
UC Berkeley
UC Berkeley Electronic Theses and Dissertations

Title
Essays on High School Accountability and College Readiness

Permalink
https://escholarship.org/uc/item/53n7761n

Author
Lee, Joanne

Publication Date
2011
 
Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/53n7761n
https://escholarship.org
http://www.cdlib.org/


Essays on High School Accountability and College Readiness

by

Joanne JiYun Lee

A dissertation submitted in partial satisfaction of the

requirements for the degree of

Doctor of Philosophy

in

Agricultural & Resource Economics

in the

Graduate Division

of the

University of California, Berkeley

Committee in charge:

Associate Professor Ethan Ligon, Chair
Professor Gordon Rausser

Associate Professor Rucker Johnson

Spring 2011



Essays on High School Accountability and College Readiness

Copyright 2011
by

Joanne JiYun Lee



1

Abstract

Essays on High School Accountability and College Readiness

by

Joanne JiYun Lee

Doctor of Philosophy in Agricultural & Resource Economics

University of California, Berkeley

Associate Professor Ethan Ligon, Chair

This dissertation contributes timely evidence to the debate surrounding which policies may be
most effective at raising college- and career- readiness in the United States. While over 75%
of people in the U.S. graduate from high school, less than 25% of the population possesses
a college degree. Over 60% of college students are required to take remedial coursework,
which does not count for college credit. Using the National Longitudinal Survey of Youth
1997 Geocode, we provide a portrait of college readiness in the United States and discuss
how it has been affected by popular high school accountability policies. We then examine
the returns to education for students who have been impacted by these policies. Part I dis-
cusses different measures of college readiness, comparing their predictive power for success
in college. Unlike previous research, our data allow us to examine curricular measures of
high school and college readiness in addition to binary measures of educational attainment.
After an exploratory analysis of these measures, we examine trends in college readiness over
time in the U.S., detailed further within various socioeconomic groups and geographic re-
gions. These college readiness measures are shown to provide information that is distinct
from high school graduation rates when predicting college remediation and college gradua-
tion. Part II focuses on two types of high school accountability policies that emphasize basic
proficiency: high school exit exams and consequential accountability. We develop a simple
framework of high school behavior to predict how high schools will target their resources after
these policies are implemented. We test the predictions of this model for college readiness.
Our measures of college readiness are: the difficulty of students’ hardest high school math
course, high school completion, attending college without taking remedial math (college
preparation), and college graduation by age 23. Identification is based on variation in the
timing of state policies, controlling for state-invariant factors, time-varying national shocks,
and regional time trends. We conclude that both policies decrease high school coursework
difficulty and college preparation, but consequential accountability also decreases rates of
high school completion and college graduation by age 23. These trends are not due to higher
rates of GED attainment or lower college attendance, which suggests that these account-
ability policies lowered college readiness of college-goers. The last part of this dissertation



2

addresses longer-term outcomes for students by examining how educational attainment and
earnings have been impacted by these school accountability policies. After documenting an
overall decrease in educational attainment, we find evidence of heterogeneous impacts by
student ability prior to high school and school resources that imply increasing inequality in
educational attainment across schools. Then, a two-stage least squares approach is used to
measure the returns to schooling for students whose educational attainment was impacted
by these policies. We find an earnings return to education of about 10% per completed
grade, which is in line with previous literature using education policies as instruments for
schooling.
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Chapter 1

Introduction

On average, high school graduates have become more likely to need remedial coursework
in college and take longer than other students to graduate from college (Aldeman, 2010).
These remedial courses do not offer college credit, so students who are required to take them
have delayed progress towards college degrees. Taking administration and teaching costs into
account, these courses cost society over $3 billion per year (Adelman, 1998; Conley, 2007).
Further, only 17% of students who must take a remedial course graduate with a bachelor’s
degree in 8 years, compared to a 58% college graduation rate for students who do not take
a remedial course (National Center for Education Statistics, 2004).

Given the increasing remediation rates, it seems likely that many students are not aca-
demically prepared for college even after they graduate from high school. Some researchers
have pointed to remedial education as evidence that the K-12 public school system should
be re-aligned with college education in the United States, but there is a lack of national
information on college readiness (Warren and Edwards, 2005). The most recent and reli-
able national assessments on remedial coursetaking come from a 2004 special report by the
National Center for Education Statistics, gathering information from individuals who were
college freshmen in 2000. National Center for Education Statistics (2004) found that 28%
of entering freshmen in 2000 enrolled in a remedial math or English course. Further, 43% of
surveyed postsecondary institutions reported that their students had to take over a year’s
worth of remedial courses. Smaller surveys of students in community colleges estimate that
over 60% of these students have to take remedial math or English (Kirst, 1999).

In this policy context, there is a great need for reliable estimates of students’ college
readiness beyond rates of high school graduation. This requires clear definitions of college
readiness along with detailed national education data. Much less is known about secondary
school achievement than primary school achievement, in part because there are no mandatory
standardized tests of high school students. Federal policies such as No Child Left Behind
only required states to give standardized exams in primary school. As a result, we know
proficiency rates in math and English at the national level and for any given state.

There are also few nationally representative datasets that collect detailed information
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on educational histories. Many of these datasets interview cross-sections of students at one
point in time, which does not permit analysis of trends within the same sampling and survey
framework (Warren et al., 2006; Dee and Jacob, 2007).

This portion of the dissertation uses a recent dataset, the National Longitudinal Study
of Youth 1997, to identify trends in certain measures of college readiness and to relate
various measures of college readiness with high school graduation. The NLSY97 follows 5
nationally representative age cohorts of students and was aimed at documenting the school-
to-work transition. As a result, there is a heavy emphasis on family background, students’
coursework, vocational and other non-traditional high school programs, and early job market
experiences. The NLSY97 also includes an oversample of black and Hispanic students. The
first round of data collection occurred in 1997, when the respondents were between 13 and 17
years old, so we are able to examine nationally representative high school outcomes between
1997 and 2001.

We hope this information will help inform policymakers about the distance between
secondary and postsecondary education. We contribute estimates of remedial coursetaking
in the population of individuals born between 1980 and 1984, not just rates within 2- or 4-
year college students or at certain institutions. Since remedial coursetaking is not a sufficient
measure of college readiness, we also examine high school performance, college graduation
rates, and other measures discussed in the next section.
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Chapter 2

Measuring College Readiness

College readiness is difficult to define and has traditionally been measured with variables
relevant to college admissions boards: high school degree attainment, grade point averages,
standardized test scores, and course titles or units. A newer movement conceptualizes col-
lege readiness as a multidimensional idea, combining traditional indicators of educational
success like retention rates with individual personality traits, critical thinking skills, and
even contextual factors such as credit constraints (Greene and Winters, 2005; Conley, 2007).

As characterized in Conley (2007), college readiness can be viewed as the level of prepa-
ration needed for a student to enroll and succeed in a non-remedial general education course
at a postsecondary institution that grants four-year degrees or provides transfers to such in-
stitutions. Enrolling in a college requires a certain level of academic performance, measured
through high school courses or test scores, while succeeding in a college course entails both
obtaining a passing grade and gaining the understanding to proceed to subsequent college
courses. Conley (2007) argues that the traditional measures of college readiness at the high
school level, such as units and course titles, are insufficient because they are confounded
with high school quality. In addition, grade point averages of high school students have
been increasing steadily even when measures of college performance were not (Woodruff and
Ziomek, 2004).

In this essay, we are able to look at traditional measures such as standardized test scores
on the SAT and ACT college admissions exams and high school degree attainment. We also
examine the difficulty of students’ highest high school math course, test-taking rates for the
SAT and ACT college admissions exams, and levels of remedial math and English course-
taking in college. Finally, we describe trends in college graduation rates. The contribution
of this paper is not in documenting educational attainment but in exploiting the detailed
high school and college education records in the NLSY97. Existing papers have contributed
thoughtful discussions of such attainment measures using much larger datasets without the
education focus, such as the Census (Heckman and LaFontaine, 2006, 2010a).

Using the NLSY97 geocode data allows us access to students’ curriculum information
in high school and college. Students’ high school transcripts were collected in conjunction
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with their respective high schools’ course catalogs, allowing NLS to standardize courses by
content. Although this exercise is done for multiple subject areas, we focus on mathematics
courses because their variation in content across schools of different quality is smaller than
the variation in, for example, Introductory English Composition (Altonji, 1995; Rose and
Betts, 2004). Our attention on mathematics is consistent with much of the literature on
measuring students’ curricular progress.

Examining the difficulty level of a student’s highest high school math course is an im-
provement over comparing student’s units since a unit does not take academic progress into
account. For example, students may take more units in math because they need help and
must take supplemental math or because they excel and want additional advanced courses.
The difference in the academic preparation of these types of students for college will not be
captured in counts of units. Asking whether a student took a single course title, such as
Algebra I, also does not address the ultimate progress of the student when he or she leaves
high school. There are also measurement issues if schools vary their definitions of “Algebra
I” or call their courses something else entirely. Here, we are aided by the NLSY’s efforts in
standardizing courses on transcripts according to their described content in schools’ course
catalogs.

We first examine high school graduation rates since they are the most widely studied
measure of college readiness across different nationally representative datasets1. This pro-
vides a check of the NLSY97 against surveys with larger sample sizes, such as the Census.
Throughout this chapter, we use NLSY97 survey weights from the first round of data collec-
tion. The nationally representative sample follows 6,748 students and is stratified by race,
age, and sex. The oversample contains information on 2,236 black and Hispanic students.

Including the oversample, we find an average high school graduation rate of 77%, con-
sistent with the 77% NLSY97 calculation from Heckman and LaFontaine (2010a). Heck-
man and LaFontaine (2010a); Greene and Winters (2005) also confirm similar rates of high
school graduation in other longitudinal datasets including the National Longitudinal Study
of Adolescent Health, which gives us confidence that our estimation sample is nationally rep-
resentative. Compared to the NLSY97 data employed in Heckman and LaFontaine (2010a),
recent rounds of data collection supplied high school outcomes for 340 of the 372 cases that,
at the time, did not have information on high school diploma (Heckman and LaFontaine,
2010b).

Since the NLSY97 follows 5 birth cohorts, we can examine high school graduation trends
over time, reported in Table 6.1. There does not seem to be a systematic trend across all
birth cohorts, and we fail to reject that these estimated graduation rates are equal. This
conclusion is reached by running an individual-level regression of high school graduation onto
birth year indicator variables, excluding the intercept term. A joint F-test on the coefficients
of the year dummies gives a test statistic of 1.41 and a p-value of 0.23.

1We treat high school completers as high school graduates and General Educational Development earners
as non-graduates.
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Proceeding to the transcript information, we use the framework of (Rose and Betts,
2004) to define 6 categories of math difficulty ranging from “No math” to “Upper-advanced
academic”. “Low academic” (“B”) encompasses pre-algebra or vocational math. The courses
considered by many to be gateways to college are Algebra I and Algebra II, which would
be classified into the ”Mid academic” (“C”) and “Upper-mid academic” (“D”) categories,
respectively. Pre-calculus courses are included in “Advanced academic” (“E”), while courses
in calculus and beyond are considered the highest level of high school math difficulty, “Upper-
advanced academic” (“F”). In the interests of space, we display these categories in tables
by alphabetic order so that category “A” refers to “No math” and category “E” refers to
“Upper-advanced academic”. Categories are defined in Table 6.2.

The median student in each birth cohort falls into the “D” (Upper-mid academic) group,
having less than 1 Carnegie credit of Algebra 2 through pre-calculus in high school. Over
the birth cohorts, there are slight increasing trends in the percentage of students who either
took no math in high school or took upper-advanced math (“F”).

In the absence of standardized tests administered to students in secondary or post-
secondary institutions, college admissions exams can serve as a measurement tool for stu-
dents who may be planning to go to college. Because participation is optional and costly,
the rate of test-taking is also informative about who may be interested in a 4-year college
degree. The SAT test is a standardized college admissions exam administered by the College
Board, a national nonprofit organization2. SAT scores are treated by many college admis-
sions committees as a signal of college readiness, although its validity is controversial (Jesse
M. Rothstein, 2004). The SAT exam while NLSY97 students were in high school tested
skills in mathematics (“SAT Math” component) and critical reading (“SAT Verbal” com-
ponent). Secondary exams tested knowledge in other subject areas such as Chemistry or
Physics. Currently, the SAT also administers an SAT Writing section, but this change was
implemented in 2005 and thus does not apply to our analysis (College Board, 2011b). The
exact prices and lengths of the SAT Math and SAT Verbal exams that the NLSY97 cohorts
would have taken could not be found, but the current price of taking the SAT Math, Verbal,
and Writing set of tests is $47. In addition to this monetary cost, which is waived for some
low-income students, there is a time cost. Excluding breaks or other interruptions, students
are given 3 hours and 45 minutes to finish the three components (College Board, 2011a).

A competing college admissions test in the United States is the ACT, shortened from
“American College Testing” in 1996. It is more popular than the SAT in the Midwest, the
Plains, and portions of the South (Clark et al., 2009). It consists of sections testing in
English, mathematics, Reading, and science that are each graded on a range from 1 to 36.
The ACT Composite score is calculated by averaging the four test scores and then rounding
to the nearest whole number. Currently, the ACT costs $33, and students are given 2 hours
and 55 minutes to complete it.

College Board and ACT organizations conduct their own studies on college readiness and

2“SAT” stood for “Scholarly Assessment Test” prior to 1993 but is no longer an abbreviation.
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are able to derive the distribution of scores for all test-takers. However, because they do not
have data on non-test takers, they are unable to directly compute nationally representative
participation rates. The benefit of the NLSY97 is that we can get a sense of how many
students did not take one of these two major college admissions exams. Table 6.4 provides
the participation rates of different NLSY97 birth cohorts for the ACT and SAT examina-
tions. In the NLSY97, approximately 33% of students took the SAT. This is close to the
2009 rate of SAT participation being 46% of high school graduates (77% of the NLSY97)
(currently looking for national rates by year). Card and Rothstein (2007) find the average
SAT participation rate across metropolitan areas to be 28%.

When NLSY97 students were in high school, the primary SAT was referred to as the “SAT
I: Reasoning”, and the math and Verbal parts were scored separately. Each component was
scored from a low of 200 to a high of 800, with scores for all tests being centered around 500
by the College Board since 1995. Dividing the range of SAT scores into 6 discrete categories,
from “200-300” to “701-800”, we show the distribution of students’ scores by birth cohort in
Tables 6.5 and 6.6. The mode and median scores of students for both tests are within the
“501-600” category.

The ACT scores within each subject are not available in the NLSY97, so we instead
report the distribution of student Composite scores in Table 6.4. Dividing the range of ACT
Composite scores into 6 discrete intervals, Table 6.7 shows the distribution of scores for each
birth cohort in the NLSY97. The mode and median composite score falls in the “19-24”
group.

Another important facet of college readiness is whether students pursue postsecondary
schooling and are able to obtain a bachelor’s degree. We examine this by looking at post-
secondary attendance and rates of remedial course-taking in math and English. We define
the attendance measure as having been in a grade above 12 or having earned a postsec-
ondary degree. The national average across all birth cohorts of postsecondary attendance
is 45%. Remedial course-taking is self-reported. The composition of a remedial course and
even whether remedial courses are available may vary by the quality of the college. Approx-
imately 15% of students report taking a remedial math course, and the same rate applies
to students taking a remedial English course. There is some overlap between these groups;
22% of students report taking a remedial math or English course. We cannot reject equality
of the proportions across birth years for any of these outcomes at a significance level of 5%.

Perhaps some of the most informative post-hoc measures of college readiness are rates of
college graduation. The most recent published round comes from 2009, when the youngest
cohort is 25 years old, so Table 6.9 compares three measures of BA degree attainment: BA
by 2009, BA by age 25, and BA degree attainment within 4 years of starting college. Over
the NLSY97, 24% of students have obtained a bachelor’s degree by 2009, 21% earned a BA
by 2009, and 14% earned a BA within 4 years of entering college. We reject equality of the
means for obtaining a BA by 2009, which is plausible given that this outcome allows more
years of college for older students.

Overall, there are no statistically significant national time trends in college readiness.
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Recognizing spatial variation in education patterns, we can look at trends in college readiness
across the Census’ categorization of the U.S. into 4 regions: West, Mid-West, South, and
East.



9

Chapter 3

Regional Trends

It is important to look at regional trends for many reasons. There may be geographic
correlation in state beliefs towards education, skills demanded in labor markets, and policy
adoption (Warren and Kulick, 2007). We want to preserve the representativeness of the
NLSY97, however, so we rely on analyses from the NLSY97 Technical Sampling Report
(TSR) to focus on dimensions of disaggregation where summary statistics are likely to be
representative (Moore et al., 2000). Comparing the cross-sectional NLSY97 sample to the
Census, Moore et al. (2000) find small differences between the number of households rep-
resented by the NLSY97 within each Census region and the number of households counted
by the Census. They conduct similar comparisons by region for household size and urban-
icity. The NLSY97 had slightly greater response rates from minority youths in the South
and slightly lower response rates from minority youths in the West. These differences are
statistically significant, as expected due to the large sample sizes, but Moore et al. (2000)
conclude through validation interviews and debriefing interviews that the magnitudes do not
seem overly large. We believe that an examination of college readiness outcomes by region
is still useful, but we cannot ensure that our sample is representative within each region.

To better align our regional analysis with the NLSY97 sample, we exclude the oversample
of Hispanics and blacks from our analysis data for this section. This decreases our sample
size from 8,986 to 6,748 but is recommended by Moore et al. (2000) in light of slightly
greater concentrations of oversampled minority respondents in the South and West than in
other regions. Accordingly, we use a different set of survey weights that only weights the
representative, cross-sectional sample. Consistent with Heckman and LaFontaine (2010b), we
use the cross-sectional survey weights derived from the first round of NLSY97 data collection.
The average high school graduation rate, calculated from this smaller dataset and different
set of weights, remains approximately 77%. It is not statistically significantly different from
the previous estimate using all of the NLSY97 data and the initial set of weights.

To examine college readiness by region, we assign students to the region in which they
attended their last grade of high school. This information is not available for 769 students,
so we use their state of residence in the first survey year (1997). Trends in high school
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graduation rates by region are shown in Table 6.10. High school graduation rates are lowest
in the South, ranging from 71%-75%, and highest in the North-East, ranging from 75%-83%.
Although these ranges are sizable in the context of the national figures discussed previously,
we still cannot reject equality of the proportions over time within region because of the
smaller sample sizes within a region.

The distribution of students’ highest math difficulty by reigon are documented in Tables
6.11-6.14. For all regions except the North-East, students are most likely to have ended
their high school math in category C or D. Further, students in these regions seem to be
approximately evenly divided between the two categories. However, in the North-East,
the highest proportions of students occur in categories C and E, with substantially fewer
students in category D. For example, for high school students born in 1981, roughly 31%
fell in category C and 36% fell in category E. Yet, only 10% of students are categorized
in category D. This may be indicative of tracking or a more systematic way of structuring
course material in the mathematics sequence.

Examining SAT and ACT participation rates (Tables 6.15 and 6.16), we document an
inverse relationship between participation for the two tests. The highest SAT participation
rates and lowest ACT participation rates occur in the North-East; the South has the highest
ACT participation rates and lowest SAT participation rates. Using the cross-sectional sample
and survey weights, we find that approximately 26% of all students take the ACT. Our
estimate in the previous section of ACT participation based on the representative NLSY97
sample and the oversample was also 26%. Because of the sparsity of ACT and SAT-takers in
certain regions and strata, we are unable to calculate a distribution of ACT and SAT scores
by region and birth year.

Turning our attention to postsecondary outcomes, we show in Table 6.17 that students
are more likely to have attended some college, defined as obtaining a level of education higher
than Grade 12, if they are in the Mid-West (44%-47%) or North-East (42%-51%). Students
from the South are least likely to attend some college (39%-45%).

Rates of remedial math and English course-taking are given in Tables 6.18 and 6.19. The
rate of remedial course-taking in math or English given in Table 6.20. Self-reported remedial
course-taking in math seem fairly stable over all regions, but remedial course-taking in
English is noticeably higher in the West. This difference explains the overall higher rate of
remedial course-taking in the West. The constancy across regions is somewhat misleading as
high school graduation rates were lowest in the South. If college students across regions have
similar rates of high school graduation, then Table 6.20 implies that high school graduates
in the South are more likely to need remediation and may thus take longer to earn college
degrees. We explore college graduation measures next to see whether this holds.

Table 6.21 shows that the MidWest and NorthEast have the highest proportions of college
graduates in the NLSY97 as of the 2008 round of surveys. This pattern is sustained when
examining the proportion of students who graduate from college by age 24 and the proportion
who graduate within 4 years of entering college. The higher incidence of remediation courses
for students in the West may explain part of why they are less likely to graduate timely than
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students in the MidWest or NorthEast. Students in the South, on the other hand, are less
likely to graduate from high school than students in other regions, explaining why a fewer
proportion overall are not earning college degrees. This is true for our other timing outcomes
of college graduation: BA attainment by age 24 6.22 and BA attainment in 4 years of college
(Table 6.23).
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Chapter 4

Demographic Trends

The NLSY97 was stratified along the dimensions of race, age and sex, and estimates for
these subgroups will still remain nationally representative. Because the NLSY97 was not
explicitly structured to be representative of each region, we do not disaggregate our college
readiness measures by other characteristics within regions (Moore et al., 2000). The NLSY97
oversample of blacks and Hispanics and the corresponding set of survey weights is reinstated
in this section.

