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ABSTRACT
This dissertation measures the extent to which changes in student loan interest rates and
information asymmetries affect the matriculation decisions of college students in the United
States. The third chapter modifies a two-period human capital investment model and shows
that increases in both student loan interest rate subsidies and information interventions can increase human capital investment. However, interest rate subsidies have the undesired effects of
causing low-ability students to overinvest, while also subsidizing college choice for students who
can otherwise afford college. In the case of students who are bound by student loan borrowing
constraints, increases in student loan interest rate subsidies only work by pushing students who
are sufficiently risk tolerant toward more expensive consumer loans. Alternatively, information
interventions designed to provide students with correct information about their abilities and the
future payoff of a postsecondary education will increase human capital investment only among
students who invest below the socially-optimal level.
The fourth chapter uses longitudinal survey data to measure the effect of student loan
interest rates on college matriculation. Relying on exogenous variation in real student loan
interest rates across high school graduation cohorts to identify this effect, I find no statistically
significant effect of student loan interest rates on the decision to matriculate immediately to a
four-year institution.
The fifth chapter uses administrative microdata from an Ohio-based college access program to measure the effects of reducing information asymmetries on college matriculation.
Overall, the program increases the probability of matriculating within nine months of high
school by 32.9 percentage points. Financial aid counseling and admissions advising have the
most significant effects, increasing matriculation by 5.1 and 1.5 percentage points, respectively.
These effects are significantly stronger for low-ability students and those from lower-income
neighborhoods.
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CHAPTER 1
INTRODUCTION
The objective of this dissertation is to measure the extent to which differences in student loan interest rates and information asymmetries affect college matriculation in the United
States. It addresses two separate, but related, research questions. First, to what extent do
differences in federal student loan interest rates affect a student’s decision to matriculate immediately to a four-year college or university? Second, to what extent do not-for-profit college
access programs improve postsecondary matriculation rates by reducing informational barriers
to entry?
This research is important in the economics discipline for several reasons. First, contemporary postsecondary education policy in the United States tends to focus on improving college
access and choice, specifically for individuals from low-income, minority, and first-generation
backgrounds. In order to make effective policy decisions, which incentivize socially-optimal
postsecondary education investment and financing decisions among these individuals, we need
to understand the financial and socioeconomic factors that drive their matriculation decisions.
Furthermore, understanding these financial and informational barriers to entry is essential to
ultimately understanding what drives persistence and attainment in postsecondary education,
particularly for traditionally underserved populations.
Second, as will be discussed in sections 2.5.5 and 4.1, relatively little is known about
the effects of student loan interest rates on the borrowing and enrollment decisions of students
(Mazzeo, 2007). The existence of interest rate discounts and subsidies on federal student loans
suggests that policymakers view them as policy mechanisms for incentivizing postsecondary
education investment and lowering costs. After all, if the only goal of the federal student loan
program was to ease credit constraints, this could be achieved by offering federal student loans
at market rates (Dynarski, 2015, 2003b).
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Though empirical evidence is somewhat mixed, there is a general consensus among economists
that the availability of federal student loans promotes college enrollment (Dynarski, 2003b;
Heller, 1997; St. John, 1990). Empirical evidence also suggests that lower student loan interest rates are associated with higher levels of student loan borrowing (Oosterbeek and van den
Broek, 2009; Eckel et al., 2007). However, there are reasons to doubt the effectiveness of student
loan interest rates as an effective policy lever for incentivizing student matriculation behavior.
Field studies have shown that students tend to be poorly informed about the terms of their
loans (Booij et al., 2012; Perna, 2008), and the fact that any benefits of lower interest rates are
realized only after students graduate calls into question their salience in matriculation decisions
(Dynarski, 2015). The only study to investigate the effect of student loan interest rate subsidies on enrollment found a positive but statistically insignificant effect, providing weak, but
ultimately inconclusive, support for the idea that reducing student loan interest rates increases
matriculation (Schwartz, 1985).
Finally, while much research has been dedicated to evaluating the impact of various college access programs (see section 2.5.6), there is still much we do not know about the specific
types of information interventions that are most effective in promoting college matriculation.
We know that information plays a key role in promoting college access and success, and that not
all academically-qualified individuals have access to the same information. Research suggests
that this is particularly true for students from low-income and first-generation backgrounds,
who tend to be misinformed about the cost of postsecondary education, the college admissions
process, and the financial aid system (Oreopoulos and Dunn, 2013; Perna, 2008; Long and Riley,
2007; Avery and Kane, 2004). Such information asymmetries may help explain why otherwise
qualified students from underprivileged backgrounds matriculate to college at significantly lower
rates than middle-class students of similar ability (Long and Riley, 2007; Pallais and Turner,
2006).
Not-for-profit college access programs attempt to lower informational barriers to entry
through targeted interventions which provide high school students with supplemental tutoring,
mentoring, college advising, and financial aid counseling. Empirical studies have generally found
these programs to be highly effective at increasing matriculation rates among low-income, minority, and first-generation students (Carruthers and Fox, 2016; Avery and Kane, 2004). Still,
only a handful of these programs have been subjected to rigorous, quantitative evaluation and,
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due to data limitations, it is often difficult to pinpoint precisely which information interventions
are the most effective.
Chapter 2 provides a contextual overview of contemporary issues surrounding college access, attainment, and financing in the United States. It also provides a review of the relevant
literature on the economics of postsecondary matriculation, financial aid, and student loans.
Chapter 3 contributes to the theoretical literature on human capital investment by modifying and extending a two-period model advanced by Lochner and Monge-Naranjo (2011) in
three ways. First, it introduces a simple way of modeling an agent’s knowledge and beliefs about
the net returns to human capital investment and his or her ability to succeed in educational
pursuits. Second, it introduces separate credit markets for student loans and consumer loans
and models public student loan interest rate subsidies, explicitly. This provides a mechanism
through which student loan interest rates can differ from rates in other credit markets. Third,
it models the skilled wage as a function of the unskilled wage, innate ability, and an education
premium, thereby framing an agent’s beliefs in terms of expected future payoffs.
I find that increases in student loan interest rate subsidies and information interventions
can both be effective at increasing human capital investment. However, interest rate subsidies
may have the undesired effects of causing low-ability students to overinvest while also subsidizing college choice for students who can afford college even in the absence of these subsidies. In
the case of students who are bound by student loan borrowing constraints, increases in student
loan interest rate subsidies only work by pushing students with sufficiently high risk tolerance
toward more expensive consumer loans. Alternatively, information interventions designed to
provide students with correct information about their abilities and the future payoff of a postsecondary education will increase human capital investment only among students who invest
below the socially-optimal level. Therefore, the model suggests that information interventions
are a more targeted and precise policy lever for increasing college matriculation and attainment.
In chapter 4, I measure the effect of differences in real student loan interest rates on the
decision to matriculate full time to a four-year institution immediately after graduating high
school. Using longitudinal survey data on the college matriculation decisions of students born
between 1980 and 1984, I rely on exogenous variation in real student loan interest rates across
high school graduation cohorts to identify this effect. Based on estimates from my preferred
model specification, I find no statistically significant effect of real student loan interest rates
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on the decision to matriculate immediately to a four-year institution. However, based on alternative model specifications, which take into account matriculation at both two- and four-year
institutions, I find that there is a positive and at least marginally-significant effect of student
loan interest rates on matriculation. These findings suggest that federal student loan interest
rates are likely an ineffective policy target for incentivizing investment in postsecondary education. Though ultimately inconclusive, this research is a first step toward better understanding
the role of student loan interest rates in matriculation decisions.
In chapter 5, I measure the effects of participation in an Ohio-based college access program, College Now Greater Cleveland (CNGC). The administrative microdata provided by
CNGC allows me to observe both the type and number of information interventions attended
by students. This unique dataset enables me to evaluate the effectiveness of each type of information intervention, in addition to the CNGC program overall, thereby making an important
contribution to the literature on college access programs.
My results suggest that College Now Greater Cleveland is highly effective at increasing
the college-going rate of students in the Cleveland Metropolitan School District. Overall, I find
that participation in the CNGC program increases the probability of a student matriculating
immediately to a four-year institution by approximately 32.9 percentage points. This is particularly notable given that only about half (50.4 percent) of all high school graduates in the CNGC
sample matriculate to college within the first year of graduating high school. With respect to
specific interventions, I find that financial aid counseling has the largest and most significant
effect on college matriculation, with an additional financial aid session increasing the probability
of matriculation by approximately 5.1 percentage points. This effect is stronger for low-ability
students and those from lower-income neighborhoods, and slightly weaker for students from
poor-performing schools; differences between these groups are statistically significant at the one
percent level. College admissions advising also has a positive and statistically significant effect
on matriculation, with each additional session increasing the probability of matriculation by 1.5
percentage points, on average. This effect is stronger for low-ability students and those from
low-income neighborhoods and poor-performing schools; differences between these groups are
statistically significant at the five percent level.
Chapter 6 concludes by summarizing my research findings, discussing the policy implications of my results, and laying out a plan for future research.

5

CHAPTER 2
BACKGROUND AND REVIEW OF THE
LITERATURE
2.1

Introduction
Public intervention in postsecondary education exists for essentially three reasons. First,

while arguably most of the returns to human capital investment come in the form of private
financial benefits to the owners of human capital (see section 2.2.1), there are also positive
spillover effects to the rest of society that result from having a highly-educated workforce. Some
of these societal benefits include: higher tax revenues (Carroll and Erkut, 2009), reductions in
crime (Lochner, 2004), increased voter participation (Milligan et al., 2004), lower reliance on
welfare programs (Carroll and Erkut, 2009), lower probability of smoking (De Walque, 2007),
and overall healthier lifestyles (Cutler and Lleras-Muney, 2010, 2006; Cutler et al., 2008; Grossman, 2006).
Second, because the private market fails to accurately price in these positive externalities,
it will not invest optimally in postsecondary education. The financial outlay required to obtain
a college degree typically far exceeds what median households can finance out of savings and
annual cash flow; therefore, many families need external resources to finance human capital
investments. Despite the aforementioned positive externalities, the legal and moral challenges
to securing a lien against human capital (as is routinely done with physical capital) provides
little incentive for the private sector to invest in postsecondary education at the socially optimal
level. Public intervention is required to correct this inefficient market outcome (Dynarski, 2015;
McPherson and Schapiro, 2006; Friedman, 1955).
Finally, there is a general feeling that society should pursue a goal of equal opportunity
in higher education. This translates naturally into a policy of subsidizing college costs through
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grants, subsidies, and other publicly-funded financial aid, particularly for students from underprivileged backgrounds, in order to enhance social mobility (McPherson and Schapiro, 2006;
Becker, 1993).
This chapter provides a contextual overview of contemporary issues surrounding college
access, attainment, and financing in the United States and serves to connect the theoretical and
empirical research presented in the next three chapters. Section 2.2 discusses the current state
of college access and attainment in the United States. Contrary to popular rhetoric, statistical
evidence provided in this section suggests we do not have a college access problem. While college attendance rates among traditionally underserved populations have historically been below
those of more privileged individuals, the postsecondary enrollment gap, measured across income
and race, has been steadily narrowing over the past decade.
Section 2.2.1 discusses the costs and benefits of investing in postsecondary education. In
this section I show that the average net cost of an undergraduate education has increased significantly in real terms over the past two decades, while household incomes have largely failed
to keep pace. Nevertheless, in terms of net lifetime financial payoff, postsecondary education
remains an excellent investment, with bachelor’s degree holders shown to earn an average of 48.0
percent more over their lifetimes than high school graduates (College Board, 2016a). Section 2.3
provides a discussion of the legislative history underlying contemporary financial aid policies in
the United States. Section 2.4 examines the current state of financial aid in the United States
and provides a detailed discussion of the various forms of federal and state aid, with particular
focus on grants and student loans. Section 2.5 provides a detailed review of the academic literature on the economic determinants of college matriculation. Specific attention is given to the
effects of tuition, financial aid, student loans, and information asymmetries. The purpose of
this section is to summarize what is known from previous empirical work, equip the reader with
the necessary background for the analysis in chapters 3 through 5, and highlight gaps in the
current literature. In particular, I focus on the gaps in the literature which will be addressed
by this dissertation: the effects of student loan interest rates and information asymmetries on
college matriculation. Section 2.6 concludes.
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2.2

College Access and Attainment in the United States
Much of the policy debate surrounding postsecondary education focuses primarily on

issues of college access. College access refers to the ability of individuals from different socioeconomic and demographic backgrounds to matriculate to college. In general, policies aimed at
improving college access are intended to improve matriculation rates among traditionally disadvantaged and underrepresented groups, specifically racial minorities, low-income, and firstgeneration students (Turner, 2004; Hearn, 2001). College attendance rates among these groups
have been persistently below the rates of their more privileged counterparts throughout history.
However, the enrollment gap has been steadily closing for more than a decade.
As shown in Figure 2.1, the twelve-month college matriculation rate has increased for all
income groups since 1990. Over this period, the lowest two income quintiles experienced the
largest absolute gains, with the twelve-month matriculation rate in the first and second quintiles increasing by 11.7 and 13.0 percentage points, respectively; given the low base from which
they started, it is not surprising that these groups would experience the largest gains. What is
somewhat surprising is the fact that individuals in the fourth income quintile experienced the
smallest absolute gain, with the twelve-month matriculation rate increasing just 6.4 percentage
points since 1990. Furthermore, since 2010, matriculation rates have actually decreased for all
but the lowest income quintile. During this period, the share of individuals in the lowest income
quintile matriculating within twelve months of high school increased by 4.0 percentage points.
This compares to a decrease of 4.5 percentage points for individuals in the fourth quintile, and
an average decrease of 1.5 percentage points for the other three groups.
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Figure 2.1: Enrollment rate within 12 months of high school graduation
by household income quintiles, 1990-2015. Shading indicates recessions.

The enrollment gap for racial minorities, measured as the difference in matriculation
rates for black and Hispanic 18-24 year old high school graduates relative to their white peers,
has declined significantly in the past decade. As shown in Figure 2.2, the difference between
postsecondary enrollment rates for black and white students decreased from 10.4 percentage
points in 1995 to 6.8 percentage points in 2015, reaching an all-time low of 4.9 percentage
points in 2010. Similarly, the difference between postsecondary enrollment rates for Hispanic
and white students decreased from 17.2 percentage points in 1995 to its second lowest level of
5.1 percentage points in 2015.
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Postsecondary Enrollment and Attainment Gaps
by Race (1995-2015)
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Figure 2.2: Illustrating the postsecondary enrollment and attainment
gaps for blacks and Hispanics, relative to whites, from 1995-2015. The
left panel shows the difference in the percent of black and Hispanic 18-24
year olds enrolled at two- and four-year institutions, relative to whites.
The right panel shows the difference in the percent of black and Hispanic
25-29 year olds with an associate’s degree or higher. Shading represents
recessions.

The enrollment gap across income demographics has been narrowing, even after accounting for ability (McPherson and Schapiro, 2006; Heckman and Carneiro, 2003; Ellwood et al.,
2000). Such successes have inspired some to suggest that the college matriculation decision is
no longer the most interesting margin for economic analysis, and that economists and policymakers should focus on the more important measure of success: college attainment (Hoxby,
2004; Turner, 2004). Turner (2004) distinguishes between college access and college attainment
by noting that access is an “indicator of potential [human capital] investment” whereas degrees
or credits “measure additions to human capital stock” (pp. 14-15). While it is true that the
economics literature has given more attention to college access than attainment, the two issues
are nevertheless interrelated.
Figure 2.2 illustrates that while the enrollment gap has narrowed for racial minorities,
the attainment gap has widened. Between 1995 and 2015, the difference between postsecondary
completion rates for black and white students increased from 15.8 percentage points to 22.9
percentage points. Over the same period, the difference between postsecondary completion
rates for Hispanic and white students increased from 25.3 percentage points to 28.3 percentage
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points. While it is interesting to examine differences across race, it is important to qualify any
discussion about college enrollment and attainment gaps in terms of ability.
Figure 2.3 shows postsecondary enrollment and completion rates for the high school class
of 2004 by ability and socioeconomic status (SES), as of 2012. For this cohort, approximately
93.2 percent of low-SES students with math scores in the top quartile matriculated to college between 2004 and 2012, while nearly all high-ability students in the middle- and high-SES groups
attended college. Among middle-ability students, again nearly all (97.6 percent) high-SES students matriculated to college, whereas matriculation rates for both the middle- and low-SES
students of similar ability are lower by approximately 9.0 percentage points compared to the
high-ability group.
Postsecondary Enrollment and Degree Completion
by Ability and Socioeconomic Status
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Figure 2.3: Statistics for the high school graduating class of 2004. Postsecondary matriculation rate prior to 2012 (all sectors), by ability and socioeconomic status (SES) (left panel). Highest grade completed prior to 2012, by
ability and SES (right panel). Ability is measured based on standardized test
math scores in 2004. Low- and high-ability correspond to bottom and top quartiles, middle-ability contains middle two quartiles. SES is based on a composite
score of parent education, occupation, and family income. Low- and high-SES
correspond to bottom and top SES quartiles; middle-SES contains middle two
quartiles.

The starkest contrast is among students in the bottom quartile of ability, where low-SES
students matriculate at a rate that is 10.3 percentage points lower than middle-SES students and
18.1 percentage points lower than high-SES students of similar ability. Notably, postsecondary
enrollment rates somewhat understate the progress that has been made in college access among
the low-ability and low-SES group, because the high school graduation rate for this group has
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also increased over the same period (College Board, 2016a). However, relatively low enrollment
and attainment rates among low-ability students is not a matter of college access, but arguably
more likely the result of poor preparation at the secondary level. To the extent that there is a
college access problem in the United States, the most damaging effects seem to be felt among
middle- and high-ability students from low-SES backgrounds.
Historically, low-ability students of limited financial means entered directly into the unskilled labor force rather than pursue postsecondary education. Arguably, these students may
be better off without postsecondary education, exploiting a comparative advantage in unskilled
labor relative to college graduates (Heckman and Carneiro, 2003; Willis and Rosen, 1979). For
the class of 2004, low-ability students who matriculated to college, regardless of SES, had the
lowest attainment rate of any group. This high rate of attrition suggests that most low-ability
students, regardless of SES status, find themselves academically unable to meet the demands
of postsecondary education. Notably, low-ability students are the most likely to matriculate
to public two-year and for-profit institutions, regardless of SES. Students in the lowest math
quartile and lowest SES quartile are the most likely to start their education at for-profit institutions, with more than twenty percent of low-ability students in the bottom three SES quartiles
beginning in this sector (College Board, 2016a). This is problematic, since much of the increase
in college access for low-ability and low-SES students is at least partially attributable to growth
in a sector where students are likely to experience low return on investment.
Discussions of postsecondary education policy are often based around the flawed philosophy that everyone should attend college. Turner (2004) and Rosenbaum (2001) note that this
“college-for-all norm,” which has become ubiquitous in high schools and some policy circles, is
contributing to high rates of postsecondary attrition. This is not to suggest that ability to pay
should be a consideration in the admissions process. The basic objective of federal financial aid
policies has always been to enable college enrollment among capable and motivated students,
regardless of family background (McPherson and Schapiro, 2006). Given the positive spillovers
associated with having an educated population, promoting college access and attainment among
academically-qualified students, regardless of SES is good policy. However, it is important that
the issue of promoting college access and attainment not be confounded with issues of promoting
social equality.
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2.2.1

The Costs and Benefits of Postsecondary Education
Most academically-qualified students who want to attend some form of postsecondary

education do so at some point in their lives (Hoxby, 2004). It is important to note, the issue
of college access is not the same as affordability, though the two are related. The fact is,
while the average cost of a college education has increased in both nominal and real terms over
the past decade, cost increases have not been universal and the direct and indirect benefits of
postsecondary education still far outweigh the costs.
As shown in Figure 2.4, the real cost of attendance, as measured by tuition, fees, room,
and board, net of all grant aid and tax benefits (net TFRB), has increased for all postsecondary
education sectors since 1990. The increase in net TFRB for in-state students at public four-year
colleges and universities increased 81.3 percent over this period, far outpacing the growth at
both private four-year institutions (34.6 percent) and public two-year institutions (13.0 percent).
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Figure 2.4: Average net undergraduate tuition, fees, room, and board
(TFRB) by sector from 1990 to 2017. All values are net of grant aid and
tax benefits and adjusted to 2016 dollars. Shading indicates recessions.

Over the past decade, household incomes have largely failed to keep pace with increases
in net TFRB, adjusting for inflation. This is especially true for families in the bottom income
quintile. As shown in Figure 2.5, families in the top sixty percent of earners have seen incomes
rise by approximately 3.3 to 5.3 percent over the past decade, slightly more than tuition increases at private universities. Meanwhile, net in-state tuition at public four-year institutions,
which have historically served students from low- to middle-income backgrounds, have increased
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approximately 25.6 percent over the past decade while incomes for these households have declined in real terms. Therefore, while more low- and middle-income students are attending
college than ever before (evidence that access has improved), the ability of these individuals to
fill the gap left by financial aid has in many cases diminished.
Growth in Household Income vs. Net TFRB
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Figure 2.5: Inflation-adjusted growth in mean household income by
quintile compared with mean net tuition, fees, room, and board (TFRB)
by sector (2005 - 2015).
Since individuals in the lowest income quintiles are most likely to be the first in their
families to attend college, comparing changes in income with net TFRB may actually paint an
overly optimistic picture. Individuals from low-income or first-generation backgrounds tend to
be misinformed about the cost of postsecondary education and the workings of the financial
aid system (Oreopoulos and Dunn, 2013; Perna, 2008; Avery and Kane, 2004). Net of financial
aid and tuition discounts, the net cost of attendance for most students is less than published
tuition and fees. However, being ignorant of the difference between published tuition and fees
and the net cost of attendance, it is reasonable to believe that these students may rely on
published prices which have increased sharply over the past decade for all sectors. Between
2005 and 2015, the published tuition and fees for private four-year, in-state public four-year,
and in-district public two-year institutions have increased by 26.2 percent, 40.4 percent, and
28.9 percent, respectively (College Board, 2016b).
Furthermore, there have been significant differences in the cost of postsecondary education
across states. Figure 2.6 illustrates the real growth rate in published in-state tuition and fees,
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by state, for public four-year colleges and universities from 2011 to 2016. The average increase
in real tuition and fees during this period was 12.4 percent. In three states, average in-state
tuition and fees decreased over this five year period: Washington (-8.4 percent), Maine (-2.9
percent), and California (-1.8 percent). Nine states (Kansas, Virginia, Colorado, Mississippi,
Alaska, Oklahoma, Tennessee, West Virginia, and Louisiana) had increases in average in-state
tuition of more than 20 percent, with Louisiana (+59.3 percent) far outpacing the next highest
state, West Virginia (+27.0 percent).
Real Growth Rate in Tuition and Fees
by State, 2011-2016
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Figure 2.6: Five year growth rates of average in-state tuition for public four-year colleges
and universities, by state. Growth rates calculated using published tuition and fees (2016
dollars) for 2011-2012 and 2016-2017 academic years.
Despite the cost, postsecondary education is still an excellent investment. Figure 2.7
shows the median estimated earning paths for individuals at different levels of education over
the course of their working lives (excluding those with advanced degrees). On average, individuals who hold an associate’s degree earn 21.3 percent more in real terms than individuals with
only a high school diploma over their working lives. For individuals with a bachelor’s degree, the
lifetime premium relative to a high school diploma is 48.1 percent. The earnings premium for a
four-year degree peaks around age forty, when individuals with a bachelor’s degree earn approximately 86.3 percent more than high school graduates and 41.5 percent more than associate’s
degree holders, in real terms. Net of the costs of education and borrowing, cumulative lifetime
earnings for bachelor’s degree recipients exceed those of high school graduates and those with
an associate’s degree beginning around age thirty-four and thirty-six, respectively. In addition

15
to the private financial benefits which accrue to individuals, postsecondary education also yields
a number of positive externalities to society, as discussed in section 2.1.
Estimated Annual and Lifetime Income Premium
by Age and Education Level
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Figure 2.7: Estimated median annual income by age and education level
(left panel) and estimated cumulative lifetime income by age and education
level (right panel). Cumulative lifetime income is net of forgone earnings, and
published expenses for tuition, fees, books, supplies. Excludes potential grant
aid and assumes students borrow the full cost of education at 4.29%, repaid over
10 years. Discount rate of 3% applied. Excludes individuals earning advanced
degrees.

