enrolled in one of the university
system’s 15 branches, we also have detailed information on college course taken, grades, declared

major, and graduation.

Crucial to our analysis is information on the mathematics courses students took, because the
number of such courses relates to the mandate whose effect we wish to measure. Ideally we could
gather this information simply by examining students’ middle school and high school transcripts.
Unfortunately, such transcript information has only become available for recent years, not enough years
to be useful for this study. We could not, therefore, count every math course a student took and thus
cannot determine whether any particular student actually achieved the newly mandated four-course
minimum either before or after the mandate took effect. However, we are able to do the next best
thing: we can determine whether a student was in a good position to meet that minimum course
requirement by using data we have on end-of-course tests to check whether a student took one crucial
math course that constitutes the necessary foundation for any student who wishes to take four or more

math courses before college — Algebra Il. As noted above, the wording of North Carolina’s new four-

7 We were forced to drop the 2005 8™ grade cohort for Wake County because of an obvious but unexplained data
problem for that cohort. The number of observations contained in the raw data for that one cohort was less than 5%
the size of either cohort immediately preceding or following it, suggesting a serious data problem.

10



course minimum explicitly identified this course as a fundamental building block, by requiring at least

III

“one unit beyond Algebra I1.” Taking this course by 11" grade therefore turns out to be a good indicator
of a student’s intention and ability to complete the minimum of four math courses by the end of high

school. Accordingly we adopt this indicator — having taken the end-of-course exam in Algebra Il by 11"

grade — as our proxy for the intent and ability to comply with the four-course minimum.

To assess the validity of this proxy, we compared it to actual course-taking using data for
students in the 2006 8" grade cohort, a cohort for which complete transcript data are available. This
comparison showed that our proxy worked for roughly 83% of students in the 2006 cohort, correctly
predicting completion of at least four courses for those who completed Algebra Il by 11*" grade and
predicting failure to complete four courses for those who did not complete Algebra Il by 112 It is worth
noting that not all districts configure their high school math courses the same way, instead using a
parallel set of math courses, but students subject to this parallel regime end up taking the same end-of-

course test, thus making it straightforward to apply our criterion to them as well.®

8 In 14% of the cases, students took Algebra 11 end-of-course test by 11™ grade but did not complete the minimum
four math courses by the end of 12; in 3% of the cases they did not complete Algebra Il by 11" grade but ended up
completing four courses by the end of high school, presumably by going to summer school or doubling up in their
senior year. In comparison to the Algebra 11 criterion we employed, and its 83% accuracy as a proxy, the accuracy
rates for two alternative criteria were: 80% for having taken Algebra I and 11 plus Geometry by 11 82% for having
taken Algebra Il plus Geometry by 11%.

® The vast majority of districts offer the sequence of Algebra I, Geometry, and Algebra Il. But a few march to a
different drummer, and designate their high school math courses using the term “integrated math,” wherein
Integrated Math | roughly corresponds to Algebra I, 1l to Algebra I1, and 111 to Geometry. In issuing the mandate
four-course minimum, the state actually provided for three different sequences of courses, since not all districts offer
the same set of high school math courses. The sequence used by most districts is_ Algebra I, followed by Algebra 11
and Geometry. The corresponding first option specified by the state for complying with the new four-course
mandate was those three courses plus “one unit beyond Algebra I1.” The second option specified by the state was to
take Algebra I, Algebra Il, and two courses beyond Algebra 1. A third option was offered by the few districts using
the “integrated math” designation. Thus the third route allowed by the state was to take Integrated Math I, II, and III,
plus one unit beyond Integrated Math I11. In fact very few districts use this sequence of courses, and those that do
have their students take the same end-of-course tests as those in the conventional sequence.

11



Patterns of Course-Taking in High School

Before asking whether the state’s increase in the minimum course requirement had any effect
on enrollment or college performance, we first address the logically prior question: did the mandate
have any effect on patterns of course-taking in high school? After all, if course-taking was not affected, it
is very unlikely that there were any other ramifications. To get at this prior question, it is helpful to

recount some of the details surrounding the policy and the timing of its rollout.

The new minimum was officially adopted by the university system’s governing board in April
2000. In the weeks following the decision, the UNC system president alerted state leaders, and plans
were made to hold town hall meetings around the state to discuss implementation. By November, a
statewide committee had been formed to explore ways to modify high schools’ math sequences.’® Given
this timing of events, the very earliest any district or high school in the state could possibly have made
changes to accommodate the new policy would have been the fall of 2000, changes that would allow
any 9% graders starting that fall to achieve the four-course standard. For students whose anticipated
sequences of courses would have left them short of that new standard, those sequences would need to
change. These new 9% graders in the fall of 2000 were therefore members of the 2000 8" grade cohort,
the first cohort whose math courses could have been influenced by the policy — and then only if their
district was eager to adopt the new standard even though it was not yet a requirement. A district did
not have to make changes this fast, since the state provided for a two-year transition period. If a district
waited until the last minute to comply with the new four-course standard, it would have to make any
necessary changes in time to accommodate 9" graders starting high school in the fall of 2002; these 9t

graders were members of the 2002 8 grade cohort.

10 Information on min course requirements found at:
http://old.northcarolina.edu/aa/admissions/requirements.htm 7-1915

12
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Because of the two-year interval between the announcement of the new policy and its actual
enforcement, we have the opportunity to examine the effect of increased math course-taking
separately, before the policy’s layer of enforcement took hold. Unlike the 1999 8" grade cohort, which
had started high school with no hint of the policy change to come, the 2000 and 2001 cohorts knew that
the requirement would soon be increased, but not soon enough to apply to them. Although their own
entry into UNC would not be imperiled, however, they could nevertheless have been influenced by
repercussions in their schools resulting from the policy’s announcement. Districts could well have made
changes in the timing and coverage of their math courses in anticipation of the new requirement.
Parents and students could have realized that education leaders believed it was desirable to take more
math courses. Whatever the mechanism, increases in math course-taking by these two transition-period
cohorts —which came about without any change in formal entry requirements — could have real

consequences. These amount to a pure course-taking effect.

But for cohorts after 2001, the state’s new policy added teeth to this pure course-taking effect,
in the form of the penalty associated with noncompliance: denial of admission to UNC. To summarize,
we can identify three phases. First, for 8" grade cohorts up to and including 1999, the increase in
minimum courses could have no effect. Second, for the 2000 and 2001 cohorts in the transitional period,
the policy change could have had an effect, but only by way of induced increases in course-taking, not
by any threat of penalty if the new standard was not met. Third, the new minimum would have had its
full effect beginning with the 2002 cohort, by laying the sanction on top of the induced increase in math

course-taking.

During the second and third of these periods the policy was unlikely to have influenced the
course-taking of all students equally. The highest achieving students were most likely already planning

to take at least four math courses in high school. For them, the policy was unlikely to have had a large

13



effect. At the other end of the achievement spectrum, many students were probably not going to take
more than one or two math courses in any case. So they were similarly unlikely to be influenced by a
policy that mandated four. Consequently we would expect the effect to be largest, if it showed up
anywhere, in the middle deciles, where students were already on the borderline between taking three

or four math courses.

To see whether the observed patterns of course-taking suggest that the policy had any effect at
all on course-taking, we examine trends for the state as a whole in the percentage of students who had
completed Algebra Il by 11*" grade (our proxy for the ability to achieve the four-course standard). We
examine the span of years over which they policy would have had its biggest effect, with its combination
of the course-taking and the enforcement effects. If the new four-course standard had any effect on
course-taking, therefore, we would expect no unusual increases up to 1999, an extraordinary increase
between 1999 and 2002, and no unusual increases after 2002. Essentially, this progression was like an

interrupted time trend. Any increases in course-taking before 2000 or after 2002 could not be due to the

policy.

Figure 1 shows trends for four selected deciles, beginning with students in the 1999 cohort and
ending with those in the 2007 cohort. To make clear our expectations about when the four-course
mandate might have had its effect, if any, we divide the cohorts between those whose course-taking
could reasonably have been increased and those cohorts for which we expect no boost because they
encountered no change in the minimum number. Among the deciles shown in Figure 1, all but one (the
9'™") manifest the pattern we would expect if the mandate had an effect on course-taking: an increase
from the 1999 to 2002 cohorts, followed by no increase. Although these patterns do not prove that the
increase in the minimum course requirement caused the observed change in course-taking, the patterns

are certainly consistent with that hypothesis. For the 9" decile, however, it is a different story. Little if

14



any change in course-taking is evident, suggesting that the policy probably had very little impact on the

sequence of math courses taken by high-achieving students.