The race categories employed in the NLSY97 are “Hispanic”, “Non-Hispanic Black”,
“Mixed Race” and “Non-Hispanic and Non-Black“, which includes non-Hispanic whites,
Asians and Pacific Islanders. Throughout this section, we abbreviate this last categorization
as “Other”. We also do not report statistics for individuals in the “Mixed Race” group, as
only 83 NLSY97 respondents fall into this category. Because we are examining statistics
within sex, race, and birth year, our point estimates are noisier than in previous sections.

As before, we proceed first by comparing our estimates of high school graduation rates
from the NLSY97 to rates from other papers. Table 6.24 shows the high school graduation
rates by sex and race for each of the 1980-1984 birth cohorts. As confirmed by Heckman and
LaFontaine (2010a), black males have the lowest high school graduation rates during this time
period (59%-65%). The yearly graduation rates of Hispanic males range from 64%-72%, and
the graduation rates of “Other” males range from 77%-79%. Graduation rates for females
are generally higher than they are for males of the same race and birth year. Exceptions
occur for Hispanics in the 1981 and 1982 birth cohorts, when females had graduation rates
of 71% and 67%, respectively, and males had rates of 72% and 70%. The last exception is
for “Other” respondents born in 1983; males in this grouping had a graduation rate of 98%
versus females’ graduation rate of 77%. The gap between our point estimates of graduation
rates for black females and males is 10 percentage points or larger over all birth years.

These differences in graduation rates over sex and racial dimensions are still present but
not as dramatic in rates of SAT or ACT test-taking, shown in Tables 6.31-6.32. Females
are more likely to take these college admissions exams than males, and respondents in the
“Other” group are more likely to take them than are blacks and Hispanics. While Hispanics
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had a larger likelihood of graduating from high school than blacks, rates of SAT participation
are similar for the two groups. Further, blacks have a much higher ACT participation rate
than Hispanics. This is probably driven by the popularity of ACT as a college admissions
exam over the SAT in the South (Clark et al., 2009).

The distributions of students’ highest high school math course are provided in Tables
6.25-6.30. The median non-white Hispanic or black male students within most birth cohorts
falls into categories “C” or “D” of math difficulty. Cohorts falling into the “D” group are
black males born in 1982 or 1984 and Hispanic males born in 1983 or 1984. “Other” males,
which includes whites, Asians and Pacific Islanders, are much more likely than black or
Hispanic males to proceed to the highest category, “F”. While roughly 3% of black males
and 5% of Hispanic males were in category“F”, which includes calculus, roughly 13% of
“Other” males were in this grouping. The median “Other” man is also consistently in the
“D” group.

Black females, perhaps because of their higher graduation rates, advance farther in the
traditional math sequence than black males. The median black female in each birth cohort
falls into the “D” group. Hispanic females are less likely to progress beyond “D”, so the
median Hispanic female in most cohorts falls into the “C” group. Like black females, the
median “Other” female also falls into the “D” group, but the proportions of students in the
“F” category are doubled for “White” females than for black females. This may explain the
patterns in remediation that we discuss later in this section.

Despite the more similar rates of participation in college entrance exams, the proportion
of individuals reporting an education level beyond grade 12 varies greatly by race and sex.
In all birth years except 1980, black males are less than 10 percentage points likely to report
some college than black females. Comparing rates by birth year, black females are generally
slightly more likely to report some college than “Other” males and more likely to report
some college than either Hispanic men or women. “Other” females are most likely to report
some college over all other classifications by race and sex.

Overall, Tables 6.34-6.36 show that females are more likely to take remedial math and/or
English courses than males. In light of our findings on high school graduation rates in
Table 6.24, this may derive from females’ higher rates of high school graduation and college
attendance.

We can first examine math remediation for any patterns across the specified demographic
groups (Table 6.34. Black females and Hispanic females are most likely to report taking
remedial math over all birth cohorts with the only exception occuring for students born
in 1982. In contrast, black males and “Other” males are least likely of the demographic
groups to take remedial math. For example, the math remediation rates for black females
ranges from 21%-25% while the rates for black males range from 11%-15%.These patterns
and absolute ranges for remedial math are seen again when examining remedial English
(Table 6.35. The only notable additional finding, although not statistically significant, is
that our point estimates of remedial English rates are generally higher for Hispanic males
and females than they are for Black or “Other” males and females.
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Table 6.36 shows the rates of remedial coursetaking in math or English. In other words,
this allows us to avoid double-counting students who may have taken both remedial math
and remedial English. This additional outcome could be important if taking remedial math
were more correlated with taking remedial English for certain groups. Our conclusions from
studying math and English remediation are not changed; we find that women are more likely
to take remedial courses, and “Other” females are less likely to take remedial courses than
black or Hispanic females.

High rates of college remediation can be a positive indicator if remediation serves its
purpose and quickly brings students to an adequate performance level. We find that the
higher rates of college remediation of black women do not correspond to high overall rates
of college graduation. While black women were more likely than “Other” women to take
a remedial math or English course, the proportion of black women graduating from college
by age 25 was at least 10 percentage points lower than for “Other” women and roughly 5
percentage points lower than for “Other” men across all birth cohorts. Hispanic women have
perceptibly lower rates of BA attainment by age 25 than black women, but Hispanic men
and black men do not have statistically significant differences in their BA attainment rates
by birth cohort.
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Chapter 5

Relating Measures of College
Readiness

With the array of options for measuring college readiness, we try to identify which ones
may be most useful for predicting remediation in college or college graduation. To see
how all of the college readiness measures covary, 5.1 shows the correlation matrix of binary
variables such as high school completion, college admissions test participation, remedial math
and English coursetaking, and BA attainment. This excludes categorical variables such as
difficulty of math curriculum and SAT/ACT score intervals.

We can see that there are not strong correlations between high school graduation and
any other binary measure of college readiness that we examined. High school graduation
is most correlated with taking some college, i.e. attending a grade above 12th grade, with
a correlation coefficient of 0.45. The next largest correlation coefficient for high school
graduation is 0.33 and occurs with SAT participation. The weakest correlation is 0.16 and
occurs with remedial math. Over all pairs of indicators, the strongest correlation coefficient
is 0.79, between obtaining a BA by age 25 and obtaining a BA in 4 years, and the lowest

Table 5.1: Correlations of measures of college readiness.

HS Wrote Wrote Some Remedial Remedial BA
Diploma SAT ACT College Math English by 25

Wrote SAT 0.33 1.00
Wrote ACT 0.30 -0.02 1.00

Some College 0.45 0.38 0.35 1.00
Remedial Math 0.16 0.06 0.08 0.24 1.00

Remedial English 0.18 0.07 0.08 0.23 0.47 1.00
BA by 25 0.30 0.41 0.29 0.51 0.02 0.06 1.00

BA in 4 years 0.23 0.36 0.21 0.40 -0.03 0.03 0.79
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coefficient is -0.02, between obtaining a BA by age 25 and taking a remedial math course.
Overall, the correlation matrix does not provide strong support for high school graduation
being consistently related to finishing college.

High school graduation may still predict remediation or college graduation rates, condi-
tional on other readiness outcomes. To examine this possibility, we regress remediation and
BA by 25 indicators individually on state fixed effects, birth year fixed effects, indicators for
race and sex, and different college readiness measures.

Table 5.2 shows that high school completion and demographic variables alone explain
about 6% of the variation in remediation. Further, high school completion is associated with
a 21% increase in the predicted remediation rate. This is likely driven by a relationship
between high school completion and the likelihood of going to college, which is a necessary
condition for taking a remedial course. As we add independent variables such as indicators
for difficulty of high school math, test participation, or test score interval, the magnitude of
the coefficient on high school completion drops and the R-squared rises.

Changes in the predictive power of high school completion are more dramatic in Table
5.3, where we present estimates from regressing BA by 25 onto various college readiness
measures. When we just relate obtaining a BA by 25 onto high school completion and
demographic characteristics, the coefficient on high school completion is 0.26. This is quite
a large relationship since, in the NLSY97, the high school graduation rate is roughly 77%
and the rate of college graduation by age 25 is roughly 21%. When we include indicators
for difficulty of highest high school math, the coefficient on high school completion drops to
0.12. It is reduced further to 0.04 when we control for college admissions test participation.

Tables 5.2 and 5.3 certainly do not show causal relationships, but they are useful in
providing evidence that high school graduation is not a good predictor of college success.
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Table 5.2: Correlations between college remediation and measures of college readiness.

Remediation (1) (2) (3) (4)
High School Completion 0.21 0.19 0.17 0.16

[0.01]** [0.01]** [0.01]** [0.01]**
Low Math -0.01 -0.02 -0.01

[0.05] [0.05] [0.05]
Mid Math 0.06 0.04 0.05

[0.05] [0.05] [0.04]
Upper-Mid Math 0.09 0.04 0.06

[0.05] [0.05] [0.04]
Advanced Math 0.10 0.04 0.07

[0.05]* [0.05] [0.05]
Upper-Advanced Math -0.03 -0.11 0.01

[0.05] [0.05]* [0.05]
SAT Participation 0.04

[0.02]*
ACT Participation 0.10

[0.02]**
State Fixed Effects X X X X

Birth-Year Fixed Effects X X X X
100pt Intervals of SAT Verbal X

5pt Intervals of ACT Composite X
Constant 0.25 0.19 0.28 0.18

[0.02]** [0.05]** [0.05]** [0.04]**
Observations 7,893 7,893 6,752 7,893

R-squared 0.06 0.07 0.08 0.10
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Table 5.3: Correlations between college graduation by age 25 and measures of college
readiness.

BA by Age 25 (1) (2) (3) (4) (5)
High School Completion 0.26 0.12 0.04 0.05 0.12

[0.01]** [0.01]** [0.01]** [0.01]** [0.01]**
Low Math -0.01 -0.01 0.00 -0.01

[0.02] [0.01] [0.01] [0.02]
Mid Math -0.02 -0.03 -0.01 -0.02

[0.01] [0.01] [0.01] [0.01]
Upper-Mid Math 0.15 0.06 0.06 0.14

[0.02]** [0.02]** [0.01]** [0.02]**
Advanced Math 0.26 0.14 0.13 0.26

[0.02]** [0.02]** [0.01]** [0.02]**
Upper-Advanced Math 0.55 0.37 0.29 0.55

[0.02]** [0.02]** [0.03]** [0.02]**
SAT Participation 0.24

[0.02]**
ACT Participation 0.19

[0.02]**
Remediation 0.01

[0.02]
State Fixed Effects X X X X X

Birth-Year Fixed Effects X X X X X
Race, Sex Indicators X X X X X

100pt Intervals of SAT Verbal X
5pt Intervals of ACT Composite X

Constant -0.18 -0.1 -0.11 -0.07 -0.11
[0.03]** [0.03]** [0.02]** [0.02]** [0.03]**

Observations 7,885 7,885 6,744 7,885 7,885
R-squared 0.11 0.25 0.33 0.35 0.25
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Chapter 6

Discussion

This paper contributes to the ongoing discussion of how different measures of college
readiness can tell conflicting stories. We examined college readiness by looking at high school
coursework, rates of high school graduation and college attendance, incidence of remedial
math and English coursetaking, and attainment of college degrees. National snapshots of the
1980-1985 cohorts, along with regional and demographic breakdowns, were presented based
on a longitudinal dataset with rich education data.

Demographic and regional gaps in high school graduation have been well-documented, but
there was a lack of information about trends in math curriculum and remediation rates. In
our analyses of high school graduation, we found that there is little to no gap between black
females, Hispanic females, and non-black non-Hispanic males (“Other”). Yet, examining
college degree attainment by age 25, there were sizable differences of 5 percentage points
or more between black or Hispanic females and “Other” males. Examining correlations
between various college readiness measures and to college outcomes further highlights the
disconnection between high school graduation as an indicator of college readiness.

Looking at the distribution of the highest high school math course taken by different
demographic groups, “Other” males and “Other” females progress farther than black or
Hispanic males and females. Graduating students within each demographic group arrive at
college with different levels of preparation. This was echoed in examining college remediation
rates in math and English.

Black and Hispanic females were the most likely to report taking remedial math or
English. Taking these courses does not provide college credit and can delay college degrees.
Beyond the cost to these students, postsecondary isntitutions and society find themselves in
the position of investing funds to prepare high school graduates for college coursework.

Our largest policy recommendation would be to closely examine coursetaking in high
school to understand later patterns in remediation and college graduation. Exit exams and
consequential accountability policies were put in place to examine academic standings, but
their emphasis on a binary outcome (proficiency vs. non-proficient) means that we face the
same problem in interpreting high school graduation rates. Proficiency on these exams does
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not map to college readiness, and the emphasis of proficiency over academic preparation in
high schools may distort incentives. This is the subject of the next essay.
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Table 6.1: National high school graduation rates by birth year, based on the NLSY97.

Birth Year HS Degree Std. Error 95% Lower 95% Upper
1980 78.47% 0.01 76.42% 80.52%
1981 75.92% 0.01 73.88% 77.96%
1982 76.63% 0.01 74.58% 78.68%
1983 75.54% 0.01 73.44% 77.65%
1984 77.87% 0.01 75.80% 79.93%

Table 6.2: Mapping of math courses in the NLSY97 to the Rose-Betts’ framework of course
difficulty.

A: No math No math
B: Low General, Consumer, Pre-Algebra,

Occupationally-Related,
<1 credit of “Unified Math”

C: Mid Algebra I, Geometry,
1-2 credits of “Unified Math”

D: Upper-mid <1 credit of Algebra 2 through Pre-Calculus,
2-3 credits of “Unified Math”

E: Advanced ≥1 credit of Algebra 2 through Pre-Calculus,
≥3 credits of “Unified Math”,
“Advanced Mathematics, Other”

F: Upper-advanced Calculus or “Advanced Mathematics, AP/IB”

Note: “Credit” refers to a Carnegie credit, a standardized measure for a course meeting 1 hour per weekday
for an academic year.
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Table 6.3: Distribution of people across high school math categories by birth year, based on
the NLSY97.

Students’ Difficulty of Highest Math
Birth Year A B C D E F

1980 2.29% 10.15% 28.19% 30.93% 19.34% 9.10%
[0.00] [0.01] [0.01] [0.01] [0.01] [0.01]

1981 2.74% 8.56% 31.43% 27.89% 19.34% 10.04%
[0.00] [0.01] [0.01] [0.01] [0.01] [0.01]

1982 3.17% 8.87% 28.18% 29.89% 20.51% 9.37%
[0.00] [0.01] [0.01] [0.01] [0.01] [0.01]

1983 3.53% 8.67% 26.48% 28.20% 22.76% 10.36%
[0.00] [0.01] [0.01] [0.01] [0.01] [0.01]

1984 3.36% 6.96% 24.86% 30.28% 22.69% 11.85%
[0.00] [0.01] [0.01] [0.01] [0.01] [0.01]

Table 6.4: National SAT and ACT exam participation rates by birth year, based on the
NLSY97.

Test Participation
Birth Year SAT ACT

1980 0.34 0.25
[0.01] [0.01]

1981 0.33 0.26
[0.01] [0.01]

1982 0.32 0.26
[0.01] [0.01]

1983 0.32 0.24
[0.01] [0.01]

1984 0.33 0.28
[0.01] [0.01]

Table 6.5: National distribution of SAT Math scores by birth year, based on the NLSY97.

Students’ SAT Math Scores
Birth Year 200-300 301-400 401-500 501-600 601-700 701-800

1980 0.04 0.10 0.27 0.31 0.19 0.10
1981 0.03 0.07 0.22 0.36 0.22 0.11
1982 0.02 0.08 0.27 0.36 0.22 0.06
1983 0.03 0.07 0.26 0.34 0.20 0.09
1984 0.03 0.07 0.25 0.35 0.22 0.08
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Table 6.6: National distribution of SAT Verbal scores by birth year, based on the NLSY97.

Students’ SAT Verbal Scores
Birth Year 200-300 301-400 401-500 501-600 601-700 701-800

1980 0.03 0.08 0.26 0.34 0.23 0.06
1981 0.02 0.06 0.24 0.37 0.24 0.08
1982 0.01 0.08 0.30 0.33 0.23 0.06
1983 0.02 0.09 0.24 0.39 0.20 0.07
1984 0.01 0.07 0.23 0.39 0.21 0.09

Table 6.7: National distribution of ACT Composite scores by birth year, based on the
NLSY97.

Students’ ACT Scores
Birth Year 0-6 7-12 13-18 19-24 25-30 31-36

1980 0.00 0.01 0.18 0.52 0.25 0.04
1981 0.00 0.01 0.17 0.48 0.30 0.05
1982 0.00 0.01 0.16 0.47 0.30 0.06
1983 0.00 0.00 0.20 0.47 0.26 0.06
1984 0.00 0.00 0.21 0.49 0.22 0.08

Table 6.8: National proportions of people by birth year who attended postsecondary school,
took remedial math, and took remedial English, based on the NLSY97.

Birth Year Attended Grade 12+ Remedial Math Remedial English
1980 0.43 0.14 0.17

[0.01] [0.01] [0.01]
1981 0.42 0.16 0.16

[0.01] [0.01] [0.01]
1982 0.46 0.15 0.15

[0.01] [0.01] [0.01]
1983 0.45 0.15 0.15

[0.01] [0.01] [0.01]
1984 0.47 0.15 0.15

[0.01] [0.01] [0.01]
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Table 6.9: National proportions of people by birth year who obtained a bachelor’s degree by
2009, by age 25, and within 4 years of entering college, based on the NLSY97.

Birth Year BA by 2009 BA by 25 BA in 4 yrs
1980 0.25 0.20 0.17

[0.01] [0.01] [0.01]
1981 0.25 0.21 0.18

[0.01] [0.01] [0.01]
1982 0.26 0.23 0.19

[0.01] [0.01] [0.01]
1983 0.24 0.22 0.19

[0.01] [0.01] [0.01]
1984 0.21 0.21 0.19

[0.01] [0.01] [0.01]

Table 6.10: Regional high school graduation rates by birth year, based on the NLSY97.

HS Graduation Rates Census Region
Birth Year West South MidWest NorthEast

1980 0.78 0.75 0.82 0.83
[0.03] [0.02] [0.02] [0.02]

1981 0.80 0.71 0.78 0.78
[0.02] [0.02] [0.02] [0.03]

1982 0.78 0.72 0.82 0.75
[0.02] [0.02] [0.02] [0.03]

1983 0.75 0.73 0.79 0.77
[0.02] [0.02] [0.02] [0.03]

1984 0.80 0.73 0.80 0.82
[0.02] [0.02] [0.02] [0.02]
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Table 6.11: Distribution of people in the West across categories of high school math difficulty,
by birth year, based on the NLSY97.

West Region Difficulty Categories of Students’ Highest Math
Birth Year A B C D E F

1980 0.03 0.12 0.31 0.42 0.06 0.07
[0.01] [0.02] [0.03] [0.03] [0.02] [0.02]

1981 0.03 0.11 0.32 0.35 0.10 0.09
[0.01] [0.02] [0.03] [0.03] [0.02] [0.02]

1982 0.04 0.09 0.30 0.36 0.15 0.07
[0.01] [0.02] [0.03] [0.03] [0.02] [0.02]

1983 0.03 0.11 0.32 0.34 0.12 0.09
[0.01] [0.02] [0.03] [0.03] [0.02] [0.02]

1984 0.03 0.09 0.27 0.37 0.12 0.12
[0.01] [0.02] [0.03] [0.03] [0.02] [0.02]

Table 6.12: Distribution of people in the South across categories of high school math diffi-
culty, by birth year, based on the NLSY97.

South Region Difficulty Categories of Students’ Highest Math
Birth Year A B C D E F

1980 0.03 0.08 0.31 0.29 0.22 0.07
[0.01] [0.01] [0.02] [0.02] [0.02] [0.01]

1981 0.05 0.07 0.34 0.24 0.22 0.08
[0.01] [0.01] [0.02] [0.02] [0.02] [0.01]

1982 0.04 0.07 0.28 0.28 0.24 0.09
[0.01] [0.01] [0.02] [0.02] [0.02] [0.01]

1983 0.05 0.05 0.27 0.27 0.27 0.10
[0.01] [0.01] [0.02] [0.02] [0.02] [0.01]

1984 0.04 0.06 0.24 0.32 0.26 0.08
[0.01] [0.01] [0.02] [0.02] [0.02] [0.01]
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Table 6.13: Distribution of people in the MidWest across categories of high school math
difficulty, by birth year, based on the NLSY97.