2.3

History of Federal Student Aid in the United States
Following the successful launch of Sputnik in 1957, Congress began to fear that the Soviet

Union was surpassing the U.S. in scientific achievement. In response, they made postsecondary
education in the fields of science, engineering, and mathematics a national priority (Thelin,
2007). In 1958, in an effort to provide unprecedented financial support to individuals pursuing
higher education in these fields, Congress enacted the National Defense Education Act (NDEA),
providing $295 million (approximately $2.5 billion in 2017 dollars) of federal student loans
for the next four years (Thelin, 2007).1 Due to favorable repayment terms and forgiveness
provisions, federally-backed student loans originated under the NDEA functioned much like
1
Aside from the 1944 Servicemen’s Readjustment Act (commonly referred to as the GI Bill), which only
applied to veterans, the NDEA was arguably the first broad-based national student financial aid policy. As such,
the point of historical intersection in this chapter is the enactment of the NDEA in 1958. The interested reader
is referred to Thelin (2007) for a discussion of financial aid and student loan policies prior to 1958. Readers
interested in an historical perspective on the research of education finance are directed to Hines and McCarthy
(1985) for a concise annotated bibliography of research published between the early 1960s and early 1980s.
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grants (Thelin, 2007). This loan program eventually became known as the National Defense
Student Loan Program (NDSL), and today is known as the Federal Perkins Loan Program,
making it the oldest of the contemporary federal financial aid policies (Hess, 2007). Prior to
the NDSL, the federal government viewed supporting and funding undergraduate education as
primarily a state concern, and limited its support to research contracts and veterans’ benefits
such as the GI Bill (McPherson and Schapiro, 2006).
2.3.1

The Higher Education Act
The Higher Education Act of 1965 (HEA), was intended to provide financial aid for both

low- and middle-income students, and dramatically expanded the size and scope of federal financial aid programs (Thelin, 2007).2 Under the HEA, federal grants were provided directly
to colleges and universities who were entrusted with awarding this money to qualified students
who demonstrated financial need (Thelin, 2007; McPherson and Schapiro, 2006). Title IV of
the HEA created the Federal Family Educational Loan Program (FFELP), which expanded on
the NDSL by creating the Guaranteed Student Loan Program (GSL) and allowing commercial
lending institutions and state governments to participate in the market for student loans for the
first time (Thelin, 2007). Loans originated under the GSL program were primarily intended to
assist middle-class students in financing postsecondary education. Interest payments on these
loans were subsidized while students were in school, and principal payments were guaranteed
by the federal government. These loans became what are known today as Subsidized Federal
Direct (Stafford) Loans (Hess, 2007).
After 1965, Congress reauthorized the HEA six times: in 1972, 1976, 1980, 1986, 1992,
and 1998. With each reauthorization came new amendments and substantial increases in the
limits for federal student loan and grant aid (Hess, 2007; Thelin, 2007). The 1972 reauthorization featured two significant changes to the financial aid landscape, both of which responded in
different ways to what Thelin (2007) describes as rising “student consumerism” between 1968
and 1972, in which students viewed themselves as customers of the postsecondary education
system and were vocal about their demands on it. Emphasis on college choice and students’
willingness to take their business to the institution that offered them the best value for their
tuition dollars resulted in a more competitive environment for universities (Thelin, 2007).
2

Hegji (2014) provides a comprehensive discussion of the provisions of the HEA.
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The 1972 reauthorization of the HEA marked a major shift in federal support for postsecondary education. Previously, the bulk of federal money was concentrated at a handful of
favored universities in the form of research grants and federal contracts; now, federal support
came in the form of financial aid awarded directly to students in the form of portable grants
which could be used at any accredited institution. In this way, the 1972 amendments provided
new incentives for institutions to compete for students.
First, Congress approved the Basic Educational Opportunity Grant (BEOG), which today
is known as the Pell Grant after the then chair of the Senate Subcommittee on Higher Education
(Thelin, 2007). Pell was the first to employ a standardized method for determining financial
need for the purpose of awarding federal need-based grants (Thelin, 2007). His method introduced the first means-tested grant program in postsecondary education policy, and throughout
the remainder of the 1970s was one of the primary drivers behind the doubling of the student
financial aid pool by the end of the 1980-1981 academic year (McPherson and Schapiro, 2006).
The second major change in the 1972 reauthorization was the creation of the Student
Loan Marketing Association (SLMA). “Sallie Mae,” as it has come to be known, was created as
a government-sponsored enterprise (GSE) charged with establishing a secondary lending market
for federal student loans.3 It did so by purchasing loans from financial institutions and lending
up to eighty percent of the loan value to banks so that they could use that money to make
other investments (Thelin, 2007). The creation of Sallie Mae, and the subsequent authorization
of additional secondary-market organizations in 1976, introduced a form of financial leverage
into the financial aid system that enabled an unprecedented expansion in the supply of federal
student loans (Thelin, 2007).
While the full impact of this decades-long leveraging of household finances and proliferation of postsecondary education remains to be seen, the short-run effects of these two policies
are clear. The availability of portable federal grants and the expansion of the student loan
market increased accessibility to postsecondary education, especially for low-income students,
and improved college choice for millions of students from all income backgrounds over the next
four decades (Hess, 2007).

3
In 1997, seeking to end its status as a GSE in order to provide a broader offering of financial services,
Sallie Mae dissolved its charter and began operating as a private entity (Thelin, 2007).
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2.3.2

Shifting the Focus to Student Loans
Rampant inflation in the mid-1970s increased the nominal cost of postsecondary educa-

tion, both from the perspective of intermediate inputs for institutions and the tuition paid by
students; in some cases tuition increased more than 150 percent between 1970 and 1981 (Thelin,
2007). During the same time, maximum Pell Grant limits were not keeping up with inflation,
which forced institutions to make hard choices. Specifically, colleges and universities had to
make compromises through some combination of cutting financial aid to needy students, raising
tuition, or cutting costs by reducing the quality of education (Thelin, 2007; McPherson and
Schapiro, 2006).
Legislative changes in the late 1970s and early 1980s also dealt with a number of conflicting
interests. On one hand, there was growing concern that financial aid policies were not benefiting
those that needed them the most, namely low-income students. On the other hand, there was
also a desire to continue improving access to financial aid programs for middle-income families,
primarily in the form of student loans. While increasing the availability of federal grants to lowincome students could improve access for a group that policies had historically been intended
to help, broader economic realities of the time favored a shift toward a focus on student loans
(Thelin, 2007).
Since the late 1970s, most of the increases in federal financial aid have been in the form of
student loans (McPherson and Schapiro, 2006). In 1978, Congress enacted the Middle Income
Student Assistance Act (MISAA), which eliminated income limitations for subsidized federal
student loans (Hess, 2007; Thelin, 2007). The 1980 reauthorization of the HEA created the
Parent Loans for Undergraduate Students Program (PLUS), which allowed parents to borrow
Federal Stafford Loans on behalf of their children (Hess, 2007). Amendments to the HEA in
1986 raised the borrowing limits on Federal Stafford Loans, and eliminated the limits entirely
for PLUS loans (Hess, 2007).
The early 1990s saw continued focus on student loans as the primary mechanism for federal student aid. Based on data provided by McPherson and Schapiro (2006), the amount of aid
awarded to students in the form of federal student loans between the 1990-1991 and 2001-2002
academic years grew at a rate of 145 percent, nearly three times the rate of Pell Grants, while
total federal aid grew by 120 percent, overall. The 1992 reauthorization of the HEA created
Unsubsidized Stafford Loans, which carried many of the same favorable terms as their subsi-
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dized counterparts, except that interest on unsubsidized loans began accruing while students
were in school. These loans were intended primarily for middle- and high-income families and
served to increase college choice among this income demographic (Hess, 2007; Thelin, 2007).
In 1993, President Bill Clinton signed into law the Omnibus Budget Reconciliation Act,
and with it the Student Loan Reform Act of 1993 (Smole, 2014; Thelin, 2007). The primary
goal of this act was to achieve cost savings and simplify federal lending through the creation of
the William D. Ford Federal Direct Loan Program (FDLP). Through this program, the federal
government (specifically, the U.S. Department of Education) would become a direct lender of
Treasury funds to students, allowing institutions and families to bypass banks entirely. The Department of Education allowed postsecondary institutions to work directly or through federal
contractors to originate loans to students (Smole, 2014).
2.3.3

Legislative Changes in the Twenty-First Century
Since 2003, the HEA has been amended numerous times, most often to make minor

changes to the existing laws, extend funding, or increase limits; the most notable changes, however, have been implemented since 2007. Under the College Cost Reduction and Access Act
of 2007 (CCRAA), Congress began using legislative changes to student loan interest rates as
a means of mitigating the repayment burden of borrowers after graduation. The most notable
change under CCRAA was a gradual reduction in statutory loan rates, from 6.8 percent to 3.4
percent, on fixed-rate Subsidized Stafford Loans made between July 1, 2008 and June 30, 2012.
The CCRAA also established an income-based repayment plan (Smole, 2014). The 3.4 percent
interest rate on Subsidized Stafford Loans was later extended through the 2012-2013 academic
year with the enactment of the Moving Ahead for Progress in the 21st Century Act (MAP-21),
signed into law in 2012 (Smole, 2014). The most recent reauthorization of the HEA came in
2008 when Congress passed the Higher Education Opportunity Act (HEOA) which extended
existing programs through fiscal year 2014.
Arguably, the most sweeping changes to the HEA to occur since the early 1990s came
as part of the Healthcare and Education Reconciliation Act of 2010 (HCERA). Specifically,
Title II Part A of HCERA, known as the Student Aid and Fiscal Responsibility Act (SAFRA),
officially terminated lending under the Federal Family Educational Loan Program (FFELP)
as of June 30, 2010 (Dortch et al., 2010). Termination of the FFELP ended a seventeen year
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period in which federal student loans were essentially originated in parallel, both indirectly by
subsidized private lenders and directly by the Department of Education. The enactment of
SAFRA solidified the William D. Ford Federal Direct Lending Program (FDLP) as the sole
conduit by which all Federal Stafford, PLUS, and Consolidation loans, would be originated
and serviced. It also established that FDLP loans would be serviced by both for-profit and
not-for-profit servicers that contract with the Department of Education (Dortch et al., 2010).
In addition to sweeping changes for federal student loans, SAFRA also raised program limits
for Pell Grants through the 2017-2018 academic year by indexing it to the CPI, made certain
changes to the income-based repayment plan, and extended appropriations for institutions that
have historically served primarily minority students (Dortch et al., 2010).
The Budget Control Act of 2011 (BCA), ended the availability of Subsidized Stafford
Loans to graduate students, and eliminated certain repayment incentives beginning in the 20122013 academic year (Smole, 2014). Most recently, the Bipartisan Student Loan Certainty Act
of 2013 (BSLCA) marked another round of Congressional intervention in student loan interest
rates. With interest rates on federal loans at their historical low of 3.4 percent, and the expiration of the MAP-21 provisions at the end of the 2013 academic year threatening to cause
student loan interest rates to double, President Barack Obama signed into law the BSCLA,
therein linking the interest rate on all federal student loans to the 10-year Treasury (Smole,
2014).4

2.4

The Current State of Financial Aid
As discussed in Section 2.3.1, the Higher Education Act of 1965 (HEA) and all of its

amendments form the legislative foundation for federal financial aid in the United States. In
general, the different forms of federal postsecondary financial aid can be classified as being
administered either directly or indirectly. Direct forms of aid are the subsidized and unsubsidized
student loans provided under the FDLP, as well as the Federal Pell Grant (McPherson and
Schapiro, 2006). Indirect forms of aid include what are known as the three “campus-based
programs,” various federal tax credits and deductions for postsecondary education, and the
explicit interest payments made by the federal government on subsidized student loans issued
4

Smole (2013) provides a detailed discussion of the various proposed changes to student loan interest rate
policy that were considered by the 113th Congress.
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under the FDLP while students are in school or loans are in deferment (McPherson and Schapiro,
2006).
As shown in Figure 2.8, federal financial aid for undergraduate and graduate students
totaled approximately $158.3 billion during the 2015-2016 academic year. Since the all-time high
of approximately $192.2 billion in 2010, federal financial aid has decreased at a real annualized
rate of 3.8 percent (College Board, 2016c). As discussed in Section 2.3.2, student loans were
the favored mechanism for federal financial aid from the early 1980s through the mid 1990s,
peaking at 77.1 percent of total aid during the 1996-1997 academic year, and steadily decreasing
over the past twenty years. Since 2010, the relative shares of each type of aid have remained
fairly consistent, with federal student loans and grants representing approximately 61.0 percent
and 27.0 percent of total federal aid, respectively (College Board, 2016c). Section 2.4.1 briefly
discusses the current state of federal financial aid programs. Section 2.4.2 and 2.4.3 discuss
federal and private student loan programs, respectively. Section 2.4.4 briefly discusses state
subsidies.
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Figure 2.8: Annual undergraduate and graduate federal student aid (billions
of 2015 dollars) and shares by type of aid for selected years.
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2.4.1

Federal Grant Aid and Tax Benefits
The Pell Grant is a need-based program directed primarily at low-income undergradu-

ate students.5 It is the largest federal grant aid program, accounting for $28.2 billion, or 65.3
percent, of total federal grants during the 2015-2016 academic year (College Board, 2016c). In
recent years, the program has received significant attention from analysts and policymakers due
to increasing program costs made worse by weak economic conditions following the 2007-2009
recession (Mahan, 2013). Over the past decade, the number of Pell recipients has increased more
than the number of undergraduate students in the United States during the same period (2.4
million versus 1.9 million), as some previously ineligible undergraduates became Pell-eligible
following the financial crisis (College Board, 2016c). The maximum Pell Grant award is determined by Congress; for the 2015-2016 academic year, the maximum award was $5,775 and the
average award was $3,724 (College Board, 2016c). As discussed in Section 2.3.2, the program
has been widely criticized throughout its history for the failure of maximum awards to keep
pace with inflation (Thelin, 2007; McPherson and Schapiro, 2006). While the maximum award
has increased steadily in real terms since 1995, today’s Pell recipients are still worse off than
recipients in the 1970s, with the maximum award 6.3 percent lower than in 1975, after adjusting
for inflation (College Board, 2016c).
The Federal Supplemental Educational Opportunity Grant (FSEOG) is a campus-based
program that allows institutions to directly award grant aid to undergraduate students demonstrating “exceptional need,” as defined in the HEA, with priority given to students receiving
Pell Grants (Hegji and Smole, 2013). The Department of Education funds up to 75 percent of
an FSEOG award, with the remaining share (no less than 25 percent) funded through a combination of institutional and state scholarships, grants, or tuition discounts (Hegji and Smole,
2013).6 The FSEOG is a small program, representing only $737 million (0.5 percent) of total
federal aid during the 2015-2016 academic year. The maximum award amount is $4,000.7
5

In some rare cases, students enrolled in postbaccalaureate teacher certification programs may also qualify
(Dept. of Ed., 2017a).
6

Hegji and Smole (2013) note that certain types of state aid are excluded from the calculation of the
non-federal contribution.
7

The minimum FSEOG award is $100 (Dept. of Ed., 2017b). Hegji and Smole (2013) note that, under
certain circumstances, the maximum amount of the FSEOG award can be increased to $4,400 for students
studying abroad. Readers interested in how FSEOG funds are allocated to institutions are directed to Hegji and
Smole (2013).
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The Federal Work Study program (FWS) is administered through financial aid offices
and is open to any student who indicates a willingness to accept FWS employment and whose
application indicates financial need (Hegji and Smole, 2013). FWS compensates students for
hours worked either on campus, or for private or public agencies or organizations (both for-profit
and not-for-profit); students are paid a rate no less than the current federal minimum wage,
and earnings do not count against the student’s need calculation the following year (Hegji and
Smole, 2013). Whereas the other campus-based programs are available exclusively to undergraduate students with exceptional need and capped at annual limits, FWS awards are available
to undergraduate, graduate, and professional degree students and are not subject to maximum
amounts (Hegji and Smole, 2013).8 The FWS program accounted for $982 million (0.6 percent)
of total federal aid during the 2015-2016 academic year (College Board, 2016c).
Other significant types of federal financial aid come in the form of benefits to veterans and
military families, and federal education tax benefits. Total federal grant aid to veterans and
military families totaled approximately $14.3 billion (9.0 percent) during the 2015-2016 academic year.9 The Internal Revenue Code provides for a variety of preferential tax treatments,
including various credits, deductions, exclusions, and exemptions related either to tuition and
fee expenses, student loan interest payments, or education savings plans (Crandall-Hollick,
2014).10 As of her publication, Crandall-Hollick (2014) notes that, there were fourteen separate
tax benefits for students and parents representing an estimated $30 billion to $40 billion in forgone annual revenue in each of fiscal years 2013 through 2017. Unlike the federal aid programs
discussed above, these tax breaks are generally available to anyone who files federal income
taxes, has qualifying educational expenses during the tax year, and meets the guidelines for
each particular tax benefit (Crandall-Hollick, 2014). In the 2015-2016 academic year, federal
tax benefits accounted for an estimated $18.2 billion (11.5 percent) of total federal financial
aid (College Board, 2016c). In 2014, approximately half of federal education tax credits were
claimed by tax filers with household incomes between $25,000 and $100,000; the remaining half
8

There are a number of nuances and caveats to this program. The interested reader is directed to Hegji
and Smole (2013).
9
Financial aid comes from a variety of sources. Discussion of military benefits is beyond the scope of this
dissertation. The interested reader is directed to Dept. of Ed., 2017c.
10

In this context, tax benefits include everything from education tax credits to the preferred treatment of
gifts to minors and early withdrawals from IRAs. A thorough treatment of the IRS rules and regulations governing
these benefits is beyond the scope of this dissertation. Interested readers are directed to Crandall-Hollick (2014).
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was split more or less equally between households earning less than $25,000 and those earning
between $100,000 and $180,000 (College Board, 2016c).
2.4.2

Federal Student Loans
The purpose of federal student loans is to improve access and choice in postsecondary

education by increasing liquidity and lowering costs (Dynarski, 2015, 2003b). In the absence of
federal loans, students would find it difficult and costly to borrow to cover college expenses. The
private sector would underinvest in postsecondary education by restricting access to individuals
based on traditional risk metrics such as income, wealth, collateral, and credit history (Dynarski,
2015; Cadena and Keys, 2013; Hess, 2007; Thelin, 2007; Dynarski, 2003b).
The U.S. Department of Education currently administers two different federal student
loan programs: the William D. Ford Federal Direct Loan Program (FDLP) and the Federal
Perkins Loan Program (Dept. of Ed., 2017d). As shown in Figure 2.8, total federal loans
originated under these programs totaled more than $95.8 billion during the 2015-2016 academic
year, or approximately 60.5 percent of total federal aid (College Board, 2016c).
The Federal Perkins Loan program is part of the “campus-based programs” discussed in
Section 2.4; loans are awarded by financial aid offices and allocated in similar fashion to FSEOG
and FWS funds (Hegji and Smole, 2013). Perkins Loans are need-based, though institutions
are given a significant amount of latitude in defining the procedures for awarding funds, so
long as priority is still given students demonstrating exceptional need (Hegji and Smole, 2013).
Perkins loans are low-interest, federally-backed, student loans with favorable terms. Interest
rates are fixed at 5.0 percent and interest does not accrue while students are enrolled or while in
deferment; repayment options are also flexible and provide for various deferment, forbearance,
or cancellation options (Dept. of Ed., 2017e). Under this program the college or university is
technically the lender, but loans are capitalized with a combination of federal aid dollars and
institutional funds equal to one-third of the federal contribution (Dept. of Ed., 2017e). Eligible
undergraduates can borrow a maximum of $5,500 per year (up to $27,500 over five years);
graduate students can borrow a maximum of $8,000 per year, up to a maximum of $60,000 in
combined undergraduate and graduate loans (Dept. of Ed., 2017e). As shown in Figure 2.9,
Perkins Loans accounted for only $1.2 billion (1.2 percent) of total federal loans during the
2015-2016 academic year (College Board, 2016c).
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Figure 2.9: Annual federal and non-federal student loans originated (billions
of 2015 dollars) and shares by type of loan for selected years. This excludes
Direct Consolidation Loans.

All other federal student loans are originated under the William D. Ford Federal Direct
Loan Program (FDLP). As discussed in Section 2.3.2, loans originated under the FDLP represent funds loaned directly to undergraduate and graduate students and their families by the
U.S. Department of Education. Four different types of loans are issued under the FDLP: Direct
Subsidized Loans, Direct Unsubsidized Loans, Direct PLUS Loans, and Direct Consolidation
Loans (Dept. of Ed., 2017d).
Subsidized and Unsubsidized Federal Direct Loans account for the largest share of all
student loan borrowing. As shown in Figure 2.9, undergraduate and graduate students borrowed a combined $23.0 billion and $50.8 billion of Subsidized and Unsubsidized Direct Loans,
respectively, during the 2015-2016 academic year. Subsidized Direct Loans accounted for approximately 24.0 percent of total federal loans and 21.5 percent of overall student loan borrowing
during the 2015-2016 academic year. Unsubsidized Direct Loans accounted for 53.0 percent of
total federal loans and 47.6 percent of overall student loan borrowing during the same period
(College Board, 2016c). As discussed in Section 2.3.3, the Budget Control Act of 2011 (BCA)
excluded graduate students from borrowing subsidized loans beginning in the 2012-2013 academic year (Smole, 2014). In the short-run, graduate students seemed to substitute toward
Unsubsidized Direct Loans; in 2012, the share of Subsidized Direct Loans relative to total federal loans decreased by approximately 10.9 percentage points versus 2011, while the share of
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Unsubsidized Direct Loans increased by 11.1 percentage points (College Board, 2016c). By
2015, subsidized and unsubsidized loans decreased to approximately 21.5 percent and 47.6 percent of overall loans, respectively (College Board, 2016c).
Annual loan amounts are determined by financial aid offices. Table 2.1 provides the annual and cumulative borrowing limits for undergraduate students under both the Subsidized and
Unsubsidized Direct Loan Programs. Graduate and professional degree students may borrow
up to $20,500 each year, up to a maximum of $138,500, including undergraduate loans (Dept.
of Ed., 2017f).
Table 2.1: Undergraduate loan limits for Subsidized and Unsubsidized Federal Direct Loans, academic year 2016-2017, (U.S. Dollars).
Total (Subsidized + Unsubsidized)
Year
Subsidized Limit Dependent
Independent
Year 1
3,500
5,500
9,500
Year 2
4,500
6,500
10,500
Year 3+
5,500
7,500
12,500
Cumulative
23,000
31,000
57,500
Source: (U.S. Department of Education, Office of Federal Student Aid, 2017h)

Federal Direct Loans have relatively flexible repayment terms, allowing borrowers to
choose between standard ten year repayment, extended twenty-five year repayment, and a variety of income-based and income-contingent plans (Dept. of Ed., 2017f). Borrowers are allowed
to defer payments while in school and for six months after graduation. For unsubsidized loans,
interest accrues from the date of origination; for subsidized loans, interest payments are made
by the government while students are enrolled at least half time and during periods of deferment
(Dept. of Ed., 2017f).
Federal Direct Loans typically carry different interest rates depending on the type of loan
and the borrowers enrollment status. Over the past two decades, interest rates on Subsidized
and Unsubsidized Direct Loans have been set every July 1, and held fixed for the entire academic
year (ending the following June 30). Rates have been set either at a premium (determined by
Congress) to the 91-day Treasury bill or at a fixed interest rate, also set by Congress. During
periods where they have been pegged to the Treasury bill, rates have been determined every
June 1 based on the yield on the 91-day Treasury bill at the final auction held prior to June
1 (Smole, 2014). Table 2.2 provides a summary of the formulas used to determine in-school
interest rates on Subsidized and Unsubsidized Direct (Stafford) Loans between 1995 and 2016.
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Table 2.2: Formulas for in-school interest rates on undergraduate
Federal Direct Loans, 1995-Present.
Origination Period

Subsidized

Unsubsidized

July 1, 1995 - June 30, 1998
91-day T-bill +2.5%
91-day T-bill +2.5%
July 1, 1998 - June 30, 2006
91-day T-bill +1.7%
91-day T-bill +1.7%
July 1, 2006 - June 30, 2008
6.8% fixed rate
6.8% fixed rate
July 1, 2008 - June 30, 2009
6.0% fixed rate
6.8% fixed rate
July 1, 2009 - June 30, 2010
5.6% fixed rate
6.8% fixed rate
July 1, 2010 - June 30, 2011
4.5% fixed rate
6.8% fixed rate
July 1, 2011 - June 30, 2012
3.4% fixed rate
6.8% fixed rate
July 1, 2012 - June 30, 2013
3.4% fixed rate
6.8% fixed rate
On or after July 1, 2013
10-year Treasury + 2.05% 10-year Treasury + 2.05%
Source: (U.S. Department of Education, Office of Federal Student Aid, 2017h)

Figure 2.10 illustrates the magnitude of the interest rate discount on federal student
loans by comparing historical interest rates on Subsidized Direct (Stafford) Loans with those
on other forms of secured and unsecured loans from 1995 to 2016. Over the past two decades,
the nominal interest rate on Subsidized Direct (Stafford) Loans, excluding the savings that
accrued to borrowers during periods of deferment, averaged less than half the market rate on
other unsecured loans. Relative to market rates on unsecured personal loans and credit cards,
federal student loan borrowers have enjoyed an average interest rate discount of 700 and 840
basis points, respectively.
Nominal Interest Rates by Type of Loan
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Figure 2.10: Nominal interest rates on credit cards, unsecured personal
loans (24 months), 30-year fixed rate mortgage, prime loans, and Subsidized Direct (Stafford) loans. Shown quarterly from January 1995 to
December 2016.