Table 1 provides a closer look, by decile of math achievement, at the changing share of students
who took Algebra Il by 11*" grade. By looking separately at each decile, we can test our intuition that the
mandate would have had a bigger effect on some deciles than others. A rough test for whether the
policy had any bite is to compare the change in course-taking during the three-year window when it
would have had its maximum impact with the subsequent three-year window, by which time the policy
had been wholly incorporated and thus not likely to cause additional increases in math courses taken.
For all deciles combined, the percentage of students who had taken Algebra Il by 11*" grade increased
from 53.1% for the 1999 cohort to 60.9% for the 2002 cohort, an increase of nearly 8 percentage points.
Over the next three years, however, the increase was just 1.4 percentage points, a pattern consistent
with the hypothesis that the four-course mandate did push districts and schools to increase the number

of foundational math courses students took in high school.

When examined by decile, these comparisons strongly suggest that the policy had its principal
effect at the bottom and middle of the math aptitude distribution, not at the top. For each of the deciles
from 1 to 6, t-tests show that increases in the propensity to take Algebra Il increased by more from the
1999 to the 2002 cohorts than over the subsequent three cohorts. Notably, the rate of taking Algebra Il
by 11 grade by students in the highest three deciles actually increased in the latter period, a pattern

unlikely to have been the result of the new minimum course requirement.!

Given the considerable autonomy accorded to local school boards, even in states with more

than the average amount of central control, such as North Carolina, practices often differ across

1 Unless it reflects [that] the laggard districts in the east and west finally got their courses set up for students who
wanted to take the required four.

15



districts. When we look beneath the state totals in Figure 1, we behold a good bit of variation in our
course-taking proxy, both in the propensity of students in a given decile to take Algebra Il by 11™ grade
and in its change over time. We illustrate this variety across districts with scatterplots that compare this
percentage for the 1999 and 2002 cohorts, that is, for the last cohort untouched by the new mandate
and the first cohort for whom the mandate would have its maximum impact. We plot these percentages
for the state’s five largest school districts (Wake County, the district containing Raleigh; Charlotte-
Mecklenburg; Cumberland, containing Fayetteville; Guilford, containing Greensboro and High Point; and
Winston-Salem/Forsyth), and we split the remaining 112 districts by urban and rural, divided among the

state’s three regions: mountains, Piedmont, and coastal plain (or coastal).!?

Consider, for example, the proportion of decile 2 students who had taken Algebra Il by 11t
grade, shown in Figure 2. As this scatterplot shows, North Carolina’s school districts differed in the share
of students in the 1999 cohort who achieved this criterion. Most districts had increased this share by the
time their 2002 cohort had completed 11t grade, but by varying degrees. Whereas fewer than 5% of
decile 2 students in rural districts in the mountains had achieved it, the share who did so in Charlotte-
Mecklenburg was more than 20%. Of greater significance is the fact that in most districts and district
groups the share of students taking Algebra Il by 11t grade increased between the 1999 and 2002
cohorts, signified in the graph by points above the diagonal line. All but one of the points indicate
increases, and the increases were largest in the state’s five largest districts, suggesting perhaps that
large and sophisticated districts were quick to make the adjustments necessary to accommodate the
new standard. In Guilford County the propensity for students to take Algebra Il by 11*" grade increased
markedly, by more than 20 percentage points. This tendency to increase these shares suggests — but

does not prove — that the new mandate had an effect, albeit a varying one, on districts and their

12 For a description of these regions and a list of counties contained by each, see Clotfelter, Ladd and Vigdor (2003,
Figure 1 and Table Al).
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students. A similar pattern can be seen for students in decile 4, with the big five districts, along with the
other urban districts in the Piedmont recording the largest increases in the share of students taking
Algebra Il by 11 grade. The district with the largest increase was Wake, which saw its share rising about
25 percentage points. As was the case for decile 2, the laggards were the districts in the mountains and

the coast, both urban and rural.

For decile 6, the shares of students taking Algebra Il by 11*" grade were higher, and the increases
generally smaller. Again, the five big urban districts led the way in increases, with the share for Wake’s
decile 6 students rising more than 15 percentage points. Here, too, districts in the mountains and

coastal plain showed little change.

For students near the top in math achievement, the story is quite different. As shown in Figure
5, the share of students in decile 9 who had taken Algebra Il by 11" grade was already high before the
policy was announced — more than 80% in all districts and district groups —and that share hardly budged
in most districts after the new standard was announced. The only two sizable changes were an increase

of some 8 percentage points in rural Coastal districts and 5 points in Wake.™

Was the new policy responsible for the changes observed? It seems likely it was at least to some
extent. But it is impossible to tell for sure, because at the same time districts were responding to the
newly promulgated standard for admission to the UNC system, educators across the country were being
urged to increase the rigor of math education. Ultimately, it is impossible to disentangle the effects of

the policy from this growing sentiment in education circles.

13 To review the changes at all deciles, Appendix Table Al presents the 1999 proportions, by decile and district or
district group, of students who finished three math courses by 11" grade. Appendix Table A2 shows the change in
these proportions between 1999 and 2002.
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In the remainder of the paper, we focus our attention on the effects of two conceptually distinct
potential ramifications of the new minimum. The first is increases in math courses taken, leaving
unsettled exactly what share of those increases was a consequence of the state’s decision to increase
the minimum number of high school math courses required for university admission. The second
ramification is the bar on admission for non-compliers. For both, it remains important to ask whether
changes in the math course sequences offered by districts across the state, whatever their origin, had

effects on students’ rates of entry into the University of North Carolina or their success once there.

Instrumental Variables Approach

We wish to estimate the effect of increases in high school math courses taken by the state’s
public school students on patterns of enrollment in the UNC system and students’ choices and
performance after enrollment. Owing to the two-year transition period between announcement and
implementation, we estimate separately the effect of course-taking, using the behavior of the cohorts
who came along during the transition period, as well as the policy’s combined effect, for later cohorts.
All of what follows in this section applies to the estimation we undertake separately for these two sets

of cohorts.

We estimate the effects of changes in the course environment encountered by students, by
cohort, district, and decile. We are able to observe successive cohorts of students in North Carolina
passing through grades in 115 different districts whose high schools subject differing shares of their
students to more or less rigorous sequences of math courses.' Purely as a result of a student’s year of
birth and location in the state, he or she faced different probabilities of facing a sequence of math

courses that would enable that student to have the opportunity to qualify for admission to the

14 For purposes of aggregating at the district level, we include in each district the charter schools located within its
boundaries.
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University of North Carolina. In other words, the rigor of the math course sequences confronting any

student was exogenous to that student, since it was not influenced by her own actions.

To assess the effect on college enrollment of the state’s decision to require another math
course, this logic suggests an instrumental variables (V) setup in which a natural instrument for a
student’s math course-taking experience is the share among all the students in each student’s cohort,
district, and decile group who completed Algebra Il by grade 11. We therefore estimate a series of IV,

linear probability equations via two-stage least squares (2SLS) explaining
MCSjt =p+p15haTeMC]t+)/ijt+5] +6t+wsjt (1)

where MCg; is an indicator for whether student s in district j and cohort t completed Algebra Il
by 11" grade. ShareMCj; is the instrument, which records the proportion of students in a particular
decile in district j and cohort t who completed Algebra Il by 11*" grade. Xsj¢ is a vector of student
characteristics (including gender, race and ethnicity, eligibility for free or reduced-price meals, parental
education levels, and 8" grade end-of-grade test scores in math and reading). 6; and 6, are district and
cohort fixed effects, respectively; > and wgj¢ is a stochastic error term. We use predicted values from

equation (1) in place of actual treatment status in our second-stage, decile-specific equations:
Y.S‘jt =a+ﬁ1msjt+ﬁijt+9j+9t+esjt (2)

Here, Y, is the outcome of interest (such as enrollment in UNC-Chapel Hill, or the UNC public

four-year system broadly), X is the vector of student characteristics described above with the addition

5 The indicators for the vectors of fixed effects are as follows: District group [Omitted variable: Charlotte-
Mecklenburg] (Wake, Guilford, Cumberland, WS/Forsyth, Urban Mountain, Urban Piedmont, Urban Coastal, Rural
Mountain, Rural Piedmont, Rural Coastal); Year [Omitted variable: 1999 cohort] (2000, 2001, 2002, 2003, 2004,
2005, 2006 cohort); Parental education level [Omitted variable: high school graduate] (did not finish high school,
trade or business school graduate, community, technical or junior college graduate, four-year college graduate,
graduate school degree); Gender [Omitted variable: male] (female); Race [Omitted variable: White] (American-
Indian, Asian, Black, Hispanic, Multi-racial, Other).
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of a control to capture a student’s accessibility to each institution in the UNC system (measured by the
square-root of distance to the branch from the center of the student’s home county). The coefficients 6;
and 6, are district and cohort fixed effects, respectively; and &;;; is a second, stochastic error term. The
identifying assumption is that students in a particular decile who confronted large shares of high school
students completing three math courses by 11'" grade as a consequence of living in a particular district
and being a member of a certain cohort differ relative to their same-decile counterparts who
encountered smaller shares only in terms of their propensity to take Algebra Il by the end of 11t
grade.'® Given this identifying assumption, 8; in equation (2) gives the effect (for a student in a
particular decile) of completing Algebra Il by 11™ grade on the likelihood of outcome Y;;., compared to
her counterpart who did not complete those three math courses by 11 grade. We cluster standard
errors at the district level to account for the nesting of students within schools and schools within

districts.