MidWest Region Difficulty Categories of Students’ Highest Math
Birth Year A B C D E F

1980 0.01 0.11 0.27 0.37 0.12 0.11
[0.01] [0.02] [0.02] [0.03] [0.02] [0.02]

1981 0.02 0.07 0.30 0.39 0.11 0.11
[0.01] [0.01] [0.02] [0.03] [0.02] [0.02]

1982 0.03 0.09 0.26 0.40 0.12 0.10
[0.01] [0.01] [0.02] [0.03] [0.02] [0.02]

1983 0.02 0.08 0.26 0.36 0.15 0.12
[0.01] [0.01] [0.02] [0.02] [0.02] [0.02]

1984 0.04 0.08 0.25 0.36 0.16 0.12
[0.01] [0.01] [0.02] [0.03] [0.02] [0.02]

Table 6.14: Distribution of people in the NorthEast across categories of high school math
difficulty, by birth year, based on the NLSY97.

NorthEast Region Difficulty Categories of Students’ Highest Math
Birth Year A B C D E F

1980 0.01 0.08 0.23 0.14 0.43 0.12
[0.01] [0.02] [0.03] [0.02] [0.03] [0.02]

1981 0.02 0.08 0.31 0.10 0.36 0.14
[0.01] [0.02] [0.03] [0.02] [0.03] [0.02]

1982 0.02 0.11 0.26 0.15 0.35 0.12
[0.01] [0.02] [0.03] [0.02] [0.03] [0.02]

1983 0.05 0.11 0.19 0.16 0.40 0.10
[0.01] [0.02] [0.02] [0.02] [0.03] [0.02]

1984 0.02 0.05 0.22 0.12 0.40 0.17
[0.01] [0.01] [0.03] [0.02] [0.03] [0.02]
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Table 6.15: Regional SAT exam participation rates by birth year, based on the NLSY97.

SAT Participation Census Region
Birth Year West South MidWest NorthEast

1980 0.29 0.39 0.18 0.57
[0.03] [0.03] [0.02] [0.03]

1981 0.31 0.32 0.17 0.56
[0.03] [0.02] [0.02] [0.03]

1982 0.36 0.34 0.15 0.50
[0.03] [0.02] [0.02] [0.03]

1983 0.33 0.37 0.15 0.55
[0.03] [0.02] [0.02] [0.03]

1984 0.32 0.33 0.15 0.59
[0.03] [0.02] [0.02] [0.03]

Table 6.16: Regional ACT exam participation rates by birth year, based on the NLSY97.

ACT Participation Census Region
Birth Year West South MidWest NorthEast

1980 0.19 0.24 0.45 0.05
[0.03] [0.03] [0.03] [0.03]

1981 0.22 0.21 0.46 0.08
[0.02] [0.02] [0.03] [0.03]

1982 0.18 0.26 0.44 0.09
[0.03] [0.02] [0.03] [0.02]

1983 0.18 0.23 0.43 0.04
[0.02] [0.02] [0.02] [0.02]

1984 0.26 0.24 0.47 0.10
[0.02] [0.02] [0.01] [0.02]
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Table 6.17: Regional rates of attendance at a postsecondary institution by birth year, based
on the NLSY97.

Grade 12+ Census Region
Birth Year West South MidWest NorthEast

1980 0.43 0.39 0.47 0.46
[0.03] [0.02] [0.03] [0.03]

1981 0.44 0.39 0.44 0.42
[0.03] [0.02] [0.03] [0.03]

1982 0.45 0.45 0.47 0.45
[0.03] [0.02] [0.03] [0.03]

1983 0.46 0.42 0.45 0.45
[0.03] [0.02] [0.03] [0.03]

1984 0.51 0.41 0.46 0.51
[0.03] [0.02] [0.03] [0.03]

Table 6.18: Regional remedial math coursetaking rates by birth year, based on the NLSY97.

Remedial Math Census Region
Birth Year West South MidWest NorthEast

1980 0.18 0.13 0.12 0.15
[0.02] [0.02] [0.02] [0.02]

1981 0.18 0.20 0.14 0.13
[0.02] [0.02] [0.02] [0.02]

1982 0.17 0.16 0.17 0.12
[0.02] [0.02] [0.02] [0.02]

1983 0.16 0.15 0.17 0.15
[0.02] [0.02] [0.02] [0.02]

1984 0.16 0.14 0.11 0.18
[0.02] [0.02] [0.02] [0.03]
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Table 6.19: Regional remedial English coursetaking rates by birth year, based on the
NLSY97.

Remedial English Census Region
Birth Year West South MidWest NorthEast

1980 0.22 0.13 0.16 0.18
[0.03] [0.02] [0.02] [0.03]

1981 0.21 0.15 0.14 0.17
[0.02] [0.02] [0.02] [0.02]

1982 0.20 0.11 0.20 0.14
[0.02] [0.01] [0.02] [0.02]

1983 0.20 0.11 0.17 0.14
[0.02] [0.01] [0.02] [0.02]

1984 0.23 0.10 0.16 0.14
[0.02] [0.01] [0.02] [0.02]

Table 6.20: Regional remedial math or English coursetaking rates by birth year, based on
the NLSY97.

Remedial College Census Region
Birth Year West South MidWest NorthEast

1980 0.28 0.20 0.21 0.23
[0.03] [0.02] [0.02] [0.03]

1981 0.27 0.22 0.20 0.21
[0.03] [0.02] [0.02] [0.03]

1982 0.27 0.20 0.26 0.20
[0.03] [0.02] [0.02] [0.02]

1983 0.27 0.20 0.25 0.20
[0.03] [0.02] [0.02] [0.03]

1984 0.28 0.17 0.21 0.23
[0.03] [0.02] [0.02] [0.03]
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Table 6.21: Regional proportions of college graduates in 2008, by birth year, based on the
NLSY97.

College Grad Ever Census Region
Birth Year West South Mid-West North-East

1980 0.24 0.23 0.28 0.28
[0.03] [0.02] [0.02] [0.03]

1981 0.24 0.20 0.27 0.30
[0.03] [0.02] [0.02] [0.03]

1982 0.23 0.25 0.28 0.28
[0.03] [0.02] [0.02] [0.03]

1983 0.21 0.22 0.27 0.27
[0.02] [0.02] [0.02] [0.03]

1984 0.22 0.16 0.23 0.28
[0.02] [0.02] [0.02] [0.03]

Table 6.22: Regional proportions of people who had a bachelor’s degree by age 24, by birth
year, based on the NLSY97.

College Grad by 24 Census Region
Birth Year West South Mid-West North-East

1980 0.18 0.17 0.24 0.24
[0.02] [0.02] [0.02] [0.03]

1981 0.19 0.17 0.25 0.27
[0.02] [0.02] [0.02] [0.03]

1982 0.20 0.21 0.24 0.26
[0.02] [0.02] [0.02] [0.03]

1983 0.18 0.20 0.26 0.24
[0.02] [0.02] [0.02] [0.03]

1984 0.22 0.16 0.23 0.28
[0.02] [0.02] [0.02] [0.03]
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Table 6.23: Regional proportions of people who earned a bachelor’s degree in 4 years of
college, by birth year, based on the NLSY97.

College Grad in 4 yrs Census Region
Birth Year West South Mid-West North-East

1980 0.11 0.11 0.17 0.17
[0.02] [0.02] [0.02] [0.03]

1981 0.10 0.11 0.16 0.20
[0.02] [0.01] [0.02] [0.03]

1982 0.11 0.14 0.15 0.18
[0.02] [0.02] [0.02] [0.02]

1983 0.12 0.12 0.18 0.17
[0.02] [0.02] [0.02] [0.02]

1984 0.14 0.12 0.15 0.22
[0.02] [0.02] [0.02] [0.03]

Table 6.24: National proportions of high school graduates by birth year, sex, and race, based
on the NLSY97.

HS Graduation Male Female
Birth Year Black Hispanic Other Black Hispanic Other

1980 0.61 0.64 0.79 0.75 0.78 0.86
[0.04] [0.04] [0.02] [0.03] [0.03] [0.02]

1981 0.59 0.72 0.77 0.72 0.71 0.81
[0.03] [0.03] [0.02] [0.03] [0.03] [0.02]

1982 0.65 0.70 0.77 0.76 0.67 0.81
[0.03] [0.03] [0.02] [0.03] [0.04] [0.02]

1983 0.61 0.68 0.78 0.78 0.77 0.77
[0.03] [0.04] [0.02] [0.03] [0.03] [0.02]

1984 0.65 0.70 0.78 0.75 0.76 0.82
[0.04] [0.03] [0.02] [0.03] [0.03] [0.02]
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Table 6.25: National distributions of black males across high school math categories by birth
year, based on the NLSY97.

Black Males Difficulty Categories of Students’ Highest Math
Birth Year A B C D E F

1980 0.07 0.11 0.39 0.27 0.14 0.03
[0.02] [0.02] [0.04] [0.03] [0.03] [0.01]

1981 0.04 0.12 0.36 0.28 0.18 0.03
[0.01] [0.02] [0.03] [0.03] [0.03] [0.01]

1982 0.03 0.13 0.30 0.31 0.18 0.03
[0.01] [0.02] [0.03] [0.03] [0.03] [0.01]

1983 0.04 0.12 0.38 0.24 0.20 0.02
[0.02] [0.02] [0.03] [0.03] [0.03] [0.01]

1984 0.06 0.11 0.32 0.23 0.25 0.04
[0.02] [0.02] [0.03] [0.03] [0.03] [0.01]

Table 6.26: National distributions of non-white Hispanic males across high school math
categories by birth year, based on the NLSY97.

Hispanic Males Difficulty Categories of Students’ Highest Math
Birth Year A B C D E F

1980 0.02 0.15 0.34 0.32 0.14 0.02
[0.01] [0.03] [0.04] [0.04] [0.03] [0.01]

1981 0.03 0.12 0.39 0.27 0.15 0.04
[0.01] [0.02] [0.04] [0.03] [0.03] [0.02]

1982 0.04 0.10 0.39 0.30 0.10 0.06
[0.01] [0.02] [0.04] [0.04] [0.02] [0.02]

1983 0.06 0.13 0.27 0.31 0.18 0.04
[0.02] [0.03] [0.03] [0.04] [0.03] [0.02]

1984 0.04 0.09 0.36 0.28 0.15 0.08
[0.02] [0.02] [0.04] [0.03] [0.03] [0.02]
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Table 6.27: National distributions of non-black, non-Hispanic males across high school math
categories by birth year, based on the NLSY97.

Other Males Difficulty Categories of Students’ Highest Math
Birth Year A B C D E F

1980 0.02 0.10 0.28 0.27 0.22 0.12
[0.01] [0.01] [0.02] [0.02] [0.02] [0.02]

1981 0.03 0.08 0.31 0.26 0.19 0.13
[0.01] [0.01] [0.02] [0.02] [0.02] [0.02]

1982 0.03 0.09 0.31 0.24 0.20 0.13
[0.01] [0.01] [0.02] [0.02] [0.02] [0.02]

1983 0.03 0.08 0.27 0.29 0.20 0.13
[0.01] [0.01] [0.02] [0.02] [0.02] [0.02]

1984 0.02 0.07 0.25 0.30 0.20 0.16
[0.01] [0.01] [0.02] [0.02] [0.02] [0.02]

Table 6.28: National distributions of black females across high school math categories by
birth year, based on the NLSY97.

Black Females Difficulty Categories of Students’ Highest Math
Birth Year A B C D E F

1980 0.03 0.13 0.30 0.29 0.20 0.05
[0.01] [0.02] [0.03] [0.03] [0.03] [0.01]

1981 0.02 0.10 0.37 0.22 0.23 0.05
[0.01] [0.02] [0.04] [0.03] [0.03] [0.02]

1982 0.03 0.10 0.29 0.26 0.27 0.05
[0.01] [0.02] [0.04] [0.03] [0.03] [0.02]

1983 0.03 0.09 0.26 0.26 0.30 0.06
[0.01] [0.02] [0.03] [0.03] [0.03] [0.02]

1984 0.01 0.06 0.33 0.28 0.26 0.06
[0.01] [0.01] [0.03] [0.03] [0.03] [0.02]
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Table 6.29: National distributions of non-white Hispanic females across high school math
categories by birth year, based on the NLSY97.

Hispanic Females Difficulty Categories of Students’ Highest Math
Birth Year A B C D E F

1980 0.04 0.13 0.37 0.32 0.10 0.04
[0.02] [0.03] [0.04] [0.04] [0.03] [0.02]

1981 0.07 0.10 0.35 0.26 0.16 0.05
[0.02] [0.02] [0.04] [0.03] [0.03] [0.02]

1982 0.07 0.11 0.32 0.34 0.12 0.04
[0.02] [0.02] [0.04] [0.04] [0.02] [0.01]

1983 0.01 0.11 0.31 0.32 0.21 0.04
[0.01] [0.02] [0.04] [0.04] [0.03] [0.02]

1984 0.05 0.07 0.26 0.37 0.16 0.09
[0.02] [0.02] [0.03] [0.04] [0.03] [0.02]

Table 6.30: National distributions of non-black, non-Hispanic females across high school
math categories by birth year, based on the NLSY97.

Other Females Difficulty Categories of Students’ Highest Math
Birth Year A B C D E F

1980 0.02 0.08 0.24 0.36 0.21 0.11
[0.01] [0.01] [0.02] [0.02] [0.02] [0.02]

1981 0.02 0.07 0.27 0.31 0.20 0.12
[0.01] [0.01] [0.02] [0.02] [0.02] [0.01]

1982 0.03 0.07 0.22 0.36 0.23 0.10
[0.01] [0.01] [0.02] [0.02] [0.02] [0.01]

1983 0.04 0.07 0.24 0.28 0.25 0.13
[0.01] [0.01] [0.02] [0.02] [0.02] [0.02]

1984 0.05 0.06 0.19 0.32 0.26 0.12
[0.01] [0.01] [0.02] [0.02] [0.02] [0.02]
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Table 6.31: National distributions of SAT participation by birth year, race, and sex, based
on the NLSY97.

SAT Participation Male Female
Birth Year Black Hispanic Other Black Hispanic Other

1980 0.29 0.24 0.35 0.29 0.22 0.38
[0.04] [0.04] [0.02] [0.03] [0.04] [0.02]

1981 0.21 0.25 0.33 0.32 0.28 0.37
[0.03] [0.03] [0.02] [0.04] [0.04] [0.02]

1982 0.24 0.21 0.31 0.29 0.31 0.38
[0.03] [0.03] [0.02] [0.04] [0.04] [0.02]

1983 0.20 0.17 0.33 0.35 0.29 0.36
[0.03] [0.03] [0.02] [0.04] [0.04] [0.02]

1984 0.23 0.23 0.33 0.34 0.34 0.37
[0.03] [0.03] [0.02] [0.04] [0.04] [0.03]

Table 6.32: National distributions of ACT participation by birth year, race, and sex, based
on the NLSY97.

ACT Participation Male Female
Birth Year Black Hispanic Other Black Hispanic Other

1980 0.17 0.11 0.24 0.28 0.14 0.32
[0.03] [0.03] [0.02] [0.03] [0.03] [0.02]

1981 0.21 0.10 0.27 0.26 0.15 0.32
[0.03] [0.02] [0.02] [0.03] [0.03] [0.02]

1982 0.14 0.10 0.25 0.27 0.15 0.35
[0.02] [0.02] [0.02] [0.03] [0.03] [0.02]

1983 0.12 0.09 0.25 0.28 0.18 0.30
[0.02] [0.03] [0.02] [0.03] [0.03] [0.02]

1984 0.20 0.11 0.29 0.26 0.18 0.34
[0.03] [0.03] [0.02] [0.03] [0.03] [0.02]
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Table 6.33: National proportions of people who attend a postsecondary institution by birth
year, race, and sex, based on the NLSY97.

Some College Male Female
Birth Year Black Hispanic Other Black Hispanic Other

1980 0.35 0.30 0.43 0.42 0.38 0.49
[0.04] [0.04] [0.02] [0.03] [0.04] [0.02]

1981 0.25 0.30 0.42 0.46 0.40 0.48
[0.03] [0.03] [0.02] [0.04] [0.04] [0.02]

1982 0.30 0.36 0.44 0.46 0.37 0.54
[0.03] [0.04] [0.02] [0.04] [0.04] [0.02]

1983 0.23 0.34 0.44 0.49 0.36 0.54
[0.03] [0.04] [0.02] [0.04] [0.04] [0.02]

1984 0.28 0.34 0.49 0.47 0.42 0.52
[0.03] [0.04] [0.02] [0.04] [0.04] [0.02]

Table 6.34: National proportions of people who take a remedial math course by birth year,
race, and sex, based on the NLSY97.

Remedial Math Male Female
Birth Year Black Hispanic Other Black Hispanic Other

1980 0.11 0.14 0.12 0.25 0.25 0.13
[0.02] [0.03] [0.02] [0.03] [0.04] [0.02]

1981 0.11 0.14 0.14 0.24 0.19 0.16
[0.02] [0.03] [0.02] [0.03] [0.03] [0.02]

1982 0.13 0.16 0.12 0.23 0.16 0.17
[0.02] [0.03] [0.01] [0.03] [0.03] [0.02]

1983 0.15 0.15 0.12 0.23 0.26 0.15
[0.02] [0.03] [0.01] [0.03] [0.04] [0.02]

1984 0.15 0.17 0.11 0.21 0.23 0.16
[0.03] [0.03] [0.01] [0.03] [0.03] [0.02]
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Table 6.35: National proportions of people who take a remedial English course by birth year,
race, and sex, based on the NLSY97.

Remedial English Male Female
Birth Year Black Hispanic Other Black Hispanic Other

1980 0.15 0.15 0.14 0.23 0.26 0.17
[0.03] [0.03] [0.02] [0.03] [0.04] [0.02]

1981 0.08 0.16 0.16 0.20 0.21 0.15
[0.02] [0.03] [0.02] [0.03] [0.03] [0.02]

1982 0.14 0.16 0.12 0.14 0.16 0.17
[0.02] [0.03] [0.01] [0.02] [0.03] [0.02]

1983 0.13 0.14 0.13 0.18 0.21 0.17
[0.02] [0.03] [0.01] [0.02] [0.03] [0.02]

1984 0.16 0.15 0.15 0.13 0.25 0.13
[0.03] [0.02] [0.02] [0.02] [0.03] [0.02]

Table 6.36: National proportions of people who take a remedial math or English course by
birth year, race, and sex, based on the NLSY97.

Remedial Courses Male Female
Birth Year Black Hispanic Other Black Hispanic Other

1980 0.19 0.20 0.20 0.33 0.32 0.24
[0.03] [0.03] [0.02] [0.03] [0.04] [0.02]

1981 0.13 0.22 0.21 0.29 0.27 0.22
[0.02] [0.03] [0.02] [0.03] [0.03] [0.02]

1982 0.18 0.20 0.18 0.30 0.23 0.26
[0.03] [0.03] [0.02] [0.03] [0.03] [0.02]

1983 0.20 0.22 0.19 0.29 0.34 0.24
[0.03] [0.03] [0.02] [0.03] [0.04] [0.02]

1984 0.21 0.21 0.20 0.26 0.30 0.22
[0.03] [0.03] [0.02] [0.03] [0.04] [0.02]
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Table 6.37: National proportions of people who have earned a BA by age 25, by birth year,
race, and sex, based on the NLSY97.

BA by 25 Male Female
Birth Year Black Hispanic Other Black Hispanic Other

1980 0.10 0.08 0.20 0.11 0.07 0.29
[0.02] [0.02] [0.02] [0.02] [0.02] [0.02]

1981 0.10 0.04 0.21 0.16 0.14 0.30
[0.02] [0.02] [0.02] [0.03] [0.03] [0.02]

1982 0.06 0.11 0.21 0.16 0.14 0.34
[0.02] [0.03] [0.02] [0.03] [0.03] [0.02]

1983 0.07 0.08 0.23 0.17 0.14 0.29
[0.02] [0.02] [0.02] [0.03] [0.03] [0.02]

1984 0.05 0.06 0.21 0.15 0.13 0.30
[0.02] [0.02] [0.02] [0.03] [0.03] [0.02]
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Impacts of High School
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Chapter 7

Introduction

In 1983, a presidentially commissioned report about U.S. education (A Nation At Risk)
called on lawmakers to change school quality: “If an unfriendly foreign power had attempted
to impose on America the mediocre educational performance that exists today, we might
well have viewed it as an act of war” (National Commission on Excellence in Education,
1983). State legislators responded with a wave of policies using standardized testing to hold
schools accountable for their students’ performance (Goodman, 2009; Schiller and Muller,
2003). This paper focuses on the impacts of two popular types of such policies: 1) requiring
students to pass a mandatory, basic, standardized state exam in order to complete high school
(“exit exams”) and 2) legislating penalties, such as funding reductions, for schools whose
students perform poorly on a basic, standardized state exam (“consequential accountability”)
(Hanushek and Raymond, 2004). We provide the first analysis of the relationship between
states’ high school accountability policies in the mid-1990s and students’ college readiness,
measured through high school coursework and college remedial coursework.

These policies, which we call “high school accountability”, are not mutually exclusive. For
example, a state could restrict funds for high schools where few students pass exit exams.1

While exit exam policies seem to punish low-performing students as opposed to schools, we
are comfortable referring to them as a type of “high school accountability” because they
often follow calls to increase schools’ performance.2

We compare high school exit exams to consequential accountability because both policies
emphasize basic proficiency. In primary schools, consequential accountability has been shown
to motivate teachers to focus on short-term testing outcomes of students most likely to
improve, at the expense of low-performing students unlikely to pass and high-performing

1Hanushek and Raymond (2004) refer to accountability policies without state sanctions as “report card
accountability”.