Federal Direct PLUS Loans are non-need-based loans, which were historically intended for
parents of undergraduate students, but which are now also available to graduate and professional
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students (Smole, 2014; Hess, 2007). These loans are unsubsidized, carry higher interest rates
than Unsubsidized Direct Loans (currently 7.0 percent), and are limited to borrowers with
good credit (Dept. of Ed., 2017g). Students are allowed to borrow up to the annual cost of
attendance minus other financial aid, but there are no cumulative limits (Dept. of Ed., 2017g).
Direct PLUS loans are the second largest federal student loan program; during the 2015-2016
academic year, Parent and Graduate PLUS loans totaled $20.9 billion, which was 21.8 percent
of total federal loans and 19.6 percent of overall student loan borrowing (College Board, 2016c).
Federal Direct Consolidation Loans are non-need-based loans which allow students to
refinance multiple federal loans into one. Borrowers are eligible to consolidate any federal loan,
including loans previously issued under the FFELP. Interest rates are calculated as the weighted
average of rates on existing loans (Dept. of Ed., 2017h).
2.4.3

Private Student Loans
Unlike federal loans, private loans are not backed by the federal government, nor are the

interest payments subsidized. They do, however, receive some of the same preferential treatments as federal loans such as the inability, in most cases, to discharge the loans in bankruptcy
(Mazzeo, 2007). As with other commercial loan products, banks that lend out private student
loans do so based on a borrower’s credit history and ability to repay; given that college students tend to have limited credit histories, these loans often carry higher interest rates and fees
compared to federal loans, and typically require cosigners (Mazzeo, 2007). Dynarski (2003b)
suggests that borrowers with fair credit ratings can end up paying interest rates as much as 3.0
percentage points higher than a similar Direct (Stafford) Loan, whereas borrowers with poor or
no credit are often unable to obtain loans at all.
Private loans do, however, serve to loosen credit constraints, enhance college choice, and
fulfill a demand for more personalized financial aid products (Mazzeo, 2007). Whereas annual
and cumulative borrowing limits on Federal Direct (Stafford) loans may leave students with a
funding gap, private student loans will pay up to the full price of attending college, including
tuition, fees, room and board, books, supplies, and travel. Additionally, many borrowers find
that the process of borrowing private loans is quicker and less bureaucratic than completing the
annual Free Application for Federal Student Aid (FAFSA) (Mazzeo, 2007). By loosening credit
constraints imposed by the federal loan programs, private student loans enhance college choice
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and provide students with more flexibility. Private student loan borrowers are significantly more
likely to attend elite or highly-selective private institutions, attend full-time, and choose not to
work while in school. This may help explain why students whose financial need is fully met
under federal need formulas choose to borrow privately, and why private student loan borrowers
are disproportionately from middle- and high-income families (Mazzeo, 2007).
While much of the policy debate since the 1960s has focused primarily on the role of
subsidies, grants, and federal loan programs, one of the most striking and perhaps least understood trends in postsecondary education finance over the past twenty years has been the
rapid ascension of private student loans through the early 2000s, and their subsequent fall as
a share of total student borrowing following the 2007-2009 financial crisis. As shown in Figure
2.9, private student loans accounted for just $2.1 billion, or 4.9 percent of the overall student
loan market, in 1995. However, private student loan originations approximately doubled every
three years between 1995 and 2004, in real terms. Private loan originations peaked during the
2006-2007 academic year at $23.7 billion, accounting for 24.8 percent of overall student loan
borrowing (College Board, 2016c).
Analysts have credited this rapid increase in private loans to increasing demand for a college education, rising costs for postsecondary institutions, and declining grant and scholarship
aid (Kantrowitz, 2009; Mazzeo, 2007). Kantrowitz (2009) suggests that more than 68 percent of
the growth in volume of private student loans between the 1999-2000 and 2007-2008 academic
years was due to limitations on Federal Direct (Stafford) Loans that had failed to keep pace with
rising costs of attendance. Not unlike events that unfolded in the mortgage industry during the
same time period, the creation of asset-backed securities (ABSs), through the packaging and
securitization of student loan portfolios, enabled financial institutions to better manage their
risk and greatly increased banks’ willingness and ability to lend (Mazzeo, 2007).
During the 2007 financial crisis, private student loans fell out of favor in dramatic fashion.
Private loan originations decreased by half between the 2007-2008 academic year and the 20082009 academic year to $12.5 billion, just 11.8 percent of the overall student loan market. Private
loan originations bottomed during the 2010-2011 academic year at $7.9 billion, or 6.5 percent
of the overall market. Private loan originations increased at an annualized rate of 8.3 percent
between 2011 and 2015, in part due to the exclusion of graduate students from Subsidized Direct
Loans following the passage of the BCA in 2011 (College Board, 2016c).
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2.4.4

State Subsidies for Postsecondary Education
Although many states provide small amounts of grant aid, state intervention in postsec-

ondary education is typically in the form of subsidies to public, and to a lesser extent private,
institutions.11 While a handful of state legislatures still maintain direct control over tuition
levels, the majority of states have delegated that responsibility to university regents or state
agencies (Kane, 2006). However, even in states where the legislature does not exercise direct
control over tuition decisions, their authority over appropriations to public and private institutions within the state grant them a significant amount of indirect control over pricing decisions.
Because public colleges and universities rely more heavily on state subsidies than private
institutions, political and state budget pressures have the potential to constrain the quality of
education that public institutions can provide (Kane, 2006). Kane et al. (2005) find that persistently tight state budgets since the 1990-1991 recession, increases in spending on state-funded
programs such as Medicaid, and the reluctance of state legislatures to raise public university tuitions has created a significant gap in the relative quality of public and private education. While
raising tuition at public institutions is often politically unpopular, there are consequences to
keeping tuition artificially low (Kane, 2006; Peltzman, 1973). Since the 1980s, the growth in
per-student expenditures at public four-year colleges and universities has dramatically lagged
that of private institutions (Kane et al., 2005). Additionally, faculty salaries at public universities have failed to keep pace with those at private institutions, which Zoghi (2003) cites as
evidence of the decline in education quality at the former. Kane et al. (2005) confirm these
results, and note that faculty-student ratios have been steadily increasing at private universities
while public universities have seen a notable decline over the same period; surveys conducted at
public universities showed a marked decline in the perceived quality of undergraduate education
between the 1992-1993 and 1998-1999 academic years.
Keeping public tuition artificially low relative to private institutions, unintentionally creates an adverse selection problem. The issues discussed above make it difficult for consumers
to make informed decisions about the quality of public education, and as a result state subsidies may actually reduce human capital investment among the very group of students they are
11

During the 2014-2015 academic year, state grant aid to students averaged $750 per full-time equivalent,
of which about three-quarters was based on financial need (College Board, 2016c). Since for most students this
is a fairly negligible amount, this dissertation largely ignores the role of state grant aid.

31
intended to help (Kane, 2006). The combination of low tuition and low perceived quality of education, means that public colleges and universities increasingly attract lower quality students
and faculty which act to further depress the quality of education as well as the willingness for
students to pay for that education (Kane et al., 2005).
In order to end this vicious cycle, states have been forced to make difficult choices, and
in many cases experiment with creative policy options.12 One example is what Kane (2006)
refers to as the “high tuition and high aid” approach. Some states, in a maneuver that mimics
shifts in federal policies over the past thirty years, have chosen to award aid dollars directly
to students rather than universities, while simultaneously allowing universities more autonomy
in managing fiscal matters, including setting tuition (Kane, 2006). This partially explains the
drastic tuition differences between public and private four-year institutions discussed in section
2.2.1. However, as shown in Figure 2.5, increases in grant aid have not been large enough to
offset tuition increases and keep public institutions competitive with their private counterparts.

2.5

The Economic Determinants of College Matriculation
In their seminal work, Manski and Wise (1983) provide the foundation for much of the

modern empirical analysis in the economics of postsecondary education.13 They suggest that
a student’s college-going decision can be broken down into five steps: the application decision,
the admissions decision, the financial aid decision, the matriculation decision (choosing between
college and work), and the decision to persist and ultimately complete the degree. In order to
deal with selection bias, they model each decision as a joint likelihood of each prior decision in
the sequence. For example, the matriculation decision is modeled conditional on the application, admission, and financial aid decisions.
The authors use a standard random utility model, assuming that students rank their alternatives for work and postsecondary education based on which yields the highest expected
utility. Using a conditional logit model to fit data from the National Longitudinal Study of the
High School Class of 1972, they model the probability that recent high school graduates select
one of several alternatives from a discrete set of education and work choices. Controlling for
12
Ehrenberg (2006) edited a volume of articles providing details and analysis of the specific experiences of
public postsecondary education in ten states since the 1970s.
13

The interested reader is directed to McPherson (1978) for a concise summary of research conducted prior
to 1978.
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various individual and family characteristics, they find that the students most likely to attend
college are the ones that are the most likely to complete their education, suggesting positive
selection among those who choose to matriculate. They also find that those who choose to
pursue postsecondary education place a higher value on college than those who do not, with
the former willing to pay almost $11,500 more on average (adjusted to 2016 dollars) than the
latter, had they chosen to attend (Manski and Wise, 1983).
All else equal, student ability (measured by SAT score and class rank), parent’s income,
and parent’s education all have a positive effect on application, enrollment, and persistence.
These factors also increase the probability that a student will attend a higher priced and more
rigorous institution. This lends support to the idea that students whose parents place greater
value on an education are also more likely to place a high value on college themselves. Interestingly, their analysis suggests that students tend to enroll at institutions where average
student ability is only slightly above their own. Rather than enroll at the best institution to
which they are accepted, students tend to enroll at an institution where the average SAT score
is approximately 100 points higher than her own, all else equal (Manski and Wise, 1983).
Not surprisingly, they find that students tend to prefer less expensive institutions, suggesting that demand is at least somewhat elastic; however, the magnitude of this effect is an
empirical question that is still largely unsettled, more than thirty years later. For four-year
institutions, they also find that it is the total cost of attendance (tuition, room, and board, net
of scholarship aid) that matters to students; a one dollar decrease in any cost component is
viewed the same as a one dollar increase in scholarship aid. Interestingly, results from a limited
sample of community college students imply that the student enrollment response to scholarship aid is greater than one-for-one at those institutions, suggesting that students at two-year
institutions are more price sensitive. Finally, they show that students who attend college prefer
to stay closer to home, suggesting that geographic proximity to postsecondary institutions may
be a factor in the matriculation decision (Manski and Wise, 1983).
2.5.1

The Effects of Tuition
Leslie and Brinkman (1987) conducted a meta-analysis of twenty-five earlier econometric

studies, with the goal of standardizing the findings of the existing body of literature into a
consistent metric of price response that could be used to compare results across studies. The
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authors construct a student price response coefficient (SPRC) measuring the percent change in
enrollment for students between the ages 18 and 24 for a given $100 increase in tuition (approximately $250 adjusted to 2016 dollars). They find that the mean SPRC across the twenty-five
studies in their analysis was -0.7, meaning that a $100 increase in the price of tuition, room,
and board reduces the expected enrollment rate by 0.7 percentage points; they note that their
findings were consistent with earlier sensitivity measures estimated by McPherson (1978) and
Jackson and Weathersby (1975). A follow-up study by Heller (1997) expanded their analysis
to include some of the more influential work from the first half of the 1990s. He estimates that
the mean SPRC was between -0.5 and -1.0, roughly consistent with the earlier findings of Leslie
and Brinkman (1987).
Savoca (1990) pointed out that previous studies treated the student’s application decision
as exogenous, thereby ignoring the effect of tuition changes on the student’s decision to apply
to college and likely underestimating the effect of tuition on enrollment. Her paper adds to the
literature by estimating the price sensitivity of an individual’s decision to apply to college; she
estimates this elasticity to be -0.26. Comparing her estimate to the overall elasticity of enrollment to changes in tuition estimated by Fuller et al. (1982) (-0.23), she concludes that overall
price elasticity of demand may be double what was found in previous studies after factoring in
the effect of tuition changes on the decision to apply. Heller (1997) notes that Savoca (1990)
assumes independence between an institution’s tuition decisions and its admissions standards.
He poses a counter-example in which a university loosens admissions standards following a tuition increase in order to meet enrollment targets, and concludes that in this case her model
overstates the effect of the application elasticity on overall demand.
McPherson and Schapiro (1991) use time-series analysis to examine the effect of changes
in the net cost of postsecondary education (tuition less financial aid) on enrollment between
1974 and 1984. They find that a $100 increase in net costs (approximately $370 in 2016 dollars)
decreases the probability of enrollment among low-income students by about 0.68 percentage
points (approximately a 2.2 percent decline). They note that this effect is stronger for lowincome students at private institutions (-6.0 percent versus -1.6 percent at public institutions).
Unexpectedly, they find a positive and statistically significant effect of tuition increases on
enrollment among middle- and high-income students. They attribute this finding to strong
demand among this group during the period in question, which they note was met with lower
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financial aid awards and tuition discounts. However, this effect seems to be driven by responses
at public institutions; the authors find that net cost increases at private institutions have a
negative and statistically significant effect on enrollment of middle-income students, and statistically insignificant effects on enrollment of high-income students.
Using the High School and Beyond dataset, St. John (1990) estimates that a $100 increase
in tuition decreases the probability of enrollment by 0.28 percentage points, on average. Additionally, he finds that students from lower-income families are more price sensitive; for students
from low-income families, a $100 increase in tuition reduces the probability of enrollment by
0.34 percentage points, whereas the same tuition increase reduces the probability of enrollment
by only 0.14 percentage points for high-income students. Using data from the Current Population Survey (CPS) to examine the college matriculation decisions of black high school students
between 1973 and 1988, Kane (1994) finds similar results. A $1,000 increase in the net costs
of college is associated with a 5.0 percentage point decrease in the probability of matriculation,
with larger declines for low-income students.
Noting that most of these studies used data from the 1970’s and 1980’s, Hemelt and
Marcotte (2011) update this literature using institution-level panel data on all public four-year
colleges and universities from the Integrated Postsecondary Education Data System (IPEDS)
for 1991-2006. They estimate that a $100 increase in tuition would lead to a decrease in enrollment at public four-year institutions of approximately 0.23 percentage points. They find
enrollment at top public institutions to be more sensitive to tuition changes, attributing this to
the fact that top universities must compete nationally for students. They also find no evidence
to suggest that colleges adjust their admissions criteria based on changes in tuition, providing
evidence against Heller’s (1997) critique of Savoca (1990).

35
2.5.2

The Effects of Financial Aid
Assuming that net cost (as opposed to tuition) is the relevant factor in matriculation,

another way to estimate price elasticity of demand for postsecondary education is to estimate
the effect of financial aid on matriculation. If students are rational, standard human capital
models suggest that they should be indifferent to equivalent reductions in tuition or increases
in financial aid. As noted in section 2.5, Manski and Wise (1983) find empirical evidence to
suggest that this holds for students at four-year institutions, though perhaps not for community
college students.
Studies on the effectiveness of public grants at increasing enrollment rates among lowincome students have yielded mixed results. Hansen (1983) and Kane (1995) find no effect on
college matriculation following the introduction of the Pell Grant. However, a later study of
non-traditional students between the ages of 22 and 35 finds a positive and significant effect,
suggesting that the introduction of the Pell Grant increased the probability of matriculation by
approximately 3.9 to 4.2 percentage points for this group (Seftor and Turner, 2002). Comparing the effects of Pell Grants across race, Kane (1994) finds no statistically significant effect for
blacks, but notes that the effect is significant for whites. Schwartz (1985) finds that changes in
grant aid are positively related to the probability of matriculation and statistically significant.
He estimates that a $100 increase in public grants increases the probability of matriculation by
approximately 0.19 percentage points.
St. John (1990) estimates the effects of federal grant, loan, and work study aid separately
and finds that all three forms of aid have positive and significant effects on matriculation. All
else equal, he estimates that a $100 increase in grants increases the probability of enrollment
by 0.43 percentage points, whereas the same increases in loans and work study increase the
probability of matriculation by 0.38 and 0.46 percentage points, respectively. Savoca (1991)
uses a Heckman two-step procedure to model the financial aid distribution of institutions as a
preliminary step in estimating the effects of grants, loans, and work-study aid. She concludes
that all three types of aid have positive and significant effects on the likelihood of enrollment,
but that the effect of student loans is much smaller than the other two.
Several authors have examined the effect of grant aid provided to veterans through the GI
Bill and found that this program was effective at increasing enrollment among veterans. Stanley
(2003) exploits a sharp eligibility cutoff date for the Korean War GI Bill to compare postsec-
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ondary education attainment between veterans before and after the policy change. He finds
that the GI Bill increased college attainment among this group by approximately 20 percent.
Turner and Bound (2003) find that the World War II GI Bill also had significant positive effects
on attainment overall, but note that black veterans in southern states had fewer options for
pursuing postsecondary education, and therefore realized little if any benefit from the program.
Dynarski (2000) identifies the effect of Georgia’s HOPE Scholarship by using differencein-differences estimation to compare the college matriculation rate in Georgia with that of the
southeastern region before and after the program was introduced. She estimates that the introduction of HOPE increased the matriculation rate in Georgia by approximately 7.0 to 7.9
percentage points (or about 25 percent from its base), with each $1,000 in grant aid (in 1998
dollars) increasing matriculation by 3.7 to 4.2 percentage points. Since this program was directed primarily at middle- and high-income students, she suggests that HOPE also widened
the attainment gap in Georgia across wealth and racial lines. Cornwell et al. (2006b) conduct
a similar study using institutional data from IPEDS and estimate that the HOPE program
increased student enrollment by only 5.9 percent.
Using the termination of the Social Security Student Benefit Program as a source of exogenous variation in financial aid eligibility, Dynarski (2003a) uses difference-in-differences to
estimate the effect of grant aid. She finds that the elimination of the program reduced the
probability of college attendance by more than one third, suggesting that a $1,000 in grant
aid (in 2000 dollars) increases the probability of college matriculation by 3.6 percentage points.
She notes that the effect is quite large, implying a price elasticity of demand for postsecondary
education of approximately 1.5 after including the opportunity costs of college.
Avery and Hoxby (2004) use a sample of high-aptitude students applying to college during
the 1999-2000 academic year to explicitly test whether students respond differently to different forms of financial aid. They find evidence to suggest that students are more sensitive to
increases in grant aid than to equivalent reductions in tuition; a $1,000 increase in grant aid increases the probability of matriculation by 10.8 percent, whereas equivalent increases in tuition
or room and board decreases the probability of matriculation by 2.0 percent and 9.7 percent,
respectively.
Some researchers with access to institutional aid and enrollment data have been able to
conduct quasi-experimental studies based on the experiences of particular universities. Van der
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Klaauw (2002) notes that since most students receive multiple financial aid offers, the composition of which are likely to be similar and perhaps highly correlated with unobserved factors
driving the enrollment decision, the effect of financial aid cannot be treated as exogenous in
the matriculation decision. He uses a simple calculation employed by the financial aid office of
an east coast university to estimate an ability index, which is used as the basis for awarding
financial aid. Since this calculation yields discrete cutoff points, he is able to use a regression
discontinuity approach to correct for the endogeneity problem and estimate the effect of aid on
matriculation. He finds a positive and significant effect of financial aid on enrollment, estimating an enrollment elasticity of 0.86. Linsenmeier et al. (2002) exploit a university’s decision to
replace student loans with grants in the financial aid packages of low-income students; however, they do not find a statistically significant difference in enrollment as a result of the policy
change.
Hurwitz (2012) exploits differences in financial aid policies between institutions with respect to how they count home equity in their grant aid decision. Using home equity as an
instrument for the effect of grant aid on college choice, he finds that a $1,000 increase in institutional grant aid increases the probability that a student accepted to the university will
enroll by 1.66 percentage points. He also finds significant differences in the behavior of lowand high-income students; he concludes that the students from the lowest income families increased enrollment by 3.04 percentage points per $1,000 increase in grant aid, whereas those
from the highest income families increased enrollment by just 0.54 percentage points. Reyes
and Ye (2014) find similar results, with a $1,000 increase in grant aid having a 2.2 percentage
point increase in the probability of enrollment, on average, with underrepresented minorities
being more sensitive to grant aid than non-minority students.
2.5.3

The Effects of Student Loans
As illustrated in section 2.4, federal student loans have been the dominant form of financial

aid in the United States since the early 1980s. However, despite the increasing prevalence of student loans in financial aid packages, relatively little econometric research has been dedicated to
measuring the effects of student loans on matriculation decisions (Dynarski and Scott-Clayton,
2013; Dynarski, 2003b). Furthermore, our knowledge of the causal effects that student loan
debt has on individuals and society is still relatively limited. Given the potential for high levels
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of debt service to cause spillovers into the real economy, heavy student loan debt burdens and
rising student loan default rates are two areas of concern for policymakers (Edmiston et al.,
2013).
As discussed in section 2.4.2, most students have access to some form of federal student
loans. With so few restrictions on eligibility, quasi-experimental data that would allow analysts
to observe changes in matriculation behavior due to exogenous variation in loan availability is
quite rare. In one such study, Dynarski (2003b) uses difference-in-differences to measure the
effect of increased loan eligibility on matriculation following a change in the treatment of home
equity in financial need formulas. She estimates that each $1,000 increase in loan eligibility
increases college attendance by approximately 1.7 percentage points.
Heller (2008) notes that the results of most observational studies in this area are mixed.
However, he suggests that student loans generally have little effect on college access and attainment. Savoca (1991) finds that while grant and loan aid both have positive and significant
effects on matriculation, the magnitude of student loans is approximately one-third the size of
the effect of grant aid. While students prefer grants to loans, Avery and Hoxby (2004) find
evidence to suggest that the difference is surprisingly small; they estimate that a $1,000 increase in student loans increases the probability of matriculation by approximately 6.8 percent,
compared with an increase of 10.8 percent for grant aid.
In addition to estimating the effect of loans on matriculation, researchers have sought to
estimate the effects of loans on persistence, completion, and postgraduate behavior. Again, the
results are mixed. Weiler (1991) finds no significant effect of undergraduate debt burdens on
the probability that students pursue graduate studies. Cofer and Somers (2000), comparing
student aid surveys from 1987 and 1993, find significant evidence that the availability of loans
mitigates the impact of tuition increases and has a positive effect on contemporaneous enrollment rates. They estimate that every $1,000 of loans in the current academic year increases the
probability of matriculation by 1.01 percent to 1.73 percent. However, comparing borrowers
and non-borrowers, they also find that high debt burdens decrease the probability of student
persistence by 2.27 percent to 6.79 percent, though the effect varies significantly with the level
of student debt.
Using survey data from college seniors at twenty-seven highly selective private institutions in 1998, Monks (2001) finds no statistically significant relationship between the amount
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of student loan debt and postgraduate education or career plans. However, while this is true on
average, he notes that a sizeable group of students did express concern about their amount of
student loan debt. Keane and Wolpin (2001), running simulations on data from the National
Longitudinal Surveys of Labor Market Experience, find evidence that students face binding
credit constraints under the existing student loan system, but find that relaxing those constraints does not result in higher college enrollment. Rather, the authors observe students
substituting toward higher levels of other consumption and a lower incidence of students holding part-time jobs while in school.
Rothstein and Rouse (2011) exploit exogenous variation in the debt levels of graduates of
a private university following its transition to a “no loans” policy which replaced student loans
with private grants. They find that increased student loan debt has a negative and statistically
significant effect on the probability that students will attend graduate school and a statistically
significant impact on postgraduate employment decisions. They estimate that an additional
$10,000 in student loan debt reduces the probability of a student taking a job in government,
non-profit organizations, or education by approximately 5.0 to 6.0 percentage points. They note
that the need to service debt payments likely drives students into higher paying fields.14
2.5.4

The Effects of Debt Aversion
As discussed above, empirical studies tend to show that enrollment demand is less sen-

sitive to increases in student loan aid than it is to equivalent increases in grant aid (Dynarski
and Scott-Clayton, 2013; Avery and Hoxby, 2004; Heller, 1997; Savoca, 1991; Schwartz, 1985).
This makes sense; since grants do not need to be repaid, student loans come at a higher cost to
borrowers. However, there is empirical evidence to suggest that debt aversion may also play a
role.
The concept of debt aversion (or loan aversion), specifically in the context of student loans,
must be disentangled from the related, but distinct, issues of price-sensitivity and risk-aversion.
Loan aversion and price sensitivity are two separate issues that contribute to problems of college
access. In short, students who are price sensitive become less willing to pay for education as
costs increase, despite perhaps having access to sufficient capital. Students who are loan averse,
14