Effects on Patterns of College Enrollment

Our analysis of enrollment effects of the increase in minimum courses is necessarily limited
because we have college enrollment information only for students who went to one of the public four-
year colleges in North Carolina. Specifically, we need to interpret the results cautiously because we
cannot capture postsecondary enrollment in private or out-of-state institutions. As a result, any

increases we observe in the likelihood of enrollment in UNC institutions partially reflect a choice effect.

16 Another way to think about this identifying assumption is through the intuition of the exclusion restriction —
which, in this case, assumes that variation in decile-specific shares of students who take Algebra Il by 11 grade
across districts and cohorts affects the (enrollment) outcomes of interest exclusively through an individual student’s
altered propensity to complete the three foundational math courses that culminate in Algebra I1, and not through any
other channel related to college enrollment. Conditioning on district fixed effects assuages potential concerns about
static differences in districts’ levels of college support and college-going cultures.
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That is, students were induced to take more math, allowing them admission into one of the state’s four-

year campuses rather than a community college or lower-quality, out-of-state institution.

Although the state’s four-year universities share a common name, are governed by a single
board, and are presided over by a single president, the reality on the ground is 15 separate institutions.
No assessment of the effect of increasing the number of required math courses can ignore this reality.
The more rigorous standard is likely to have had different ramifications across those 15 separate
institutions in part because of regional differences. To the extent that school districts responded
differentially to the policy pronouncement, a branch campus that normally relies for most of its students
on a laggard district in the mountains or the coast would have been disadvantaged in comparison to the

universities that serve the more responsive urban districts.

Another reason to expect heterogeneous impacts across the 15 branches is that they tend to
draw students from different parts of the ability distribution. To illustrate just how large these
differences are, Table 2 reports, for the 1999 8" grade cohort, the percentage distribution of entering
students by 8™ grade end-of-grade math tests for each of the 15 institutions. Whereas 85% of UNC-
Chapel Hill’s entering students from North Carolina scored in the top two deciles on that 8" grade test,
the comparable percentage at the median university was just 34%, and it was less than 10% at three of

the 15.

For both groups of cohorts we estimated instrumental variable models for each decile and for
each of the UNC system’s 15 university branches, for a total of 300 different regressions.'” The 150
regressions estimated for the earlier, transitional cohorts, who were encouraged to take more math but

were not punished if they did not (2000 and 2001, with 1999 as the pre-policy comparison cohort), each

17 Complete sets of estimated coefficients for all explanatory variables are shown for three illustrative regressions in
Appendix Table A3.
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produced an estimate of the effect of increased rigor (increased probability of taking three math courses
by 11™ grade). Those estimated coefficients are presented in Table 3a. A second set of regressions,
shown in Table 3b, applies to the cohorts that felt the full force of the new minimum, the cohorts
beginning with 2002. Consider first the pure effect of the increased math course-taking (in Table 3a).
Virtually all of the estimated coefficients are positive, implying that, other things equal, completing
Algebra Il by 11t grade raises the chance that a student will enroll in one of the state system’s 15
branches. As an example, a student in the 6 decile who completes Algebra Il by 11" grade was 1.3
percentage points more likely to enroll at North Carolina State, the premier technical university in the
public system, relative to her same-decile counterpart who failed to complete the courses that
culminated in Algebra Il. Broadly, increases in enroliment likelihoods due to math course-taking are
largest for middle to upper-middle deciles of students. Table 3b presents the corresponding set of

estimated coefficients showing the combined effect of course-taking and the requirement for admission.

While the estimated coefficients in Tables 3a and 3b serve a guide as to the expected effect of
completing Algebra Il by 11*" grade on the likelihood of enrollment at a UNC institution for a typical
student (in a specific decile), they provide less insight about predicted changes in the overall enroliment
rate of students in a particular decile at a specific UNC institution as a consequence of changes in math
course-taking patterns. Therefore, we combine our point estimates in Table 3 with observed changes in
decile-by-district-specific shares of students who completed Algebra Il by 11*" grade to translate the

estimates for individuals to estimates of predicted impacts on enrollment rates by campus.

Consider as an example the effect on the enrollment rate at East Carolina University (ECU) for
students in the seventh math decile as a result of a 10 percentage point increase in the probability of
finishing Algebra Il by 11 grade, as shown in Table 3b. Multiplying the increased probability of 0.1 by

the coefficient 0.0321 (3.2%) yields an increased probability of about 0.003 (0.3%), or three tenths of
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one percentage point. Such effects can be more conveniently expressed as predicted changes in

enrollment rates, by decile (i) and branch campus (k):

€02, — €99;;, = Bix (Algl102; — AlgI199;) (3)

where Algl102; is a weighted average of the share of students in the 2002 cohort in decile i who
completed Algebra Il by 11t grade. This value can be computed for any decile and cohort across districts
():

Yi(# students;j)(Aigll;jt)
Yj#studentsijt

Alglly, = (4)

Once computed, we generate changes in this weighted share over the time period of interest
and multiply by the corresponding coefficient (f;;), which denotes the effect on college-going at a

particular campus.

Table 4a presents the predicted percentage point change in enrollment by campus due just to
the induced increase in math course-taking. The largest predicted changes in rates (0.2 and larger) are
shaded, highlighting a pattern of large implied increases clustering in deciles from which the bulk of

each institution’s students come.

Turning to the total effect of the new policy, Table 3b presents the estimated effects of taking
Algebra Il by 11*" grade, and Table 4b presents the corresponding predicted increases in enrollment by
campus. These enrollment effects are generally much larger than those for the induced course-taking
alone. For the example noted above, the effect in the seventh decile of enrolling at East Carolina is
about twice as large, with a coefficient of 0.0478. Table 4b shows that this coefficient implies an
increase in the enrollment rate of 0.4%. By decile, the policy is predicted to boost enroliment rates the
most for deciles 3-8, but these newly stimulated college-goers were not evenly distributed across all

branches. For the five historically black universities, the increases resulting from the tougher math
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standards are predicted to come from students residing in the lower deciles.'® For a middling institution
like East Carolina, the biggest predicted increases are in the middle ranges. And for the top-ranked
universities, Chapel Hill and NC State, the beefed-up math requirement is predicted to boost enrollment
rates for high-scoring students. To the extent that the new policy encourages more top-aptitude
students to take more math, the somewhat surprising predicted result is a bonanza for the flagship

universities.

As a reality check, we computed the actual changes in enrollment rates to see how they
compared to these predicted effects of the policy, shown in Table 5. The contrast is striking. The deciles
of North Carolina students that actually saw the biggest increases were the four at the top, deciles 7-10,
not the six near the middle. Evidently other forces were at work besides the decision to increase the
minimum course requirement and, all told, these other forces were much larger than the effect of the
increase in the minimum course requirement. That the policy’s effect was overwhelmed by other
influences should not obscure the fact that the policy did in fact exert a positive effect on college

enrollment across the board.

Performance as UNC Students, Conditional on Enrollment

We now turn to the possible effects of the change in the minimum course requirement on
students after they enroll in a UNC branch. We examined students’ choice of major, their grades, and
whether they graduate in four years, all conditional on having enrolled at one of the 15 campuses in the
UNC system. We made no effort to account for possible bias due to selection between the UNC system
and other alternatives, including not going to college. The question we pose here is, what was the effect

on various outcomes, if any, of taking more math courses in high school? Consistent with our approach

18 As noted in Appendix Table Al, the five HBCUs in the University of North Carolina system are North Carolina
A&T, North Carolina Central, Elizabeth City State, Fayetteville State, and Winston-Salem State.
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for enrollment patterns, we estimated models separately by decile. The estimated effects of taking
Algebra Il by 11*" grade are shown separately by decile in Table 6. To bypass the added complication of
accounting for selection among UNC branches, we make these assessments without accounting for

which branch of the university a student attended.

One possible outcome of requiring students to take more math in high school is to increase the
number who will, in college, decide to major in a STEM field. To assess that possibility, we estimated one
set of linear probability models explaining students’ first declared major, and another set of models
explaining their last declared major.'® The findings in Table 6 suggest that taking more math courses in
high school may be associated with an increased propensity to major in a STEM field among some

above-average-achieving students.