2For example, the California High School Exit Examination (CAHSEE) was motivated by the finding
that many local proficiency standards were below California’s content standards (California Department of
Education, 2010).
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students who are certain to pass.3 Partly in response to the research on manipulability
of test scores, legislators have begun emphasizing college- and career-readiness instead of
early testing (White House, 2010; Aldeman, 2010).4 Within this context, it is important to
identify whether high schools also respond to accountability policies in unintended ways.

We examine these policies’ impacts on the following measures of college readiness: highest
level of math taken in high school, high school graduation5, application to a 2- or 4-year
college, college attendance without taking remedial math coursework, and having a 4-year
college degree by age 23. College attendance without remedial math especially represents
academic progression after high school, so we call this outcome “college preparation”. To
our knowledge, we are the first to examine the effects of an accountability policy on remedial
course-taking.

This topic is important to the debate about school reform and the policy aim of increasing
college readiness (White House, 2010). Over the past decade, the idea of changing schools’
incentives to increase learning and close achievement gaps has shaped education reform,
leading to consequential accountability policies such as No Child Left Behind [NCLB].6

Perhaps because achievement gaps are smallest in earlier grades, corresponding research
has focused on students in primary school (grades K-8). Growing evidence suggests that
primary schools responded by targeting certain students and shifting more resources to tested
subjects7. We do not know, however, how high schools respond to accountability policies.
Their resource allocations may be even more affected since high schools have greater control
over course offerings8.

We use the National Longitudinal Survey of Youth 1997 Geocode [NLSY97] to test the
implications of high schools responding to accountability by shifting resources toward easier
courses. The data allow us to examine college readiness with students’ coursework in high
school and college in addition to high school and college graduation. In our abstraction of
school behavior, high schools influence educational attainment of low-performing and high-
performing students by allocating resources to courses of various difficulty levels. Because
both types of policies emphasize minimum competency, they weaken schools’ incentives to

3See Kane and Staiger (2002); Cullen and Reback (2006); Reback (2008); Jacob and Levitt (2003) for
some recent work on unintended outcomes of NCLB in primary school.

4The Obama administration has pledged over $3 billion to reform high schools.
5We define high school graduation as obtaining a high school diploma. Diploma recipients are students

who completed the high school curriculum, typically over four years. “GED-attainers” instead earned the
GED certificate or credential, or “GED”. Some states exempt GED-attainers from compulsory schooling
laws. GED-attainers have the same economic and social outcomes as similar dropouts without GEDs but
have similar measured ability to high school completers who do not attend college (Cameron and Heckman,
1993; Heckman and Rubinstein, 2001; Heckman and LaFontaine, 2006, 2010a; Heckman et al., 2010).

6This is evident in NCLB’s full title: “An Act: to close the achievement gap with accountability, flexibility,
and choice, so that no child is left behind.”(U.S. Department of Education, 2004)

7See Reback (2008) and Neal and Schanzenbach (2009) for recent examples.
8A recent example in California is given by Berkeley High School’s plan to cancel morning and afternoon

advanced science labs and redirect funds to programs addressing the achievement gap (Ganga, 2010).



CHAPTER 7. INTRODUCTION 42

invest in advanced courses. As a result, we expect both policies to decrease college readiness.
The key assumptions for this prediction are that high schools wish to maximize their students’
educational attainment, and the policies place high stakes on basic skills.

Our empirical strategy exploits variation in the timing of state policies, conditional on
state fixed effects, time fixed effects, and regional time trends. The main concern for iden-
tification of a causal impact is that lower-achieving individuals are more likely to live in
states that adopt high school accountability policies earlier than others. Conditional exo-
geneity of policy timing is supported by evidence that 1) policy implementation does not
have statistically significant relationships with states’ concurrent socioeconomic and demo-
graphic characteristics (gathered from Common Core of Data and Census data),9 and 2)
policy implementation does not have statistically significant relationships with students’
ability, measured with the Armed Services Vocational Ability Battery. This supports that
our results are not due to lower-achieving individuals in states that enact these policies.
Based on these specification checks, we cautiously conclude that our main specifications give
causal estimates of the impacts of exit exams and consequential accountability. We find
that both policies decreased the difficulty of high school curriculum and students’ college
preparation, and consequential accountability also decreased high school graduation rates.
There is some evidence that high schools in states with consequential accountability policies
direct resources away from the lowest- and highest-performing students.

Chapter 8 further describes high school accountability and summarizes previous research,
motivating a model of school behavior described in Chapter 9. Chapter 10 explains the
estimation strategy and various data we use. Chapter 11 discusses findings, and Chapter
12 provides some validity checks regarding differential attrition, migration from public to
private schools, and multiple inference. Conclusions are presented in Chapter 13.

9We also examine whether our impact estimates are influenced by state-time varying characteristics by
showing that our predictions of student outcomes from the NLSY97 do not have statistically significant
relationships with states’ characteristics in the year students begin high school.
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Chapter 8

Consequential Accountability and
Exit Exams

Both exit exam and consequential accountability policies are determined by state. As a
result, states with consequential accountability policies, for example, rely on different tests,
employ various rules to determine what level of performance is inadequate, and set a range of
punishments for low-performing schools. The policies’ overall structure, however, is shared
with No Child Left Behind [NCLB]: standardized testing to create school ratings which
then determine school penalties such as school takeover, school closure, school reconstitu-
tion, removal of school principal, and/or easing student mobility (Dee and Jacob, 2009). A
large source of controversy around consequential accountability is that ratings are typically
assessed based on thresholds of the percentage of students who are “proficient” on the stan-
dardized exam. This introduces an incentive for “educational triage”, the idea that schools
will focus on students who are marginal to the proficiency thresholds instead of improving
all students.1

Implementing mandatory high school exit exams was a concurrently popular movement to
increase high school quality. Lawmakers claimed that, instead of high schools being allowed
to graduate inadequately educated students, everyone would have to earn their diplomas by
demonstrating proficiency on a standardized exam. In practice, exit exams test possession
of basic skills in select subject areas and often ask questions on 9th or 10th grade material
(Aldeman, 2010). States’ exit exams vary in difficulty and the subjects tested. Typically,
students are given multiple chances to pass the state’s exit exam, and the results of the
test are not tied to other reforms or formal school-level penalties. If states punished schools
based on the results of mandatory high school exit exams, we would consider the state as
having an exit exam and consequential accountability. Table 8.1 shows the increase in states
where schools were subject to exit exams and/or consequential accountability.

1Despite this and other controversies, federal consequential accountability (NCLB) was approved with
bipartisan support. The final bill received 381-41 yea-nay votes in the U.S. House of Representatives and
87-10 yea-nay votes in the U.S. Senate (GovTrack, 2001).
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Table 8.1: Number of states and territories with exit exams and consequential accountability,
by time period.

Time Period
# State Policies 1986-1996 1997-2004 2005-2008
Exit Exams 17 22 26
Consequential 10 30-52 52

Note: Main sources of information are Hanushek and Raymond (2004); Dee and Jacob (2009); Carnoy
and Loeb (2002). See Chapter A for details. State policies by year are listed in Table A.2. 30 states had
consequential accountability measures before NCLB went into effect. Virginia and Hawaii are the only states
found to have removed high school exit exams. Virginia had an exit exam from 1981-1988, then reinstated
it in 1995. Hawaii had an exit exam from 1983-1999. The correlation of policies is 0.22 among respondents
with information on high school state and high school start date. Correlations at the state level and in our
estimation samples are smaller.

Previous studies of high school accountability and educational outcomes have focused on
the impacts of exit exams on high school graduation rates, with mixed results. Jacob (2001)
finds that exit exams only increase the probability of high school dropout for low-ability stu-
dents. Bishop and Mane (2001) add that state exit exams increase the number of GEDs and
time in high school, and course graduation requirements also reduce high school completion.
Lillard and DeCicca (2001), however, argue that course graduation requirements, but not
state exit exams, increase dropout rates. Carnoy and Loeb (2002); Warren and Edwards
(2005); Warren and Jenkins (2005) also find no effects of state exit exams on dropout rates.

This inconsistency may be due to the use of data on single cohorts or state reports
(Warren et al., 2006; Dee and Jacob, 2007).2 Two datasets have been favored by this liter-
ature because of their focus on education (National Education Longitudinal Study of 1988
[NELS88] or High School and Beyond [HSB]), but they limit study to one or two nation-
ally representative cohorts of students 3. This means researchers cannot compare pre- and
post-reform students from the same state, so they cannot address whether unobservable
state-varying characteristics also drove student outcomes. Using state-reported data solves
this problem by allowing controls for time-invariant state unobservables, but the outcome
of high school graduation is not defined consistently across states.4 Finally, state-level data

2An exception is Warren and Jenkins (2005), who create a state-level panel dataset using October Current
Population Surveys from 1968-2000.

3The NELS88 surveyed a nationally-representative, single cohort of 8th graders from 1988, with follow-
up interviews in 1990, 1992, 1994, and 2000, while HSB surveyed high school students in 1980 senior (12th
grade) and 1980 sophomore (10th grade) classes every two years through 1986. In practice, the papers we
found that used HSB focused on only one of the 2 cohorts, e.g. Betts and Grogger (2003)

4See Heckman and LaFontaine (2010a) for a discussion of definitional issues in official statistics on high
school graduation.
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conceals students who repeat grades or migrate.5

More recent papers use other panel data with multiple cohorts, giving up the educational
components of NELS88 and HSB. Dee (2003) uses the 1990 Census Public-Use Microdata
Sample [PUMS] to compare individuals born in the same state, before and after exit exam
policies would affect their projected high school graduation. He finds that exit exams re-
duced the probability of high school graduation for black males but did not impact college
enrollment. Dee and Jacob (2007) update his work with data from the 2000 PUMS and
some school districts in Minnesota. They conclude that college graduation and labor-market
outcomes improved for Hispanic females and blacks.

The NLSY97 allows us to improve upon Dee and Jacob (2007) by examining more recent
student cohorts, more detailed education data, and matching students to policies by high
school state instead of birth state. We are unaware of previous studies of accountability that
employ this data. The two closest papers analyzing college readiness are Schiller and Muller
(2003) and Donovan et al. (2006).

Schiller and Muller (2003) use the single cohort of the NELS88 to correlate three proxies
for state standards with students’ mathematics course placement in 9th grade and total
Carnegie units in higher math (geometry and above).6 They use testing frequency as a
proxy for school accountability and total units required for high school graduation as a
proxy for high school graduation requirements. They also measure the testing burden on
students by taking the sum of indicators for whether test scores are recommended/required
for mathematics placement, grade promotion, and high school diploma. They find that
graduation requirements were correlated with students’ average units of higher math, but
achievement gaps were larger in states with more frequent testing and smaller in states with
greater testing burden on students.

We similarly relate states’ school policies to high school curriculum, but we do not address
the intensity of accountability policies. Instead, states are categorized simply by whether
or not they have exit exam and consequential accountability policies. This grouping is not
possible with the NELS88, whose students attend high school prior to the mid-1990s increase
in these state accountability policies. Second, the panel nature of NLSY97 allows us to
control for time-invariant state characteristics and regional time trends in our estimations.
We present support that the timing of policies are conditionally exogenous based on our
specification so that our estimates have a causal interpretation. Finally, we code students’
curriculum by highest math course taken instead of total credits in math, which does not
reflect curricular intensity.

Donovan et al. (2006) was the first to analyze the causal impacts of accountability on

5Crisostomo (2010) recently highlighted the influence that measurement methods had on dropout rates
in Stockton, California, where roughly 70% of students come from poor, Latino families. Increased efforts to
identify student migration and re-classify missing students in 2008 led to a published dropout rate of 17.7%
for the 2007-2008 graduating class, as opposed to 52.5% for the 2006-2007 class.

6A Carnegie unit or credit is a standardized measure given to a course that meets one hour per weekday
for an academic year.



CHAPTER 8. CONSEQUENTIAL ACCOUNTABILITY AND EXIT EXAMS 46

college performance. Using admissions data from a highly selective public university, they
compare college outcomes of incoming students before and after a state changed its con-
sequential accountability policy. This meant some previously “safe” schools were newly
threatened with sanctions while some previously threatened schools were no longer threat-
ened.7 The state had previously based sanctions on a minimum-competency test, but the
reform changed the tests to be closer to grade-level standards.8 Thus, while we examine the
impact of a state adopting an accountability policy, they identify the impact of an existing
accountability policy threatening a school with sanctions. Donovan et al. (2006) find that
threatening schools based on harder tests increased students’ performance in certain college
courses relative to threatening schools based on easier tests.

This paper provides useful information for policymakers who need a more complete pic-
ture of how college readiness has been impacted by high school accountability policies. We
examine high school and college outcomes with a nationally representative detailed educa-
tion dataset that has information on curriculum: hardest math course taken in high school,
high school graduation, application to college, avoiding remedial math in college, and college
graduation by age 23. In particular, examining whether college-goers have to take remedial
math captures a lack of high school preparation for college coursework. Remedial course-
takers take more time to graduate from college and are less likely to complete college (Nora
et al., 2005).

7Because the data were obtained under condition of the school and state’s anonymity, the policy change is
not detailed. It is also unclear whether being threatened with sanctions means that sanctions were actually
imposed, the school was not exempt from the policy, or the school’s performance was within some range of
the penalty threshold.

8Our guess of the state in question implies that students were still not tested on grade-level material after
the policy change. Schools in this state would have gone from being sanctioned to not-sanctioned if they
had previously poor test scores on average but showed sharp improvements overall and within disadvantaged
subgroups.
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Chapter 9

Behavioral Framework

The logic behind our model is that exit exams and consequential accountability test basic
skills, so schools respond by putting more emphasis on basic skills. Formally, suppose schools
maximize the total educational attainment fq(·) of their students, who fall into two types:
low-performing (q = l) and high-performing (q = h).1 fq depends on schools’ allocation of Y
resources across a fixed number M of courses and on students’ characteristics Xq, q ∈ {l, h}.
Harder courses require more student effort but increase the college readiness of students
who go to college. Easier courses require less student effort now but do not further benefit
students who go to college. We write the school’s allocation across courses as a vector
R = [r1, . . . , rM ], where j < k implies that course j is easier than course k, 1 ≤ j < k ≤M .
This can be summarized:

max
R

fl(R, Xl) + fh(R, Xh) (9.1)

R = [r1, . . . , rM ], rj ≥ 0, j = 1, . . . ,M

subject to
M∑

j=1

rj = Y

We assume high schools take student behavior as given, and students cannot adjust their
course selections to fully counteract school behavior. For example, if a school covers less
material in its pre-calculus and calculus courses, students initially in pre-calculus do not all
transfer to calculus. This is reasonable given the sequential nature of high school courses

1Schools might care about ultimate educational attainment for a variety of reasons. A recent survey
revealed that approximately 68% of teachers considered the idea of “putting underprivileged kids on the
path to success” as a major or one of the most important factors for becoming a teacher. 73% of teachers
strongly or somewhat agreed that all of their students, given the “right” support, could go to college if they
chose (Johnson et al., 2009). Secondary education is also associated with higher earnings and better health
outcomes. Further, better schools increase housing prices, which increases property taxes and helps finance
public schools (Black, 1999).
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along with budget and space constraints.
For ease of interpretation, we assume Cobb-Douglas forms for fq with decreasing returns

to scale for resources. Total factor productivity A(·) for each student type is defined by stu-
dents’ characteristics Xl and Xh. Elasticities αq

j , j = 1, . . . ,M, q ∈ l, h are weakly decreasing
for low performers and weakly increasing for high performers, capturing the “usefulness” of
course difficulty for each type.

fq(R, Xq) = ln(A(Xq)) +
M∑

j=1

αq
j ln(rj) (9.2)

αl
1 ≥ . . . ≥ αl

M , αh
1 ≤ . . . ≤ αh

M

M∑
j=1

αq
j < 1, q ∈ {l, h}

An interior solution will satisfy these M conditions with M unknowns (r1, . . . , rM−1, λ),
where λ is the shadow price of the schools’ resource constraint Y :

r−1
j (αl

j + αk
j )− λ = 0, j = 1, . . . ,M (9.3)

Accountability policies alter schools’ optimal R. Exit exams typically focus on minimum
competency at the 9th or 10th grade levels, so they increase the importance of basic courses
for low performers (Aldeman, 2010). In other words, if the P th course covers the most ad-
vanced material on the exit exam, exit exams increase αl

1, . . . , α
l
P and decrease αl

P+1, . . . , α
l
M

for low performers. High performers’ production functions are unchanged because they are
definite graduates, so the usefulness of higher courses for college remains the same. Taking
the total derivative of the optimality conditions tells us how resources to basic courses will
change after an exit exam policy:

drj

dαl
j

=
rj

αl
j + αh

j

(9.4)

This is positive, meaning schools will shift resources from courses j = P + 1, . . . ,M to
the tested skills in courses j = 1, . . . , P . Average difficulty of high school curriculum will
decrease, with the effect focused among high performers.2

Consequential accountability also stresses minimum competency, so schools direct re-
sources to easier courses. However, schools are sanctioned under these policies if too few
students are proficient. We can think about this as making school’s resources Y dependent

2Qualitative and quantitative evidence support a shift in incentives for U.S. primary and secondary schools
in response to different types of accountability(Louis et al., 2005; Neal and Schanzenbach, 2009; Springer,
2006).
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on a consequential threshold C, ignoring high performers who are already proficient:

M∑
j=1

rj = Y

(
Pr

{
M∑

j=1

αl
j ln(rj) ≤ C

})
, j = 1, . . . ,M (9.5)

Note that C = 0 reduces this to the initial problem. We assume Y (·) is concave in rj so that
there are decreasing returns to investment in basic courses, and ∂Y/∂C < 0 so that higher
standards are harder to satisfy. The revised optimality conditions are:

r−1
j (αl

j + αk
j ) + λ

(
∂Y (·)
∂rj

− 1

)
= 0, j = 1, . . . ,M (9.6)

We are interested in how resources to course j change when C increases:

drj

dC
=
λ∂2Y (·)
∂rj∂C︸ ︷︷ ︸

?

αl
j + αh

j

r2
j

− λ∂2Y (·)
∂r2

j︸ ︷︷ ︸
+


−1

, j = 1, . . . ,M (9.7)

The second multiplicative term in drj/dC is always positive since Y (·) is concave in resources
to course j. ∂2Y (·)/∂rj∂C, however, will vary in sign depending on course difficulty relative
to the proficiency level. It will only be positive if rj helps students who are marginal to C,
so that the impact of rj on total resources Y will increase when C increases. As a result,
the school’s optimal resources to course j will increase after consequential accountability.
This framework formalizes the incentives for “educational triage”, the targeting of resources
to marginal students.3 The difficulty of high school coursework will fall for high performers
and low performers, but marginal students may benefit from the increased school pressure
to test as “proficient”.

While our model produces predictions for each student type, easier coursework has am-
biguous distributional implications for high school graduation and college outcomes. Easier
courses may lead to high school students feeling disengaged or bored, increasing the high
school dropout rate, or make high school easier to complete, increasing the high school grad-
uation rate. Since college performance is undoubtedly related to whether a student has
completed high school or obtained a GED, our simple model has ambiguous predictions for
different student types after high school. For this reason, our discussion of heterogeneous

3Reback (2008) cites a Texas elementary school teacher about consequential accountability in 2001: “[W]e
screen for those students whose scores are closest to the 70 they need to pass. . . [T]eachers receive a class
set of color-coded labels. Blue is for students who’ve excelled in previous years; green is if everything’s OK;
yellow is if scores are passing perilously close to 70; gray is if the student might slip below 70 or who have
passed one year but failed another. And red. . . is for kids who have failed a particular test for two years. We
are told to concentrate on the yellow and gray kids; the ones who are in the ‘strike zone.”’
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impacts is limited to the effects of high school accountability on the difficulty of students’
high school coursework.

Policymakers interested in college readiness may additionally wish to know how high
school accountability affected the college dropout rate or the percentage of students who
take remedial math in college. Because of their popularity as indicators for college success,
we estimate the relationship between the policies and these two outcomes in Chapter 12
using our main specification. However, we caution that these estimates inherently do not
have causal interpretations because the relevant counterfactual is undefined. For example,
in order to estimate policy impacts on the college dropout rate or rate of remedial math
coursework in college, college dropouts or remedial course-takers would be compared to
other college students. This comparison cannot be causal because the policies may change
the pool of college-goers.4

4Readers will note that our model also has implications for time to completion of college degree and labor
market outcomes, which are also of policy interest and don’t suffer from bad control problems. Here, we run
into data limitations. The relative youth of respondents in our dataset means that some people are still in
college and wages are still very noisy. It is an area of future research as more rounds of data are collected.
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Chapter 10

Empirical Strategy

We use multiple regression to model student outcomes with state-time varying treatment
variables for exit exam policies (EXAM) and consequential accountability policies (CNSQ).
Information on the timing of state policies come largely from Carnoy and Loeb (2002),
Hanushek and Raymond (2004), Dee and Jacob (2007), and Dee and Jacob (2009).1 After
2002, when No Child Left Behind went into effect, all states are defined as having conse-
quential accountability.2 Treatment is in a dosage framework, where EXAM and CNSQ is
normalized to 0-1 based on the number of years a student will be exposed to the policy in
high school.3 Our explanatory variables include state fixed effects S, birth-year fixed effects
C, Census region time trends R, and student characteristics X for student i in state s at
time t:

yist = β0 + β1EXAMst + β2CNSQst + Ss + Ct +Rst + β6Xist + εist, (10.1)

where yist represents one of our outcomes of interest and εist is an error term with mean 0.
We always cluster standard errors at the state level to address bias from serial correlation
(Bertrand et al., 2004). Census-region trends are used to account for the geographical spread
of policies.