Interestingly, while higher debt burdens do not have a significant effect on gifting pledges from students,
each additional $10,000 in student loan debt reduces the probability that students actually give by approximately
3.0 percentage points (Rothstein and Rouse, 2011).
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on the other hand, are willing to pay, but because they get a high level of disutility from borrowing, are unwilling to take on debt to finance their investment (Palameta and Voyer, 2010).
Empirically, debt aversion is difficult to observe and even harder to measure precisely.
Perhaps for this reason, very little has been written in the applied econometrics literature that
attempts to estimate the effects of debt aversion on enrollment decisions through traditional
methods. Still, there is plenty of anecdotal and survey evidence suggesting that debt aversion
is a real concern. While self-imposed, it is no different than any other form of credit constraint
(Caetano et al., 2011).
Burdman (2005) compiled information gathered through interviews with students, counselors, and administrators into a discussion paper examining the concept of debt aversion. Her
anecdotal information suggests that low-income, minority students (especially African American
and Hispanic) who attend lower-cost institutions are more likely to avoid borrowing. Controlled
laboratory experiments designed to elicit individual preferences for debt and non-debt financing
have confirmed these findings (Field, 2009; Eckel et al., 2007; Callender and Jackson, 2005).
Perhaps the most interesting proof that debt aversion exists has come from field experiments to detect labeling effects. Caetano et al. (2011) found that students presented with two
identical financial contracts, one labeled as a loan and the other labeled as a “human capital
contract,” were significantly less likely to take the contract labeled as a loan. Given the persistence of these results in laboratory experiments, the obvious problem that arises is that the
demographic groups financial aid policies are designed to help are exactly the individuals who
tend to be debt averse. This is a potentially serious problem for a financial aid system which is
increasingly dependent on student loans.
2.5.5

The Effects of Student Loan Interest Rates
As discussed in section 2.4.2, taxpayers subsidize federal student loans in two ways. For

Direct Subsidized Loans, the government effectively makes interest payments while students are
enrolled at least half time and during periods of deferment. In addition to this explicit subsidy,
both Subsidized and Unsubsidized Direct Loans carry nominal interest rates significantly below
the market rate of other unsecured consumer loans (see Figure 2.10).
The goal of easing credit constraints could be achieved simply by offering federal student
loans at market rates (Dynarski, 2015, 2003b). Yet, the existence of interest rate discounts and
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subsidies suggests that policymakers view them as legitimate policy levers for lowering the net
cost of college and incentivizing postsecondary education investment. However, relatively little
is known about the effects of changes in student loan interest rates on students’ borrowing and
enrollment decisions (Mazzeo, 2007). Presently, no causal studies exist due to a lack of experimental or quasi-experimental data which would allow us to observe the effect of exogenous
variation in student loan interest rates on matriculation (Dynarski, 2015).
Research on the effects of interest rates on credit card debt suggests that individuals are
quite sensitive to changes in interest rates. Gross and Souleles (2002) estimate the interest rate
elasticity of credit card debt to be -1.3, with consumers being more sensitive to interest rate
increases than decreases. However, this is an indirect parallel since credit card borrowers, unlike
student loan borrowers, often have the ability to transfer or refinance debt balances.
Consistent with basic economic principles, there is empirical evidence to suggest that student loan borrowing is at least somewhat elastic with respect to changes in student loan interest
rates. In an analysis of individual preferences toward various student loan structures, Brugel
et al. (1977) note that students in their sample ranked total annual payments (31 percent), total
repayment amount (29 percent), and the interest rate (21 percent) as the three most important
factors when deciding whether to fund their education through student loans. Though their
study makes little contribution to the literature by way of econometric analysis, the fact that
all of these factors depend on student loan interest rates suggests that students are to some
extent sensitive to changes in the cost of borrowing.
More recent studies confirm that higher student loan interest rates have a significant
negative effect on student loan borrowing, though no attention is given to how this affects enrollment (Oosterbeek and van den Broek, 2009; Eckel et al., 2007). Schwartz (1985) provides
the only econometric study of the effects of student loan interest rates on matriculation. He
estimates the public student loan interest rate subsidy as the difference between the nominal
federal student loan interest rate and nominal interest rate on a long-term Treasury bill, and
uses it as a regressor in a binomial logit model. While the point estimate is of the expected
sign, indicating that increases in student loan interest rate subsidies have a positive effect on
matriculation, the effect is not statistically significant.
There are several other reasons to doubt the effectiveness of student loan interest rates
as a mechanism for incentivizing matriculation (Dynarski and Scott-Clayton, 2013). First, ev-
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idence from other contexts suggests that individuals are poorly informed about the details of
financial transactions and tend to make important decisions based on simple heuristics (Benartzi and Thaler, 2007). Indeed, empirical evidence suggests that student loan borrowers tend
to be poorly informed about loan terms. In a study of Dutch student loan borrowers, Booij
et al. (2012) find that students tend to underestimate the maximum loan amount by about
15 percent and the student loan interest rate by more than 1.0 percentage point. Further,
they significantly overestimate the length of grace periods by approximately three years. Perna
(2008) provides anecdotal evidence in support of these findings. Schmeiser et al. (2016) study
a program in Montana that sent letters to students with excessive student loan debt warning
them of their financial risks. Among freshman who received these letters, they find significant
evidence of these students switching toward traditionally more lucrative majors; they observe a
3.6 percentage point increase in business majors and a 4.0 percentage point increase in science
majors. Sensitivity of behavior to this kind of information suggests that students are poorly
informed about the future costs of borrowing and their ability to service student loan debt.
Even if students are perfectly informed about the terms of their loans, Dynarski (2015)
notes that subsidies are intangible at the time enrollment decisions are made and any benefit of
lower interest rates, in terms of lower payments or shortened repayment periods, is not realized
until after the student leaves college. Without empirical evidence to support the hypothesis
that student loan interest rates are a salient factor in matriculation decisions, she suggests that
they are at best “a poorly targeted...expensive...[and] blunt” (pp. 14-16) substitute for more
effective financial aid tools such as grants and tuition discounts. The effect of changes in federal
student loan interest rates on matriculation remains an unsettled empirical issue, which I will
address in chapter 4.
2.5.6

The Effects of Information Asymmetries
Navigating the college admissions process can be intimidating, especially for low-income

and first-generation students (Long and Riley, 2007; Cabrera and La Nasa, 2000b,a). The administrative and informational barriers associated with the college admissions and financial aid
processes deter students from the pursuit of postsecondary studies, posing a threat to college
access and success (Page and Scott-Clayton, 2016; Hoxby and Turner, 2015, 2013; Pallais and
Turner, 2006). High school students from low-income or first-generation backgrounds tend to
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be misinformed about the cost of postsecondary education, the college admissions process, and
the financial aid system (Oreopoulos and Dunn, 2013; Perna, 2008; Avery and Kane, 2004).
Even students who ultimately do enroll in a postsecondary institution demonstrate a distorted
understanding of everything from the economic benefits of higher education (Botelho and Pinto,
2004) to the costs and repayment terms of student loans (Booij et al., 2012; Perna, 2008).15
Information plays a key role in promoting college access and success; however, not all
academically-qualified students (specifically, those from low-income backgrounds) have access
to the same information. Such information asymmetries may help explain why otherwise qualified students from underprivileged backgrounds matriculate to college at significantly lower
rates than middle- or upper-class students of similar ability (Long and Riley, 2007; Pallais and
Turner, 2006). Parents are an important source of information in the college-going process,
putting children whose parents have no first-hand knowledge of college admissions or the financial aid system at a significant informational disadvantage. College-educated parents are more
likely to have higher levels of income, send their children to better schools, be actively involved
in their children’s education, and have experience with financial aid and student loans; all of
these factors are strongly associated with increased college-going rates among students (Perna,
2008; Cabrera and La Nasa, 2000b,a; Choy et al., 2000; Perna, 2000).16
Students from low-income and first-generation backgrounds tend to have fewer sources of
information than their high-income counterparts, and tend to rely disproportionately on high
school counselors for college-planning advice. Unfortunately, overwhelmed counselors are not
substitutes for knowledgeable and involved parents, and cannot offset the information deficit
these students face (Page and Scott-Clayton, 2016; Cabrera and La Nasa, 2000b; Choy et al.,
2000). In fact, Page et al. (2014) attribute a significant portion of the observed differences in
application and enrollment behavior across income strata to the inadequate advice high school
counselors provide to low-income students.
In many cases, not-for-profit college coaching and outreach programs (which will be referred to collectively as college access programs) may help fill the void left by parents and coun15

In their study, Booij et al. (2012) find that Dutch college students are poorly-informed about student
loans, but suggest that this is likely due to debt aversion or cognitive constraints that prevent them from properly
assessing information on loans, rather than information constraints, per se.
16

Relative to parents at low-resource schools, parents at middle- and high-resource schools are more accepting of student loans as a means for financing postsecondary education; this is likely because many of those
parents borrowed to finance college themselves (Perna, 2008).
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selors. These programs, which provide supplemental tutoring, mentoring, college advising, and
financial aid counseling, can be effective at improving college matriculation among academicallyqualified, low-income or first-generation students (Page and Scott-Clayton, 2016; Page et al.,
2014; Swail, 2000).17 Most major U.S. cities have one or more college access programs; however,
only a few of these programs have been subjected to rigorous statistical evaluation (Page et al.,
2014). The existing studies fall into two categories: observational studies which use treatment
effects models (typically difference-in-differences, regression discontinuity, or propensity score
matching) to estimate the impact of a program in the absence of experimental data, and field
experiments which rely on random assignment of a specific intervention.
The College Opportunity and Career Help (COACH) program, a college access program
in Boston, MA, hires Harvard University students as college coaches for seniors in Boston-area
high schools. The coaches advise students on opportunities for postsecondary education, counsel them through the college admissions process, and assist them in filling out applications and
financial aid paperwork. Comparing survey data on COACH participants to a control group of
students from a non-COACH high school, Avery and Kane (2004) provide a descriptive analysis
of differences between the perceptions and college-going behavior of the two groups.18 The
authors note two mechanisms by which a lack of information might widen the attainment gap
between low- and high-income students. First, students who are misinformed about the actual
costs of a college education may underestimate the net benefits of obtaining a degree. Second, a
lack of information or support in applying for admission and financial aid may discourage lowincome students from applying. While the authors find limited support for the first hypothesis,
they do find some empirical support for the second. They observe a significant number of
academically-qualified, low-income students who express a desire to pursue postsecondary education, but fail to submit college applications. They conclude that programs providing personal
assistance in filling out college applications can have a significant positive effect on college enrollment rates, but interventions that focus only on providing information about the costs and
17

Notably, such services are often built into the curricula and cultures of high-resource public and private
schools (Page et al., 2014; Bridgeland and Bruce, 2011; Swail, 2000).
18
This study provides interesting descriptive comparisons of students from low-income inner-city and higherincome suburban schools. However, it makes no attempt at estimating the effectiveness of the program, perhaps
in part due to the structure of the two samples. The treatment group consists of 282 seniors in three inner-city
Boston schools, whereas the control group consists of 250 students from one wealthy, suburban school. In addition
to varying greatly in terms of demographic characteristics, the college enrollment rate of the suburban high school
is three times greater than that of the inner-city schools in the sample (Avery and Kane, 2004).
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benefits of postsecondary education are unlikely to increase matriculation among low-income
students.
A similar program, Knox Achieves, offered college coaching to all high school seniors in
Knox County, TN, from 2009 to 2011.19 The program assigned mentors from the community to
provide students with college advising and assistance with applying for financial aid. Students
who enrolled in community college within nine months of graduation and maintained contact
with their mentor were eligible for the Knox Achieves last-dollar scholarship, which covered any
costs of community college attendance not covered by other aid, for up to five semesters. Using
difference-in-differences and propensity score matching methods applied to administrative data,
Carruthers and Fox (2016) conclude that Knox Achieves had a significant positive impact on
the likelihood of community college matriculation of participants. Relative to matched peers,
students who enrolled in Knox Achieves were 29.6 percentage points more likely to enroll in
community college within nine months of graduating high school, and 24.2 percentage points
more likely to enroll in any college.
Hoxby and Turner (2015) note that, relative to their high-income counterparts, highachieving students from low-income backgrounds are more likely to make sub-optimal college
choices. Since the divergence between high- and low-income students tends to occur during the
college application stage (Hoxby and Turner, 2013), the authors hypothesize that poor postsecondary education choices result from informational barriers encountered early in the collegegoing process. Specifically, low-income and first-generation students tend to lack information
about the application process, the actual cost of attendance, and how institutional characteristics align with their abilities and interests. The authors conduct a randomized controlled
trial, providing low-income, high-achieving students with customized informational materials
on various colleges. They find the additional information increases the number of college applications students submit and raises the quality of the institutions to which they apply. More
importantly, treated students are significantly more likely to be admitted to and enroll in these
institutions, relative to non-treated peers (Hoxby and Turner, 2015, 2013).
Two other experiments conducted in England (McGuigan et al., 2016) and Canada (Oreopoulos and Dunn, 2013) study the impact of similar information campaigns on students’ ex19
Knox Achieves was a college access program in Knox County, TN from 2009 to 2011; it was the predecessor
to the state-wide Tennessee Promise program, currently in effect (Carruthers and Fox, 2016).
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pected returns and likelihood of pursuing postsecondary education. Both studies find that
reducing informational barriers for low-income students positively alters their perceptions of
the costs and benefits of going to college and increases their interest in pursuing postsecondary
education. Experiments conducted in developing countries reach similar conclusions (Dinkelman and Martı́nez A, 2014; Jensen, 2010).
Some researchers have noted that students may also suffer from misinformation about
their level of ability and their chances of being accepted to college. Entrance exams such as the
SAT or ACT can serve as a signaling mechanism to students, providing them with information
on their likelihood of acceptance at various institutions and their ability to succeed in college
courses. Mandatory college entrance exams have the potential to increase college enrollment by
lowering important administrative and informational barriers to entry. Not only do such policies help students satisfy an important requirement for admission to college, they also provide
information about their ability to pursue postsecondary education.
Goodman (2016) uses difference-in-differences estimation on test score data to examine
the effect of mandatory ACT testing on college enrollment in Colorado and Illinois. She finds
that these mandates have a significant positive impact on the number of students taking the
exams, especially among students from low-income and first-generation backgrounds. Furthermore, approximately 40 to 45 percent of these new test takers earned scores high enough for
consideration at competitive institutions, and approximately 20 percent of those students ultimately enrolled in a selective college. She concludes that students are poorly informed about
their abilities to perform well on the ACT, and their likelihood of admission into selective institutions; policies that reduce these informational barriers have the potential to increase college
matriculation among these students. Hurwitz et al. (2015) use a similar approach to estimate
the impact of Maine’s 2006 policy requiring all high school juniors to take the SAT. They find
that the policy increased four-year college matriculation by 2.0 to 3.0 percentage points.

2.6

Conclusion
For more than a decade, postsecondary education has been getting more expensive in real

terms while household incomes have generally failed to keep pace. However, college is still an
excellent investment both because of the private returns and the positive, social externalities it
generates (College Board, 2016b,a). Due to the positive externalities associated with having a
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highly-educated workforce, it is prudent for the federal government to incentivize and subsidize
socially-optimal levels of human capital investment among academically-qualified individuals.
In order to design effective postsecondary education and financial aid policies aimed at achieving
socially-optimal levels of human capital investment, it is important to understand the financial
and informational barriers that prospective college students face in the matriculation decision.
As discussed in section 2.5, a large body of research has been dedicated to studying the
economic determinants of college matriculation. To date, much of that literature has focused
on the effects of tuition and financial aid on students’ matriculation decisions. The weight of
the empirical evidence suggests that demand for postsecondary education is relatively inelastic
with respect to price (Hemelt and Marcotte, 2011; Savoca, 1990; Leslie and Brinkman, 1987;
Manski and Wise, 1983). While the cost of postsecondary education is certainly a factor, the
rapid increase in net tuition and fees has not seemed to dampen demand. Student enrollment
behavior over the past three decades indicates a belief among students that the benefits of a
college degree outweigh those costs.
Grant aid is arguably the most effective tool policymakers have for encouraging sociallyoptimal levels of investment in postsecondary education, especially for students from low-SES
backgrounds (Hurwitz, 2012; Avery and Hoxby, 2004; Dynarski, 2003a, 2000; Seftor and Turner,
2002). However, the costs associated with providing grants, as well as a desire to enhance college
choice for the middle class, have made federal student loans an attractive policy option. Since
the 1980s, student loans have been the dominant form of financial aid in the United States, but,
compared with tuition discounts and grants, less is known about the effect of student loans on
matriculation decisions. There is some evidence to suggest that student loans help ease credit
constraints and improve college access (Avery and Hoxby, 2004; Dynarski, 2003b; Savoca, 1991).
However, empirical evidence also suggests that debt aversion among low-income and minority
populations may mean that the shift toward student loans dominating financial aid packages
may actually deter the very students we are trying to help (Caetano et al., 2011; Field, 2009;
Eckel et al., 2007; Burdman, 2005; Callender and Jackson, 2005).
The goal of easing credit constraints could be achieved simply by offering federal student
loans at market rates (Dynarski, 2015, 2003b). Yet, the existence of interest rate discounts
and subsidies suggests that policymakers view them as legitimate policy levers for lowering the
net cost of college and incentivizing postsecondary education investment. However, relatively
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little is known about the effects of student loan interest rates on the matriculation decisions of
students (Mazzeo, 2007). Some empirical studies have found negative and statistically significant
relationships between student loan interest rates and student loan borrowing (Oosterbeek and
van den Broek, 2009; Eckel et al., 2007), while other studies have found that students tend
to be poorly informed about the terms of their loans, the future costs of borrowing, and their
ability to service student loan debt (Schmeiser et al., 2016; Booij et al., 2012; Perna, 2008).
The only econometric study on the effects of student loan interest rates on matriculation was
inconclusive, finding a positive but statistically insignificant relationship between student loan
interest rate subsidies and matriculation (Schwartz, 1985). Chapter 4 of this dissertation seeks
to add to this body of literature by measuring the effect of differences in federal student loan
interest rates on matriculation to four-year institutions.
Finally, information plays a key role in promoting college access and success. However, not
all academically-qualified students have access to the same information, particularly, those from
low-SES backgrounds. Such information asymmetries may help explain why otherwise qualified
students from underprivileged backgrounds matriculate to college at significantly lower rates
than middle- or upper-class students of similar ability (Long and Riley, 2007; Pallais and Turner,
2006). Empirical studies have found that information interventions, typically executed through
not-for-profit college access programs, are highly effective at increasing matriculation rates
among low-income, minority, and first-generation students. While much work has been done to
evaluate the effectiveness of various college access programs, there are still many programs that
have not been examined, and there are nuances to each program that warrant investigation.
Chapter 5 of this dissertation contributes to this body of research by measuring the effects of
participation in an Ohio-based college access program, College Now Greater Cleveland.
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CHAPTER 3
INFORMATION ASYMMETRIES AND
STUDENT LOAN INTEREST RATE
SUBSIDIES
IN A MODEL OF HUMAN CAPITAL
INVESTMENT
3.1

Introduction
Standard theoretical models of human capital investment assume that agents can borrow

and save at a single market interest rate in order to fund educational expenditures in the current period and smooth consumption over time (Cowan, 2016; Cahuc et al., 2014; Lochner and
Monge-Naranjo, 2011; Ionescu, 2009; Ben-Porath, 1967). Such models typically suggest that
changes in market interest rates are inversely related to human capital investment (Cahuc et al.,
2014; Becker, 1993). This makes sense since an increase in student loan interest rates makes
borrowing for college more expensive. However, modeling interest rates in this way assumes
that changes in student loan borrowing costs originate in the markets for financial assets or
loanable funds. In the case of federal student loans this is an unappealing feature since historically rates have been set by Congressional mandate, either at a fixed rate or at a premium to
the 91-day Treasury bill (Smole, 2014). In either case, federal student loan rates have historically been priced at a significant discount to market rates, as discussed in section 2.4.2 (Federal
Reserve Board, 2016b; Smole, 2014). The ability of the government to directly affect the cost
of borrowing in the student loan market, by exogenously determining either the interest rate or
the discount to the market rate, is a potentially important policy lever. Abstracting from this
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unique feature of student loan markets makes it difficult to examine the impact of such policy
changes.
Additionally, standard theoretical models of human capital investment assume that all
agents have access to the same information, and are perfectly informed about the costs and
benefits of postsecondary education. Such models lack a useful mechanism through which
new information about the costs and benefits of postsecondary education can influence the educational choices of individuals. Though much empirical research has examined the effects of
informational barriers on educational attainment (Carruthers and Fox, 2016; Hoxby and Turner,
2015; Avery and Kane, 2004), little research has been dedicated to modifying existing theoretical models of human capital accumulation to incorporate these information asymmetries.
This chapter contributes to the theoretical literature on human capital investment by
modifying and extending the two-period model of Lochner and Monge-Naranjo (2011) in three
ways. First, it introduces a simple way of modeling an agent’s knowledge and beliefs about the
net returns to human capital investment, and his or her ability to succeed in educational pursuits. Second, it introduces separate credit markets for student loans and consumer loans and
explicitly models public student loan interest rate subsidies, providing a mechanism through
which student loan interest rates can differ from rates in other credit markets. Third, it models
the skilled wage as a function of the unskilled wage, innate ability, and an education premium,
thereby framing an agent’s beliefs in terms of expected future payoffs.
The model suggests that increases in student loan interest rate subsidies and information
interventions can both be effective at increasing human capital investment. However, interest rate subsidies may have the undesired effects of causing low-ability students to overinvest
while also subsidizing college choice for students who can afford college even in the absence
of these subsidies. In the case of students constrained by exogenous student loan borrowing
limits, increases in student loan interest rate subsidies can only work by pushing students toward more expensive consumer loans, assuming students have sufficiently high risk tolerance.
Alternatively, information interventions designed to provide students with correct information
about their abilities and the future payoff of a postsecondary education will increase human
capital investment only among students who invest below the socially-optimal level. Therefore,
the model suggests that information interventions are a more targeted and precise policy lever
for increasing matriculation and attainment.
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Section 3.2 presents a two-period model of human capital investment advanced by Lochner
and Monge-Naranjo (2011), and discusses the limitations of the model for the purposes of this
dissertation. Section 3.3 modifies and extends the Lochner and Monge-Naranjo (2011) model
in three ways, and presents comparative statics. Section 3.4 concludes.

3.2

The Two-Period Lochner-Monge-Naranjo Model
This section presents a model of human capital investment advanced by Lochner and

Monge-Naranjo (2011), which serves as a basis for the extended model presented in section 3.3.
To lay the groundwork for the rest of this chapter and make note of where my model deviates
from the current literature, I provide additional discussion and derivation of model parameters
which is absent from the Lochner and Monge-Naranjo (2011) paper. All notation has been
modified to maintain consistency with the model presented in section 3.3.
3.2.1

Risk and Time Preferences
Individuals live for two periods, t ∈ {0, 1} and derive utility from consumption, ct , in

both periods. Future consumption is uncertain, and agents are assumed to be risk averse, with
preferences taking the constant relative risk aversion (CRRA) form. Intertemporal utility is
given as
U = u(c0 ) + βu(c1 ) =

cγ0
cγ
+β 1,
γ
γ

(3.1)

where β > 0 is a discount factor, and γ ∈ (0, 1) is a shape parameter which defines the concavity
of the utility function, and therefore the agent’s level of risk aversion.1
It is common to define the discount factor in terms of the time preference rate (ρ) so that
β=

1
1+ρ .