Additional estimates in column 3 of Table 6 suggest that taking more math courses in high
school may also boost the final GPA of already high-performing students (i.e., those in deciles 7 and 8),
though the magnitudes of these increases are quite large — potentially reflecting other difficult-to-
measure differences between the populations of students who enroll in UNC with four high school math
courses and those who do not. In only one decile is taking more math courses associate4d with higher
rates of graduation, decile 8. Because they show up as significant in only a few deciles, these conditional
estimates ought to be taken with a grain of salt. But, because different outcomes cluster in the same
two deciles, 7 and 8, the patterns are worthy of note because they apply to students at the same

achievement level.

19 First, we determine the earliest-declared major via CIP codes. That is, we use his available CIP code applying to
the earliest class level for his earliest-declared major field of study. In our sample, there were 130,588 students whose
CIP codes were available for at least one class level. Among these students, the earliest class level that CIP code is
available is first year, for 61% of the students; second year, for 15% of the students; third year, for 21% of the students;
and fourth year, for 3% of the students.
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Conclusion

In 2000 the state of North Carolina announced that it would increase the minimum number of
high school math courses students would need to be eligible for admission to any four-year public
college in the state. This policy change could have had three effects. First, it could have led to an
increase in the number of math courses students take in high school. Second, it could have influenced
patterns of enrollment across the various branch campuses in the University of North Carolina system.
Third, by strengthening the math preparation of students, it could have affected students’ choices of
major or improved their performance in college. We examine each of these three questions in this
paper, using student-level administrative data. Because we do not have information on all of the courses
students took, we adopt as a proxy for the ability and intention of taking four courses whether students

had taken Algebra Il by 11" grade.

Because the state allowed schools two years to prepare for this new requirement, two cohorts
of high school students were made aware of the state’s heightened expectations without actually facing
the prospect of being refused admission if they did not take the required four math courses. For these
cohorts, we can observe the pure effect of increased math course-taking in high school, unaffected by
the threat of being refused admission. Subsequent cohorts experienced both the effect of increased

course-taking and the threat of sanction for failing to meet the new standard.

In answer to the first question, we find that students did take more math courses in high school
following the state’s announcement of a new standard. The increase was not uniform, however. For
example, even before the new policy was announced, many students with high math aptitude had
already been taking enough math in high school to have finished Algebra Il by 11t grade. To be sure, the
share of students taking Algebra Il by 11™ grade was higher in some districts than in others, even for

students with similar math aptitude. Indeed, variations across districts such as these allow us to address
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guestions two and three. These variations created a natural experiment in which students across the
state were exposed to math instruction regimes of varying rigor, simply as a function of where they lived
and when they had been born. As for the increases across the state in the number of students exposed
to this increased rigor, the timing and rapidity of the increases suggest that the state’s announcement
was the cause. But we cannot know for sure whether other influences, such as discussions among

education experts across the country, also had a hand in these increases.

To address the second question, whether the increases in math-taking and the subsequent
admissions requirement affected patterns of enrollment, we estimated a series of I.V. models predicting
enrollment at particular branch campuses as a function of whether a student had taken Algebra Il by
11" grade. These models imply that the policy led to increases in enroliment rates, but these increases
were not uniform. Rather, the largest increases were observed in deciles of student achievement from
which branch universities were already drawing the bulk of their students. Thus, for the state’s top
universities, the policy did not have the effect of opening the door to large numbers of students at lower
achievement levels who had previously not applied or not been admitted because of their high schools’
limited math offerings. It did, however, mean that newer cohorts of entering students had better math

training than those of the recent past.

In answer to the third question, whether the policy had effects on students once in a UNC
institution, we found very little of significance. We found that increases in math were associated for only
one decile with an increase in the chance a student would declare and stick with a STEM major. For that
decile, the 7™, we also observed a positive association with GPA, and for deciles 8 and higher, although
the errors associated with those estimates are large. Finally, we observed a positive association between

increased math-taking and graduation for one decile, the 8.
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Figures

Figure 1. Percentage of Students Who Took Algebra 11 by 11" Grade, by 8" Grade Cohort,
Selected Math Deciles, State of North Carolina
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Source: North Carolina Education Research Data Center, end-of-year and end-of-course tests.
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Figure 2. Percentage of Students Who Took Algebra Il by 11t Grade: 1999 and 2002 8t
Grade Cohorts, Decile 2
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Note: In addition to the state’s five largest districts, percentages are recorded for six district groups:
rural coastal, rural Piedmont, rural mountain, urban coastal, urban Piedmont, and urban mountain.
Students were divided into deciles based on their 8" grade math end-of-year test. Cohorts were
defined according to the year students finished 8" grade.
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Figure 3. Percentage of Students Who Took Algebra Il by 11t Grade: 1999 and 2002 8t
Grade Cohorts, Decile 4

80%

70% ® Guilford

® Charlott eck

60%
® WS/Forsyth
® Wake

50% ® UPiedmont

Decile 4

40%

cohort

30%

20%

10%

Percentage of students who took Alg Il by 11th grade, 2002

0%
0% 10% 20% 30% 40% 50% 60% 70% 80%
Percentage of students who took Alg Il by 11th grade, 1999 cohort, Decile 4

Note: In addition to the state’s five largest districts, percentages are recorded for six district groups:
rural coastal, rural Piedmont, rural mountain, urban coastal, urban Piedmont, and urban mountain.
Students were divided into deciles based on their 8" grade math end-of-year test. Cohorts were
defined according to the year students finished 8" grade.
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Figure 4. Percentage of Students Who Took Algebra Il by 11t Grade: 1999 and 2002 8t
Grade Cohorts, Decile 6
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Note: In addition to the state’s five largest districts, percentages are recorded for six district groups:
rural coastal, rural Piedmont, rural mountain, urban coastal, urban Piedmont, and urban mountain.
Students were divided into deciles based on their 8" grade math end-of-year test. Cohorts were
defined according to the year students finished 8" grade.
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Figure 5. Percentage of Students Who Took Algebra Il by 11t Grade: 1999 and 2002 8t
Grade Cohorts, Decile 9
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Note: In addition to the state’s five largest districts, percentages are recorded for six district groups:
rural coastal, rural Piedmont, rural mountain, urban coastal, urban Piedmont, and urban mountain.
Students were divided into deciles based on their 8" grade math end-of-year test. Cohorts were
defined according to the year students finished 8" grade.
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Tables

Table 1. Probability of Taking Algebra 11 by 11t Grade, by Decile, 1999, 2002, and 2005

Table 1. Probability of Taking Algll by 11th Grade, by Decile, 1999, 2002, and 2005
1999 Cohort 2002 Cohort 2005 Cohort Change 02-99 Change 05-02
Decile 1 3.9% 10.8% 9.6% 6.9% -1.3%
Decile 2 9.9% 20.4% 20.0% 10.5% -0.4%
Decile 3 20.4% 32.9% 32.4% 12.5% -0.5%
Decile 4 32.1% 43.6% 43.3% 11.5% -0.2%
Decile 5 43.9% 55.8% 56.2% 12.0% 0.4%
Decile 6 56.3% 67.0% 66.9% 10.8% -0.2%
Decile 7 69.0% 77.6% 76.6% 8.7% -1.1%
Decile 8 79.6% 84.5% 85.7% 4.9% 1.2%
Decile 9 88.9% 91.2% 92.9% 2.3% 1.7%
Decile 10 95.4% 94.3% 96.8% -1.1% 2.5%
Total 53.1% 60.9% 60.6% 7.8% -0.3%
Note: Students were divided into deciles based on their 8" grade math end-of-year test. Cohorts

were defined according to the year students finished 8™ grade.
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Table 2. Math Aptitude Percentage Distribution of Entering In-State Students, Branch, UNC

System, 1999 8" Grade Cohort

Table 2. Math Aptitude Percentage Distribution of Entering In-state Students, Campus, UNC System, 1999 8th Grade Cohort
Decile 1 Decile2 Decile3 Decile4 Decile5 Decile6 Decile7 Decile8 Decile9 Decile 10 |Total