This specification relies on the National Longitudinal Survey of Youth 1997 [NLSY97],
an ongoing yearly survey of students that began in 1997. 10 rounds of the data are used
to construct high school and college outcomes. The first round consisted of a nationally
representative sample of 6,748 students born in 1980-1984.4 We further limit the sample

1We adopt all corrections of Hanushek and Raymond (2004) that were identified by Dee and Jacob (2009).
2The No Child Left Behind Act of 2001 is so called because it was introduced to Congress in 2001. It was

signed by President Bush in 2002 and went into effect in 2002. Dee and Jacob (2009) describe how NCLB
was felt to be redundant in states with existing consequential accountability systems. Results are robust to
limiting the sample to people expected to graduate by 2002.

3See Appendix Chapter A for further information on EXAM and CNSQ. Our conclusions with respect
to directions of relationships are unchanged when we use 0/1 treatment indicators for no exposure/any
exposure.

4A total 8,984 respondents were interviewed in the first round, including a 25% oversample of minorities.
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to the 4,965 students who provided information on their high school start year, high school
state, and the highest degree they had attained by 2007.5

Our estimates of β1 and β2 are the within-state effects of 4 years of a high school ac-
countability policy on yist, controlling for national age cohort-specific shocks, individual
characteristics, and regional time trends. No NLSY97 respondents are in high school in a
state that adopts both exit exam and consequential accountability during the time period
covered, so our impact estimates must be interpreted individually. We cannot infer anything
about what would happen if a state were to adopt both policies at the same time. The
yist we examine are the difficulty of high school math curriculum, high school graduation,
college application, college preparation, and college graduation.6 The last four outcomes are
binary, so the main specification represents a linear probability model.7 A brief overview of
some definitions and sources of variables are given here, but more technical details of other
variables are provided in Appendix Chapter A. Table A.3 displays raw summary statistics
for outcome variables and select individual characteristics.

Coursework data from the NLSY97 are collected from high school transcripts when avail-
able and self reports.8 We categorize the high school math courses standardized by NLS staff
into the six levels of difficulty used in Rose and Betts (2001): “No math”, “Low Academic”,
“Mid-Academic”, “Upper-Mid Academic”, “Advanced Academic”, and “Upper-Advanced
Academic”. These difficulty levels are coded in as “0”, “1”, . . . , “5” from “No math” to
“Upper-Advanced Academic”. Each difficulty level corresponds to a grouping of similar
courses that are worth a Carnegie unit.9 One can thus interpret this categorization as repre-
senting progressive years of math in high school. Table A.1 describes the mapping of courses
into these categories, and Figure A.1 shows that the distribution of math difficulty for high
school completers and GED-attainers first-order stochastically dominates the comparable
distribution for high school dropouts without GEDs.

The individual characteristics included in Xist are race, sex, log household income in 1997,
indicators for parents’ highest education degrees, last recorded student-teacher ratio in high

5Of the initial sample with 6,748 students (100%), 282 (4%) are missing information on high school
start year. An additional 542 respondents are missing information on high school state (8%), and 959 more
(16%) are missing highest degree information. Approximately 1/3 of the respondents missing highest degree
information are missing this variable because they were too sick to complete the interview or were deceased.

6Because we are testing the effect of the same independent variables on multiple related outcomes, there
is a higher probability that we will find a statistically significant effect. We address the problem of multiple
inference using a summary index of outcomes in Chapter 12.

7The percentage of our linear models’ predictions falling outside 0 and 1 are small, and re-estimations of
marginal effects using logistic models yield similar conclusions. Estimates for linear models are presented
for ease of interpretation. Nonlinear results are available upon request in a supplementary data appendix.

8The NLS undertook a major data collection effort of high school course catalogs and course definitions to
map individual high school’s course names to the course listings in the Standardized Secondary Taxonomy.
We take this opportunity to thank them again for this effort, without which this research would not be
possible.

9A Carnegie unit is a standardized measure of course credit representing material presented in one aca-
demic year.
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school, and 1990 county-level characteristics that were gathered by NLS staff from Census
data.10 Lagged county variables are used to capture past neighborhood influences. We
control for: (natural log) of county population in 1992, percentage of the county population
between 18 and 20 years old in 1990, percentage of the county population with high school
degrees in 1990, percentage of the county population with college degrees in 1990, and the
county household poverty rate in 1990.

To examine heterogeneous impacts on the difficulty of students’ high school math, we
use respondents’ scores on the Armed Services Vocational Aptitude Battery [ASVAB]. The
NLSY97 administered the ASVAB to about 80% of all respondents in 1997 and 1998.11

The standardized ASVAB test score is referred to as the Armed Forces Qualification Test
[AFQT] and has a long history as an ability or academic achievement proxy in economics.
Unfortunately for this analysis, 60% of our estimation sample was already in high school
when they took ASVAB. Because we expect accountability policies to change schooling, the
older respondents’ aptitude scores may be “tainted” by accountability policies. With the
40% of our estimation sample that has pre-high school measures of ability, we regressed
AFQT score on respondents’ characteristics (age, sex, parents’ education, lagged county
characteristics), then used the estimated coefficients to generate a predicted AFQT for the
rest of the NLSY97. Students were divided into quartiles based on predicted ability and our
main specification was estimated within each quartile.

10.1 Specification Checks

Identification in our empirical strategy is based on the exogeneity of the timing of state
reforms, conditional on the controls in our preferred specifications. If other factors drive
both the measured outcomes and the timing of reforms, the impact estimate is no longer
valid. Specifically, consider the following separation of the error term in our specification

10Estimates do not incorporate weights to account for students who are missing data. DuMouchel and
Duncan (1983) show that, under the assumptions of linearity and homogeneous treatment effects within
strata, ordinary least squares estimators are consistent and efficient when controls are included for the
variables defining survey strata. The NLSY97 was stratified along race, sex, and age. Findings could be
biased if higher-performing students are proportionally more likely to be missing these data in states who
adopt accountability policies earlier. Evidence indicates that this is not the case: people who are dropped
for missing data reasons from the estimation sample are neither more likely to have attended high school
in a policy state nor to have repeated a grade prior to high school. Estimations include observations with
missing values for household income and parents’ education by interacting each of these variables with race,
age, and sex, then including these interactions in the main specification. This allows the specification to
control for household income and parents’ education along the missingness dimensions of race, age, and sex
with limited bias (Puma et al., 2009).

11For more details on ASVAB, see Appendix Chapter A.
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into a state-varying component and an individual-varying component.

yist = β0 + β1EXAMst + β2CNSQst + Ss + Ct +Rst + β6Xist + εist (10.2)

εist = νst + ηit (10.3)

Fixed effects for high school state and birth year pick up additively separable time-
invariant state characteristics or national time-varying characteristics, while regional time
trends will absorb linear geographical patterns over time. Since the accountability policies
are adopted at the state level, we first attempt to reject conditional exogeneity of νst, which
includes state-time varying characteristics such as pupil:teacher ratios and unemployment
rates that could be related to state education policy and students’ outcomes.

Warren and Kulick (2007) discuss five explanatory frameworks for why states might im-
plement exit exams: low education spending, low academic achievement, racial inequalities in
public schooling, poor economic conditions, and geographic location.12 Of these frameworks,
they find that racial heterogeneity and unemployment rates are correlated with state timing
of exit exam policies.13 Dee and Jacob (2009) recently contributed support for the condi-
tional exogeneity of consequential accountability policies by comparing state-time varying
characteristics across states with and without these policies, controlling for the independent
variables in their ultimate specification. They find no statistically significant relationships be-
tween state timing of consequential accountability policies and the state poverty rate, median
household income, employment ratios, demographic characteristics, and poverty proxies.

Using a similar approach, we will use state-level data to regress potentially confounding
factors on the same state- and year-level structure of our main specification (Eq. 10.1):
indicators for accountability policies, state fixed effects, year fixed effects, and regional time
trends with standard errors clustered by state.14 If this specification correctly removes unob-
servable factors that jointly determine states’ accountability policies and student outcomes,
then it should also remove relationships between states’ accountability measures and observ-
able factors that are potentially confounding. A lack of statistically significant relationships
between the accountability policy indicators and the potential confounders would support
conditional exogeneity of the accountability measures in our preferred specification.

12Warren and Kulick (2007) hypothesize that racial inequalities in public schooling could motivate exit
exams because they serve as highly visible, standardized assessments spanning all of the state’s school dis-
tricts. Poor economic conditions could make policymakers anxious to boost the competitiveness of students
by changing education policy without drastically increasing spending. Finally, policymakers in neighboring
states may feel pressure to adopt similarly high-profile policies to appear proactive about education.

13Teachers’ unions were not addressed as a potential influence on education policy and students’ outcomes
in Warren and Kulick (2007). We were unable to find direct measures of the relative strengths of teachers’
unions by state, but several of the characteristics we examine should correlate with union presence.

14We also performed regressions of the potentially confounding variables on exit exam policies and conse-
quential accountability separately, plus state fixed effects, year fixed effects, and regional time trends with
standard errors clustered by state. Coefficients on the different accountability policies remained statistically
insignificant. Results are available from author by request.
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We compiled the following potential confounders based on Warren and Kulick (2007)
and Dee and Jacob (2009): total expenditures per student, pupil:teacher ratio for primary
school students, pupil:teacher ratio for secondary school students, fraction of incoming 9th
graders to outgoing high school diplomas, fraction of incoming 9th graders to GED-attainers,
percentage of non-Hispanic whites, and unemployment rate. These state-time varying char-
acteristics were gathered from the Common Core of Data [CCD], Local Area Unemployment
Statistics [LAUS], and Census population estimates.15 We use all of the available CCD data
(1986-2007) to maximize statistical power and include policy changes before the NLSY97
period. Socioeconomic data were obtained from LAUS and the Census for the same time
period.

Table B.1 shows the estimated coefficients on accountability measures for all tested state-
time characteristics to demonstrate that this is not the end-product of data-mining. These
include variables such as levels of students in different grades, the overall pupil:teacher ra-
tio across public school students, and non-tuition instructional expenditures. Many of our
initially chosen variables did not have statistically significant relationships with the account-
ability policies, but we continued to modify their definitions to reach variables that best cor-
responded with our reasoning about policy motivators. For example, we initially examined
pupil:teacher ratio over all students before realizing that the pupil:teacher ratio separated by
primary school and secondary school were better measures for our purposes.16 There are no
large, statistically significant relationships between adoption of accountability policies and
the state-time characteristics most prominent in the previous literature. This is support for
the conditional exogeneity of policy timing to νst.

As a robustness check, the main specifications using the NLSY97 were estimated while
including these state-time varying characteristics as additional covariates. Our conclusions
are robust to the inclusion of these state-time varying characteristics, and the estimates
are available upon request. For the linear probability models we estimate, the inclusion of
state-time varying characteristics changes the point estimate by no more than 0.006. The
estimates discussed in the following section are based on our initially preferred specification
that excludes these state characteristics.

The individual-time varying component of the error term, ηit, contains factors that may

15The CCD is an annual survey of state education agency officials that collects information about all public
schools, districts, and state education agencies in the United States.

16We first looked at total expenditures per student, the average pupil:teacher ratio, the number of diplomas,
and the number of GEDs per state and year. From this set, we found that consequential accountability had a
statistically significant relationship with a state’s number of diplomas. For pupil:teacher ratio, we separated
elementary and secondary school ratios since primary schools and secondary schools are often addressed
separately in public policy. Finally, we realized that the raw number of GEDs or diplomas was irrelevant as
it meant we were most likely observing within-state differences in population growth. We instead wanted
more of a rate that reflected high school turnover, so we made our high school diploma and GED measures
into ratios of current 9th graders. We examined non-tuition instructional expenditures, which includes
teacher salaries, but do not consider it a true confounder since consequential accountability policies formally
change the distribution of education expenditures.
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determine individuals’ selection into policy-adopting states and their educational outcomes.
Because of the inclusion of state fixed effects and birth year fixed effects, the main concern
is that high school students in states when an accountability policy was adopted would have
been less college-ready, even without the policy, than previous cohorts in the same state. For
example, if parents whose children are high performers like to move to other states when
they believe consequential accountability will be enacted in the future, then accountability
policies will falsely seem to have lowered the college readiness of children who remain in the
state.17

To identify whether this is the case, we appealed to the AFQT scores of students who
took the ASVAB test before high school. As proxies for academic ability, the AFQT may
capture unobservable characteristics of students and parents that could confound the main
specification. If these untainted scores are strongly negatively related to whether they went
to high school in a policy-adopting state, estimates are unlikely to be causal. Since the
variation in policies occurs at the state-level for few cohorts, t-tests have low statistical
power and attention should be directed toward the magnitude of coefficients. Because over
86% of the people who took the NLSY97 prior to high school in 1997 were born in 1983 or
1984, we exclude birth-year fixed effects and regional time trends. The coefficient estimates
for this specification check are given in Table B.2. These sample restrictions will be relaxed
when examining treatment effect heterogeneity, where we will use pre-high school AFQT
scores to predict AFQT scores for everyone.

We do not find a statistically significant relationship between pre-high school AFQT and
either of the two policies, but the AFQT has a negative relationship with state adoption of
consequential accountability (-3.48, st. err.: 3.05). There is a small, positive relationship
between pre-high school AFQT and exit exams. The coefficient of -3.48 is not large, consid-
ering that AFQT has a fairly flat distribution from 0 to 100 (Figure A.2), and we do not
believe this strongly rejects conditional exogeneity of policy timing to the individual-time
varying error component.

Based on this as well as the evidence that there are no statistically significant relationships
between potential state-time and individual-time varying confounders, we find support that
the following results are possibly measuring causal impacts of high school accountability.

17Individual selection across public/private schools is discussed in Chapter 12.
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Chapter 11

Results

In interpreting the estimation results, it is important to recall that the policy impact
estimates can only be interpreted individually because no NLSY97 respondents were in high
school when his or her state adopted both exit exam and consequential accountability poli-
cies. Tables C.1-C.7 contain our results for the overall population. The tables show how the
impact estimates for the two types of policies change as controls are added piecewise and
omit coefficient estimates for student, county-level, and state indicators for space reasons.1

In general, being white or having higher household income has positive, statistically signifi-
cant relationships with our measures of college readiness, with exceptions occurring for the
outcome of college application.

11.1 Effects of Exit Exams

We confirm our prediction that exit exams decrease the difficulty of high school curriculum.
Holding our other explanatory variables constant, exit exams lowered the difficulty of stu-
dents’ hardest math course by -0.34, statistically significant at 1% with a standard error of
0.10 (Table C.1). This can be viewed as a loss of 1/3 of a Carnegie credit over 4 years of
policy exposure, or approximately 3 months of course time. This estimate is in line with
anecdotal evidence of schools that provide one-semester (0.50 Carnegie unit) courses to help
prepare students for the exit exam.2 Within predicted AFQT quartiles in Table C.2, exit ex-
ams have a small and statistically insignificant positive impacts in the bottom two quartiles.
The point estimates within the top two quartiles are of similar magnitude, approximately
-0.40, but only the third-quartile estimate is statistically significant at the 10% level (st. err.:
0.21). This is consistent with our hypothesis that the college readiness of high performers
would decrease more than that of low performers.

1The complete set of coefficients are available in a supplementary data appendix.
2For example, San Diego County offers semester-long math courses specifically to prepare students for

California’s exit exam (San Diego County Office of Education, 2009).
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Exit exam policies had a statistically insignificant impact on high school graduation,
although the point estimate is negative (-0.05). Looking at the outcome of receiving a high
school diploma or obtaining a GED, we also find a statistically insignificant impact of -0.05.
This evidence does not support that students substitute away from high school diplomas
toward GEDs because of exit exam policies. This is unsurprising since both the exit exam
and the GED test basic material, and there is no reason to believe that students who leave
high school because of exit exams would find the GED any easier to complete.

Beyond high school, exit exams have a statistically insignificant impact on application
rates to college (-0.07) and a statistically significant impact on college preparation (-0.13, st.
err.: 0.03). Noting that college preparation could decline because of decreased enrollment or
increased remediation, the impact estimate for college application implies that exit exams
also induced more college-goers to take remedial math. These estimates are sizable given that
approximately 39% of 18-24 year olds enrolled in degree-granting institutions in 2007, and
72% of freshmen at public post-secondary colleges in 20003 did not enroll in remedial courses
(National Center for Education Statistics, 2004). Despite the increase in the proportion of
people who must take remedial courses in college, we do not find a statistically significant
impact of exit exam policies on the proportion of students who complete college by age 23.
Interestingly, however, our point estimate of -0.08 is similar to our estimated impacts on
high school graduation and college application.

11.2 Effects of Consequential Accountability

Consequential accountability has statistically significant, negative impacts on the difficulty
of high school math curriculum (-0.14, st. err.: 0.06), high school completion (-0.07, st.
err.: 0.02), and college preparation (-0.09, st. err.: 0.03). All else constant, a student with
four years of high school in a state with consequential accountability is expected to earn
about 1/5 less of a Carnegie credit in math. None of the estimates within predicted-AFQT
quartiles are statistically significant at 5%, but the estimates within the lowest, highest,
and 2nd-highest quartiles are statistically significant at 10%. The smallest impact within
a quartile of predicted AFQT is -0.04 (2nd quartile). This corresponds to our model if the
2nd quartile captures most of the students who are marginal to the school’s rating. We
predicted a positive impact on this group, but we are dividing students into crude categories
that cannot a priori distinguish marginal and non-marginal students.

The estimated -7% impact on high school completion is large relative to the national
graduation rate of approximately 77%4 (Heckman and LaFontaine, 2010a). Another way
to view the magnitude of this coefficient is by comparing it to the difference between the
graduation rates of whites and blacks. Using Census data from 1994-1998, Heckman and

3NCES commissioned a special report on remedial education in 2000. More recent figures could not be
found.

4Heckman and LaFontaine (2010a) find that this rate has been relatively constant over the past 3 decades.
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LaFontaine (2010a) estimate the graduation rates of whites and blacks to be 81% and 61%,
respectively. Thus, the estimated effect of consequential accountability on high school grad-
uation is roughly 1/3 of the graduation gap.5

The impact of consequential accountability on the likelihood of getting a high school
diploma or a GED is also statistically significant at -0.05 (st. err.: 0.02).The difference
between the estimated impacts on high school completion and high school graduation is not
statistically significant.6 To the extent that the impact estimate for high school completion or
GED attainment is smaller than for the outcome of completion alone, there is weak evidence
that consequential accountability induced some students to take the GED instead of earning
a high school diploma.

As with exit exam policies, the decrease in college preparation is not reflected in lower
college graduation rates by age 23. The effect of consequential accountability (-0.03, st. err.:
0.02) is smaller than the estimated effect of exit exams (-0.07, st. err.: 0.05), in line with
exit exams also having larger impacts than consequential accountability on the difficulty of
students’ high school math and college preparation.

5This finding is not driven by the linear functional form assumption. Using a logistic regression, the
marginal effect of consequential accountability at the mean individual characteristics is -0.06 with a standard
error of 0.02.

6Statistical significance was determined by using an indicator for GED attainment as the dependent
variable in the main specification, then observing that the policy variables were statistically insignificant.
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Chapter 12

Concerns

We discuss some validity checks of the interpretation of our results here: nonresponse
bias, positive sorting into private schools as a result of accountability policies, correlated
state accountability policies, and higher Type I error due to multiple inference.

12.1 Non-Response Bias

Some students and parents do not participate in the NLSY97 every year. Most of our
variables are unaffected by this type of nonresponse because NLSY97 elicits event histories
in subsequent interviews. However, about 15% of our estimation sample is missing household
income, student-teacher ratio, AFQT score, or parents’ education. Missing household income
and parent education observations are especially worrisome because they are likely due to
parents being unavailable in the first round. AFQT scores are most likely missing because
students did not provide consent for the ASVAB, while student-teacher ratio data may be
more likely to be missing for students in new or rural schools.1

To avoid selection bias from nonresponse, we effectively generate and control for the con-
ditional means of non-respondents’ characteristics. We replaced the missing values with zeros
and created indicators of missing values of each variable. These indicators were interacted
with race, age, and sex individually to allow for systematic differences along the NLSY97’s
sampling dimensions. This approach is likely to be appropriate since race, age, and sex are
predetermined factors (Puma et al., 2009). All reported regressions include these indicators
and interactions.2

Non-response bias can also be measured by using other longitudinal datasets with full
response, but no individual-level education dataset has 100% compliance. Instead, we use

1The student-teacher ratio information comes from Quality Education Data, a private data source ac-
quired by NLS.