By assuming β > 0, Lochner and Monge-Naranjo (2011) implicitly restrict the time

preference rate such that ρ > −1, which ensures second period consumption is positive (Romer,
1996). However, for −1 < ρ < 0 agents would have a strict preference for future consumption.
In section 3.3, I restrict the time preference rate such that ρ > 0 and β ∈ (0, 1) so that agents
prefer current period consumption yet still consume in both periods. Since β is inversely related
to ρ, an agent with a higher time preference rate discounts the future more, and therefore prefers
consumption in the current period. As such, an agent with a higher ρ is more likely to borrow
in order to pull future consumption forward into the current period. Similarly, an agent with a
1

Cowan (2016), Lochner and Monge-Naranjo (2012), and Cameron and Taber (2004) present extensions
of this model that include a term to capture the non-pecuniary tastes for education.
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lower time preference rate is more patient, values future consumption at a higher rate, and is
therefore more likely to save or invest in human capital in order to boost future consumption
(Romer, 1996).
The coefficient of relative risk aversion captures an agent’s risk preferences associated with
transferring consumption across time. As the name suggests, under CRRA preferences it can be
shown that the coefficient of relative risk aversion is constant and equal to (1 − γ) for all values
of consumption.2 I provide a proof of this result in Appendix A.1. Agents with higher γ are less
risk averse and more willing to accept volatility in consumption over time. Conversely, agents
who are more risk averse (lower γ) are less willing to gamble on future consumption, and prefer
to consume more in the current period (Wakker, 2008; Cvitanić and Zapatero, 2004; Romer,
1996). Graphically, as risk aversion increases (γ → 0), the curvature of the utility function also
increases. Figure 3.1, illustrates the difference between simulated CRRA utility functions for
three different levels of risk aversion.
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Figure 3.1: Simulated utility functions under CRRA preferences for
different levels of risk aversion (γ) . Agents with higher γ are less risk
averse and more willing to accept volatility in consumption over time.

The assumption of CRRA preferences warrants further discussion. In this model, the
return to human capital investment (that is, the potential gain in future income from investing
in postsecondary education) is a risky outcome. In economics, as well as other fields, attitudes
2

As a matter of convention, some researchers prefer to use risk tolerance, which is defined as the inverse
1
of the coefficient of relative risk aversion. In the case of CRRA utility, this is also constant and equal to 1−γ
(Wakker, 2008).
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toward risky outcomes are commonly modeled with CRRA utility (Wakker, 2008). The CRRA
functional form is particularly attractive in fields like finance (Cvitanić and Zapatero, 2004) and
labor economics (Cowan, 2016; Lochner and Monge-Naranjo, 2011; Ionescu, 2009; Cameron and
Taber, 2004), where we are typically concerned with payoffs quantified as percentages. Unlike
the concept of absolute risk aversion, which assumes that potential payoffs are absolute gains
or losses to current income, relative risk aversion assumes that risky outcomes are evaluated
based on the percentage gain or loss to current income (Mas-Colell et al., 1995).
CRRA utility is a flexible functional form. While in this chapter I explicitly assume riskaverse agents through my restriction on the shape parameter (0 < γ < 1), CRRA utility is
capable of capturing risk-neutral (γ = 1) or risk-seeking (γ > 1) preferences as well (Wakker,
2008). Additionally, with CRRA utility it can be shown that the intertemporal elasticity of
substitution (IES), or an agent’s willingness to trade off consumption across adjacent time
1
periods, is equal to the inverse of the coefficient of relative risk aversion ( 1−γ
).3 I provide a

proof of this result in Appendix A.2.
The flexibility of CRRA utility suggests that this assumption is not very restrictive; in
fact, other common functional forms can be incorporated as special cases. For example, since
the IES is constant for CRRA utility, it is essentially a form of constant elasticity of substitution
(CES) utility, which itself subsumes the simple Cobb-Douglas utility as a special case (MasColell et al., 1995). It is conceivable that IES might vary based on the level of consumption,
since willingness to substitute consumption across time might be different for high- and lowincome individuals. Since CRRA utility cannot capture this behavior, this could be cited as a
limitation of the current model. However, the CRRA assumption is not crucial; Lochner and
Monge-Naranjo (2011) show that the results of this model hold more generally.
3.2.2

Endowments and Budget Constraints
Agents are endowed with financial assets (including parental transfers) ω ≥ 0 and ability

level α > 0, which the authors assume to be fixed and exogenous. In the first period, agents
choose to invest in a level of postsecondary education, h(α); they do not work. Human capital
investment is assumed to be in the same units as the consumption good, so tuition is not
3

Notice that this is equivalent to the risk tolerance for CRRA utility, as noted previously.
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modeled explicitly.4 Individuals can borrow b of these units (or save, b < 0) at a gross interest
rate R > 1. In the second period, they earn labor income equal to αf (h) from which they
consume and repay debt, where f (h) is a positive, strictly increasing, strictly concave, and
twice continuously differentiable function.5 Consumption in each period is
c0 = ω + b − h

(3.2)

c1 = αf (h) − Rb.

(3.3)

and

If no restrictions are placed on the level of borrowing, maximizing utility (3.1) subject
to budget constraints (3.2) and (3.3), yields expressions for the unrestricted, optimal levels of
human capital investment, hU (α), and borrowing, bU (α, ω),


αf 0 hU (α) = R

(3.4)






u0 ω + bU (α, ω) − hU (α) = βRu0 αf hU (α) − RbU (α, ω) .

(3.5)

and

Therefore, in the absence of credit constraints, agents will invest in schooling up to the point
where the marginal return to an additional unit of human capital is equal to the return on
financial assets (3.4), and will allocate consumption optimally across the two periods according
to the Euler equation (3.5).
The unconstrained model is useful for deriving some of the fundamental results in the
empirical human capital literature. Applying implicit differentiation to (3.4) and (3.5), the
model suggests that human capital investment is strictly increasing in ability, and that borrowing
is strictly increasing in ability and decreasing in wealth (Lochner and Monge-Naranjo, 2011).
That is, higher ability individuals demand higher levels of education, and since their higher
ability earns a higher marginal return on education, they are more willing to borrow against
future earnings to finance consumption in t = 0. Furthermore, the authors show that the
4

This is equivalent to normalizing prices on both the consumption good and education to unity. In a
subsequent paper, the authors switch to modeling tuition explicitly and model education investment in terms of
the opportunity cost of work (Lochner and Monge-Naranjo, 2012).
5

If we equate ability to the rental rate of human capital, this form of the earnings function is identical to
that in the canonical Ben-Porath (1967) model.
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marginal effect of ability on borrowing is stronger than the marginal effect of ability on human
capital investment:
3.2.3

∂bU (α,ω)
∂α

>

∂hU (α)
∂α

(Lochner and Monge-Naranjo, 2011).

Incorporating Borrowing Constraints
A key innovation of Lochner and Monge-Naranjo (2011) is that they model public and

private student loans separately. In the case where the government places limitations on the
amount of student loan borrowing, agents may choose to borrow student loans originated in
the private sector. Notably, however, public and private student loans are differentiated only
by how borrowing restrictions are modeled in each market.
Lochner and Monge-Naranjo (2011) consider two types of borrowing constraints in the
market for public student loans. First, they consider a case where the government exogenously
imposes fixed borrowing limits on student loans (b̄), such that b ≤ b̄, and 0 ≤ b̄ < ∞. Individuals
who wish to invest in education beyond the limits of their initial wealth and borrowing limits
(ω + b̄) will be forced to make trade-offs between education and smoothing consumption across
time. In this case, optimal human capital investment, hX (α, ω), is uniquely determined by






u0 ω + b̄ − hX (α, ω) = βαf 0 hX (α, ω) · u0 αf hX (α, ω) − Rb̄ .

(3.6)

X ) below which investment is
For any given level of ability, there is a wealth threshold (ωmin
X , educational choices will be
constrained. That is, for individuals with initial wealth, ω < ωmin

sub-optimal compared to unconstrained investment characterized by (3.4) and (3.5).
The authors extend the previous example to a case with both endogenous and exogenous
student loan borrowing constraints, in which agents may borrow up to the lesser of the cost
of their education or a fixed upper bound. That is, b ≤ min{h, b̄}. Here again, they conclude
X ) will
that only individuals with high levels of initial wealth relative to their ability (ω ≥ ωmin

be unconstrained under these conditions. Individuals with low ability are constrained only by
b ≤ h; they are able to borrow to fund the unrestricted level of education, but would like to
borrow additional funds to increase consumption in t = 0. Individuals with higher ability prefer
to invest in more education, but can only borrow up to the exogenous borrowing constraint, b̄;
these individuals will invest up to the level hX (α, ω) (Lochner and Monge-Naranjo, 2011).
The key factor that distinguishes private student loans from public student loans in the
Lochner and Monge-Naranjo (2011) model is the fact that public student loans have superior
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enforcement mechanisms for repayment. Consistent with federal student loans in the United
States, the authors assume that the government can fully enforce repayment in the public
student loan market by not allowing student loans to be discharged in bankruptcy. Private
loans on the other hand have relatively weaker enforcement mechanisms. Otherwise, there is
little practical difference between private and public student loans in the model; neither can be
used to fund consumption and they both carry the same market interest rate.
Since student loans are unsecured, private student loan borrowers have an incentive to
default; Lochner and Monge-Naranjo (2011) note that rational borrowers will repay private
student loans if and only if the cost of repayment is lower than the cost of default. They assume
that private lenders are aware of the incentive to default, and therefore will limit the supply of
private student loans to the amount they expect a borrower to repay. Banks are assumed to
offer private student loans based on an individual’s future expected earnings, which is a function
of ability and human capital investment, as noted previously. Additionally, agents who default
incur a penalty in the form of future wage garnishment (0 < k̃ < 1). The fact that borrowers
will repay the full amount of principal and interest, if and only if doing so is less costly than
the default penalty, implies that private lenders will impose the following constraint on private
student loans
bp ≤ kαf (h),
where k =

k̃
R.

(3.7)

By introducing public and private student loans, the authors show that the

effects of the different borrowing constraints vary with ability. Specifically, the model implies
that there is underinvestment in education by high-ability individuals bound by the exogenous
borrowing constraint, and overinvestment in education among lower-ability individuals bound
by the endogenous constraint (Lochner and Monge-Naranjo, 2011).
3.2.4

Limitations of the Current Model
For the purposes of this dissertation, the Lochner and Monge-Naranjo (2011) model is

missing two important elements. First, the model lacks a mechanism through which an agent’s
knowledge and beliefs about her own ability, the value of postsecondary education, and the
probability of positive future economic returns to education can affect human capital investment
decisions. In the current model, all agents are equally informed about the costs and benefits
of human capital investment, and their ability to successfully complete a postsecondary degree.
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By excluding an agent’s information set, the model ignores the role of information asymmetries
as a potential barrier to obtaining postsecondary education. Furthermore, the assumption
is inconsistent with empirical findings which suggest that lowering informational barriers to
entry can increase postsecondary educational attainment, especially among low-income and
first-generation students (Oreopoulos and Dunn, 2013; Perna, 2008; Avery and Kane, 2004).
An empirical examination of this idea is the focus of chapter 5.
Second, the model lacks a mechanism through which student loan interest rates can differ
from rates in other credit markets. The current two-period model focuses exclusively on the
market for student loans, and assumes that the student loan interest rate is equal to the rate
at which agents can borrow and save in consumer credit markets. The assumption that there
is one market-clearing rate across all markets ignores the function of student loan interest rates
as a potential borrowing constraint and a potentially important policy lever. An empirical
examination of this idea is the focus of chapter 4.
Notably, the market for private student loans operates in much the same manner as any
other unsecured consumer loan market. In the Lochner and Monge-Naranjo (2011) model, the
only distinguishing factor between public and private loan markets is that agents can default on
private student loans. While this is an important difference between the two types of loans, it
ignores what is arguably more important - the cost of borrowing. It is unlikely that most student
loan borrowers take into account the ability to default as a decision criterion for borrowing.
However, as discussed in section 2.5.5, both economic theory and empirical evidence suggest
that student loan interest rates do have a significant, negative effect on student loan borrowing
(Oosterbeek and van den Broek, 2009; Eckel et al., 2007). The current model abstracts from
the empirical fact that public student loans are priced at a discount to other unsecured loans.

3.3

Extending the Lochner-Monge-Naranjo Model
In this section, I develop a model that modifies and extends the Lochner and Monge-

Naranjo (2011) model in three ways. First, I introduce a simple way of modeling an agent’s
knowledge and beliefs about the net returns to human capital investment and his or her ability
to succeed in educational pursuits. As discussed in section 2.5.6, empirical evidence suggests
that some students, particularly those from low-income and first-generation backgrounds, are
poorly informed about the net returns to a college education and their ability to successfully
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complete a college degree (Goodman, 2016; Hurwitz et al., 2015; Avery and Kane, 2004). My
model provides a mechanism through which updated information about the costs and benefits of postsecondary education can influence the level of human capital investment. This is
an important contribution to the literature on informational barriers and college access, as it
positions the current empirical research within the framework of a standard two-period model
of human capital accumulation.
Second, I introduce separate credit markets for student loans and consumer loans, allowing me to explicitly model public student loan interest rate subsidies. As discussed in section
2.4.2, student loan interest rates have historically been set either at a premium (determined by
Congress) to the 91-day Treasury bill or at a fixed interest rate set by Congress (Smole, 2014).
Such interest rate subsidies are not trivial; relative to market rates on unsecured personal loans
and credit cards, the interest rate discount on federal student loans has averaged 700 and 840
basis points over the past two decades (see Figure 2.10). By separating student loans from other
credit markets, my model highlights the fact that federal student loan interest rates may be
jointly determined through credit market fluctuations and government intervention. Including
a parameter for the exogenous interest rate subsidy provides a mechanism through which government intervention can reduce the cost of borrowing in student loan markets independently
of fluctuations in financial markets. This is an important contribution, as it provides a way
of analyzing the effects of exogenous changes in student loan interest rates due to changes in
federal financial aid policies.
Finally, I introduce an explicit skill premium and model the skilled wage as a function
of the unskilled wage, innate ability, and an education premium. This complements the introduction of agents’ information sets because it allows me to frame an agent’s beliefs about
the returns to education in terms of expected payoffs in the second period of life. Expected
earnings in t = 1 are therefore represented as a linear combination of the skilled and unskilled
wage. As discussed in section 3.2.1, I restrict an agent’s time preference rate such that ρ > 0
and β ∈ (0, 1) so that agents prefer consumption in the first period of life, yet still must allocate
consumption across both periods.
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3.3.1

Information Asymmetries
In the Lochner and Monge-Naranjo (2011) model, all agents are perfectly and completely

informed about their ability level and opportunities for postsecondary education. In period
t = 0, all individuals are implicitly endowed with complete, accurate, and identical information
about the costs and benefits of human capital investment. They are perfectly informed about
the unit cost of postsecondary education, the opportunity cost of that education (the forgone
unskilled wage), and the opportunity cost of choosing the no-college path (the forgone skill
premium). They are perfectly informed about their innate ability to pursue and successfully
complete a given level of education, and the employment prospects associated with such an
investment. They are perfectly informed about their need for, and ability to obtain, debt financing to fund each level of education and the costs associated with doing so. Finally, there is
no uncertainty over future educational or labor market outcomes; individuals who choose nonzero amounts of human capital investment successfully complete their education and obtain a
job in t = 1 earning a wage commensurate with their education and ability.
The model presented in this section relaxes these assumptions by modeling an agent’s
beliefs about the net economic returns to postsecondary education as uncertainty over future
income. This modification of the Lochner and Monge-Naranjo (2011) model introduces heterogeneity among agents, and allows information asymmetries between agents to exist in the form
of different beliefs about the value of human capital investment. This modification requires an
expression for the cost of education. Borrowing from Lochner and Monge-Naranjo (2012), I
assume that the per unit cost of postsecondary education is constant and equal to τ , so the
total cost of education is hτ .
Introducing beliefs into the model in this way requires expressions for the skilled and
unskilled wage. Agents with no postsecondary education (h = 0) are considered unskilled labor
and earn the unskilled wage, αyu . As in the Lochner and Monge-Naranjo (2011) model in section 3.2, wages are positively related to innate ability. Individuals who choose non-zero levels of
postsecondary education (h > 0) are considered skilled labor, and earn the skilled wage (ys ) if
and only if they obtain a job commensurate with their education level. Consistent with the use
of CRRA utility, as discussed in section 3.2.1, I assume that the skilled wage is a function of the
unskilled wage, and define the skill premium, π(h) > 0, as an increasing function of education
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such that π 0 (h) > 0 and π 00 (h) < 0. The skilled wage is expressed as


ys = αyu 1 + π(h) .

(3.8)

Agents considering postsecondary education believe with probability p that they will
complete college and obtain a job earning the skilled wage. Conversely, agents believe that with
probability (1−p) they will either fail to complete the chosen level of education or will be unable
to find a high-skilled job, and will obtain a position paying the unskilled wage, despite their
education.6 Therefore, beliefs about the net economic benefits of human capital investment
enter into this model in the form of uncertainty over future income. Any new information
that might cause agents to update their beliefs and reevaluate the relative costs and benefits
of human capital investment has the potential to alter p, thereby impacting the decision to
pursue postsecondary education. Some examples of information that could cause changes in p
include new information about: the price of tuition, the availability of grant or scholarship aid
(or one’s eligibility for such aid), the difficulty of the college application process, one’s ability to
succeed academically at the college level (which could come in the form of grades, standardized
test scores, or the advice of parents, teachers, or mentors), the unskilled wage, and the skill
premium.7
3.3.2

Student Loan Markets vs. Consumer Credit Markets
There are two credit markets in my model: a consumer market where agents can borrow

(b > 0) or save (b < 0) at the market interest rate, rm ∈ (0, 1), and a government-subsidized,
public student loan market where students can borrow to finance postsecondary education
expenditures. Regardless of their chosen level of human capital investment, agents can utilize
consumer credit markets in order to smooth consumption over time. I assume that rational
agents may choose to strategically default on consumer loans in period t = 1 if the cost of
repayment exceeds the penalty incurred by defaulting. Borrowing from Lochner and MongeNaranjo (2011), agents who default suffer a penalty in the form of a wage garnishment of
6
Linsenmeier et al. (2006) use this structure to model the expected returns from two alternative colleges,
given different financial aid packages.
7

In the two-period model, information about the skilled and unskilled wage could be transmitted through
changes in p. However, in a life-cycle model, uncertainty over the skill premium could be resolved in future
periods by observing outcomes in the market for skilled and unskilled labor. While not addressed here, this is a
potential avenue for future study.
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k̃ ∈ (0, 1) in the second period; banks anticipate this behavior and limit consumer borrowing to
the present discounted value of expected lifetime earnings:


b ≤ k pys + (1 − p)yu ,
where k =

(3.9)

k̃
1+rm .

In order to incentivize investment in postsecondary education and improve college access
for individuals with low levels of initial wealth, the government provides student loans at a
discount to the market interest rate. The interest rate on public student loans, rs ∈ (0, 1), is
therefore a function of the market rate and an interest rate subsidy, σ ∈ [0, rm ], set exogenously
by the government. The public student loan interest rate is given by
rs =

1 + rm
rm − σ
−1=
.
1+σ
1+σ

(3.10)

Agents who choose to invest in postsecondary education (h > 0) may finance all or part
of that investment by borrowing student loans (L ≥ 0). I assume there are no eligibility
restrictions which would prevent individuals from accessing the student loan market. However,
student loans cannot be used to fund consumption.8 Additionally, keeping with Lochner and
Monge-Naranjo (2011), students can only borrow up to the lesser of total education expenditures
or a fixed upper bound (L̄ > 0), also set exogenously by the government. Specifically, student
loan borrowing is constrained by

L ≤ min hτ, L̄ .

(3.11)

Finally, following Lochner and Monge-Naranjo (2011), I assume that agents must fully repay
all principal and interest on public student loans in t = 1. This assumption follows from the
fact that the government has the means and ability to fully enforce the terms of public student
loans.
3.3.3

A Two-Period Model with Borrowing Constraints
Now I incorporate the discussion from sections 3.3.1 and 3.3.2 into the two-period model

of human capital investment from Lochner and Monge-Naranjo (2011) discussed in section 3.2.
8
In reality, some level of consumption can be funded by federal student loans. For example, students can
use their loans to pay for books, room, and board. In this model I assume that these are costs of education
and therefore included in τ . True consumption spending must be funded out of wages, wealth, or consumer
borrowing.
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In period t = 0, agents may choose to work and earn the unskilled wage (αyu ) or invest in
some level of postsecondary education (h) in order to enhance future earning potential. For
simplicity of notation, I assume that agents cannot work while in college. Budget constraints
for each period are given by
c0 = αyu + ω + b + L − hτ,

(3.12)

c1 = pys + (1 − p) αyu − b (1 + rm ) − L (1 + rs ) .

(3.13)

and

Agents choose levels of human capital investment, student loan borrowing, and consumer
borrowing (or saving) to maximize intertemporal utility (3.1) subject to the consumer borrowing
constraint (3.9), the student loan borrowing constraint (3.11), budget constraints (3.12) and
(3.13), and non-negativity constraints on L and h. Substituting expressions for the skilled wage
and the student loan interest rate into the budget constraints, the agent’s optimization problem
is
γ

max U =
h,L,b

(αyu + ω + b + L − hτ )
+β
γ

iγ
h

m
αyu [1 + pπ(h)] − b(1 + rm ) − L 1+r
1+σ
γ

,

(3.14)

subject to inequality constraints

L ≤ min hτ, L̄ ,
and


b ≤ kαyu 1 + pπ(h) .
I assume that the optimal levels of education and student loan borrowing are functions
of ability, beliefs, initial wealth, the skilled-wage premium, the cost of education, the market
interest rate, and the interest rate subsidy for student loans: h∗ (α, ω, p, τ, yu , ys , rm , σ) and
L∗ (α, ω, p, τ, yu , ys , rm , σ). The optimal level of consumer borrowing (or saving) in the first
period is a function of ability, the unskilled wage, initial wealth, and the market interest rate:
b∗ (α, yu , ω, rm ). The derivations of the first-order necessary conditions for an optimum are provided in Appendix B.1.
I confine the analysis to interesting cases where agents choose non-zero levels of postsecondary education investment (h > 0) and federal student loans are offered at a discount to
market interest rates (rs < rm ). Additionally, I assume that the consumer borrowing constraint
is slack and b 6= 0 so that agents are able to freely borrow or save in the consumer loan market
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to transfer income optimally across time. There are then three possible cases to consider, which
I examine in the following sections; detailed derivations are provided in Appendices B.2 through
B.4.
3.3.4

Case 1: Unconstrained Student Loan Borrower
Consider the case of an individual who chooses to invest in a given level of postsecondary

education, hτ , and finance some fraction of the total cost with student loans such that L < hτ
and 0 < L < L̄. The student is not credit constrained, since both student loan borrowing
constraints are slack; the agent intentionally chooses to borrow less than the total cost of
education, and finances the rest (hτ − L) out of wealth. As shown in Appendix B.2, the
relevant first-order conditions in this case are
τ u00 (·) = βpαyu π 0 (h)u01 (·),
u00 (·)


=β

1 + rm
1+σ



(3.15)

u01 (·),

(3.16)

and
u00 (·) = β(1 + rm )u01 (·).

(3.17)

Solving this system of equations, the agent’s optimal level of human capital investment is
characterized by
0

∗

pαyu π (h ) = τ



1 + rm
1+σ


.

(3.18)

The left hand side of (3.18) represents the expected increase in second period income resulting
from an additional unit of postsecondary education. The right hand side of (3.18) represents
the amount that must be repaid in the second period if one finances an additional unit of
postsecondary education with a federal loan. Therefore, the model suggests that agents will
invest in their own human capital up to the point where the expected marginal increase in future
income associated with an additional year of education is equal to the marginal cost of borrowing
student loans to fund that additional year. This is similar in spirit to the unconstrained case
in the Lochner and Monge-Naranjo (2011) model, which predicts that optimal human capital
investment will equate the return on human capital to the return on financial assets.9 However,
separating the market for student loans from the market for financial assets, the borrower will
9

See discussion in section 3.2.2.
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now seek to equate the expected marginal return on human capital with the cost of financing
an additional year of tuition in the student loan market.
Implicitly differentiating (3.18) with respect to σ and p yields the two comparative statics
of primary interest, as shown in Appendix B.2:
∂h∗
∂σ

=

pαyu



1
1+σ
π 00 (h∗ )

−τ (1 + rs )


> 0.