UNC-CH 0.1% 0.0% 0.3% 0.2% 0.8% 1.5% 3.9% 7.9% 22.1% 63.3%| 100.0%
NCSU 0.0% 0.2% 0.4% 0.5% 1.5% 2.7% 6.8% 13.0% 27.2% 47.8%| 100.0%
UNC-A 0.0% 0.3% 0.3% 0.9% 1.8% 8.2% 6.7% 17.0% 31.2% 33.6%| 100.0%
ASU 0.1% 0.4% 1.0% 1.6% 3.6% 8.0% 13.8% 19.0% 28.7% 23.9%| 100.0%
UNC-W 0.0% 0.4% 0.9% 1.9% 2.6% 7.7% 13.6% 23.5% 26.8% 22.8%| 100.0%
UNC-C 0.0% 0.1% 1.4% 2.0% 4.6% 8.6% 13.7% 24.2% 25.1% 20.4%| 100.0%
ECU 0.1% 0.5% 1.9% 4.2% 8.7% 10.9% 16.5% 20.9% 19.8% 16.5%| 100.0%
WCU 0.3% 1.2% 2.3% 4.0% 9.4% 12.9% 16.3% 19.7% 19.4% 14.5%| 100.0%
UNC-G 0.1% 1.1% 1.5% 7.0% 8.8% 12.8% 16.4% 18.5% 19.5% 14.2%| 100.0%
UNC-P 0.6% 4.2% 5.4% 8.3% 12.1% 14.8% 16.4% 16.2% 14.6% 7.3%| 100.0%
ECSU 2.2% 8.4% 8.0% 13.9% 14.2% 13.9% 12.4% 13.9% 8.0% 5.1%| 100.0%
FSU 3.3% 7.5% 13.2% 16.3% 14.6% 12.6% 11.0% 10.4% 8.2% 2.9%| 100.0%
NCA&T 3.4% 9.0% 12.3% 14.7% 14.5% 14.8% 10.9% 10.8% 6.5% 3.2%| 100.0%
WSSU 4.0% 5.1% 13.6% 14.1% 17.1% 17.1% 13.4% 8.1% 5.5% 2.0%| 100.0%
NCCU 4.3% 10.7% 11.8% 14.8% 17.2% 14.8% 11.9% 7.8% 4.3% 2.5%| 100.0%
UNC 0.8% 2.1% 3.4% 5.1% 6.9% 9.1% 11.7% 15.7% 20.0% 25.2%| 100.0%

Note: The 15 universities in the UNC system are listed in the table by the percentage of students
from deciles 9 and 10. They are: UNC-Chapel Hill, NC State University, UNC-Asheville,
Appalachian State University, UNC-Wilmington, UNC-Charlotte, East Carolina University,
Western Carolina University, UNC-Greensboro, UNC-Pembroke, Elizabeth City State University,
Fayetteville State University, North Carolina A&T, Winston-Salem State University, and North
Carolina Central University.
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Table 3a. Estimated Effect of Increased Math Course-Taking, 1.VV. Models by Decile and
Branch, Based on Models Estimated for 1999-2001 Cohorts

Table 3.i. Estimated Effect of Increased Probability of Taking Algll by 11th Grade, I.V. Models by Decile and Campus, 1999-2001 Cohorts
Decile 1 Decile 2 Decile 3 Decile 4 Decile 5 Decile 6 Decile 7 Decile 8 Decile 9 Decile 10

UNC-CH -0.0015 -0.0014 -0.0003 0.0021 0.0002 0.0081** 0.0017 0.0337**%*  0.0841*** = (0.2136***
(0.002) (0.001) (0.001) (0.002) (0.001) (0.004) (0.004) (0.009) (0.023) (0.073)
NCSU 0.0027 0.0060* 0.0030 0.0065* 0.0041 0.0133**  0.0406*** = 0.0515*** = (0.1331*** 0.1244
(0.004) (0.004) (0.002) (0.003) (0.004) (0.005) (0.007) (0.014) (0.029) (0.080)

UNC-A 0.0041 -0.0001 0.0020* 0.0072** 0.0031 0.0031 -0.0010 -0.0046 -0.0299
(0.005) (0.000) (0.001) (0.003) (0.003) (0.004) (0.005) (0.012) (0.026)

ASU 0.0002 0.0028 0.0041 0.0027 0.0122*** = 0.0201*** = 0.0409*** = 0.0861*** 0.0431* -0.0045
(0.001) (0.003) (0.003) (0.003) (0.004) (0.006) (0.009) (0.013) (0.025) (0.043)
UNC-W 0.0011 -0.0006 0.0031 0.0053**  0.0147*** 0.0083 0.0206***  0.0293** -0.0166 0.0264
(0.001) (0.001) (0.002) (0.002) (0.005) (0.006) (0.007) (0.013) (0.022) (0.039)
UNC-C -0.0034 0.0078 0.0025 0.0008 0.0055 0.0111* 0.0108 0.0160 0.0079 0.0369
(0.002) (0.005) (0.004) (0.003) (0.004) (0.006) (0.008) (0.014) (0.021) (0.039)

ECU 0.0041 0.0054 0.0062 0.0286*** = 0.0275*** 0.0319*** = (0.0323*** 0.0145 -0.0060 -0.0138
(0.006) (0.005) (0.007) (0.007) (0.009) (0.010) (0.012) (0.019) (0.025) (0.053)

WCU 0.0067 0.0122 0.0073 0.0039 0.0087 0.0069 0.0036 0.0170 -0.0313 -0.0534*
(0.007) (0.011) (0.005) (0.004) (0.007) (0.007) (0.010) (0.014) (0.022) (0.031)
UNC-G -0.0071** = 0.0189*** 0.0156*** 0.0169*** = 0.0248*** (0.0359*** = 0.0187** 0.0127 0.0286 0.0417
(0.003) (0.007) (0.006) (0.005) (0.007) (0.008) (0.009) (0.013) (0.018) (0.033)

UNC-P 0.0104 0.0111** 0.0054 0.0003 0.0023 -0.0097* -0.0073 -0.0086 -0.0221** -0.0089
(0.012) (0.005) (0.005) (0.005) (0.005) (0.006) (0.006) (0.008) (0.010) (0.011)
ECSU 0.0128 0.0172*  0.0261*** 0.0058 0.0146** 0.0053 0.0217*** = 0.0210*** 0.0066 0.0178
(0.014) (0.010) (0.009) (0.007) (0.007) (0.005) (0.006) (0.006) (0.007) (0.014)

FSU -0.0052 0.0211* 0.0069 -0.0049 -0.0058 -0.0010 0.0018 -0.0076 0.0015 -0.0055
(0.010) (0.011) (0.009) (0.006) (0.006) (0.005) (0.005) (0.006) (0.006) (0.008)

NCA&T 0.0163 0.0352** = 0.0399***  0.0369***  0.0221**  0.0253*** 0.0051 0.0119 0.0300%**  0.0428**
(0.023) (0.015) (0.012) (0.010) (0.010) (0.009) (0.008) (0.010) (0.012) (0.018)
WSSU -0.0106 0.0087 0.0068 0.0099* 0.0026 0.0110* 0.0040 -0.0016 -0.0072 0.0049
(0.012) (0.009) (0.008) (0.006) (0.007) (0.007) (0.005) (0.007) (0.006) (0.006)
NCCU 0.0720*** = 0.0238**  0.0223*** = (0.0308*** 0.0085 0.0174**  0.0108** -0.0142* -0.0064 0.0131
(0.022) (0.012) (0.008) (0.009) (0.007) (0.007) (0.005) (0.008) (0.007) (0.009)

UNC 0.1050** = 0.1736*** 0.1534*** (.1588*** = (0.1549*** = 0.2017*** 0.2431*** (.3434*** = (0.4043*** (0.5641***
(0.042) (0.028) (0.022) (0.018) (0.020) (0.021) (0.024) (0.035) (0.054) (0.112)

Source: Authors’ LV. estimates of equation (2) using data for North Carolina public school
students in 8" grade cohorts from 1999 to 2001, where the outcome is enrollment in a particular
branch university.

Note: See Table 2 for definitions of branch universities. Asterisks indicate statistical significance
at the 0.01 (****); 0.05 (**), and 0.10 (*) level.
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Table 3b. Estimated Effect of Increased Math Course-Taking Plus Enforcement, 1.V. Models
by Decile and Branch, Based on Models Estimated for 1999, 2002-2006 Cohorts