2Signs and magnitudes of statistically significant impact estimates from our main analyses are not mate-
rially different from estimates based on only the full-data observations. Results for the limited sample are
available upon request.
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state-level data from the Common Core to examine high school graduation rates over time.
Official graduation statistics by the Institute of Education Science for a given year and state
are calculated based on the state’s counts of diploma recipients in that year, eighth graders
four years ago, ninth graders three years ago, and tenth graders two years ago. Ungraded
students in a state are distributed randomly across grades in states’ official statistics but are
ignored in this paper.

Using the same Common Core counts used by IES, we constructed state-year gradua-
tion rates and merged them with NLSY97 students who had started high school three years
prior. With the state-year graduation rate as a dependent variable in our main specification,
there was a statistically significant negative impact estimate of consequential accountability
on high school graduation (-0.03, st. err.: 0.01). The impact of exit exams on high school
graduation was -0.02 with a standard error of 0.02. These estimates may be lower than
those from longitudinal data for several reasons and should be considered lower bounds. In
particular, the presence of measurement error in state-level data due to definitional issues,
migration, and grade repetition is well known. Because of previous research on grade reten-
tion due to NCLB, there is reason to suspect increased grade retention in the ninth grade
in states with consequential accountability. If this were the case, policy adoption would be
followed by an initial decrease in graduation rates and then a spurious increase as grade-
repeaters completed high school. We are encouraged by the sign and magnitude of results
from Common Core Data in comparison to NLSY97 data.

12.2 Positive Sorting into Private Schools

Our analysis included an indicator for public high school students because private schools
have different funding sources that can give rise to potentially different priorities. Account-
ability policies could also drive higher-ability students to private schools. If this were true, the
decline we see in college readiness could simply reflect compositional change. We examined
this possibility by looking at the public and private school students who took the ASVAB
exam before high school. An indicator for students’ high school status (0/1: private/public)
was regressed on the accountability policies and our full set of explanatory variables. We
found that accountability policies did not have statistically significant relationships with
school status at a significant level of 10%. Their relationships remain statistically insignifi-
cant at 10% when we add pre-high school AFQT score as an explanatory variable.3

However, this analysis is based on students who took the ASVAB prior to high school.
There may be compositional differences of ASVAB-takers across school types that lowers
the average measured ability of students in private schools. For example, high-ability pri-
vate school students could be less likely to take the ASVAB than high-ability public school
students. We cannot examine the ability levels of non-ASVAB takers, but we fail to reject

3The coefficient on AFQT is positive, the opposite sign expected if students with higher ability system-
atically left public schools as a response to accountability policies.
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equality of ASVAB-taking rates across private school and public school students. The differ-
ence ranges from 1% to 3% depending on the sample restrictions we use, e.g. students have
information on highest degree in 2007. These findings do not support positive selection into
private schools when accountability policies are implemented.

Charter schools also gained momentum in the late 1990s and early 2000s. Sorting into or
out of charter schools is not accounted for in our estimates because we treat them as public
schools. While charter schools do not face the same oversight or restrictions as traditional
public schools, they operate with public funds and must not discriminate in admissions.
Furthermore, many states also have restrictions on the number of charters allowed.

Another observation might be that students who perceive easier high school curriculum
could transfer to different public schools, and competition among high schools should keep
curriculum difficulty at an optimal level. We do not find this plausible in light of the growing
evidence that even elementary schools, which vastly outnumber secondary schools, are able
to conduct educational triage (e.g. Figlio and Getzler (2002)). For example, in 1997, there
were 89,508 elementary schools for 34.2 million enrolled students versus 21,682 secondary
schools for 15.1 million enrolled students (National Center for Education Statistics, 2009).
Further, 77% of school districts have one public high school (U.S. Department of Education,
2009).4

12.3 Correlation of Policies

If our policy variables are correlated with each other and other regressors, our estimates
of β1 and β2 will be less likely to be statistically significant individually (Altonji, 1995).
We estimated our main specifications and specification for each policy separately but our
conclusions do not change.

12.4 Multiple Inference

While the reported t-statistics and p-values are individually correct, the probability that
at least one impact estimate is statistically significant increases in the number of examined
outcomes. To address this multiple inference problem, we use a summary index of college
readiness that standardizes and pools our outcome measures into an index ȳist (Anderson,
2008; Karlan and Zinman, 2008; Liebman et al., 2004). With this approach, Type I error is
unaffected by the number of outcomes in ȳist.

First, we define the control group as students who went to high school and were never
exposed to an exit exam or consequential accountability. We subtract the mean of the control
group’s outcomes from each outcome variable and divide by their standard deviation. Then,

4Also, many states have restrictions on the number of charter schools allowed, and much of the growth
in charters took place after 2001, when most of the NLSY97 students had already completed high school.
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we obtain the index by averaging the standardized outcome measures. Exit exams and
consequential accountability have negative, statistically significant impacts on our summary
index of college readiness at a significance level of 5% (Table D.1). This suggests that the
impacts we are finding are not driven solely by multiple inference.

12.5 Descriptive regressions

Policymakers may be interested in the relationship between accountability measures and the
likelihood of taking remedial math in college or dropping out of college for students who are
attending college. It is not possible to estimate causal impacts of high school policies on
these outcomes, but we explored their relationships. After estimating the same regression
models from our main specifications, we find no statistically significant correlations between
accountability policies and these particular outcomes (Tables D.2, D.3).
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Chapter 13

Conclusions

Using a detailed student-level panel dataset, we examined the impacts of high school
exit exams and consequential accountability policies on measures of college readiness. This
research contributes to the literature on the impacts of accountability, taking into considera-
tion that high schools and teachers may respond to policies that raise minimum competency
by taking resources away from advanced courses. Building our knowledge about this topic is
essential for increasing educational attainment and the quality of education for all students.

Our major finding is that high school exit exams and consequential accountability de-
crease several dimensions of college readiness. The difficulty of high school coursework and
the likelihood of attending college without remedial coursework has decreased as a result of
high school exit exams and consequential accountability policies. We additionally find that
consequential accountability had negative impacts on high school completion.

To examine heterogeneity of policy impacts on high school math difficulty, we also pre-
dicted measures of pre-high school ability estimated our main specifications within ability
quartile. Our within-quartile regressions imply that exit exam policies seemed to decrease
curriculum difficulty for the top two quartiles while consequential accountability decreased
curriculum difficulty for all but the 2nd quartile.

These findings lend support to our model of high school response to accountability poli-
cies, where a crucial assumption is that the policies emphasize basic proficiency. Policy
alternatives to minimum-competency assessments could be based on raising testing stan-
dards, using a wider range of assessment tools such as school attendance and critical think-
ing, and implementing reward-based initiatives such as Race to the Top. Another driver
of our model’s predictions is that schools help students whose educational attainment are
threatened by accountability policies. Using reward-based policies that acknowledge the
complexities of heterogeneous student performance would decrease school incentives to tar-
get specific groups at the expense of others.
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Appendix A

Technical Variable Definitions

Categorizing Math Course Difficulty: Altonji (1995) arguably began the literature on
the labor market impacts of high school curriculum. Altonji (1995) argues that math courses,
as opposed to English or history courses, are the most appropriate measure of curriculum
difficulty. He points out that the course content of math classes is more comparable across
schools than other course types. Further, curriculum across subjects is highly correlated,
so math courses can proxy for other subjects. We follow his approach by focusing on math
coursework. More recent papers that focus on math are Levine and Zimmerman (1995),
Rose and Betts (2004), Goodman (2009), and Aughinbaugh (2009).

As with the NELS88, the NLSY97 collected high school transcripts in addition to stu-
dents’ self-reports of their math courses. 3% of respondents do not provide either transcripts
or self-reports of coursework. Listed courses for the 6,232 respondents (69%) with transcripts
were translated by NLS staff into standardized course offerings fitting the revised Secondary
School Taxonomy [SST]. For students without transcript data, we used self-reported course
data, which was elicited in “Yes/No” questions using most of the same course terms as SST.
Aughinbaugh (2009) shows that the distribution of students’ highest math courses does not
change when using transcript data versus self-reports in the NLSY97. The mapping of stan-
dardized SST courses into the Rose-Betts framework is shown in Table A.1.

College Preparation: Our measure of college preparation is whether a student attended
college without taking remedial math (“1”). By examining non-remedial post-secondary
coursework, the comparison group consists of people who either took remedial courses or
did not further their education (“0”). As a result, this indicator measures advancement
into post-high school education. If we simply examined whether students took remedial
coursework after high school, the comparison group would consist of students who went to
college without taking remedial coursework as well as students who never went to college.

The NLSY97 elicitation for remedial coursework asks whether a student took a course,
not whether it was completed. A fault with the measure we use is that it assigns a value of
“1” to students who go to college unprepared but either drop out before they take remedial



APPENDIX A. TECHNICAL VARIABLE DEFINITIONS 66

Table A.1: Mapping of math courses in the NLSY97 to the Rose-Betts’ framework of course
difficulty.

No math No math
Low academic General, Consumer, Pre-Algebra, Occupationally-Related,

or less than 1 credit of “Unified Mathematics”
Mid academic Algebra I, Geometry,

or 1-2 credits of “Unified Mathematics”
Upper-mid academic Less than 1 credit of “Algebra 2 through Pre-Calculus”,

or at least 2 credits of “Unified Math”
Advanced academic At least 1 credit of “Algebra 2 through Pre-Calculus”,

at least 3 credits of “Unified Mathematics”, or
“Advanced Mathematics, Other”

Upper-advanced academic Calculus or “Advanced Mathematics, AP/IB”

Note: “Credit” refers to a Carnegie credit, a standardized measure for a course meeting 1 hour per weekday
for an academic year.

Figure A.1: Respondents’ highest math course by ultimate educational attainment status.

Note: Data for 8,686 respondents with transcripts or self-reports of math courses.
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courses or attend a college without a math requirement. We believe this measure is still
informative, however, because the number of students who attend a college without a math
requirement is likely to be small, and remedial coursework is often required early in college.

College Application: Our measure of college application is derived from yearly self-reports
of ever applying to a 2- or 4-year college. Our variable takes on the value “1” if a respon-
dent ever said “yes” to one of these questions. Non-applicants thus include respondents who
pursue postsecondary education at postsecondary institutions that have open-door policies
or otherwise do not require applications for attendance, such as junior colleges. This is ac-
ceptable because graduating from such institutions is not the preferred policy outcome to
graduating from a 4-year college.

College Graduation: College graduation is defined as “1” if respondents earned a 4-year
college degree within 23 years of their birth year.

Accountability Policies: Data on high school exit exams largely come from Dee and Ja-
cob (2007). Their information was updated through 2008 for Arkansas, Arizona, California,
Idaho, and Washington based on Center on Education Policy (2007). Our original source of
data on consequential accountability was Hanushek and Raymond (2004), who limit their
published information to states participating in the National Assessment of Educational
Progress [NAEP]1. This excludes Alaska, Iowa, Idaho, Illinois, New Hampshire, New Jersey,
Ohio, Pennsylvania, and South Dakota. Based on Dee and Jacob (2010), Bowers (1989),
and 19 Action News (2009), we include Illinois, New Jersey, and Ohio as having consequen-
tial accountability starting in 1992, 1988, and 1999, respectively. Based on Carnoy and
Loeb (2002), we exclude the other non-NAEP states as having consequential accountability
through 2001. From Dee and Jacob (2009), we learned that Alaska instituted consequential
accountability in 2002 and there were four discrepancies in the published timing of conse-
quential accounting in Hanushek and Raymond (2004). We adopt their corrections for all
states and years (Connecticut, New Mexico, North Carolina, and Tennessee). This leaves us
with two differences from Dee and Jacob (2009), the classification of New Jersey and Ohio
as having consequential accountability prior to No Child Left Behind.

A student is considered to be “treated” by an accountability policy if his last high school’s
state adopted the policy within 4 years of the student entering high school. For example,
9th graders in a state that just implemented an exit exam are coded as being impacted by
the legislation, along with students who started high school three years ago but dropped out.
This is reasonable since the actor of interest is the high school, and its pool of resources covers
coursework from 9th grade to 12th grade.We use a dosage framework because students in

1NAEP administers the only nationally representative, standardized exam of basic skills in the United
States. NAEP test scores for participating states are published every year for fourth graders, eighth graders,
and tenth graders.
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Table A.2: State Accountability Policies

Year Exit Exam Consequential Accountability
1990 or Before AL, DE, FL, GA, HI, NJ

MD, MI, NV, NJ, NM,
NY, NC, SC, TN, TX

1991 LA
1992 DE* IL
1994 OH TX
1995 IN, KS, KY
1996 VA NC, NV, OK
1997 AL, RI, WV
1998 DE, MA, MI, NM, NY
1999 HI* AR, CA, CT, FL, ID,

LA, MD, OH, SC, VT
2000 IN, MN GA, OR, TN
2002 All (NCLB)
2003 MA All (NCLB)
2004 AK, AR All (NCLB)
2006 AZ, CA, ID All (NCLB)
2008 WA All (NCLB)

Note: Sources include Hanushek and Raymond (2004); Dee and Jacob (2007); Center on Education Policy
(2007); Indiana Department of Education (2010); Kintisch (2010); Dee and Jacob (2010); Bowers (1989);
19 Action News (2009); Carnoy and Loeb (2002); Dee and Jacob (2009). Exit exams are classified by the
first affected graduating class. Consequential policies are listed by calendar year. States with asterisks
reinstituted policies.
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earlier high school grades at the time of policy adoption are exposed to more years of changed
school behavior than are students in later high school grades, and the differential treatments
should change the expected outcome. Specifically, we code the policy variable in a policy-
adopting state as “1” for students in 9th grade at the time of policy implementation, “0.75”
for students in 10th grade, . . . , and “0.25” for students in 12th grade at the time of policy
implementation.

Assigning NLSY97 respondents to states by their high school location is straightforward
for most NLSY97 respondents, but some students migrate across state lines during high
school. In such cases, high school state is defined as the state of their last recorded high
school. This is reasonable since the student’s graduation outcome is observed by the final
high school. Our ability to control for time-invariant state characteristics based on final
high school state is an improvement on the literature, which has often matched policies to
students’ state of birth.

Table A.3: Summary statistics by accountability policy.

Overall Exit Exam Consequential
% of Students 100 51 63
% Female 51 52 51
% Black 24 32 25
% Hispanic 20 17 23
% High school Math: None 0 1 1
% HS Math: Low 7 5 7
% HS Math: Mid 26 25 26
% HS Math: Upper-Mid 33 32 33
% HS Math: Advanced 23 26 22
% HS Math: Upper-Advanced 11 11 11
% Applied to College 28 30 33
% Non-remedial College 44 45 43
% BA and above in 2007 25 23 26

Note: Sample is based on NLSY97 respondents from the nationally representative sample who had data on
highest degree in 2007, high school start year, and high school state.

Measuring Student Ability: The ASVAB uses computer-adaptive testing to adjust the
difficulty of upcoming questions for the student’s performance on past questions. As a re-
sult, raw scores from the ASVAB are not interpretable. To generate a standardized score,
NLS staff created a summary percentile score using a procedure similar to the Department
of Defense’ Armed Forces Qualifications Test [AFQT] score (also calculated from ASVAB),
so we refer to this variable as “AFQT”. Specifically, NLS staff assigned percentiles for the
ASVAB subtests on “Mathematical Knowledge”, “Arithmetic Reasoning”, “Word Knowl-
edge”, and “Paragraph Comprehension” within weighted three-month age cohorts. AFQT
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varies in value from zero to 100. Figure A.2 presents the distribution of AFQT scores for
students who took the ASVAB before high school.

Readers familiar with the NLSY97 will recognize that respondents provided self-reports
of average grades received in 8th grade. We examined the data and decided not to use
8th grade performance as a measure of ability because grades are not given for specific
subjects or courses. As a result, high grades could be due to placement in easy courses. As
a preliminary check, we examined the mean AFQT score within self-reported average letter
grade for students who took the exam prior to high school. If letter grades are an appropriate
proxy for the AFQT, which is itself a proxy for academic ability, the mean AFQT would
increase monotonically by self-reported average letter grade. We do not find this to be true
in the main estimation sample or the sample of students with pre-high school AFQT scores.

Figure A.2: Distribution of AFQT Scores.

Notes: Sample is students who had data on high school start year, took the ASVAB test prior to starting
high school, and had data on highest degree in 2007.
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Appendix B

State-Time Characteristics and Policy
Adoption
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Table B.1: Relationships between state characteristics and accountability policy adoption.

Coefficients
Dep. Var: State Characteristic Exit Exam Consequential Obs R2

Total Expenditures per Student ($) 106.06 97.3 950 0.96
[149.89] [104.91]

Instructional Exp. per Student ($) 88.04 119.14 1,050 0.97
[60.09] [39.69]**

Pupil:Teacher Ratio 0.11 -0.09 400 0.96
[0.23] [0.13]

# Elementary students 2,977.28 869.37 1,100 0.97
[1,880.95] [1,007.00]

# Secondary students -352.13 -1,567.14 1,100 0.96
[1,935.69] [1,139.40]

Elementary Pup:Tchr Ratio -0.63 -0.19 1,098 0.78
[0.63] [0.26]

Secondary Pup:Tchr Ratio 0.42 -0.04 1,098 0.82
[0.50] [0.24]

# Diplomas -829.43 -1,787.61 1,045 0.98
[2,496.66] [1,206.63]

9thGraders/Diplomas 0.00 0.00 1,045 0.85
[0.01] [0.01]

# GEDs 501.13 -179.78 841 0.76
[576.52] [770.95]

9thGrade/GEDs 9.82 48.26 836 0.11
[15.89] [32.18]

% Non-Hispanic Whites 0.00 0.00 1,100 0.99
[0.01] [0.01]

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%; ** significant at
1%. There are fewer observations for the “pupil-teacher ratio” variable because CCD requests this directly
from states for only the period 1994-2001. However, counts of elementary and secondary school teachers
and students are gathered every year, so we are able to generate many more observations for our created
elementary and secondary pupil-teacher ratios. State characteristics are regressed on state fixed effects, year
fixed effects, and regional time trends.
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Table B.2: Relationships between pre-high school AFQT scores and state accountability
policies.

Dep. Var: Pre-HS AFQT Coefficients
Exit Exam 0.40

[11.00]
Consequential -3.48

[3.05]
Observations 1,718
R-squared 0.34

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%; ** significant at 1%
. Pre-high school AFQT scores are regressed on state fixed effects, individual characteristics, and county
characteristics.
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Appendix C

Impacts of Accountability

C.1 Difficulty of High School Math Curriculum

Table C.1: Impacts of accountability on difficulty of high school coursework.

yist: Highest Math (1) (2) (3) (4) (5)
Exit Exam 0.13 -0.37 -0.26 -0.28 -0.34

[0.09] [0.08]** [0.09]** [0.09]** [0.10]**
Consequential 0.02 0.01 -0.16 -0.15 -0.14

[0.05] [0.06] [0.06]* [0.06]* [0.06]*
State FE X X X X
Individual char, Birth-year FE s X X X
County covariates X X
Regional Trends X
Observations 4,965 4,965 4,965 4,965 4,965
R-squared 0.00 0.04 0.20 0.21 0.21

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%, ** at 1%. Sample is
students who have data on highest degree in 2007, high school start year, and high school state.
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Table C.2: Estimates of accountability impacts on student’s highest level of math in high
school, by quartile of predicted AFQT.

Estimates by ̂AFQT Quartile
yist: Math Difficulty 1 2 3 4
Exit Exam 0.04 0.00 -0.41 -0.40

[0.37] [0.30] [0.21] [0.30]
Consequential -0.20 -0.03 -0.20 -0.27

[0.10] [0.11] [0.11] [0.15]
Observations 1,241 1,242 1,241 1,241
R-squared 0.21 0.16 0.18 0.17

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%, ** at 1%. Sample is
students who have data on highest degree in 2007, high school start year, and high school state.
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C.2 High School Graduation

Table C.3: Impacts of accountability on high school completion.

yist: High School Completion (1) (2) (3) (4) (5)
Exit Exam -0.02 -0.14 -0.05 -0.05 -0.05

[0.02] [0.03]** [0.04] [0.04] [0.04]
Consequential -0.04 -0.07 -0.07 -0.07 -0.07

[0.01]** [0.02]** [0.02]** [0.02]** [0.02]**
State FE X X X X
Individual char, Birth-year FE X X X
County covariates X X
Regional Trends X
Observations 4,965 4,965 4,965 4,965 4,965
R-squared 0.00 0.03 0.18 0.18 0.18

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%, ** at 1%. Sample is
students who have data on highest degree in 2007, high school start year, and high school state.
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Table C.4: Impacts of accountability on high school graduation or GED attainment.

yist : HS Diploma or GED (1) (2) (3) (4) (5)
Exit Exam 0.00 -0.09 -0.05 -0.05 -0.05

[0.01] [0.04]* [0.04] [0.04] [0.04]
Consequential -0.03 -0.06 -0.06 -0.05 -0.05

[0.01]** [0.01]** [0.02]** [0.02]** [0.02]**
State FE X X X X
Individual char, Birth-year FE X X X
County covariates X X
Regional Trends X
Observations 4,965 4,965 4,965 4,965 4,965
R-squared 0.00 0.02 0.14 0.15 0.15

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%, ** at 1%. GED-
attainers are graduates. Sample is students who have data on highest degree in 2007, high school start year,
and high school state.
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C.3 Application to College

Table C.5: Impacts of accountability on applying to college.

yist: Applied to College (1) (2) (3) (4) (5)
Exit Exam -0.05 0.46 -0.03 -0.04 -0.08

[0.05] [0.05]** [0.04] [0.04] [0.05]
Consequential 0.32 0.57 -0.03 -0.03 -0.04

[0.07]** [0.06]** [0.02] [0.02] [0.02]
State FE X X X X
Individual char, Birth-year FE X X X
County covariates X X
Regional Trends X
Observations 4,965 4,965 4,965 4,965 4,965
R-squared 0.00 0.03 0.18 0.18 0.18

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%, ** at 1%. Sample is
students who have data on highest degree in 2007, high school start year, and high school state.