(3.19)

and
−π 0 (h∗ )
∂h∗
=
> 0.
∂p
pπ 00 (h∗ )

(3.20)

All else equal, the model suggests that increases in student loan interest rate subsidies will
increase human capital investment among unconstrained student loan borrowers. This result
lends theoretical support to empirical findings which suggest student loans may operate primarily at the intensive margin, enhancing college choice for students who would likely enroll
in postsecondary education even in the absence of loans (Avery and Hoxby, 2004; Dynarski,
2002). Additionally, the model suggests that investment in postsecondary education is positively related to one’s belief about the probability of a positive future payoff. This result lends
theoretical support to empirical work suggesting that lowering informational barriers to entry
can increase educational attainment (Carruthers and Fox, 2016; Hoxby and Turner, 2015; Avery
and Kane, 2004).
From (3.18), all unconstrained borrowers choose the utility-maximizing level of postsecondary education, based on their own perceived ability level and expectations for future payoffs.
They choose to partially fund tuition expenditures with student loans and use wealth or other
financial aid to cover the difference. By choosing to fund only a portion of total tuition expenditures with student loans, unconstrained borrowers are less leveraged, making their educational
investments less risky. In cases where agents hold correct beliefs, their utility-maximizing level
of education investment corresponds to the socially-optimal level, so there is no need for policy
intervention. However, (3.19) suggests that increasing student loan interest rate subsidies will
nevertheless induce these agents to increase their utility-maximizing level of education, pushing
them away from the socially-optimal level. In this case, increasing the interest rate subsidy
lowers the cost of higher education and sends a false market signal to these borrowers about the
riskiness or future payoff of human capital investment, causing them to invest beyond the social
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optimum. Alternatively, information that does not cause agents to update their expectations
(does not change p), does not affect the utility-maximizing choice of postsecondary education.
Since these agents already have correct perceptions of their own ability and expectations for
future payoffs, new information would not cause these students to alter their investment away
from the socially-optimal level.
Importantly, agents choose their utility-maximizing level of human capital investment
based on beliefs about their ability and the expected future return on education. However,
due to information asymmetries, it is possible that these beliefs are incorrect. Suppose that a
high-ability student believes she is low-ability, or otherwise holds negative beliefs about the future value of postsecondary education (erroneously low p), which causes her utility-maximizing
education investment to be below the social optimum that would prevail under correct beliefs.
In this case, increasing the interest rate subsidy would make college appear more affordable,
increasing her utility-maximizing level of education investment. Similarly, an information intervention designed to update the student’s expectations with the correct p would cause her
to choose the socially-optimal level of investment. In this case, both policies would achieve a
positive social outcome, but the information intervention is a more targeted and precise policy
lever.
Finally, suppose that a low-ability student believes she is high-ability, or is otherwise
overly optimistic about the future value of a postsecondary education (erroneously high p),
which causes her to overestimate her net benefits from a postsecondary education and choose a
utility-maximizing level of investment greater than the social optimum. In this case, increasing
the interest rate subsidy sends a false market signal that postsecondary education investment is
less risky or more valuable than it really is, causing further overinvestment.10 Alternatively, an
information intervention that provides the student with correct information about her ability
(correct p) causes her to revise her payoff expectations downward, and therefore choose the
socially-optimal level of postsecondary education investment.

10
In many ways, this is analogous to a hypothetical situation where the government subsidizes sub-prime
mortgages. By distorting the market price (mortgage rate), the government sends a false signal to the market
that real estate investment is less risky than it actually is, inducing unqualified borrowers to enter the market.
In the case of federal student loans, increasing the interest rate subsidy sends a false signal that postsecondary
education is less risky or more valuable than it is, inducing low-ability students to underestimate their risk and
increase their level of investment.
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The purpose of interest rate subsidies and college access programs is to promote optimal
investment among those with adequate ability to pursue postsecondary education. For unconstrained student loan borrowers, the model suggests that increases in interest rate subsidies and
information interventions can both be effective at increasing educational investment. However,
interest rate subsidies may have the undesired effects of causing low-ability students to overinvest while also subsidizing college choice for students who can afford college even in the absence
of these subsidies. Alternatively, information interventions designed to provide students with
correct information about their ability and the future payoff of a postsecondary education will
increase human capital investment only among students who invest below the socially-optimal
level. Therefore, the model suggests that information interventions are a more targeted and
precise policy lever for increasing matriculation and attainment.
3.3.5

Case 2: Endogenous Student Loan Borrowing Constraint Binds
Consider the case of an individual who chooses to invest in a given level of postsecondary

education and finance the total cost of that investment with student loans such that L = hτ <
L̄. In this case, the student is constrained only by the endogenous student loan borrowing
constraint. As shown in Appendix B.3, the relevant first-order conditions in this case are
τ u00 (·) = βpαyu π 0 (h)u01 (·) + λ1 τ,
u00 (·)


=β

1 + rm
1+σ



u01 (·) + λ1 ,

(3.21)
(3.22)

and
u00 (·) = β(1 + rm )u01 (·).

(3.23)

Solving this system of equations, the agent’s optimal level of human capital investment is
characterized by
0

∗

pαyu π (h ) = τ



1 + rm
1+σ


.

(3.24)

Since this is the same optimality condition from case 1, it follows that the comparative statics
will be exactly the same as (3.19) and (3.20). This result is consistent with the finding of
Lochner and Monge-Naranjo (2011) that the endogenous student loan borrowing constraint, by
itself, is not sufficient to constrain optimal human capital investment.
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3.3.6

Case 3: Exogenous Student Loan Borrowing Constraint Binds
Finally, consider the case of an individual who chooses to invest in a given level of post-

secondary education and finance the full cost of that investment with student loans such that
L = hτ = L̄. In this case, the student is constrained by the exogenous upper bound on student loan borrowing, which is set by the government. As shown in Appendix B.4, the relevant
first-order conditions in this case are
τ u00 (·) = βpαyu π 0 (h)u01 (·) + λ1 τ,
u00 (·)


=β

1 + rm
1+σ



(3.25)

u01 (·) + λ1 + λ2 ,

(3.26)

and
u00 (·) = β(1 + rm )u01 (·).

(3.27)

Solving this system of equations, the agent’s optimal level of human capital investment is
characterized by
u00

∗

∗

αyu + ω + b + L − τ h

∗





0

∗

· pαyu π (h ) − τ



1 + rm
1+σ


= τ (1 + rm )λ2 .

(3.28)

Again, agents will invest in their own human capital up to the point where the expected marginal
benefit of an additional year of education is equal to the cost of borrowing to fund that additional
year. This result is analogous to that obtained in case 1; however, since the exogenous student
loan borrowing constraint binds, the relevant cost of borrowing in this case is the interest rate
in the market for consumer loans, multiplied by the shadow price of the exogenous borrowing
constraint (λ2 ).
As shown in Appendix B.4, implicitly differentiating (3.28) with respect to σ and p yields
the two comparative statics of primary interest:



∗
0 (·)τ 1+rs
u000 (·) ∂L
η
−
τ
(1
+
r
)
+
u
s
0
∂σ
1+σ


=
,
00
0
∂σ
u0 (·)τ η − τ (1 + rs ) − u0 (·)ψ

(3.29)


∗
0
0 ∗
u000 (·) ∂L
∂h∗
∂p η − τ (1 + rs ) + u0 (·)αyu π (h )


=
,
∂p
u000 (·)τ η − τ (1 + rs ) − u00 (·)ψ

(3.30)

∂h∗

and

where η = pαyu π 0 (h∗ ) > 0 is the expected marginal increase in income from an additional
year of education and ψ = pαyu π 00 (h∗ ) < 0 represents the rate of change in that quantity as
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education increases. The signs of η and ψ follow directly from the assumption in section 3.3.1
defining the skill premium as a strictly-increasing and concave function of education.
The signs of (3.29) and (3.30) depend on the relationship between the agent’s expected
marginal return on education and the marginal cost of student loan borrowing. In the case
where η = τ (1 + rs ), the agent’s utility-maximizing level of education investment under the
exogenous borrowing constraint just happens to equal the unconstrained level of investment
from (3.18). As detailed in Appendix B.4, if this is the case (3.29) and (3.30) simplify to (3.19)
and (3.20), and therefore the analysis is identical to that of of the unconstrained student loan
borrower (case 1), presented in section 3.3.4.
The case where η < τ (1 + rs ) suggests that the agent intentionally overinvests in postsecondary education beyond the unconstrained utility-maximizing level, which (assuming rational
agents) economic theory suggests cannot happen. Furthermore, if this condition holds, the left
side of (3.28) is negative meaning that λ2 must also be negative. This violates the Kuhn-Tucker
conditions for an optimum, as shown in Appendix B.1. As such, there is only one interesting
sub-case to consider.
Consider the case of an agent who chooses her utility-maximizing level of human capital
investment according to (3.28), but due to the exogenous student loan borrowing constraint is
forced to underinvest, such that η > τ (1 + rs ). The model suggests that, as a result of the exogenous borrowing constraint, high-ability students are unable to borrow enough in subsidized
loans to invest in the socially-optimal level of postsecondary education. This result is consistent
with findings by Lochner and Monge-Naranjo (2011), as discussed in section 3.2.3.
In this case, as shown in Appendix B.4, the effect of an increase in student loan interest

∗
rate subsidies is positive ∂h
∂σ > 0 if and only if


1+rs
τ
00
1+σ
u (·)

− 00
< ∂L∗ 
(3.31)
u0 (·)
η
−
τ
(1
+
r
)
s
∂σ
and
−

u000 (·)
−ψ
,
< 
u00 (·)
τ η − τ (1 + rs )

(3.32)

u00 (·)

where − u00 (·) , is the Arrow-Pratt coefficient of absolute risk aversion (Mas-Colell et al., 1995).
0

Given this agent’s ability level, she could still realize positive marginal returns on human
capital investment. However, she does not have sufficient wealth to fund additional investment
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and she has exhausted her ability to borrow in the student loan markets. In this case, the
model suggests that an increase in the student loan interest rate subsidy will increase the level
of human capital investment if and only if the agent is not too risk averse, as defined by (3.31)
and (3.32). The reduction in borrowing costs resulting from an increase in the rate subsidy
could make it economically feasible for these individuals to finance additional investment with
consumer loans. However, since borrowing in the consumer loan market is more expensive than
in the student loan market, this additional leverage and debt service increases the risk of human
capital investment. Only agents with sufficiently-high risk tolerance would be willing to borrow
at the market rate to invest in additional postsecondary education.
Additionally, investment in postsecondary education is positively related to one’s belief
 ∗

about the probability of a positive future payoff ∂h
>
0
if and only if
∂p
−

αyu π 0 (h∗ )


∂L∗
∂p η − τ (1 + rs )

(3.33)

−ψ
u000 (·)
.
< 
u00 (·)
τ η − τ (1 + rs )

(3.34)

u000 (·)
<
u00 (·)

and
−

Therefore, the model suggests that providing a student with new information that causes her to
update her beliefs such that p increases could also increase human capital investment, assuming
the agent is not too risk averse, as defined by (3.33) and (3.34). In the case of borrowers
constrained by the exogenous student loan borrowing limit, an example of a positive information
intervention might be providing a student with additional information on grants, scholarships
or other financial aid. This intervention changes the agent’s beliefs about the relative costs of
postsecondary education, and acts as a virtual wealth increase, again nudging the agent toward
the socially-optimal level of human capital investment.

3.4

Conclusion
This chapter contributes to the theoretical literature on human capital investment by

modifying and extending the standard two-period model of Lochner and Monge-Naranjo (2011)
in three ways. First, it introduces a simple way of modeling an agent’s knowledge and beliefs
about the net returns to human capital investment, and his or her ability to succeed in educational pursuits. Second, it introduces separate credit markets for student loans and consumer
loans and models public student loan interest rate subsidies, explicitly. This provides a mech-
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anism through which student loan interest rates can differ from rates in other credit markets.
Third, it models the skilled wage as a function of the unskilled wage, innate ability, and an
education premium, thereby framing an agent’s beliefs in terms of expected future payoffs.
For unconstrained student loan borrowers or borrowers constrained only by their endogenous choice of education, the model suggests that increasing student loan interest rate subsidies
unambiguously increases their utility-maximizing level of human capital investment. In the case
where these students underinvest relative to the socially-optimal level of education, an increase
in the interest rate subsidy reduces the total cost of human capital investment and nudges
them toward the socially-optimal level of investment. However, in the case where students have
invested at or above the socially-optimal level, an increase in the rate subsidy encourages overinvestment. Alternatively, information interventions designed to provide students with correct
information about their ability and the future payoff of a postsecondary education increase human capital investment only in cases where a student’s utility-maximizing level of education is
below the socially-optimal level.
High-ability students with insufficient levels of wealth or other financial aid will underinvest in postsecondary education, as a result of exogenous student loan borrowing constraints.
In this case, the model suggests that an increase in the student loan interest rate subsidy lowers the cost of student loan borrowing, making it feasible for these individuals to borrow in
the consumer loan market to fund additional education expenses. However, since borrowing in
the consumer loan market is more expensive than the student loan market, only agents with
sufficiently-high risk tolerance are willing to borrow at the market rate to fund additional human capital investment. Alternatively, information interventions designed to provide students
with correct information about their ability and the future payoff of a postsecondary education
can increase human capital investment by providing students with information about grants,
scholarships, or other financial aid which could help fund the socially-optimal level of investment
without resorting to private credit markets.
Ultimately, the model suggests that increases in student loan interest rate subsidies and
information interventions can both be effective at increasing human capital investment. However, interest rate subsidies may have the undesired effects of causing low-ability students to
overinvest while also subsidizing college choice for students who can afford college even in the
absence of these subsidies. In the case of students constrained by exogenous student loan bor-
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rowing limits, increases in student loan interest rate subsidies can only work by pushing students
toward more expensive consumer loans, assuming students have sufficiently high risk tolerance.
Alternatively, information interventions designed to provide students with correct information
about their ability and the future payoff of a postsecondary education will increase human capital investment only among students who invest below the socially-optimal level. Therefore, the
model suggests that information interventions are a more targeted and precise policy lever for
increasing matriculation and attainment.
The next two chapters will provide an empirical examination of the research questions
addressed by my theoretical model. Using longitudinal survey data on the matriculation decisions of students born between 1980 and 1984, chapter 4 will measure the effect of differences in
real student loan interest rates on the decision to matriculate full time to a four-year institution
immediately after graduating high school. Using administrative microdata from a not-for-profit
college access program, chapter 5 will measure the extent to which lowering informational barriers to entry affects matriculation to four-year institutions.
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CHAPTER 4
THE EFFECTS OF STUDENT LOAN
INTEREST RATES ON COLLEGE
MATRICULATION
4.1

Introduction
The purpose of federal student loans is to improve access and choice in postsecondary

education by increasing liquidity and lowering costs (Dynarski, 2015, 2003b). In the absence
of federal loans, students would find it difficult and costly to borrow to cover college expenses.
The private sector would underinvest in postsecondary education by restricting access to individuals based on traditional risk metrics such as income, wealth, collateral, and credit history
(Dynarski, 2015; Cadena and Keys, 2013; Hess, 2007; Thelin, 2007; Dynarski, 2003b).
Empirical evidence, though mixed, generally suggests that the availability of federal student loans promotes college enrollment (Dynarski, 2003b; Heller, 1997; St. John, 1990). However, as in the case of unconstrained student loan borrowers in section 3.3.4, loans may operate
primarily at the intensive margin, enhancing college choice for students who would likely enroll
in postsecondary education even in the absence of loans (Avery and Hoxby, 2004; Dynarski,
2003b). Furthermore, while the ability to borrow may increase the likelihood of a student
enrolling in a given academic year, higher accumulated debt burdens have been shown to negatively affect continued persistence and completion (Dowd and Coury, 2006; DesJardins et al.,
2002; Paulsen and St John, 2002; Cofer and Somers, 2000).
While it is important to understand the effects of student loan availability on enrollment,
Dynarski and Scott-Clayton (2013) suggest that a more interesting question is whether borrowing costs are a relevant factor in student matriculation and borrowing decisions. As discussed in
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section 2.4.2, the interest rates on subsidized and unsubsidized federal student loans are steeply
discounted relative to other market rates, including those on mortgages, unsecured personal
loans, and credit cards. Policymakers argue that this discount incentivizes college matriculation by reducing the total cost of postsecondary education, but there has been surprisingly little
empirical research to examine this claim (Dynarski, 2015).
Lower interest rates reduce the price of borrowing which should increase the quantity of
loans demanded, all else equal. Indeed, empirical evidence suggests that lower student loan
interest rates are associated with higher levels of borrowing (Oosterbeek and van den Broek,
2009; Eckel et al., 2007). However, it is not known whether reducing student loan interest
rates increases college matriculation. In the only study to investigate the effect of student loan
subsidies on enrollment, Schwartz (1985) finds a positive but statistically insignificant effect,
providing weak but ultimately inconclusive support for the idea that increases in loan subsidies
(equivalently, reductions in student loan interest rates) increase postsecondary matriculation.
As discussed in section 2.5.5, there is reason to doubt the effectiveness of student loan interest rates as a policy lever for incentivizing investment in postsecondary education. Evidence
from field studies suggests that student loan borrowers tend to be poorly informed about the
terms of their loans (Booij et al., 2012; Perna, 2008), implying that students may not give such
details much consideration when making matriculation decisions. Dynarski (2015) notes that
interest rate subsidies are intangible at the time enrollment decisions are made and any benefit
of lower interest rates, in terms of lower payments or shortened repayment, is not realized until
after the student leaves college. Without empirical evidence to support the hypothesis that
student loan interest rates are a salient factor in matriculation decisions, she suggests that they
appear to be, at best, a “a poorly targeted (and expensive)” (p.16) substitute for more effective
financial aid tools such as grants and tuition discounts (Dynarski, 2015).
This chapter seeks to measure the effect of differences in real student loan interest rates on
the decision to matriculate full time to a four-year college or university immediately following
high school graduation. Using geocoded survey data on the college matriculation decisions of
students born between 1980 and 1984, I rely on exogenous variation in real student loan interest
rates across high school graduation cohorts to identify this effect. Based on estimates from my
preferred model specification, I find no statistically significant effect of real student loan interest rates on the decision to matriculate immediately to a four-year institution. However, based
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on alternative model specifications, which take into account matriculation at both two- and
four-year institutions, I find that there is a positive and at least marginally-significant effect
of student loan interest rates on matriculation, meaning that reducing student loan interest
rates may actually reduce matriculation. Though more research is required, the findings in this
chapter suggest that federal student loan interest rates are likely an ineffective policy target for
incentivizing investment in postsecondary education.
Section 4.2 provides a description of the data used in this chapter. Section 4.3 discusses my
empirical identification strategy, estimation results, and model specification tests. Section 4.4
provides an analysis and discussion of my results and presents the results of various robustness
checks. Section 4.5 concludes.

4.2

Description of the Data
This chapter relies primarily on geocoded data from the National Longitudinal Survey

of Youth 1997 (NLSY97), published by the U.S. Bureau of Labor Statistics (BLS) (Bureau
of Labor Statistics, 2013). The NLSY97 consists of a nationally-representative (as of 1997)
sample of 8,984 individuals born between 1980 and 1984, who were interviewed annually from
1997 to 2014. It contains detailed information on the education and labor market experiences
of respondents, including employment history, educational choices and outcomes, income, and
family characteristics (Bureau of Labor Statistics, 2016d). The empirical model presented in
section 4.3 uses postsecondary enrollment data, as well as individual and family characteristics
contained in the NLSY97. Student loan interest rate data consist of in-school interest rates
on Subsidized Direct (Stafford) Loans, as published by Smole (2014). Location data from the
NLSY97 are used to incorporate state- and county-level controls.
4.2.1

Matriculation Data
For each respondent in the NLSY97, I observe highest grade completed, highest degree

earned, and the enrollment dates (month and year) for each level of secondary and postsecondary education.1 Since the opportunity cost of attending college increases with age, the de1

Some students listed their highest grade completed as 12th grade or higher, but failed to report their high
school graduation date. I assume that respondents who reported completing their senior year and leaving high
school in May or June of their natural graduation year (based on their birth date) earned a high school diploma.
In instances where respondents reported enrolling in postsecondary education but failed to provide a high school
graduation date, I impute an approximate date based on their birth date and the timing of postsecondary
matriculation. The estimation results in section 4.3 do not change meaningfully if these observations are dropped.
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terminants of college matriculation are likely to differ between traditional and non-traditional
students (Seftor and Turner, 2002). In order to focus my analysis on traditional-age students, I
restrict the sample to students who earned a high school diploma between 1998 and 2003, prior
to the age of twenty. I exclude students who earned a GED. Of the 6,766 high school graduates
in the NLSY97 dataset, 6,503 (96.1 percent) of them meet this criteria.
While policy analysts are typically interested in enrollment behavior within the first year
after high school, the outcome of interest in this study is whether or not a respondent matriculates to a four-year institution within eighteen months of high school graduation. I choose to
use an eighteen month window for two reasons. First, I need to make some allowance for uncertainty in the way enrollment is reported in the NLSY97. Since enrollment status is reported
monthly, it is impossible to know the exact date on which students earn their high school credential or matriculate to a postsecondary institution. Enrollment and matriculation dates are
arbitrarily assigned to occur on the first day of the month reported by the respondent. In the
most extreme cases, this potentially adds one month to a respondent’s time to enrollment; using
a twelve month window when creating the matriculation variable may incorrectly classify some
students. Second, I want to allow for potential mismatch in academic calendars - for instance,
universities on a quarter system.2 Of the 6,503 students in the 1998 to 2003 graduation cohorts,
2,593 (39.9 percent) matriculated to a four-year college or university within eighteen months of
graduation.
Figure 4.1 compares the rate of matriculation at four-year institutions in the estimation sample with the national average for recent high school graduates, as calculated by the
National Center for Education Statistics (NCES) (National Center for Education Statistics,
2016). On average, the matriculation rate in the estimation sample is higher than the national
average for the period under study. National enrollment rates over this period average 42.2
percent and range from a minimum of 41.3 percent in 1998 to a maximum of 43.6 percent in
2002. Matriculation rates in the estimation sample average 46.7 percent for the period under
study, and range from a minimum of 43.1 percent in 2000 to a maximum of 50.5 percent in 1998.

2

To illustrate, suppose a student graduating in June of 2002 decides to take a year off and matriculates
to a four-year institution in the fall 2003 semester. If the student reports graduating high school on June 1,
2002 and matriculating to college on September 1, 2003, the time to enrollment is fifteen months. Again, using
a twelve month window would incorrectly classify these students.
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Despite the differences in matriculation levels, there is no reason to believe that observed
year-over-year variation in matriculation in the estimation sample is not representative of the
overall population of recent high school graduates during the period under investigation. The
differences in matriculation levels are in part due to inconsistencies in how matriculation is
defined across the two samples. Taking first differences and calculating the correlation between
the two series, I find a positive but statistically insignificant relationship: ρ̂ = 0.451 (p = 0.446).
As shown by the confidence intervals on both series, matriculation rates are more precisely
estimated in the NLSY97 sample than the NCES sample after taking into account sample
weights.
College Matriculation Rates
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Source: NSLY (2016), U.S. Dept. of Ed. (2016)

Figure 4.1: Comparing matriculation rates among recent high school
graduates (NLSY estimation sample vs. national averages for 16-24 year
olds), 1998-2003. Matriculation to four-year institutions only. Survey
weights applied, 95 percent confidence intervals provided.

4.2.2

Interest Rate Data
During the period covered by this study, federal student loan interest rates were deter-

mined each June 1 based on a mark-up over the yield on the 91-day Treasury bill at the final
auction held prior to June 1. The interest rate was effective beginning every July 1, and was
held fixed through the following June 30. The mark-up, determined by Congress, was 2.5 percentage points for the 1997-1998 academic year and 1.7 percentage points for the 1998-1999
through 2002-2003 academic years (Smole, 2014).3 Nominal, in-school, student loan interest
3

See the discussion of federal student loan interest rates in section 2.4.2.
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rates are obtained from Smole (2014) and converted to real terms by subtracting the rate of
inflation calculated from the Consumer Price Index (CPI), rebased to 2000 (Bureau of Labor
Statistics, 2016a). Real student loan interest rates are incorporated into the sample of NLSY
high school graduates based on graduation date.
Figure 4.2 compares the rate of matriculation at four-year institutions in the estimation
sample with the real interest rate on Subsidized Federal Direct (Stafford) Loans for the years
1998 to 2003. During this period, there appears to be a positive relationship between changes in
real student loan interest rates and matriculation rates. Taking first differences and calculating
the correlation between the two series I find a positive but statistically insignificant relationship:
ρ̂ = 0.737 (p = 0.156). Prior to controlling for other factors driving matriculation decisions, this
suggests that reducing student loan interest rates may actually reduce matriculation at four-year
institutions, lending statistical support to the idea that interest rates are a poor mechanism for
incentivizing human capital investment.
Student Loan Interest Rates and Matriculation
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Source: NLSY (2016), Smole (2014)

Figure 4.2: Comparing the rate of matriculation at four-year institutions
within eighteen months of high school graduation with real subsidized federal
student loan interest rates for students graduating between 1998 and 2003 prior
to age twenty. Survey weights applied. 95 percent confidence interval provided
for matriculation rate.