Table 3.ii. Estimated Effect of Increased Probability of Taking Algll by 11th Grade, I.V. Models by Decile and Campus, 1999&2002-06 Cohorts
Decile 1 Decile 2 Decile 3 Decile 4 Decile 5 Decile 6 Decile 7 Decile 8 Decile 9 Decile 10
UNC-CH 0.0004 0.0010 -0.0001 0.0014 0.0021**  0.0048**  0.0108*** 0.0403***  0.0904***  0.0791***
(0.001) (0.001) (0.001) (0.001) (0.001) (0.002) (0.004) (0.007) (0.016) (0.029)
NCSU 0.0002 0.0017* 0.0008 0.0045***  0.0102***  0.0216*** = 0.0561***  0.0745***  0.0949*** -0.0145
(0.000) (0.001) (0.001) (0.001) (0.003) (0.004) (0.007) (0.011) (0.022) (0.033)
UNC-A 0.0012* 0.0009 0.0019* 0.0016 -0.0025 0.0006 -0.0035 0.0091 -0.0200**
(0.001) (0.001) (0.001) (0.001) (0.002) (0.003) (0.006) (0.008) (0.010)
ASU -0.0002 0.0008 0.0025* 0.0035** = 0.0080*** = 0.0121*** (0.0382*** 0.0409***  (0.0332* -0.0028
(0.000) (0.001) (0.001) (0.002) (0.002) (0.004) (0.006) (0.010) (0.018) (0.019)
UNC-W 0.0011 0.0012 0.0056***  0.0066*** = 0.0139*** = 0.0163*** 0.0356***  0.0372** 0.0051
(0.001) (0.002) (0.002) (0.002) (0.003) (0.005) (0.009) (0.015) (0.018)
UNC-C 0.0004 0.0036*  0.0078*** 0.0081*** 0.0139*** 0.0237***  0.0129* 0.0103 -0.0051 0.0048
(0.000) (0.002) (0.002) (0.003) (0.003) (0.005) (0.007) (0.010) (0.015) (0.014)
ECU 0.0005 0.0014 0.0096*** = 0.0231***  (0.0322***  0.0305*** 0.0478*** 0.0065 0.0087 -0.0134
(0.001) (0.002) (0.003) (0.005) (0.005) (0.007) (0.011) (0.016) (0.023) (0.023)
WCU 0.0069 0.0110*** 0.0024 0.0056** = 0.0092*** = 0.0133*** (.0313*** 0.0071 -0.0028 -0.0115
(0.007) (0.004) (0.002) (0.003) (0.003) (0.005) (0.008) (0.010) (0.015) (0.011)
UNC-G -0.0008 0.0102*** = 0.0069** = 0.0141*** = 0.0269*** 0.0436*** 0.0382*** (0.0328*** (0.0395*** -0.0120
(0.002) (0.004) (0.003) (0.004) (0.004) (0.006) (0.008) (0.010) (0.014) (0.015)
UNC-P -0.0002 0.0178*** 0.0005 0.0021 0.0037 -0.0046  -0.0119** -0.0247*** -0.0181** 0.0048
(0.002) (0.005) (0.004) (0.003) (0.004) (0.005) (0.006) (0.007) (0.008) (0.005)
ECSU 0.0252*** = 0,0177*** = 0.0200*** = 0.0298*** = 0.0211*** = 0.0220*** = (0.0239*** 0.0027 -0.0154* 0.0019
(0.008) (0.005) (0.004) (0.005) (0.004) (0.005) (0.005) (0.007) (0.008) (0.002)
FSU 0.0082** = 0.0116*** 0.0167***  0.0077* 0.0066* 0.0018 0.0076** -0.0023 -0.0117* 0.0014
(0.004) (0.004) (0.005) (0.004) (0.004) (0.004) (0.004) (0.005) (0.006) (0.002)
NCA&T 0.0125**  0.0191***  0.0326*** = 0.0347*** = 0.0227*** = 0.0235*** = 0.0287*** = 0.0219** 0.0131 0.0034
(0.006) (0.006) (0.006) (0.006) (0.006) (0.007) (0.007) (0.009) (0.009) (0.004)
WSSU 0.0076 0.0125*** 0.0048 0.0151***  0.0156*** 0.0039 0.0072 0.0166*** 0.0093 -0.0028
(0.005) (0.005) (0.004) (0.004) (0.004) (0.004) (0.005) (0.005) (0.006) (0.005)
NCCU 0.0306*** = 0.0286*** = 0.0333*** (0.0370*** 0.0198*** 0.0183***  0.0121** 0.0010 -0.0131* -0.0002
(0.008) (0.005) (0.005) (0.006) (0.005) (0.005) (0.005) (0.006) (0.008) (0.004)
UNC 0.0972*** = 0.1492*** = 0.1500*** = 0.2064*** = 0.2098*** = 0.2503*** = 0.3605*** 0.3844*** = (0.4144*** 0.0724*
(0.015) (0.013) (0.012) (0.012) (0.013) (0.016) (0.021) (0.029) (0.042) (0.044)

Source: Authors’ 1.V. estimates of equation (2) using data for North Carolina public school
students in 8" grade cohorts of 1999 and 2002 to 2006, where the outcome is enrollment in a
particular branch university.

Note: See Table 2 for definitions of branch universities. Asterisks indicate statistical significance
at the 0.01 (****); 0.05 (**), and 0.10 (*) level.
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Table 4a. Predicted Change in Enroliment Rates Due to Course-Taking, 1999 to 2001
Cohorts, by Branch and Decile (%0)
Table 4.i. Predicted Change in Enrollment Rates, 1999 to 2001 Cohorts, by Campus and Decile (%)
Decile 1 Decile 5 Decile 8 Decile 9 Decile 10
UNC-CH 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.1
NCSU 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.2 0.3 0.1
UNC-A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ASU 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.3 0.1 0.0
UNC-W 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.1 0.0 0.0
UNC-C 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0
ECU 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.1 0.0 0.0
WCU 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1 -0.1 0.0
UNC-G 0.0 0.1 0.1 0.1 0.1 0.2 0.1 0.0 0.1 0.0
UNC-P 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ECSU 0.0 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.0 0.0
FSU 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NCA&T 0.1 0.2 0.2 0.2 0.1 0.1 0.0 0.0 0.1 0.0
WSSU 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NCCU 0.3 0.2 0.1 0.1 0.0 0.1 0.1 -0.1 0.0 0.0
UNC 0.4 1.2 0.8 0.7 0.8 0.9 1.2 1.2 0.9 0.3
Note: See Table 2 for definitions of branch universities.
Table 4b. Predicted Change in Enrollment Rates Due to Course-Taking and Enforcement,
1999 to 2002 Cohorts, by Branch and Decile (%0)
Table 4.ii. Predicted Change in Enrollment Rates, 1999 to 2002 Cohorts, by Campus and Decile (%)
Decile 1 Decile 2 Decile 3 Decile 4 Decile 5 Decile 6 Decile 7 Decile 8 Decile 9 Decile 10
UNC-CH 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.2 0.2 -0.1
NCSU 0.0 0.0 0.0 0.1 0.1 0.2 0.5 0.4 0.2 0.0
UNC-A 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ASU 0.0 0.0 0.0 0.0 0.1 0.1 0.3 0.2 0.1 0.0
UNC-W 0.0 0.0 0.1 0.1 0.1 0.1 0.2 0.1 0.0
UNC-C 0.0 0.0 0.1 0.1 0.2 0.3 0.1 0.1 0.0 0.0
ECU 0.0 0.0 0.1 0.3 0.4 0.3 0.4 0.0 0.0 0.0
WCuU 0.0 0.1 0.0 0.1 0.1 0.1 0.3 0.0 0.0 0.0
UNC-G 0.0 0.1 0.1 0.2 0.3 0.5 0.3 0.2 0.1 0.0
UNC-P 0.0 0.2 0.0 0.0 0.0 0.0 -0.1 -0.1 0.0 0.0
ECSU 0.2 0.2 0.3 0.3 0.3 0.2 0.2 0.0 0.0 0.0
FSU 0.1 0.1 0.2 0.1 0.1 0.0 0.1 0.0 0.0 0.0
NCA&T 0.1 0.2 0.4 0.4 0.3 0.3 0.2 0.1 0.0 0.0
WSSU 0.1 0.1 0.1 0.2 0.2 0.0 0.1 0.1 0.0 0.0
NCCU 0.2 0.3 0.4 0.4 0.2 0.2 0.1 0.0 0.0 0.0
UNC 0.7 1.6 1.9 2.4 2.5 2.7 3.1 1.9 1.0 -0.1

Note: See Table 2 for definitions of branch universities.
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Table 5. Actual Change in Enrollment Rates, 1999 to 2002 Cohorts, by Branch and Decile

Table 5. Actual Change in Enrollment Rates, 1999 to 2002 Cohorts, by Campus and Decile (%)
Decile1 Decile2 Decile3 Decile4 Decile5 Decile6 Decile7 Decile8 Decile9 Decile10 [Total
UNC-CH 0.0 0.0 0.0 0.0 -0.1 -0.1 -0.3 -0.1 -0.2 0.7 0.0
NCSU 0.0 0.0 0.0 0.0 0.2 0.4 0.6 1.4 0.9 0.2 0.4
UNC-A 0.0 0.0 0.0 0.0 0.0 -0.1 0.1 0.0 -0.1 -0.2 0.0
ASU 0.0 0.1 0.0 0.1 0.0 0.2 0.5 0.9 1.2 2.0 0.5
UNC-W 0.0 0.0 -0.1 -0.1 0.0 -0.3 -0.2 -0.7 0.0 0.4 -0.1
UNC-C 0.0 0.1 0.0 0.2 0.4 1.0 1.2 11 1.7 1.3 0.8
ECU 0.0 0.1 0.1 0.3 0.8 1.0 13 13 1.6 0.2 0.7
WCU 0.0 0.0 0.1 0.1 -0.1 0.0 0.2 -0.1 -0.4 -0.1 0.0
UNC-G 0.0 -0.1 0.2 -0.5 0.1 0.0 1.0 0.4 0.5 0.3 0.2
UNC-P 0.0 0.1 0.3 0.4 0.3 0.2 0.0 0.0 -0.1 0.1 0.1
ECSU 0.1 0.1 0.3 0.2 0.2 0.0 0.0 -0.1 -0.1 -0.1 0.1
FSU 0.1 0.1 0.1 0.1 0.1 0.2 0.1 -0.2 -0.1 -0.1 0.0
NCA&T -0.2 -0.3 -0.2 -0.5 -0.2 -0.3 0.1 -0.3 -0.3 -0.1 -0.2
WSSU -0.1 0.1 -0.2 0.2 0.1 0.0 0.3 0.2 0.2 0.1 0.1
NCCU -0.1 -0.2 0.0 0.0 -0.3 -0.4 -0.2 -0.1 0.1 -0.1 -0.1
Total -0.2 0.0 0.5 0.6 1.5 2.0 4.7 3.7 5.1 4.5 2.5