C.4 College Preparation
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Table C.6: Impacts of accountability on college preparation (college without remedial math).

yist : Prepared for College (1) (2) (3) (4) (5)
Exit Exam 0.04 -0.26 -0.30 -0.14 -0.13

[0.03] [0.02]** [0.04]** [0.03]** [0.03]**
Consequential -0.03 -0.07 -0.15 -0.09 -0.09

[0.02] [0.02]** [0.04]** [0.03]* [0.03]*
State FE X X X X
Individual char, Birth-year FE X X X
County covariates X X
Regional Trends X
Observations 4,965 4,965 4,965 4,965 4,965
R-squared 0.00 0.02 0.03 0.19 0.20

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%, ** at 1%. Sample is
students who have data on highest degree in 2007, high school start year, and high school state.
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C.5 College Graduation

Table C.7: Impacts of accountability on college graduation.

yist: College Graduate (1) (2) (3) (4) (5)
Exit Exam 0.03 -0.12 -0.06 -0.06 -0.07

[0.02] [0.02]** [0.04] [0.04] [0.05]
Consequential -0.01 -0.02 -0.03 -0.03 -0.03

[0.02] [0.02] [0.03] [0.03] [0.02]
State FE X X X X
Individual char, Birth-year FE X X X
County covariates X X
Regional Trends X
Obs 4,965 4,965 4,965 4,965 4,965
R-squared 0.00 0.03 0.19 0.20 0.20

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%, ** at 1%. Sample is
students who have data on highest degree in 2007, high school start year, and high school state.
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Appendix D

Validity Checks

Table D.1: Impacts of school accountability on summary index of outcomes.

yist: Summary Index Coefficients
Exit Exam -0.14

[0.04]**
Consequential -0.07

[0.02]**
Observations 4,965
R-squared 0.32

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%; ** significant at 1%.
We include fixed effects for state and birth year, along with indicators for race and sex. We also control
for AFQT score, household income, parents’ education, student-teacher ratio, county characteristics, and
regional time trends. Sample is students who have data on highest degree in 2007, high school start year,
and high school state.
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Table D.2: Descriptive relationship between taking remedial math and high school account-
ability, conditional on attending college.

yist| College : Remedial Math Coefficients
Exit Exam 0.07

[0.04]
Consequential 0.03

[0.03]
Observations 2,868
R-squared 0.08

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%; ** significant at 1%.
Standard errors are clustered by state. We include fixed effects for state and birth year, along with indicators
for race and sex. We also control for household income, parents’ education, student-teacher ratio, county
characteristics, and regional time trends. Sample is students who attended college and have data on highest
degree in 2007, high school start year, and high school state.

Table D.3: Descriptive relationship between dropping out of college and high school account-
ability, conditional on attending college.

yist| College : College Dropout Coefficients
Exit Exam -0.02

[0.07]
Consequential -0.01

[0.04]
Observations 2,868
R-squared 0.14

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%; ** significant at 1%.
We include fixed effects for state and birth year, along with indicators for race and sex. We also control
for household income, parents’ education, student-teacher ratio, county characteristics, and regional time
trends. Sample is students who attended college and have data on highest degree in 2007, high school start
year, and high school state.
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Part III

Impacts of High School
Accountability on Educational

Attainment, and Returns to Schooling
for Affected Students
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Appendix E

Introduction

There is little empirical evidence of the consequences of school accountability policies
beyond primary school, and what exists is contradictory. Following Lee (2011), we focus on
two popular types of high school accountability policies: 1) high school exit exams, where
states make students pass a basic test before they can graduate from high school, and 2)
consequential accountability policies, where states test students and sanction schools if not
enough of their students test as “proficient”.

The common factor in both types of policies is an emphasis on minimum competency. Lee
(2011) present a simple model of a high school that tries to maximize students’ educational
attainment. Such schools may respond by shifting more resources towards students who are
at risk of failing an exit exam or are at risk of not passing the proficiency test. Using a
newer dataset with richer education information than past studies, Lee (2011) concluded
that exit exam and consequential accountability policies had negative impacts on curricular
measures of college readiness (difficulty level of highest high school math course, college
remedial coursetaking) as well as high school graduation.

We extend Lee (2011) by examining the impacts of these policies on educational attain-
ment, measured by years of schooling. Based on hre specifications, we find that consequential
accountability and exit exam policies lowered educational attainment. We also explore the
heterogeneity of these policy impacts along the dimensions of student ability and local re-
sources.

Then, to see what the returns to education were for students affected by these policies,
we exploit the policy timing as a source of conditionally exogenous variation in students’
schooling in a two stage least squares (2SLS) approach to estimate the earnings returns to
education. The policies and their interactions with individual and county-level characteristics
are used as instruments for schooling to help satisfy the monotonicity assumption of 2SLS
and generate meaningful estimates. Specifically, we interact the policies with indicators for
repeating a grade prior to high school and whether the percentage of households in poverty
in the student’s county were above 20% (high poverty), between 20% and 10% (middle),
or below 10% (low poverty). Finally, we attempt to address the issue of selection into
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positive earnings by using Heckman’s two-stage procedure with school enrollment and other
individual characteristics as predictors of employment.

This paper makes three contributions to the extant literature. First, we use a detailed
longitudinal dataset that has not previously been used to examine the relationship between
accountability and labor market outcomes. Additionally, because of the youth of respondents
in this dataset, no published study has yet analyzed the NLSY97 respondents’ post-schooling
wages. Second, no other paper has related consequential accountability in high school to
earnings. Finally, this is the first study to use the timing of high school accountability
policies to measure the returns to schooling.

The structure of this essay is as follows. We provide a brief overview of related work in
Chapter F, and discuss our empirical strategy and data in Chapter G. Results are presented
in Section H, and conclusions are given in Chapter I.
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Appendix F

Background

The literature on effects of high school accountability measures naturally divides into two
categories based on the outcome of interest: educational attainment or earnings. More re-
search has been conducted on educational attainment, where scholars have generally focused
on the impacts of high school exit exams on possession of basic skills, high school comple-
tion, and certification of General Educational Development [GED].1 The varying findings
from this literature have not been resolved, and several papers have identified the lack of
longitudinal education data as a cause.

By far, the most popular time series data used in this literature are the National Edu-
cation Longitudinal Study of 1988 [NELS88] and a single series of High School and Beyond
[HSB]).2 In relying on a single cohort, researchers are unable to control for all state char-
acteristics by comparing pre- and post-reform high school graduates from the same state.
State-reported data, meanwhile, suffers from definitional differences about whether “high
school graduates” includes GED obtainers, and the level of aggregation means that one can-
not identify interstate student migration or grade retention. We extend the discussion to
early labor market outcomes, where the literature is more sparse.

(Bishop and Mane, 2001) and (Warren et al., 2009) contribute analyses based on con-
structed panels of cross-sectional data, but the data do not include educational histories.

1The GED certificate or credential, often referred to as “GED”, is obtained by passing five subject tests.
Some states allow students to obtain exemptions from compulsory schooling laws if they obtain their GED,
and many official dropout statistics include GED-earners as high school graduates. GED earners and high
school completers who do not attend college have similar levels of measured academic ability, but they seem
to differ systematically in non-cognitive aspects. In fact, GED recipients have the same economic and social
outcomes of similar dropouts without GEDs Cameron and Heckman (1993); Heckman and Rubinstein (2001);
Heckman and LaFontaine (2006, 2010a); Heckman et al. (2010). Heckman and LaFontaine (2010a) have a
discussion of definitional issues of “high school graduates” even in national data used to generate official
statistics.

2The NELS88 surveyed a nationally-representative, single cohort of 8th graders from 1988, with follow-
up interviews in 1990, 1992, 1994, and 2000, while HSB surveyed high school students in 1980 senior (12th
grade) and 1980 sophomore (10th grade) classes every two years through 1986.
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Constructed panels are preferable to data following a single cohort because regressions can
control for time-invariant state characteristics and time-varying national shocks with fixed
effects for state and for time. However, the lack of educational histories means that re-
searchers cannot identify when and where students went to high school, so the state policies
that were in place for different students is not known with certainty. In predicting wages,
they are also unable to control for highest grade attended.

Dee and Jacob (2007) present the strongest evidence to date on the impacts of high school
exit exams on high school graduation and earnings. Dee and Jacob (2007) combine data on
school districts in Minnesota, the 2000 Census Public-Use Microdata Sample [PUMS], and
the Common Core of Data to estimate the impact of exit exams on high school completion.
With their data, they are able to control for state-invariant characteristics and national time-
varying shocks when estimating overall and subgrup impacts. While exit exams did not seem
to have a significant impact on overall average earnings, they significantly decreased the high
school completion rate of black students and school districts in urban and high-poverty areas.
However, the high school dropout rate decreased in low-poverty and suburban areas.

Interestingly, when Dee and Jacob (2007) examine labor market outcomes, they find
that wages of blacks and Hispanic females seemed to increase because of exit exam policies.
Their final, preferred specification regresses earnings onto an exit exam policy indicator,
educational attainment, and other student characteristics. The coefficient on the policy
indicator is interpreted as the impact of the policy on earnings. If, however, exit exams
affect wages by changing students’ educational attainment, the coefficient estimate will not
measure the causal effect of exit exams on wages.

We confirm with a different set of data (NLSY97 Geocode) that there are heterogeneous
impacts of exit exams, and we also add an analysis of consequential accountability policies.
The impacts of high school accountability on highest grade is examined, and heterogeneity
for this outcome is studied by the interactions of proxies for pre-high school student ability
and school/neighborhood resources. These interactions then become excluded instruments
for years of schooling to help identify the earnings returns to schooling. The next section
describes our data and the methods we use to estimate thi.
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Appendix G

Empirical Strategy

We use data on males in the National Longitudinal Survey of Youth 1997 [NLSY97],
which we have not seen used in any studies of the labor market impacts of high school
accountability measures. The NLSY97 follows a sample of 8,984 people who were born
in 1980-1984, beginning in 1997. Due to the youth of this sample, we focus on outcomes
for men. The first round identified a nationally representative sample of 6,748 teenagers
stratified by race, sex, and age, along with an oversample of 2,237 black and Hispanic youth.
We use survey weights to incorporate the cross-sectional sample and the oversample but,
in practice, our conclusions are unchanged when we use the cross-sectional sample without
survey weights.

While NLSY97 students were in high school, 4 states implemented exit exam policies
(2 additional states canceled their exit exams) and 22 states implemented consequential
accountability policies. No state adopted both exit exam and consequential accountability
policies during this period. While the timing of policies could be systematically related to
other state-time varying factors, Lee (2011) argues that exit exam and consequential account-
ability policies are conditionally unrelated to state and county-level measures of employment
and education. She then estimates the impacts of the policies on college readiness. Her main
outcomes are the difficulty of students’ highest high school math course and whether stu-
dents are able to avoid remediation in college, although she also examines high school and
college graduation outcomes.

Our first contribution is to estimate the impacts of these policies on educational attain-
ment, which was not addressed in either Lee (2011) or Dee and Jacob (2007). We rely heavily
on the analysis in Lee (2011) supporting the conditional exogeneity of policy timing to pos-
sible confounders such as state education spending. Table H.2 presents estimates from the
following specification baed on Lee (2011), where the outcome G is highest grade attained
by 2008 (5-20).

Gist = φ0 + φ1EXAMst + φ2CONSQst + Ss + Ct + φ3Xist + υist (G.1)
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where S are state fixed effects, C are birth year fixed effects, and X represents stu-
dent characteristics of parents’ education, race, household income in 1997, and high school
student-teacher ratio. 1. Since our sample contains only men while Lee (2011) used males’
and females’ outcomes, we wished to confirm that her findings were not driven by females.
For comparison with her results, we report male-specific policy impacts on highest high
school math in Table H.1. EXAM and CONSQ represent exposure to exit exams and
consequential accountability, respectively, and are defined as the number of years students
spent in high school with a policy, divided by four. This is so the policies’ coefficients are
interpretable as the change associated with 4 years of policy exposure. Standard errors are
clustered at the state level to address serial correlation (Bertrand et al., 2004).

Then, as a robustness check, we also include controls for lagged county-level character-
istics from restricted-use Census data merged by NLS staff in Xist. Our set of county-level
characteristics was based on Dee (2003) and includes: county population in 1992, percentage
of the county population between 18 and 20 years old in 1990, percentage of the county pop-
ulation who had completed high school in 1990, and the percentage of the county population
who had completed college in 19902

The model of school behavior described in Lee (2011) theorizes that policies lead to
schools treating students differently when schools have limited resources. Her heterogeneity
analysis along the dimension of predicted pre-high school ability did not address school-level
heterogeneity that result from different resource levels. Using a student characteristic repre-
senting pre-high school ability and a school-level characteristic representing resources could
be find, we estimate heterogeneous impacts from triple interactions of these characteristics
with the school accountability policies.

As a measure of ability, our heterogeneity analysis uses an indicator for a student repeat-
ing a grade before high school. About 12% of the sample repeated a grade before high school.
As a measure of school resources, we use 1990 Census county data to divide counties into
high poverty (poverty rate¡20%), middle poverty (10%¡poverty rate¡20%), and low poverty
(poverty rate¡10%) groups. Thus, omitting the middle poverty indicator, there are 2 policies,
1 student characteristic indicator, and 2 poverty indicators for a total of 5 main effects and
14 interactions. In Tables H.1 and H.2, we only report the 8 main effects and interactions
that are associated with the policy.

Turning our attention now to earnings outcomes for affected students, a concern is miss-
ingness in th eNLSY97. Whether looking at the cross-sectional data with or without survey
weights and/or including the oversample, complete earnings and hours information are avail-
able for 59% of the national population targeted by NLSY97. We fail to reject equality in
the response rates over birth years, but blacks and Hispanics have lower response rates to the

1A more detailed description of these variables is given in Lee (2011)
2We have also tried controls for state-level high school graduation rates and unemployment rates at the

time of high school entry from Common Core Data and Local Area Unemployment Statistics, respectively.
These characteristics in addition to state fixed effects do not seem to affect our estimates materially, so we
do not report them here.
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earnings questions than non-black and non-Hispanic respondents. National response across
races range from 68% for blacks to 72% for non-black and non-Hispanic individuals. Men are
also more likely to provide earnings information than women (71% and 67%, respectively).

Approximately 5% of male respondents did not provide information on income while
reporting positive hours at an employer-type job, and another 5% of male respondents re-
ported positive earnings but did not provide information on number of hours worked at
an employer-type job. We use a hot-decking procedure to impute missing values for men
in these cases so that we have log hourly earnings for approximately 81% of males in the
NLSY97.3 About half of the males who are missing information on both hours and earnings
reported not having an employer-type job in the past year, and the other half of the males
are missing information because they were not locatable by NLS enumerators or deceased.

Setting aside the issue of selection into positive earnings for now, we follow the traditional
literature on estimating returns to schooling by estimating a generalized Mincer equation
(Eq. G.2). Log hourly earnings are predicted by schooling (G), a quadraticg(·) in years of
experience EXP , and other covariates X (Murphy and Welch, 1990; Card, 1999).

yist = β0 + β1Gist + β2g(EXPist) + β4Xist + Ss + Ct + εist

The traditional measure of returns to schooling is captured by the coefficient on G, β1.
Various studies have used different measures of schooling, such as years of schooling and
highest degree. Our choice of measure of schooling is the highest grade attained, which has
the advantage of capturing academic progression in yearly intervals. The other common
choice is the usage of highest degree, although previous studies of returns to schooling have
not found strong evidence of nonlinearities at credential grades. To measure experience, we
calculate the sum of respondents’ self-reported weeks worked by year and divide by 52. This
measure of work experience is less correlated with highest grade than the most common
proxy of experience, age minus highest grade minus 6 (Card, 1999).

The reason why the measurement of returns to schooling has not been resolved is because
unobservables contained in ε are related to both schooling and wages. The most well-studied
confounder is ability, where even the direction of the bias is unsettled. Greater ability may
increase schooling by lowering the cost of learning effort, or it may decrease schooling by
increasing labor market opportunities. The estimate of β1 based on a Mincer regression is
then unlikely to be an accurate measure of the return to schooling. Thus, the largest problem
we face is that the data are observational.

Our first steps are to control for various factors that may constitute part of ε and rely on
the arguments in Lee (2011) and Dee and Jacob (2007) that these high school accountability

3For male respondents with missing earnings but positive hours worked, we group men by state and
highest degree, then order observations by the number of hours worked. Proceeding down the list of men
according to this order, a missing value for earnings is replaced by the next non-missing value for earnings. A
similar procedure is used for male respondents with missing hours but positive earnings, sorting observations
by earnings instead of number of hours worked.
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policies are conditionally exogenous to educational attainment. This explains the inclusion
of fixed effects to control for state characteristics that are constant over time (S) and national
characteristics that vary by year (C), in addition to student characteristics (X) for student
i in state s at time t.

To address the endogeneity of schooling, we use two-stage least squares (2SLS) where the
instruments for highest grade are based on the high school accountability policies. Using only
the policies as excluded instruments is inappropriate, however, because 2SLS assumes that
there is a monotonic relationship between the instruments and the endogenous variable over
all students: everyone’s schooling must have been affected (weakly) in the same direction by
the high school accountability policies. This is in contrast to the discussion of heterogeneity
in Lee (2011), where she divides students by quartile of predicted pre-high school ability
and estimates her model within each quartile. Predictions of ability according to the Armed
Services Vocational Ability Battery (ASVAB) had to be used instead of actual ASVAB scores
because it was in 1997. As the students ranged in age from 12-18 at the time, only some
students took the exam prior to high school, meaning that their scores are “untainted”
by potential high school accountability policy exposure. Regressing these untainted scores
onto individual characteristics, she uses the estimated coefficients to predict/impute others’
untainted scores. The benefit of this approach is greater flexibility in the estimation of
impacts.

Applying this approach here raises several issues that were not problems in Lee (2011):
we cannot address whether the monotonicity assumption holds within quartiles or any other
grouping, the validity of this ability proxy is unobservable, and dividing the sample into
subgroups decreases statistical power. In particular, while she is able to use data on all
NLSY97 respondents, we must emphasize men because the women are in their child-bearing
years. Binning respondents based on predicted ability then requires dividing the male half
of the sample into four quartiles, where the policies introduce state-year variation.

To increase statistical power, we interact policies with the same variables from the impact
analysis (whether repeated a grade before high school, low-poverty and high-poverty county).
Results from the 2SLS estimation are shown in H.5. The main effects for the non-policy
indicators are excluded for space, as are the interactions between non-policy indicators.
Adding policy interactions as instruments makes the monotonicity assumption more plausible
since the impact of the policies’ impact is required to be monotonic within the interacted
groups instead of the overall population. The discussion thus far implies the following system
of equations for hourly earnings and schooling:

yist = β0 + β1Gist + β2g(EXPist) +

β3Xist + Ss + Ctεist

Gist = α0 + α1CONSQst × (1 +Xk
ist) + α2EXAMst × (1 +Xk

ist) + α3g(EXPist)

+α4Xist + Ss + Ct + νist
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Gist denotes highest grade. When we measure schooling with indicators of highest degree,
we estimate 6 first stage equations so that each of the various degree indicators is used as a
dependent variable. Xk

ist denotes the characteristics that are interacted with the policies.
The corresponding reduced form of log earnings can be written:

yist = γ0 + γ1CONSQst × (1 +Xk
ist + γ2EXAMst × (1 +Xk

ist) + γ3g(EXPist)

γ4Xist + Ss + Ct + ηist

The reduced form relates policies directly to earnings, and the coefficients on the pol-
icy variables are interpretable even if the monotonicity assumption of 2SLS does not hold.
Because we cannot verify if the monotonicity assumption holds for all students within de-
mographic groupings, we emphasize the relationships estimated in the reduced form. For
the sake of comparing the NLSY97 results with Dee and Jacob (2007), we also estimate the
following specification based on their model. This entails simply adding a control for years
of schooling to the reduced form:

yist = β0 + β1Gist + β2g(EXPist) + β3CONSQst + β4EXAMst +

β6Xist + Ss + Ctεist

Dee and Jacob (2007) is the only other paper to relate exit exams to wages. Their es-
timation strategy assumes that the exit exam policies do not influence students’ schooling
decisions. This stems from the idea that exit exams only serve as a screen for the lowest-
performing students. In accordance with this idea, their coefficient on exit exam policies for
the overall population is very close to 0 and is never statistically significant. Our 2SLS strat-
egy is based on the argument in Lee (2011) that exit exam policies can influence schooling
by changing schools’ resource allocations, which could potentially affect both low-performing
and high-performing students. This carries a separate set of assumptions on potential mech-
anisms.