4.2.3

Control Variables
The economic literature on the determinants of college matriculation has reached some-

what of a consensus on key factors that should be controlled for in this type of study. The
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empirical studies discussed in section 2.5 tend to focus on a common set of covariates: gender,
race, ability, parent education, parent income, and the cost of postsecondary education. The
NLSY97 contains a rich set of variables that allow me to control for individual and family characteristics related to the college matriculation decision.
In the model presented in section 4.3, I use categorical variables to control for gender and
race. Gender is represented with a binary variable equal to one for females and zero for males.
NLSY97 respondents self-identify into one of four racial categories which are coded as: white
(0), black (1), Hispanic (2), and mixed race (3). As discussed in section 2.5, ability is positively
related to college matriculation. The Armed Services Vocational Aptitude Battery (ASVAB)
test was administered to all survey respondents between the summer of 1997 and winter of 1998.
Based on this test, NLSY staff calculated a combined math and verbal ASVAB score for each
student, which I use as a proxy to control for innate ability.4
It is important to control for parent education and income for several reasons. First,
given the positive relationship between ability and education, and assuming that ability is at
least partially determined by genetics, it is likely that parent education has a strong, positive
correlation with student ability. Second, it is likely that parent education is itself an important
determinant in the matriculation decision. As discussed in section 2.5.6, highly-educated parents tend to be invaluable sources of information for their children throughout the college-going
process. Furthermore, parents with higher levels of education are more likely to be actively
involved in the education of their children, more likely to place a high value on education, and
more likely to encourage their children to pursue postsecondary studies. Finally, since education
is an important determinant of income and wealth, educated parents are more likely to have
the financial means to assist with college expenses, making it more likely that their children
will matriculate, all else equal. In the model presented in section 4.3, I control for both parent
education and parent income to avoid a potential endogeneity problem arising from this relationship.
To control for parent education, the highest grade completed across both parents is taken
from the NLSY97 and coded as a categorical variable with five values: less than high school
(0), high school (1), some college (2), four-year degree (3), and graduate studies (4). I control
4
According to documentation provided by NLSY staff, this score closely approximates the Armed Forces
Qualification Test (AFQT) score available in the predecessor NLSY79 survey (Bureau of Labor Statistics, 2016b).
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for parent income using data from the Household Income Update in the NLSY97. This questionnaire was administered annually between 1998 and 2001 and collected data directly from
parents on income earned in the prior year (Bureau of Labor Statistics, 2016c). To minimize the
effect of parent non-response and maintain consistency across graduation cohorts, I use income
from 1997 as a proxy for family income and wealth. In the case of married couples, individual
incomes are summed to obtain total household income for the year. Nominal household income
is converted to constant (2000) dollars using the CPI (Bureau of Labor Statistics, 2016a).
As discussed in section 2.5.1, increases in the cost of postsecondary education (tuition and
fees) reduce the probability of matriculation. In the NLSY97, I am able to observe the college
choices, and therefore the actual net costs, only for respondents who matriculate; this is problematic for several reasons. First, the observed net cost paid by students who choose to enroll at
a postsecondary institution is itself an outcome of the college search process and is determined
in large part by many of the same factors driving the matriculation decision. Arguably, the
relevant price in the college matriculation decision is the perceived cost of education observable
to the student during the college search process. Second, for students who do not matriculate,
I have no way to distinguish those who had no desire to pursue postsecondary education from
those who chose not to enroll only after a college search. In short, I cannot observe the potential choice sets or counterfactuals for prospective college students, only their final choices. Even
if I could observe the choice sets for all students who applied to a postsecondary institution,
estimating a model based on the subset of students who chose to apply would nevertheless yield
biased estimators.
I want to control for the cost of higher education in a way that captures the perceived
cost of education observed by each prospective student during the college search process. To
accomplish this, I use institution-level data on in-state tuition and fees for all nonprofit, fouryear colleges and universities in the Integrated Postsecondary Education Data System (IPEDS)
Delta Cost Project Database (IPEDS, 2016). For each year between 1998 and 2003, I calculate
average tuition and fees by state and match this to the sample of high school graduates in the
NLSY97 based on their state of residence during their senior year. Nominal tuition data is
converted to constant (2000) dollars using the CPI (Bureau of Labor Statistics, 2016a).
Finally, in order to isolate as best I can the partial effect of changes in student loan interest rates on matriculation, it is important to control for macroeconomic factors that are likely
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correlated with changes in federal student loan rates, other control variables, or are themselves
determinants of matriculation. To control for business cycle fluctuations, I use monthly levels of the University of Michigan Index of Consumer Confidence, matched to respondents in
the NLSY97 based on the month they graduated high school (University of Michigan, 2016).
The opportunity cost of pursuing a college education is the forgone wage in the unskilled labor
market. As a proxy for this wage, I match annual minimum wage data to respondents in the
NLSY97 based on their state of residence when they graduated high school (Federal Reserve
Board, 2016c). Individuals residing in a state with no minimum wage, or a minimum wage
below the federal rate, are assigned the federal minimum wage (Federal Reserve Board, 2016a).
Minimum wage data is converted to constant (2000) dollars using the CPI (Bureau of Labor
Statistics, 2016a).
To control for local differences in prevailing education levels, I use estimates of the percent
of county population with a bachelor’s degree or higher. This variable is constructed by the
U.S. Department of Agriculture from 2000 Decennial Census data, and matched to respondents
in the NLSY97 based on their county of residence when they graduated high school (Economic
Research Service, 2016).
After removing observations with missing values for regressors, my estimation sample
contains 3,987 high school graduates, 3,949 (99.0 percent) of whom graduated between 1998
and 2003 under the age of twenty. Of these individuals, 1,743 (44.1 percent) are observed matriculating to a four-year college or university within eighteen months of graduation. Table 4.1
provides summary statistics for the variables used in the analysis presented in section 4.3.
Table 4.1: Summary statistics for NLSY97 respondents graduating high school between 1998 and 2003, prior to the age of
twenty. Sample weights applied. Tuition, income, and minimum wage are in real (2000) dollars.
Mean
Real SL interest rate (%)
Tuition and fees ($ ths.)
Parent income ($ ths.)
Parent education
ASVAB percentile
Race
Female
Consumer confidence
Minimum wage ($)
% county with ≥ BA

3.979
3.401
59.245
2.197
58.143
3.475
0.510
109.058
5.264
23.950

St. Dev.
1.273
0.997
46.926
1.190
26.978
1.038
0.500
9.125
0.414
9.776

Min
0.523
1.007
0.002
0.000
0.000
1.000
0.000
90.000
4.818
7.000

Max
6.051
7.241
371.862
4.000
100.000
4.000
1.000
121.100
6.688
54.800

Source: NLSY97 (2016), Smole (2014), FRB (2016), NCES (2013), ERS (2016)
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4.3

Empirical Model and Identification
The remainder of this chapter seeks to measure the effect of changes in real student loan

interest rates on the decision to matriculate to a four-year college or university within eighteen
months of graduating high school. The dependent variable, matriculation, is modeled as a
binary choice where Mi = 1 if student i matriculates within eighteen months of graduating high
school and Mi = 0 otherwise.
As mentioned in section 4.2.2, the policy variable in this model is the real in-school
interest rate on Subsidized Federal Direct (Stafford) Loans between 1998 and 2003. During
this period, the interest rates on federal student loans were determined each June 1 based on
a mark-up over the yield on the 91-day Treasury bill at the final auction held prior to June 1.
Interest rates became effective each July 1 and were held fixed until the following June 30. The
mark-up, determined by Congress, was 2.5 percentage points for the 1997-1998 academic year
and 1.7 percentage points for the 1998-1999 through 2002-2003 academic years (Smole, 2014).
The policy decision in this case, the choice of the mark-up, has the potential to change federal
student loan interest rates only one time per year - prior to the beginning of each academic
year. Therefore federal student loan interest rates are the same for each student in a graduation
cohort at the time of graduation; they can only vary across graduation cohorts and for students
who delay matriculation by more than one year.
In the model presented in section 4.3.1, identification of the effect of differences in student
loan interest rates on matriculation comes from the variation observed across graduation cohorts.
This source of variation is exogenous to the student matriculation decision: the rate on the
91-day Treasury bill is set at auction and the mark-up over that rate is set exogenously by
Congress. In effect, the federal student loan interest rate observed by students when making
their borrowing and matriculation decisions is based on their birth (and therefore graduation)
cohort, which is randomly assigned. Because this source of variation is exogenous, variation
in student loan interest rates in my model is also exogenous. Therefore, after controlling for
macroeconomic conditions affecting auction rates on Treasury bills and other factors relevant to
the matriculation decision, the model parameters estimated in section 4.3.1 can be interpreted
as causal.5
5
Critics who argue against this causal interpretation have suggested that the student loan mark-up and
student matriculation decisions are somehow simultaneously determined. I agree that matriculation decisions and
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Combining NLSY97 data, interest rate data, and geocoded variables from the sources
discussed in section 4.2.3, I model the binary matriculation decision as a function of the real
student loan interest rate (rs ), individual and family characteristics (x), tuition and fees (τ ), and
macroeconomic factors affecting tastes and preferences for education (z). Assuming unobserved
residuals are standard normally distributed, the discrete choice of whether or not to matriculate
to a four-year institution is expressed by the following probit model



P r Mi = 1 rs,i , τi , xi , zi = Φ α0 + α1 rs,i + α2 τi + x0i γ + z0i δ = Φ v0i β ,

(4.1)

where Φ(·) represents the standard normal CDF. Given this parametric specification of the
discrete choice model, the likelihood function for estimating the model parameters is expressed
as
n
 Y
1−Mi
M 
L β, M =
.
Φ v0i β i 1 − Φ v0i β

(4.2)

i=1

Taking the natural log of both sides yields the following log likelihood function, the parameters
of which are estimated via maximum likelihood:
n
 X


 

ln L β, M =
Mi ln Φ v0i β + 1 − Mi ln 1 − Φ v0i β .

(4.3)

i=1

Section 4.3.1 presents the estimation results for various specifications of this model and section
4.3.2 presents the results of model specification tests.

4.3.1

Estimation Results
Table 4.2 provides the estimated marginal effects for four competing probit model specifi-

cations based on equation 4.1. I begin by regressing matriculation on real student loan interest
rates and a set of core controls for student and parent characteristics, as discussed in section
4.2.3. These controls consist of: real in-state tuition and fees at four-year institutions, real
parent income, parent education, student ASVAB percentile, race, and gender. Column 1 of
Table 4.2 presents the marginal effects for this baseline model. Most of the control variables
are strongly significant and generally of the expected sign, consistent with previous empirical
bond prices (and hence yields) are in part driven by macroeconomic and labor market conditions, and control
for these factors in section 4.3.1. However, I see no reason to believe that the mark-up originates from within the
markets for postsecondary education or student loans. From the perspective of market participants, the student
loan interest rate is set exogenously by Congress.
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findings discussed in section 2.5. Interestingly, the effect of differences in student loan interest
rates is not statistically significant (p = 0.713).
As expected, the effects of ability and parent income are both positive and significant at
the one percent level. Additionally, students with more educated parents are significantly more
likely to matriculate, all else equal. The model suggests that students from households where at
least one parent holds a bachelor’s degree are 13.5 percentage points more likely to matriculate
than students whose parents have less than a high school education. This effect increases to
18.2 percentage points for students from households where at least one parent has an advanced
degree. There is no statistically significant difference for parents with a high school diploma or
only some college.
The positive coefficient on gender suggests that female students are 8.1 percentage points
more likely to matriculate within the first eighteen months of high school graduation than otherwise similar males. This result is robust to all subsequent model specifications. The marginal
effects on categorical race variables are presented relative to a reference group of white students.
After controlling for other factors, black high school graduates are 15.0 percentage points more
likely to matriculate to a four-year institution than whites of similar background. This result is significant at the one percent level, and robust to all subsequent model specifications.
Though perhaps somewhat unexpected, other studies have also found that black students are
significantly more likely to matriculate to college than otherwise similar white students after
controlling for individual and family characteristics (Cornwell et al., 2006a; Schwartz, 1985;
Manski and Wise, 1983).
The most unexpected result from the baseline model is the positive and significant relationship between the cost of postsecondary education and matriculation. At first glance, this
is a surprising result, based on the literature review in section 2.5.1. However, recall that in
order to control for the perceived cost of education observed by prospective students during the
college search process, the model uses the average in-state tuition and fees for four-year institutions based on the respondent’s state of residence. As such, this result suggests that students
living in states with higher average tuition costs (for example, states with a disproportionate
number of high-quality and therefore high-priced institutions) are more likely to attend college.
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The model suggests that a $1,000 increase in statewide average tuition and fees at four-year
institutions is associated with a 2.2 percentage point increase in matriculation.6
Table 4.2: Estimated marginal effects from probit model specifications
using matriculation to a four-year institution as dependent variable. Tuition, parent income, and state minimum wage are all in real dollars
(2000=100).

Real SL interest rate
Tuition and fees
Parent income
Parent Education
High school
Some college
BA degree
Graduate school
ASVAB percentile
Black
Hispanic
Mixed race
Female

(1)

(2)

(3)

(4)

0.002
(0.005)
0.022∗∗∗
(0.007)
0.001∗∗∗
(0.000)

0.009
(0.006)
0.018∗∗∗
(0.007)
0.001∗∗∗
(0.000)

0.022
(0.030)
0.019∗∗∗
(0.007)
0.001∗∗∗
(0.000)

0.020
(0.030)
0.018∗∗∗
(0.007)
0.001∗∗∗
(0.000)

-0.033
(0.032)
0.031
(0.033)
0.135∗∗∗
(0.036)
0.182∗∗∗
(0.037)
0.007∗∗∗
(0.000)

-0.040
(0.032)
0.027
(0.033)
0.129∗∗∗
(0.036)
0.176∗∗∗
(0.037)
0.007∗∗∗
(0.000)

-0.041
(0.032)
0.023
(0.033)
0.122∗∗∗
(0.036)
0.165∗∗∗
(0.037)
0.007∗∗∗
(0.000)

-0.046
(0.032)
0.015
(0.033)
0.110∗∗∗
(0.036)
0.154∗∗∗
(0.038)
0.007∗∗∗
(0.000)

0.150∗∗∗
(0.018)
-0.014
(0.020)
-0.075
(0.070)
0.081∗∗∗
(0.013)

0.142∗∗∗
(0.018)
-0.007
(0.020)
-0.066
(0.070)
0.081∗∗∗
(0.013)

0.143∗∗∗
(0.018)
-0.008
(0.020)
-0.066
(0.070)
0.081∗∗∗
(0.013)

0.147∗∗∗
(0.018)
-0.006
(0.021)
-0.068
(0.070)
0.081∗∗∗
(0.013)

-0.001
(0.001)
-0.087∗∗∗
(0.017)

0.006
(0.004)
-0.082∗∗∗
(0.017)
0.001∗
(0.001)
Y

0.006
(0.004)
-0.082∗∗∗
(0.017)
0.001∗
(0.001)
Y

3,949

3,949

3,949

Consumer confidence
Minimum wage
% county with ≥ BA
HS grad year fixed effects
n

3,949

Standard errors in parentheses
∗

p < 0.10,

∗∗

p < 0.05,

∗∗∗

p < 0.01

In order to control for macroeconomic factors and labor market conditions, I include
the level of the consumer confidence index at the time of high school graduation and the real
minimum wage in the student’s state of residence in the year they graduated high school, as
discussed in section 4.2.3. As shown in column 2 of Table 4.2, the effect of consumer confidence
6
Based on the average in-state tuition and fees in the estimation sample of $3,401, shown in Table 4.1,
this would represent a 29.4 percent increase in tuition and fees.
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is not statistically significant, but the effect of state minimum wage on matriculation is negative
and significant at the one percent level. I find that a one dollar increase in the real minimum
wage (a proxy for the opportunity cost of college) reduces the probability of matriculation by
8.7 percentage points.7 The effect of student loan interest rates is still statistically insignificant.
Column 3 of Table 4.2 presents the estimates after controlling for local differences in
prevailing education and time fixed effects. As discussed in section 4.2.3, I use the proportion of
residents with a bachelor’s degree or higher in each student’s county of residence as a proxy for
local education preferences; this effect is positive and marginally significant (p = 0.075). I use
dummy variables for high school graduation year in order to control for time fixed effects. Since
identification in this model relies on variation in student loan interest rates across graduation
cohorts, it is important to control for any unobserved heterogeneity across these groups. Year
fixed effects also allow me to control for national enrollment trends, as discussed in section 4.2.1.
Finally, I test for the significance of various interaction terms and quadratic forms in the
model. Based on economic theory, there is reason to suspect that the effect of student loan
interest rates might depend on the levels of tuition or income. However, interacting interest
rates with parent income, tuition, and ability reveals no statistically significant effects. Likewise,
interacting income and tuition and all combinations of race and gender with other variables in
the model yields no statistically significant results. In order to test for any neglected quadratic
forms, the model is re-estimated after including squared terms on all significant regressors from
model 3. I find that including a squared term on parent income yields statistically significant
results and increases the overall fit of the model, but this is not the case for any other variables.
Column 4 presents the results of adding a squared parent income term to model 3. Overall, this
has little impact on the results. The effect of differences in student loan interest rates is still
positive and statistically insignificant (p = 0.498).
4.3.2

Model Specification Tests
Table 4.3 compares different measures of fit for the model specifications presented in

Table 4.2. Part 1 of the table summarizes the predictive capacity of each specification. For
each observation in the sample, I use the predicted probability of matriculation to classify a
student as enrolled (Mi = 1) or not enrolled (Mi = 0). Students with an estimated conditional
7

Based on the average real minimum wage in the estimation sample of $5.26, shown in Table 4.1, this
would represent a 19.0 percent increase in the minimum wage.
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probability of matriculation greater than 0.50 are classified as enrolled. I then calculate the
percent of students who are correctly classified by the model. Overall, the percent of respondents
correctly classified is fairly consistent across all model specifications. However, model 4 clearly
yields the best predictions across all metrics, correctly predicting the matriculation behavior of
74.9 percent of the 3,949 students in the estimation sample. Given that the majority of students
in the sample (55.9 percent) choose not to matriculate within eighteen months of graduation, it
is not surprising that the model does a relatively better job of predicting the behavior of these
students. The model correctly predicts the behavior of 70.0 percent of students who matriculate
and 78.7 percent of students who do not. Based solely on predictive capacity, model 4 is the
preferred specification.
Table 4.3: Comparing goodness of fit and predictive capacity for the
model specifications in Table 4.2. Part 1 of the table summarizes the
predictive capacity of the model. Part 2 provides the results of a HosmerLemeshow goodness of fit test, comparing the predicted probability of
matriculation with the observed data (larger p-value indicates a better fit).
Part 3 summarizes the log-likelihood, information criteria, and pseudo-R2
statistics for each specification.
(1)
Enrolled correctly predicted (%)
Not enrolled correctly predicted (%)
Positive predictive value (%)
Negative predictive value (%)
Total correctly predicted (%)

(2)

(3)

(4)

69.4
77.8
71.2
76.3
74.1

69.4
78.4
71.7
76.4
74.4

69.7
78.7
72.1
76.6
74.7

70.0
78.7
72.2
76.9
74.9

Hosmer-Lemeshow Test (χ2 , 9 df)
p-value

7.56
0.579

11.53
0.241

5.23
0.814

6.68
0.670

Log-likelihood
AIC
BIC
Pseudo R2 (McFadden, adjusted)
Pseudo R2 (Efron)

-2,406.9
4,119.8
4,201.4
0.245
0.299

-2,032.7
4,095.5
4,189.7
0.250
0.305

-2,025.0
4,092.0
4,223.9
0.253
0.308

-2,022.5
4,089.0
4,227.2
0.254
0.310

Part 2 of the table provides the results of a Hosmer-Lemeshow (HL) goodness of fit
test, comparing the predicted probability of matriculation with the observed data under each
specification (Lemeshow and Hosmer, 1982; Hosmer and Lemeshow, 1980). I compute the
predicted probability (p̂) of matriculation for each respondent, and sort the data in ascending
order based on these probabilities. I group the data into eleven groups of 359 respondents, with
the smallest predicted probabilities in the first group and the largest predicted probabilities in
the last group.8 Within each group I calculate the mean predicted probability of matriculation
8

The choice of the number of groups is arbitrary, though Long and Freese (2014) note that ten groups
is the most common choice. I choose eleven groups to ensure they are all of equal size, but the results are not
meaningfully different for different choices.
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(p̄) and the mean number of respondents who actually enroll (m̄). The HL test statistic with
G groups of size ng ,
HL =

11
X
(ng m̄g − ng p̄g )2
g=1

ng p̄g (1 − p̄g )

(4.4)

is distributed χ2 with G − 2 degrees of freedom under the null hypothesis that the model is
correctly specified (Long and Freese, 2014). Based on this metric model 3 fits the data best, as
it has the smallest test statistic (χ2 = 5.23). However, as shown by the associated p-values, the
test statistics for all four specifications are sufficiently small that I cannot conclude any to be
incorrectly specified.
Part 3 of Table 4.3 provides the maximized value of the log-likelihood function from
equation 4.3, as well as the Akaike (AIC) and Bayesian (BIC) information criteria for each
specification. Model 4 has the largest log-likelihood value and lowest AIC, again suggesting that
model 4 fits the data better than the other models. At the bottom of Table 4.3, I provide two
pseudo-R2 statistics for each model. The adjusted McFadden R2 compares the log likelihood
from each model specification with a null model. The Efron R2 approximates the squared
correlation between the predicted probability of matriculation and the observed enrollment
behavior. Again, both statistics indicate a preference for model 4.

4.4

Analysis and Discussion
Based on the specification tests in section 4.3.2, model 4 in Table 4.2 represents my

preferred model specification. Under this specification, there appears to be no statistically
significant effect of real student loan interest rates on matriculation to a four-year institution.
Though the point estimate suggests that a 100 basis point increase in real student loan interest
rates increases the probability of matriculation by approximately 2.0 percentage points, the
result is ultimately inconclusive. The 95 percent confidence limits suggest that the effect could
range from -3.9 percentage points to +8.0 percentage points. In this section, I use my preferred
specification to compare results across different subgroups and then perform robustness checks
to analyze the sensitivity of my estimates to changes in some core model assumptions.
4.4.1

Effects by Ability, Income, and Race
Table 4.4 compares average marginal effects from the preferred model specification for

various subgroups in my sample. Though the results exhibit slight variation across different

88
individual characteristics, the effect of real student loan interest rates on matriculation remains
statistically insignificant in all six cases.
Table 4.4: Comparing average marginal effects across various sub-groups using the preferred
model specification (model 4) from Table 4.2 (using matriculation to a four-year institution as
dependent variable). Tuition, parent income, and state minimum wage are all in real dollars
(2000=100).

Real SL interest rate
Tuition and fees
Parent income
Parent Education
High school
Some college
BA degree
Graduate school
ASVAB percentile
Black
Hispanic
Mixed race
Female
Consumer confidence
Minimum wage
% county with ≥ BA

(1)
Low Ability
0.014
(0.021)
0.013∗∗∗
(0.005)
0.001∗∗∗
(0.000)

(2)
High Ability
0.020
(0.029)
0.018∗∗∗
(0.007)
0.001∗∗∗
(0.000)

(3)
Low Income
0.019
(0.027)
0.017∗∗∗
(0.006)
0.002∗∗∗
(0.000)

(4)
High Income
0.020
(0.030)
0.018∗∗∗
(0.007)
0.001∗∗∗
(0.000)

(5)
Non-white
0.019
(0.029)
0.017∗∗∗
(0.007)
0.002∗∗∗
(0.000)

(6)
White
0.021
(0.031)
0.019∗∗∗
(0.007)
0.001∗∗∗
(0.000)

-0.028
(0.021)
0.010
(0.021)
0.083∗∗∗
(0.026)
0.123∗∗∗
(0.029)
0.005∗∗∗
(0.000)

-0.052
(0.035)
0.016
(0.035)
0.105∗∗∗
(0.037)
0.140∗∗∗
(0.037)
0.007∗∗∗
(0.000)

-0.040
(0.028)
0.013
(0.029)
0.103∗∗∗
(0.033)
0.147∗∗∗
(0.035)
0.006∗∗∗
(0.000)

-0.050
(0.034)
0.015
(0.035)
0.110∗∗∗
(0.037)
0.151∗∗∗
(0.038)
0.007∗∗∗
(0.000)

-0.042
(0.030)
0.014
(0.030)
0.106∗∗∗
(0.034)
0.150∗∗∗
(0.036)
0.007∗∗∗
(0.000)

-0.049
(0.034)
0.015
(0.034)
0.113∗∗∗
(0.037)
0.157∗∗∗
(0.038)
0.007∗∗∗
(0.000)

0.110∗∗∗
(0.015)
-0.003
(0.012)
-0.035
(0.031)
0.056∗∗∗
(0.009)

0.121∗∗∗
(0.013)
-0.006
(0.021)
-0.075
(0.084)
0.078∗∗∗
(0.013)

0.138∗∗∗
(0.018)
-0.005
(0.017)
-0.054
(0.053)
0.073∗∗∗
(0.012)

0.138∗∗∗
(0.016)
-0.006
(0.022)
-0.074
(0.081)
0.082∗∗∗
(0.013)

0.142∗∗∗
(0.018)
-0.005
(0.018)
-0.058
(0.057)
0.077∗∗∗
(0.012)

0.149∗∗∗
(0.018)
-0.006
(0.022)
-0.073
(0.077)
0.084∗∗∗
(0.014)

0.004
(0.003)
-0.056∗∗∗
(0.012)
0.001∗
(0.001)

0.005
(0.004)
-0.079∗∗∗
(0.017)
0.001∗
(0.001)

0.005
(0.003)
-0.074∗∗∗
(0.016)
0.001∗
(0.001)

0.006
(0.004)
-0.082∗∗∗
(0.017)
0.001∗
(0.001)

0.005
(0.004)
-0.077∗∗∗
(0.017)
0.001∗
(0.001)

0.006
(0.004)
-0.084∗∗∗
(0.018)
0.001∗
(0.001)

987

987

978

1,038

1,448

2,501

n
Standard errors in parentheses
∗

p < 0.10,

∗∗

p < 0.05,

∗∗∗

p < 0.01

The first two columns compare the average marginal effects for students in the top and
bottom ability quartiles, evaluating all other variables at the means. The average marginal
effects for all variables are stronger for high-ability students, reflecting the dominant impact of
innate ability on the college matriculation decision.
The positive effect of student loan interest rates is statistically insignificant for both lowand high-ability students. Point estimates indicate that the marginal effect of real student loan
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interest rates on matriculation is sixty basis points smaller for low-ability students, though this
difference between the two groups is not statistically significant (p = 0.500). These findings
suggest that, on average, there is no difference in the marginal effect of student loan interest
rates for students of different ability levels.
Figure 4.3 plots the estimated conditional probability of matriculation to a four-year
institution, by ASVAB percentile, evaluated at student loan interest rate quartiles. As discussed
above, this figure illustrates the strong positive effect of ability on matriculation to a four-year
institution. Additionally, Figure 4.3 shows that as real student loan interest rates increase,
the probability of matriculation increases for students of all ability levels, holding other factors
constant.
Estimated Probability of Matriculation
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Figure 4.3: Estimated conditional probability of matriculation to a fouryear institution within eighteen months of high school, by ability level.
Evaluated at each quartile of real student loan interest rate and means of
other variables. Horizontal bars indicate 95 percent confidence intervals.