Note: See Table 2 for definitions of branch universities.
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Table 6. Estimated Effect of Increased Math Course-taking on Post-Enrollment Choices and
Outcomes: STEM Major, GPA, and Graduation in Four Years, by Decile, Based on Models
Estimated for 1999-2001 Cohorts

Table 6.i. Estimated Effect of Increased Probability of Taking Algll by 11th Grade on College Success, 99-01 Cohorts
Major in STEM Final GPA Graduation in 4 Years
UNC Initial Final
Decile 1 -0.2457 -0.1851 -0.3329 0.3553
(0.208) (0.206) (0.384) (0.228)
Observation 318 318 365 380
Mean 0.3068 0.2566 2.0348 0.1744
Decile 2 0.0889 -0.0064 -0.0195 0.0724
(0.145) (0.132) (0.236) (0.128)
Observation 823 823 980 1,011
Mean 0.3325 0.2613 2.0796 0.1957
Decile 3 -0.1346 -0.1719 0.0815 0.0301
(0.119) (0.117) (0.190) (0.095)
Observation 1,484 1,484 1,677 1,729
Mean 0.3202 0.2701 2.175 0.2308
Decile 4 0.0609 0.0546 0.0776 0.0370
(0.098) (0.093) (0.180) (0.086)
Observation 2,199 2,199 2,501 2,575
Mean 0.3232 0.2598 2.2324 0.266
Decile 5 0.0493 0.0980 0.0445 0.0125
(0.120) (0.113) (0.196) (0.104)
Observation 3,034 3,034 3,497 3,588
Mean 0.3404 0.2905 2.3077 0.2939
Decile 6 0.3096** 0.2014 0.3157 0.1289
(0.140) (0.131) (0.214) (0.115)
Observation 4,022 4,022 4,665 4,763
Mean 0.3211 0.2707 2.4093 0.3379
Decile 7 0.3265** 0.4545%** 0.6810** 0.0722
(0.158) (0.152) (0.280) (0.143)
Observation 5,258 5,258 6,131 6,250
Mean 0.3493 0.2948 2.479 0.3754
Decile 8 0.3831 0.3033 0.8084** 0.5335%*
(0.246) (0.232) (0.387) (0.214)
Observation 7,202 7,202 8,213 8,331
Mean 0.3656 0.325 2.6093 0.4425
Decile 9 0.3091 -0.0326 0.9402* 0.1842
(0.373) (0.359) (0.567) (0.313)
Observation 9,137 9,137 10,258 10,381
Mean 0.3925 0.3497 2.7255 0.4929
Decile 10 0.9580 0.4124 1.7561* 0.4399
(0.662) (0.633) (0.979) (0.558)
Observation 11,818 11,818 12,806 12,933
Mean 0.4921 0.4535 2.9702 0.5916

Source: Authors’ I.V. estimates of equation (2) using data for North Carolina public school
students in 8" grade cohorts from 1999 to 2001 who enrolled in the University of North Carolina,
where the outcome is enrollment in a particular branch university.
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Appendix Tables

Appendix Table A.1 Branch Universities in the University of North Carolina System,
2013/14

Campus name Enrollment  Percent black HBCU
Appalachian State University 11,051 0.04

Elizabeth City State University 2,277 0.87 Yes
East Carolina University 14,724 0.17

Fayetteville State University 3,189 0.89 Yes
NC Agriculture and Technical State University 7,521 0.94 Yes
NC Central University 4,116 0.96 Yes
NC School of the Arts 237 0.06

NC State University 18,467 0.09

UNC Asheville 2,152 0.03

UNC Charlotte 11,227 0.13

UNC Chapel Hill 13,223 0.12

UNC Greensboro 10,271 0.24

UNC Pembroke 4,076 0.28

UNC Wilmington 7,364 0.05

Western Carolina University 6,604 0.06

Winston-Salem State University 4,380 0.95 Yes
Total 120,879 0.27

Note: Enrollment denotes all NC 8th graders from 1999-2004 who enrolled in a UNC campus
by 2008.
Source: North Carolina Education Research Data Center, University of North Carolina.
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Appendix Table A2. Proportion of Students Who Had Completed Algebra Il by 11" Grade
by Decile and District or District Group, 1999

Appendix Table Al. Proportion of Students Who Had Completed Alg Il by 11th Grade by Decile and District or District Group, 1999

Decile 1 Decile2 Decile3 Decile4 Decile5 Decile6 Decile7 Decile8 Decile9 Decile 10 |Total
Wake 1.4% 8.9% 16.5% 27.8% 40.5% 58.0% 73.4% 81.6% 88.7% 95.2% 60.7%
Charlotte-Mecklenburg 10.8% 22.1% 40.5% 55.9% 69.8% 76.1% 86.7% 89.8% 96.4% 97.4% 61.8%
Guilford 6.8% 19.5% 33.0% 52.7% 66.0% 71.0% 80.2% 89.1% 94.1% 95.2% 59.9%
Cumberland 2.9% 10.4% 23.9% 36.4% 50.0% 54.8% 67.7% 80.1% 88.4% 94.7% 43.0%
WS/Forsyth 3.5% 11.4% 27.2% 36.0% 47.8% 66.8% 78.0% 85.3% 94.5% 95.9% 58.3%
Urban Mountain 1.8% 6.5% 15.0% 28.5% 41.0% 50.5% 65.0% 79.5% 88.2% 96.5% 55.8%
Urban Piedmont 3.3% 8.9% 22.3% 33.2% 45.4% 64.9% 75.9% 84.7% 93.7% 95.6% 57.0%
Urban Coastal 1.5% 5.7% 15.6% 30.2% 41.9% 56.1% 65.5% 77.3% 87.9% 94.6% 51.5%
Rural Mountain 1.3% 4.0% 11.1% 20.9% 30.9% 44.5% 60.5% 72.6% 85.3% 95.1% 49.9%
Rural Piedmont 2.8% 7.6% 16.6% 27.6% 40.3% 52.6% 66.5% 77.4% 87.9% 95.3% 48.3%
Rural Coastal 6.2% 12.9% 23.7% 33.7% 44.3% 57.3% 68.9% 79.1% 84.2% 93.0% 51.0%
State 3.9% 9.9% 20.4% 32.1% 43.9% 56.3% 69.0% 79.6% 88.9% 95.4% 53.1%
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Appendix Table A3. Increase or Decrease in Proportion of Students Who Had Completed
Algebra 11 by 11™ Grade by Decile and District or District Group

Appendix Table A2. Increase or Decrease in Proportion of Students Who Had Completed Alg Il by 11th Grade by Decile and District or District Group

Decile 1 Decile 2 Decile 3 Decile 4 Decile5 Decile6 Decile7 Decile8 Decile9 Decile10 [Total
Wake 9.4% 16.3% 24.9% 26.4% 25.3% 17.6% 15.9% 9.6% 5.6% 2.4% 14.7%
Charlotte-Mecklenburg 12.8% 12.3% 12.3% 9.8% 2.4% 5.0% 3.5% 2.1% -0.7% 0.3% 9.9%
Guilford 21.3% 23.6% 24.5% 16.2% 9.6% 12.7% 10.0% 3.1% -0.7% 2.0% 14.0%
Cumberland 3.8% 9.4% 12.9% 9.4% 13.1% 13.8% 8.2% 0.8% -0.4% -3.0% 10.8%
WS/Forsyth 10.6% 23.7% 18.6% 21.4% 24.3% 12.1% 7.2% 6.1% -1.2% 1.1% 10.6%
Urban Mountain 2.2% 2.1% 7.9% 6.0% 9.2% 8.0% 9.0% 0.4% -0.5% -7.3% 2.7%
Urban Piedmont 6.8% 13.2% 14.8% 18.1% 17.2% 7.2% 6.5% 6.6% 2.3% 2.4% 5.5%
Urban Coastal 4.3% 8.5% 8.1% 3.7% 6.6% 0.2% 3.3% 1.6% 0.6% -2.0% 3.4%
Rural Mountain 2.7% 6.8% 10.0% 8.1% 10.6% 13.0% 7.6% 7.1% 3.3% -1.2% 6.6%
Rural Piedmont 5.5% 10.0% 13.0% 12.6% 13.4% 15.7% 11.5% 6.5% 1.8% -4.6% 8.3%
Rural Coastal 3.9% 0.5% 1.6% 4.4% 3.1% 5.2% 1.5% 1.8% 7.5% 5.0% 4.1%
State 6.9% 10.5% 12.5% 11.5% 12.0% 10.8% 8.7% 4.9% 2.3% -1.1% 7.8%
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Appendix Table A4. Illustrative Estimated First-Stage Equations for Enrollment Model,
East Carolina University, Decile 5