The exclusion restriction of the 2SLS approach is that the interacted policy instruments
do not directly influence wages, instead affecting wages only through the mechanism of
individuals’ schooling. One possibility that would violate this assumption is that the policy
instruments influence the signaling value of a given education level. We verify in the next
section that the policy instruments are related to educational attainment, so the exclusion
restriction is requiring that changes in the pool of individuals with a level of education
do not change the signaling value of that education level. This is plausible if individuals
whose education levels are influenced by the policy are not influential enough to change the
signal. It is beyond the scope of this paper to disentangle the signaling and human capital
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components of the returns to education.4

We also note that the 2SLS assumption of homogeneity of impacts is likely violated, but
we may still interpret our findings as a weighted average of the marginal effects on affected
groups. Based on (Lee, 2011), we expect exit exams and consequential accountability to
have their largest impacts on lower performing students who are at risk of not passing the
exit exam or are below proficiency in a consequential accountability setting.

Until this point, we have ignored selection into employment. Estimates based on any
sample of wage-earners will be non-representative because they have chosen to earn positive
wages. We address the selection separately from the 2SLS strategy and return to the Min-
cerian structure to employ Heckman’s two-stage procedure, which considers that wages y
are only seen if labor force participation D has been determined (James J. Heckman, 1979).
The first stage can be described:

Dist = 1 if D∗
ist > 0

Dist = 0 if D∗
ist ≤ 0

D∗
ist = δZist + νist

Wages are observed by the outcome equations:

yist = β0 + β1Gist + β2g(EXPist) + β4Xist + εist if Dist = 1

yist = 0 if D 6= 1

Under the assumption of joint normality of εist and νist, we can estimate the first stage
with a probit model controlling for Gist, g(EXPist), and Xist. The inverse Mills ratio is
calculated from the probit model and included as an independent variable λ in the outcome
equation. Although the normality assumption provides identification in the second stage,
estimates can be unstable. To help solidify the identification, we need at least one other
source of variation in labor market participation that does not influence log hourly earnings
in 2007 directly. We propose the use of an indicator for whether a respondent was ever
enrolled in school in 2007. The idea is that the hourly productivity of a current student
with a college degree is similar to the hourly productivity of a non-student with a college
degree, all else constant. This will fail if, for example, full-time jobs of non-students offer
significantly lower hourly earnings than part-time jobs for students. To support the use of
this indicator as an “instrument”, we show in the next section that school enrollment is a

4A somewhat mitigating factor of this bias is that current studies have found signaling to constitute a
small portion of the estimated return to education, but the variance in identification strategies and datasets
make it difficult to compare their results. Martorell and Clark (2010) recently uses longitudinal data on
standardized test scores and earnings and finds the signaling effect of a high school diploma in Florida and
Texas to be 1 to 2 percentage points, compared to a total estimated 10%-20% return to a high school diploma
on annual earnings.
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strong predictor of labor market participation and, conditional on highest degree, log hourly
wages are not statistically different for students versus non-students.



95

Appendix H

Results

Tables H.1 and H.2 estimate the specification in Lee (2011) for men’s highest high school
math course and years of schooling. Results are presented as controls are added piecewise.
The last column contains estimates accounting for possibly heterogeneity for low performers
in school districts with different levels of resources. For space, we omit the estimates for
the main effects of these characteristics in Column 5 and focus on interactions with the
accountability policies.

Of the specifications reported in Table H.1, the fourth column is the most comparable
to the final estimation in Lee (2011). She found that consequential accountability decreased
the diffulty of students’ highest high school math course by about 12% of an academic year,
while exit exams decreased difficulty by about 33% of an academic year. Our respective
impact estimates after limiting the sample to males are 22% and 28%. The relatively large
standard errors on these impact estimates may explain some of the difference in the point
estimates, all of which are statistically significant at 5%.

The fifth column in Table H.1 contains our student groupings, which change the sta-
tistical significance of the main effects of the policy indicators. None of the interactions
are statistically significant either. However, the magnitude of the estimated main impacts
remain similar.

Table H.2 estimates similar specifications but for the outcome of educational attainment
(highest grade). As with the outcome of high school math difficulty, the main effects of the
policies are statistically significant until the interaction terms are added in Column 5. Only
two interaction terms are statistically significant, both involving adoption of consequential
accountability. These significant point estimates reveal an interesting pattern that is in line
with the framework in Lee (2011). Consequential accountability was theorized to induce
schools with scarce resources to target students around the proficiency threshold, shifting
resources away from the lowest and highest performing students. Exit exams, on the other
hand, were theorized to make schools direct more resources to low-performing students to
help them pass the exam. If a school does not have scarce resources, they may be able to
avoid a redistribution that harms certain groups.
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All NLSY97 Dep. Variable: Difficulty of HS Math
Independent Variables (1) (2) (3) (4) (5)

Consequential -0.01 -0.36 -0.21 -0.22 -0.17
Accountability [0.06] [0.10]** [0.08]** [0.08]** [0.11]

Repeated Grade*CONSQ 0.20
[0.12]

High Poverty*CONSQ 0.04
[0.26]

Low Poverty*CONSQ -0.14
[0.14]

Repeated*High Pov*CONSQ -0.12
[0.29]

Repeated*Low Pov*CONSQ -0.13
[0.19]

Exit Exams 0.15 -0.53 -0.26 -0.28 -0.31
[0.09] [0.14]** [0.12]* [0.13]* [0.16]

Repeated Grade*EXAM 0.05
[0.13]

High Poverty*EXAM -0.03
[0.26]

Low Poverty*EXAM 0.08
[0.13]

Repeated*High Pov*EXAM 0.31
[0.27]

Repeated*Low Pov*EXAM -0.17
[0.19]

State Fixed Effects X X X X
Cohort Fixed Effects X X X X

Repeated Grade X X X
Parents’ Education, Race X X X

HS Pupil:Teacher ratio X X X
County Covariates X X

Constant 2.91 1.98 1.20 0.93 0.95
[0.07]** [0.07]** [0.19]** [0.45]* [0.45]*

Observations 3,287 3,287 3,287 3,287 3,287
R-squared 0.00 0.06 0.21 0.23 0.23

Table H.1: Impacts of school accountability policies on difficulty of students’ highest high
school math course.

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%; ** significant at 1%.
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NLSY97 Males Dep. Variable: Highest Grade
Independent Variables (1) (2) (3) (4) (5)

Consequential Accountability -0.37 -0.91 -0.49 -0.49 -0.39
[0.12]** [0.29]** [0.20]* [0.19]* [0.35]

Repeated Grade*CONSQ 0.24
[0.42]

High Poverty*CONSQ -1.28
[0.45]**

Low Poverty*CONSQ -0.13
[0.39]

Repeated*High Pov*CONSQ 1.43
[0.67]*

Repeated*Low Pov*CONSQ -0.25
[0.62]

Exit Exams 0.05 -1.33 -0.52 -0.55 -0.27
[0.17] [0.20]** [0.21]* [0.24]* [0.27]

Repeated Grade*EXAM -0.39
[0.33]

High Poverty*EXAM 0.65
[0.78]

Low Poverty*EXAM -0.30
[0.19]

Repeated*High Pov*EXAM 0.09
[0.69]

Repeated*Low Pov*EXAM 0.11
[0.41]

State Fixed Effects X X X X
Cohort Fixed Effects X X X X

Repeated Grade X X X
Parents’ Education, Race X X X

HS Pupil:Teacher ratio X X X
County Covariates X X

Constant 13.55 12.68 9.81 9.37 9.17
[0.09]** [0.16]** [0.40]** [1.10]** [1.09]**

Observations 3,287 3,287 3,287 3,287 3,287
R-squared 0.00 0.05 0.30 0.30 0.30

Table H.2: Impacts of school accountability policies on highest grade completed.

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%; ** significant at 1%.
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The statistically significant, negative interaction between a poor county and a conse-
quential accountability policy implies that the difference between students’ highest grades in
poor counties and other counties increased by 1.28 years because of consequential account-
ability. This indicates that consequential accountability may increase academic inequality
across schools with different resources, consistent with the story in Lee (2011). There is also
a significant positive triple interaction term for low performing students in poor counties
with consequential accountability. This means that the differences between low performers
and high performers in poor schools and in other schools decreased because of consequential
accountability. Thus, while academic inequality across schools may have increased because
of consequential accountability, the difference between the amount of academic inequality
in poor schools and the amount of academic inequality in richer schools decreased. A sim-
ple scenario that would generate this relationship is if poorer schools initially have greater
academic inequality than do richer schools. When the consequential accountability policy is
implemented, the resource-constrained school may pull resources away from the lowest- and
highest-performing students. The richer school may not change its distribution of resources.
If the lowest-performing students are induced to leave from the poor school, as shown in Lee
(2011), academic inequality in the poor school will decrease relative to academic inequality
in the richer school.

The natural extension of studying educational attainment is studying labor market perfor-
mance. Now thinking about log annual earnings, Table H.3 shows estimates of a descriptive
return to years of schooling for male NLSY97 respondents. These returns range from 0.08
(std. err.: 0.01) when just controlling for a quadratic in experience in Column 1 to 0.07
(std. err.: 0.01) when using our full set of controls in Column 4. This range is slightly
smaller than but consistent with the 1992-1994 Census estimate of 0.100 (std. err.: 0.001)
for men ages 16-66. The R-squared from focusing on men range from 0.06 to 0.11, which
is much lower than the typical 0.20-0.35 of variation explained in older men’s and women’s
log hourly earnings (Card, 1999; Martorell and Clark, 2010). In Column 5, we add the high
school accountability policies to compare the coefficient on exit exams with the estimates
in Dee and Jacob (2007). We confirm their finding that exit exams have no statistically
significant relationship with overall earnings in this specification, although our estimate is
larger and noisier.

Table H.4 shows estimates from the reduced form of log hourly earnings for males. Es-
sentially, we replace the years of schooling variable in the Mincerian regressions with the
accountability policies and their interactions with student and county characteristics (re-
peated pre-high school grade, poor or middle or least-poor counties). For space reasons, we
only show the coefficients for the main effects of consequential accountability and exit exam
policy variables. No main effect of the policy or interaction with the policy is statistically
significant in the reduced form, although both policy variables have the expected negative
coefficients.

Our estimates from the 2SLS procedure are shown in Table H.5. The partial R-squared
of the excluded instruments is 0.03, and the p-value from an F-test of joint significance of the
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Males Dep. Variable: Log Hourly Earnings
Independent Variables (1) (2) (3) (4) (5)

Highest Grade 0.07 0.07 0.06 0.06 0.05
[0.01]** [0.01]** [0.01]** [0.01]** [0.01]**

Experience -0.03 -0.04 -0.06 -0.06 -0.12
[0.04] [0.05] [0.04] [0.04] [0.04]**

Experience2 0.00 0.00 0.01 0.01 0.01
[0.00] [0.00] [0.00] [0.00] [0.00]**

1997 Household income 0.03 0.03 0.04
[0.02]* [0.02]* [0.02]*

Attended Public HS 0.12 0.12 0.08
[0.04]** [0.05]* [0.05]

Repeated Pre-HS Grade -0.09 -0.08 -0.03
[0.05] [0.05] [0.05]

Consequential -0.17 -0.13
Accountability [0.08]* [0.08]

Exit Exams 0.11 -0.21
[0.11] [0.15]

Race X X X X
State Fixed Effects X X X X

Cohort Fixed Effects X X X X
Parents’ Education X X X
County Covariates X X X

HS Pupil:Teacher ratio X X
State Covariates X

Constant 1.30 1.79 0.92 0.86 0.28
[0.14]** [0.15]** [0.84] [0.83] [0.83]

Observations 3,287 3,287 3,287 3,287 3,075
R-squared 0.06 0.09 0.11 0.11 0.11

Table H.3: Mincer regressions of log hourly wages on highest grade of schooling for men in
the NLSY97 sample.

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%; ** significant at 1%.
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NLSY97 Males Dep. Variable: Log Hourly Earnings
Independent Variables (1) (2) (3) (4)

Consequential Accountability -0.06 -0.14 -0.17 -0.13
[0.07] [0.09] [0.09] [0.10]

Repeated Grade*CONSQ -0.02 -0.01 0.00 0.02
[0.12] [0.12] [0.12] [0.12]

High Poverty*CONSQ -0.07 0.09 0.03 0.04
[0.08] [0.13] [0.14] [0.15]

Low Poverty*CONSQ -0.09 -0.06 -0.05 -0.03
[0.07] [0.08] [0.08] [0.08]

Repeated*High Pov*CONSQ -0.27 -0.26 0.22 0.17
[0.30] [0.29] [0.28] [0.28]

Repeated*Low Pov*CONSQ -0.01 -0.01 0.09 0.06
[0.13] [0.13] [0.15] [0.15]

Exit Exams -0.02 -0.30 -0.21 -0.14
[0.08] [0.16] [0.16] [0.17]

Repeated Grade*EXAM -0.19 -0.17 -0.21 -0.21
[0.11] [0.12] [0.15] [0.15]

High Poverty*EXAM 0.07 -0.09 0.03 0.04
[0.09] [0.14] [0.21] [0.22]

Low Poverty*EXAM 0.06 -0.05 -0.15 -0.16
[0.08] [0.07] [0.08] [0.08]

Repeated*High Pov*EXAM 0.02 0.04 0.59 0.60
[0.25] [0.24] [0.31] [0.30]

Repeated*Low Pov*EXAM 0.11 0.14 0.31 0.30
[0.17] [0.17] [0.18] [0.18]

State Fixed Effects X X X
Cohort Fixed Effects X X X

Repeated Grade X X X
Parents’ Education, Race X X

HS Pupil:Teacher ratio X X
County Covariates X

Constant 2.36 2.86 0.80 -0.13
[0.11]** [0.11]** [0.68] [0.73]

Observations 3,075 3,075 3,075 3,075
R-squared 0.04 0.07 0.10 0.10

Table H.4: Reduced form regressions of log hourly wages on accountability policies and
interactions for men in the NLSY97 sample.

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%; ** significant at 1%.
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excluded instruments in the first stage is 0.00. Using the Hansen’s J test of overidentification,
we fail to reject the hypothesis that the instruments and overidentifying restrictions are
valid. The p-value from this test is 0.51. We find that an increase of 1 year in the highest
grade among students whose decisions changed because of exit exam and consequential
accountability policies is associated with a statistically significant 12% increase in hourly
earnings, all else constant. This is larger than our Mincerian estimates, which is a common
finding when comparing IV and OLS estimates from the same dataset (Card, 1999). The
most common explanation is that students whose marginal costs of education are higher
are more likely to have larger marginal benefits of schooling. Due to their initially higher
marginal costs, they are more likely to be impacted by education policies.

Another way to identify returns to education for another portion of the population is
to address the selection issue with the Heckman 2-step estimation strategy. We apply the
Heckman correction in Table H.7. Columns 2 shows the first stage predictors of employ-
ment and column 1 shows the second stage outcome estimates for log hourly earnings. Our
“instrument” for labor force participation is enrollment in school; Column 2 shows that re-
spondents who are in school are statistically significantly less likely to have positive hourly
wages. The accountability policies now do not play a role in estimating returns this way,
so if our instrument for labor force participation is valid, we are estimating a local average
treatment effect for respondents whose school enrollment status changes their employment
decision.

The exclusion restriction here is that school enrollment should not influence hourly wages
once a student has decided to participate in the labor market. To examine whether this is not
the case, we calculated 2-sided t-tests of mean log hourly earnings over school enrollment
status, by degree, for respondents with positively earnings (Table H.6). We do not find
statistically significant differences across school enrollment status at a significance level of
5%, which provides some support for the exclusion restriction but is insufficient evidence to
be certain whether the exclusion restriction holds.

Assuming that the instrument is valid, we see in Column 1 of Table H.7 that the return
to education for the marginal group is 7% of log hourly earnings. While not statistically
significant, the positive coefficient on λ, the inverse Mills ratio, indicates that there is a
positive relationship between the error terms in the selection and the outcome equations.
We can interpret this to mean that unobservables that increase the likelihood of labor force
participation are also related to higher wages, which is consistent with the idea of ability
biasing the Mincer estimates downward relative to instrumental variables estimates.
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NLSY97 Males Dep. Variable
Independent Variables 1st Stage: Grade 2nd Stage: Earnings

Highest Grade 0.12
[0.03]**

Experience 0.28 -0.11
[0.05]** [0.04]**

Experience2 -0.04 0.01
[0.01]** [0.00]**

Consequential Accountability -0.15
[0.39]

Repeated Grade*CONSQ -0.47
[0.37]

High Poverty*CONSQ -1.52
[0.41]**

Low Poverty*CONSQ -0.19
[0.38]

Repeated*High Pov*CONSQ 2.60
[0.57]**

Repeated*Low Pov*CONSQ 0.17
[0.54]

Exit Exams -0.20
[0.35]

Repeated Grade*EXAM -0.92
[0.23]**

High Poverty*EXAM -0.14
[0.69]

Low Poverty*EXAM -0.40
[0.20]*

Repeated*High Pov*EXAM 0.12
[0.69]

Repeated*Low Pov*EXAM 0.57
[0.39]

State, Cohort Fixed Effects X X
County Char., Repeated Grade X X

Parents’ Education, Race X X
HS Pupil:Teacher ratio X X

Observations 3,075 3,095
R-squared 0.31 0.08 (Centered)

Table H.5: First- and second-stage regressions in 2SLS. The excluded intruments for scchool-
ing are the policies and their interactions with characteristics.

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%; ** significant at 1%.
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Not enrolled Enrolled
Degree N Mean N Mean T-test P-value

None 349 1.92 7 2.26 -1.51 0.18
GED 357 2.11 12 2.52 -1.10 0.30

HS Diploma 1,465 2.38 192 2.36 0.39 0.70
AA 145 2.68 47 2.48 1.77 0.08
BA 460 2.72 140 2.66 0.80 0.42

MA/PhD/Prof 40 3.01 20 2.64 1.57 0.13

Table H.6: Unpaired t-tests of the difference in log hourly wages for NLSY97 males over
enrollment status, by degree.

Note: Robust standard errors, clustered by state, are in brackets. * significant at 5%; ** significant at 1%.

Males Schooling: Highest Grade
Independent Variables Log Hourly Earnings Employment

Highest Grade 0.07 0.04
[0.01]** [0.02]

Experience 0.08 0.73
[0.06] [0.04]**

Experience2 0.00 -0.05
[0.00] [0.00]**

1997 Household income 0.05 0.04
[0.01]** [0.03]

Attended Public HS 0.05 -0.01
[0.06] [0.13]

2007 School Enrollment -0.31
[0.12]*

Race X X
State Fixed Effects X X

Cohort Fixed Effects X X
Parents’ Education X X
County Covariates X X

HS Pupil:Teacher Ratio X X
Constant 0.56 -1.70

[0.44] [0.74]*
λ

Observations 3,313 3,313

Table H.7: Heckman two-step procedure to correct sample selection in Mincerian wage re-
gressions in the NLSY97, defining schooling as highest grade.
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Appendix I

Conclusions

We have contributed an examination of the impacts of high school accountability policies
on educational attainment and earnings. There is evidence that exit exams and consequen-
tial accountability policies decreased educational attainment overall, but a reduced form
approach to relate policies to earnings did not detect a statistically significant relationship.

One of the most interesting findings of this paper is that the impacts of consequential
accountability policies varied by student- and county-level characteristics. We separated
students into low and high performers based on whether they had repeated a grade prior to
high school, and their schools were classified into three groups based on the percentage of
households in the county that were below the poverty line. We provide preliminary evidence
that consequential accountability policies may increase inequality in educational attainment.

To see how the wage returns to education may have been changed for students because of
these policies, we use the policies as an instrument for schooling in a two-stage least squares
approach to predict earnings. Our estimates of the returns to schooling for this population
are in line with previous literature using changes in school policy. We find that an extra year
of education would increase hourly earnings by about 10% for students whose educational
attainment was influenced by the policies.

There are many areas for improvement of this research as the respondents in the NLSY97
dataset grow older and establish their earnings trajectories. Because of the respondents’
youth, women were excluded from this analysis. Future studies with additional data would
also be better able to identify whether the impacts of these policies are sustained in the long
run, or if the impacts identified here fade as schools learn how to manage their resources
more efficiently.

In closing, this dissertation has focused on documenting college readiness in the U.S. and
how the quality and quantity of students’ educational attainment have been impacted by
popular high school accountability policies. The strongest conclusion from these essays is
that better data systems need to be implemented in order to document the various aspects
of college readiness in high school. Longitudinal data systems following students from high
school into college would also allow documentation of college remediation, which could serve
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as a college readiness measure free of non-productive educational triage.
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