1) ) (©) (4)
VARIABLES Enrollment | Enrollment_9 | Success  in | Success in
_99-01 9&02-06 UNC _99-01 | UNC_99&02-
Cohort Cohort Cohort 06 Cohort
Probability of Taking Algll | 0.9573*** | 0.9382*** 0.4181*** 0.1507***
by 11th Grade
(0.025) (0.016) (0.110) (0.057)
Distance-ECU-Square root 0.0014 0.0006 0.0006 -0.0002
(0.002) (0.001) (0.008) (0.003)
8th Grade Math EOG 0.0360*** | 0.0339*** 0.0080 0.0055
(0.003) (0.003) (0.015) (0.009)
8th Grade Reading EOG 0.0140*** | 0.0112*** -0.0048 -0.0015
(0.001) (0.000) (0.003) (0.002)
No 8th Grade Reading EOG | - - - -
Information = o,
Wake -0.0110 -0.0052 -0.1562* 0.0228
(0.021) (0.014) (0.080) (0.059)
Guilford 0.0091 0.0098 -0.0521 0.0475
(0.019) (0.011) (0.061) (0.056)
Cumberland 0.0249 0.0055 0.0203 0.0059
(0.022) (0.014) (0.063) (0.065)
WS/Forsyth -0.0012 0.0083 -0.0642 0.0469
(0.023) (0.013) (0.096) (0.059)
Urban Mountain 0.0514*** | 0.0323*** -0.0468 0.1056**
(0.018) (0.011) (0.116) (0.053)
Urban Piedmont 0.0311* 0.0151 -0.0467 0.0305
(0.017) (0.011) (0.057) (0.058)
Urban Coastal 0.0409* 0.0200 -0.0559 0.0071
(0.022) (0.014) (0.072) (0.062)
Rural Mountain 0.0667*** | 0.0404*** 0.0125 0.0975*
(0.017) (0.010) (0.073) (0.054)
Rural Piedmont 0.0608*** | 0.0351*** 0.0236 0.0481
(0.016) (0.010) (0.045) (0.054)
Rural Coastal 0.0640*** | 0.0322** 0.0082 0.0440
(0.021) (0.014) (0.065) (0.061)
2002 -3.2721%** -0.4753
(0.246) (0.891)
2003 = o, -
2004 -0.0113 -0.3583
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(0.007) (0.907)
2005 0.0020 -0.3117
(0.007) (0.902)
2006 -7.5639*** -0.8297
(0.471) (1.699)
Parent Did Not Finish High | -0.1828*** | -0.0574** -0.2262
School
(0.036) (0.025) (0.158)
Parent High School Graduate | -0.1009*** | -0.0105 -0.2267*** -0.0359
in the 99/01/02 Cohort
(0.035) (0.026) (0.070) (0.037)
Parent High School Graduate | - - - -
in the 00/03/04/05/06 Cohort
= 01
Parent Some Education After | - - - -
HS But Did Not Graduate = 0,
Parent Trade or Business 0.0793** -0.0318
School Graduate
(0.031) (0.061)
Parent Four-year College | -0.0011 0.1076*** -0.2299*** -0.0981**
Graduate
(0.036) (0.026) (0.069) (0.038)
Parent  Graduate  School | -0.0281 0.0787*** -0.1483** -0.0347
Degree
(0.035) (0.024) (0.061) (0.029)
No Parent Education | - - -
Information = o,
Female 0.1293*** | 0.1370*** 0.1061*** 0.0556***
(0.006) (0.004) (0.035) (0.017)
No Gender Information -0.0315
(0.043)
American Indian After the 0.0238 -0.2875
2003 Cohort
(0.019) (0.268)
Asian After the 2003 Cohort 0.2605*** -0.1088
(0.021) (0.105)
Black After the 2003 Cohort 0.1323*** -0.0196
(0.006) (0.021)
Hispanic After the 2003 0.0868*** 0.0399**
Cohort
(0.012) (0.017)
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Multi Racial After the 2003 0.0673*** 0.0393*
Cohort
(0.019) (0.022)
Other Race -0.2779 -0.2528
(0.259) (0.181)
No Race Information -0.3648*** | -0.3744***
(0.042) (0.043)
Reduced Price Lunch 2006 0.0483*** -0.0767
(0.017) (0.113)
Temporary Lunch 2006 0.0770
(0.089)
Free Lunch 030405 -4.6061*** -0.0489
(0.248) (0.053)
Reduced Price Lunch 030405 -4 5452%**
(0.248)
Full Pay/School No/ Stu No -4 ATT4*>** -0.0058
030405
(0.248) (0.043)
No Free Reduced Lunch | 0.0778*** | (0.1241*** 0.1283** -0.0056
Information
(0.019) (0.010) (0.062) (0.025)
2000 -0.0895*** -0.0191
(0.011) (0.042)
2001 -3.4372%** -0.7524
(0.291) (1.449)
Parent Trade or Business | - -
School Graduate = o,
No Gender Information =0, |- - -
American Indian Before the | 0.0454* -0.7984***
2003 Cohort
(0.024) (0.068)
Asian Before the 2003 Cohort | 0.2467*** 0.0363
(0.027) (0.033)
Black Before the 2003 Cohort | 0.1062*** -0.0276
(0.008) (0.042)
Hispanic Before the 2003 | 0.1187*** 0.0174
Cohort
(0.021) (0.038)
Multi Racial Before the 2003 | 0.0086 -0.0036
Cohort
(0.033) (0.061)
Reduced Price Lunch before | 0.0530*** 0.1201**

03
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(0.012) (0.052)
Stu No before 03 0.1143*** 0.0170

(0.008) (0.056)
No Information before 03 0.1234*** 0.0418

(0.014) (0.074)
School No before 03 0.1251*** -0.0745

(0.030) (0.129)
Other Race = o, - -
No Race Information = o, - -
2003 -0.3559

(0.903)
Parent Did Not Finish High -
School =0,
No Parent Education 0.0169
Information
(0.041)

Temporary Lunch 2006 = o, -
Reduced Price Lunch 030405 -
=0,
Constant -8.6369*** | -7.7769*** 0.2319 0.0986

(0.526) (0.439) (2.686) (1.606)
Observations 23,210 51,242 446 1,007
R-squared 0.158 0.160 0.151 0.069
Robust standard errors in
parentheses

*kx p<0_01' *% p<0.05, *
p<0.1
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Appendix Table A5. Percentage of Students Who Took Algebra Il by 11t Grade, by Campus
and Cohort

Percentage of students who took Algll by 11th grade by campus and cohort

1999 2000 2001 2002 2003 2004 2005 2006
UNC-CH 99.0% 98.7% 99.1% 96.7% 99.2% 99.6% 99.5% 99.3%
NCSU 98.5% 99.0% 98.7% 96.9% 99.0% 99.4% 99.5% 99.4%
UNC-A 97.0% 97.6% 98.9% 98.8% 98.7% 99.1% 99.4% 97.5%
ASU 97.4% 97.5% 97.9% 97.6% 98.7% 99.3% 99.2% 99.2%
UNC-W 98.7% 98.5% 97.9% 97.8% 99.2% 99.0% 98.5% 99.0%
UNC-C 97.9% 97.2% 97.0% 98.1% 99.1% 99.5% 99.2% 98.8%
ECU 95.0% 95.8% 94.6% 96.0% 97.7% 98.5% 98.8% 98.5%
WCU 90.0% 91.5% 90.9% 95.3% 98.2% 98.1% 98.8% 96.7%
UNC-G 95.1% 96.2% 96.4% 97.9% 99.0% 98.6% 98.6% 97.8%
UNC-P 84.8% 86.8% 84.5% 93.8% 95.8% 95.6% 94.4% 93.1%
ECSU 75.2% 74.9% 77.2% 82.8% 92.0% 89.8% 91.1% 87.8%
FSU 68.7% 74.5% 69.0% 85.7% 88.8% 90.7% 89.4% 85.6%
NCA&T 78.9% 80.1% 82.2% 91.2% 93.5% 94.9% 94.6% 93.1%
WSSU 81.1% 77.6% 84.8% 94.8% 94.6% 93.5% 93.8% 94.5%
NCCU 67.6% 76.2% 78.6% 89.8% 90.4% 91.2% 93.4% 91.5%
UNC 92.1% 93.2% 93.3% 95.7% 97.5% 97.8% 97.7% 97.3%
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