Columns 3 and 4 of Table 4.4 compare the estimated marginal effects for students in the
top and bottom family income quartiles. Again, the point estimates suggest a positive, but
statistically insignificant effect of student loan interest rates on matriculation for both groups.
The difference between the marginal effects for low- and high-income students is small and
statistically insignificant (p = 0.502). Similar conclusions are reached when analyzing the difference between racial groups; the difference in the marginal effects of student loan interest rates
between white and minority students is again statistically insignificant (p = 0.500).
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Figure 4.4 plots the estimated conditional probability of matriculation to a four-year
institution, by parent income levels, evaluated at student loan interest rate quartiles. Again, this
figure illustrates the strong positive effect of income on matriculation to a four-year institution
and shows that as real student loan interest rates increase, the probability of matriculation
increases for students from all household income levels, holding other factors constant.
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Figure 4.4: Estimated conditional probability of matriculation to a fouryear institution within eighteen months of high school, by real parent
income level. Evaluated at each quartile of real student loan interest
rate and means of other variables. Horizontal bars indicate 95 percent
confidence intervals.

4.4.2

Robustness Checks
In this section, I conduct a series of robustness checks on my preferred model specification

in order to test the sensitivity of my estimates to changes in some core model assumptions. Panel
A of Table 4.5 provides estimates of the marginal effect of student loan interest rates on the
probability of matriculation to a four-year institution within eighteen months of graduating high
school. For comparison, the first row of panel A provides the estimated marginal effect from
the preferred specification; the next five rows provide the effect re-estimated under alternative
assumptions.
First, I consider applying a log transformation to the dollar-denominated variables: parent
income, tuition, and minimum wage. Economic theory suggests this may be appropriate if the
effects of changes in these variables are likely to vary based on the initial values from which
changes are measured. A log transformation yields marginal effects for these variables which are
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expressed in terms of percent changes. As shown in the second row of Table 4.5, this variable
transformation has very little impact on my results; the marginal effect is slightly larger, but
still statistically insignificant (p = 0.500).
Next, I consider potential multicollinearity between parent income and parent education,
which could reduce the efficiency of my estimators. As discussed in section 2.2.1, there is a
significant payoff to postsecondary education over one’s lifetime, so parent income and parent
education are expected to be positively correlated. A strong positive correlation between parent
income and parent education could indicate a potential multicollinearity problem. Since parent
income is measured on a continuous scale and parent education is a categorical variable, a
Pearson product moment correlation is not appropriate. Instead, I regress real parent income
on education and find that there is a strong positive relationship which is significant at the one
percent level. To alleviate any concern over potential multicollinearity, I re-estimate the model
after dropping parent income. As expected, the resulting estimator is slightly more efficient,
partly due to a much larger sample size. The point estimate is larger, suggesting that a 100
basis point increase in real student loan interest rates increases the probability of matriculation
by 3.7 percentage points. Though still statistically insignificant, the p-value is much smaller
(p = 0.145).
The last three rows of panel A compare the results of re-estimating the model using
different measurements of student loan interest rates. In the fourth row, I replace the real
student loan interest rate with the nominal rate; the results are indistinguishable from the
preferred specification. Finally, I consider the effect of real student loan interest rates as they
vary relative to other market rates.9 I re-estimate the model using the spread between two
separate rates: the 30-year mortgage rate and the rate on the 91-day Treasury bill, both adjusted
for inflation. For students in the sample, the median discount to the 30-year mortgage is -1.26
percentage points and the median premium to the 91-day Treasury bill is 2.57 percentage points.
As shown in rows five and six of panel A, using the spread versus mortgage rates yields little
difference in my estimation results. However, using the premium over the short-term Treasury
bill, the effect is more than twice as large as with the preferred specification. Still, the results
are not statistically significant (p = 0.178).
9
This is consistent with the theoretical model I present in section 3.3.2, where the relevant policy variable
is the spread between student loan interest rates and market interest rates.
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Table 4.5: Robustness checks - comparing the marginal effect of differences in federal student
loan interest rates under various assumptions.
dM/drs

S.E.

n

% correct

AIC

R2 (Efron)

Panel A: Preferred specification (Table 2, model 4)
(1) Log transform (income, tuition, minimum wage)
(2) Dropping parent income
(3) Nominal SL interest rate
(4) Spread vs. 30-year mortgage
(5) Spread vs. 91-day Treasury bill

0.020
0.021
0.037
0.020
0.020
0.044

(0.030)
(0.031)
(0.025)
(0.030)
(0.025)
(0.033)

3,949
3,949
5,220
3,949
3,949
3,949

74.9
74.8
75.1
74.9
74.8
74.9

4,089.0
4,097.4
5,412.9
4,089.0
4,088.9
4,087.4

0.310
0.308
0.297
0.310
0.310
0.310

Panel B: Matriculation to 2- or 4-year college
(1) Log transform (income, tuition, minimum wage)
(2) Dropping parent income
(3) Nominal SL interest rate
(4) Spread vs. 30-year mortgage
(5) Spread vs. 91-day Treasury bill

0.049∗
0.049∗
0.062∗∗∗
0.049∗
0.032
0.062∗∗

(0.026)
(0.026)
(0.022)
(0.026)
(0.022)
(0.028)

3,949
3,949
5,220
3,949
3,949
3,949

73.7
73.8
73.0
73.7
73.9
73.9

4,106.5
4,114.4
5,566.2
4,106.5
4,108.4
4,104.9

0.206
0.204
0.207
0.206
0.206
0.207

Standard errors in parentheses
∗

p < 0.10,

∗∗

p < 0.05,

∗∗∗

p < 0.01

As noted in section 4.2.3, 1,743 (44.1 percent) of the 3,949 students in the estimation
sample matriculate to a four-year institution within eighteen months of high school graduation. Another 955 (24.2 percent) of these students choose instead to matriculate to a two-year
institution. Since higher student loan interest rates make the total cost of higher education
more expensive, some students may logically substitute toward less expensive two-year colleges,
rather than not enroll at all. By restricting my measure of matriculation to four-year institutions I am ignoring this substitution effect; students in my sample who substitute away from
four-year institutions appear to be deterred from postsecondary education altogether. Since
the marginal effect estimated from my preferred specification is positive, I may actually be
underestimating the positive effect relative to what it would be under a more liberal definition
of matriculation. To alleviate these concerns I broaden the definition of my dependent variable
to include individuals who matriculate to either a two- or four-year institution within eighteen
months of high school graduation. Panel B of Table 4.5 presents my results.
The first row of panel B provides the estimated marginal effects using the preferred specification for my regressors. As expected, the point estimate is larger, suggesting that a one
percentage point increase in real student loan interest rates increases the probability of matriculation by 4.9 percentage points. The effect is now marginally significant (p = 0.057), and
consistent with a tendency for prospective students to substitute toward less expensive two-year
institutions as increases in student loan interest rates drive up the total cost of postsecondary
education. The next five rows of panel B present the marginal effects re-estimated under the
model assumptions discussed above.
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Once again, there is no difference in the estimated marginal effect using nominal student
loan interest rates or applying log transformations to dollar-denominated variables. As shown
in the third row of panel B, dropping parent income from the model again improves the efficiency of the estimator. The estimated effect in this case is notably larger, suggesting that
a one percentage point increase in real student loan interest rates increases the probability of
matriculation to a two- or four-year institution by 6.2 percentage points; the effect is significant at the one percent level (p = 0.006). Finally, the last two rows of panel B present the
estimated marginal effects using the spreads between real student loan interest rates and the
market interest rates discussed above. Using the spread versus the 30-year mortgage rate again
yields a statistically insignificant effect. However, using the mark-up over the 91-day Treasury
bill yields a positive effect that is statistically significant (p = 0.025), suggesting that 100 basis
point increase in the mark-up over the 91-day Treasury bill increases matriculation to two- or
four-year institutions by approximately 6.2 percentage points.

4.5

Conclusions
Under my preferred specification of the model presented in section 4.3, there appears to be

no statistically significant effect of real student loan interest rates on the decision to matriculate
immediately to a four-year institution. Though the point estimate suggests that a 100 basis
point increase in real student loan interest rates increases the probability of matriculation by
approximately 2.0 percentage points, the effect is not statistically significant and my results are
ultimately inconclusive. The 95 percent confidence limits suggest that the effect could range
from -3.9 percentage points to +8.0 percentage points. Still, my point estimates are consistent
across various subgroups and appear to be robust to different model assumptions and interest
rate specifications.
Broadening the definition of matriculation to include both two- and four-year institutions,
the effect of student loan interest rates on matriculation appears to be positive and at least
marginally significant. Point estimates presented in Table 4.5 suggest that a 100 basis point increase in student loan interest rates increases the probability of matriculation by approximately
4.9 percentage points. This finding is marginally significant (p = 0.057), and consistent with
a tendency for prospective students to substitute toward less expensive two-year institutions
as increases in student loan interest rates drive up the total cost of postsecondary education.

94
Robustness checks on this alternative model specification suggest that the effect may be larger
and more significant under different model assumptions.
Though additional research is required, the findings in this chapter suggest that federal
student loan interest rates are likely an ineffective policy target for incentivizing investment
in postsecondary education. Ultimately, I find no empirical evidence to support the idea that
reducing federal student loan interest rates increases college matriculation to four-year institutions. In fact, I find some evidence to the contrary. While the results from my preferred model
specification find no statistically significant effect on matriculation at four-year institutions, alternative specifications suggest that there is a positive and at least marginally-significant effect
of differences in student loan interest rates on matriculation under a more liberal definition that
includes two- and four-year institutions.
Based on the analysis in this chapter, I conclude that federal student loan interest rates
are not likely to be a salient factor in the decision to matriculate immediately to a four-year
institution. My results provide some empirical support to the idea that federal student loans
may operate primarily at the intensive margin of college matriculation, enhancing college choice
for students who would likely enroll even in the absence of loans (Avery and Hoxby, 2004; Dynarski, 2003b).
To the extent that differences in federal student loan rates matter at all, the analysis
in section 4.4.2 suggests that the dominant effect may be a substitution effect from four-year
to two-year institutions, as rising student loan interest rates increase the total cost of postsecondary education. Future work should further consider this potential substitution effect, as well
as any effect at the extensive margin of two-year enrollment by examining the role of student
loan interest rates in the decision to matriculate to two-year colleges. Additionally, future work
should examine the effects of federal student loan interest rates on college choice. For example:
Do differences in federal student loan interest rates affect the quality or selectivity of institutions
to which students ultimately enroll?
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CHAPTER 5
INFORMATION AND COLLEGE
MATRICULATION:
EVIDENCE FROM COLLEGE NOW
GREATER CLEVELAND
5.1

Introduction
As discussed in section 2.5.6, information plays a key role in promoting college access

and success. However, not all academically-qualified individuals have access to the same information. Research suggests that this is particularly true for students from low-income and
first-generation backgrounds, who tend to be misinformed about the cost of postsecondary education, the college admissions process, and the financial aid system (Oreopoulos and Dunn,
2013; Perna, 2008; Long and Riley, 2007; Avery and Kane, 2004). Such information asymmetries may help explain why otherwise qualified students from underprivileged backgrounds
matriculate to college at significantly lower rates than middle-class students of similar ability
(Long and Riley, 2007; Pallais and Turner, 2006).
Parents are one of the most important sources of information in the college-going process,
and children whose parents have no first-hand knowledge of college admissions or the financial
aid system are at a significant informational disadvantage. Students from low-income and firstgeneration backgrounds tend to rely disproportionately on high school counselors for college
planning advice. Unfortunately, overwhelmed and poorly-funded high school counseling offices
are rarely sufficient for overcoming the information deficits faced by these students (Page and
Scott-Clayton, 2016; Page et al., 2014; Cabrera and La Nasa, 2000b,a; Choy et al., 2000).
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In many cases, not-for-profit college access programs may help fill the void left by parents
and counselors (Page and Scott-Clayton, 2016; Swail, 2000). These programs reduce information
barriers through targeted interventions which provide high school students with supplemental
tutoring, mentoring, college advising, and financial aid counseling. As discussed in section
2.5.6, empirical studies have generally found these programs to be highly effective at increasing
matriculation rates among low-income, minority, and first-generation students. While much
work has been done to evaluate the effectiveness of various college access programs, there are
still many programs that have not yet been examined. Furthermore, the unique nuances of
each program may yield new information about the effectiveness of particular interventions and
therefore warrant rigorous investigation.
This chapter contributes to this body of research by measuring the effects of participation
in an Ohio-based college access program, College Now Greater Cleveland (CNGC). The administrative microdata provided by CNGC is somewhat unique in that it allows me to observe
both the type and number of information interventions attended by students. This allows me
to evaluate the effectiveness of each type of information intervention, in addition to the CNGC
program overall. The objectives of this chapter are twofold: 1) to measure the overall impact of
the CNGC program on the college matriculation behavior of participants within nine months
of high school graduation, and 2) to estimate the marginal effects of various CNGC services.
My results suggest that College Now Greater Cleveland is highly effective at increasing the
college-going rate of students in the Cleveland Metropolitan School District (CMSD). Overall,
I find that participation in the CNGC program increases the probability of a student matriculating immediately to a four-year institution by approximately 32.9 percentage points. This
is particularly notable given that only about half (50.4 percent) of all high school graduates in
the CNGC sample matriculate to college within the first year of graduating high school.
With respect to specific interventions, I find that financial aid counseling has the largest
and most significant effect on college matriculation, with an additional financial aid session
increasing the probability of matriculation by approximately 5.1 percentage points. This effect
is stronger for low-ability students and those from lower-income neighborhoods, and slightly
weaker for students from poor-performing schools; differences between these groups are statistically significant at the one percent level. College admissions advising also has a positive
and statistically significant effect on matriculation, with each additional session increasing the
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probability of matriculation by 1.5 percentage points, on average. This effect is stronger for
low-ability students and those from low-income neighborhoods and poor-performing schools;
differences between these groups are statistically significant at the five percent level.
Section 5.2 provides background information on the CNGC program and a description
of the data. Section 5.3 provides a statistical comparison of participants and non-participants.
Section 5.4 presents my econometric model and estimation results. Section 5.5 concludes.

5.2

Description of the Data
This chapter uses administrative microdata from College Now Greater Cleveland (CNGC),

a not-for-profit college access program based in Cleveland, OH (College Now Greater Cleveland,
2016b). To my knowledge, this is the first paper to examine the effectiveness of this program.
CNGC partners with more than eighty schools across Cuyahoga, Lorain, Medina, and Summit
counties to provide on-site and community-based college access advising for students, in both
individual and group sessions. It is the largest college access program in the state of Ohio, and
one of the largest in the country, advising over twenty-five thousand students each year. Many
of the students CNGC services come from low-income and first-generation college backgrounds
(College Now Greater Cleveland, 2016a).
Through their Core Six services, CNGC seeks to increase college enrollment and attainment in the Cleveland area by lowering informational barriers to postsecondary education and
promoting a “college-going culture” in local schools (College Now Greater Cleveland, 2016a).
CNGC’s Core Six services include: academic advising, career exploration, financial aid counseling, postsecondary admissions advising, SAT and ACT preparation, and the College Now
Scholarship (a $3 million per year, last-dollar scholarship fund administered by CNGC). Appendix D provides detailed descriptions of the interventions provided within each service group.
5.2.1

CNGC Dataset
This chapter relies primarily on program participation data from College Now Greater

Cleveland. The CNGC dataset is a cross-section of 2,329 students in the Cleveland Metropolitan
School District (CMSD) who were high school seniors during the 2008-2009 academic year.
Students in the sample represent eighteen of the twenty-three high schools in the district. At
the time of this sample, CMSD was the second largest school district in the state of Ohio, with
enrollment across all district high schools totaling more than thirteen thousand students (Ohio
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Department of Education, 2016). Today they are CNGC’s largest partner, with advisers staffing
all twenty-three high schools in the district (College Now Greater Cleveland, 2016a).
After removing respondents with missing data for some key variables, the estimation
sample consists of 2,127 high school seniors from seventeen different high schools. Table 5.1
compares selected demographic and school-related variables in the CNGC sample with aggregate
data for all CMSD high schools during the 2008-2009 academic year. Despite slightly overrepresenting females and whites, the CNGC sample appears to be fairly representative of the
district as a whole. Statistically, there is little difference between the full CNGC sample and
the estimation sample.
Table 5.1: Comparing characteristics of seniors in the CNGC
sample to all high school students in the Cleveland Metropolitan School District, 2008-2009 academic year.
CNGC
(full)

CNGC
(estimation)

All CMSD
High Schools

Female
American Indian
Asian / Pacific Islander
Black
Multiracial
Other
White

0.556
0.003
0.012
0.670
0.009
0.134
0.173

0.547
0.003
0.011
0.662
0.009
0.134
0.180

0.523
0.003
0.006
0.696
0.027
0.117
0.152

Mean Attendance Rate (senior year)
Mean HS Graduation Rate
Mean School Performance Index Score

0.824
0.712
78.417

0.822
0.710
77.239

0.883
0.661
78.127

n

2,329

2,127

13,443

Source: College Now Greater Cleveland (2016), Ohio Department of Education (2016)

In the fall of 2016, CNGC staff compiled student-level data on program participation and
demographic characteristics for seniors in CNGC partner schools for the 2008-2009 academic
year. The CNGC dataset allows me to observe basic demographic information for each student
including gender, race, birth date, and home address. Additionally, I observe some limited
transcript data including high school attended, junior- and senior-year cumulative GPA and
attendance rates, and whether or not the student graduated high school, as scheduled, in spring
2009.
Of the 2,127 students in the sample, 1,510 (71.0 percent) graduated in spring 2009. Of
these graduates, 761 (50.4 percent) matriculated to college within one year of graduation,1
and another 308 (20.4 percent) matriculated at some point between spring 2010 and fall 2016.
Figure 5.1 illustrates the high school graduation and college matriculation behavior observed in
1
Of these 761, 649 (85.3 percent) matriculated during the fall semester immediately after high school, and
112 (14.7 percent) matriculated the following spring.
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the CNGC sample. For purposes of estimation, the next section will focus on college enrollment
behavior within the first nine months of high school graduation, as the outcome of interest.2
High School Graduation and College Matriculation Choices
Estimation Sample (n = 2,127)

CNGC High School Graduates (n = 1,510)

20.4%
29.0%

29.2%

7.4%

71.0%
43.0%

Graduate

No College

Fall after HS

Do not Graduate

Spring after HS

>1 Year after HS

Source: College Now Greater Cleveland (2016)

Figure 5.1: High school graduation rates and college matriculation decisions for CNGC sample.

Participation in the CNGC program is voluntary and open to all students in CNGC
partner schools. For each student in the CNGC sample, I observe whether or not he or she
chose to participate in the CNGC program during the 2008-2009 academic year. I classify
these participants and non-participants as “treated” and “untreated,” respectively. Due to the
cross-sectional nature of the data, it is not possible to observe student participation decisions
in prior years. Therefore, I cannot distinguish between a student who never participated in a
CNGC advising session and one who participated in prior years but chose not to return. While
this potentially raises legitimate challenges to my findings in section 5.4, it is not possible to
account for the effects of prior treatment without panel data. Currently, such data do not exist
for the CNGC program. Further consideration is given to this issue in section 5.5.
Of the 2,127 students in the CNGC sample, 1,086 (51.1%) participated in one or more
sessions with CNGC advisers during the 2008-2009 academic year. For this subset of students,
CNGC collected data on the total number of advising sessions each student attended (referred
to as “dosage”), and which of the Core Six services were provided during each session. The
ability to observe dosage is a unique feature of the CNGC dataset that allows me to evaluate the
2

This is consistent with the definition of “seamless college enrollment” used by Carruthers and Fox (2016).
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effectiveness of each intervention, in addition to the CNGC program overall. Each session was
counted as one dose; if the adviser provided services from more than one service group in any
given session, each service was recorded but was not counted as a separate dose. For example,
if a student attended a session in which an adviser provided both financial aid counseling and
scholarship advising, each service was recorded separately, but the dosage would only reflect
one session. As a result, CNGC’s reported dosage level reflects the total number of sessions
each student attended, but may understate the breadth of information provided during those
sessions.
Table 5.2: Summary statistics for variables in the CNGC dataset
n

Mean

St. Dev.

Min

Max

Gender (f emale = 1)
Attendance Rate (senior year)
GPA (end of junior year)

2,127
2,127
2,127

0.547
0.822
2.429

0.498
0.193
0.764

0.000
0.000
0.167

1.000
1.000
4.732

Treatment (treated = 1)
Total Dosage for Treated (senior year)
Academic Advising
Career Exploration
Financial Aid Counseling
Scholarship Advising
Admissions Advising
SAT / ACT Preparation

2,127
1,086
1,086
1,086
1,086
1,086
1,086
1,086

0.511
5.426
0.180
0.087
1.618
0.313
2.544
1.780

0.500
5.098
0.584
0.328
2.156
0.924
3.029
1.495

0.000
1.000
0.000
0.000
0.000
0.000
0.000
0.000

1.000
37.000
7.000
3.000
14.000
10.000
25.000
11.000

Source: College Now Greater Cleveland (2016)

Summary statistics for variables in the CNGC dataset are provided in Table 5.2. On
average, program participants attended 5.43 sessions or approximately one session every six to
seven weeks, based on a 182 day academic year. Not surprisingly, the most popular service
was postsecondary admissions counseling (mean of 2.54 sessions), followed by SAT and ACT
preparation (mean of 1.78 sessions), and financial aid advising (mean of 1.62 sessions). The
distribution of advising sessions for each of the Core Six service groups is shown in Figure 5.2.

101

Distribution of Advising Services

Pr
e

el

C
/A
T
SA

ou
C
ns

Ad

m

is

si
o

T

ns

rs
la
ho
Sc
C

N
G
C

p

g
in

p
hi

id
lA
ia
nc
na
Fi

ee
C
ar

Ac

ad

em

rE

ic

xp
l

or

Ad
v

is

at
io

in

n

g

Advising Sessions
0 5 10 15 20 25

CNGC Participants (n = 1,086)

Source: College Now Greater Cleveland (2016)

Figure 5.2: Distribution of advising sessions for each of the Core Six
services provided by College Now Greater Cleveland, 2008-2009 academic
year.

5.2.2

Control Variables
The CNGC dataset does not contain parental information, so I cannot directly control for

parents’ education, household income, or other family characteristics that may be important
predictors of college enrollment or that may be endogenous to the decision to self-select into the
treatment group. I do, however, observe each student’s home address and high school, allowing
me to incorporate external data as proxies for these variables.
Using the Census Geocoder (U.S. Census Bureau, 2016), I am able to match the address
of each student in the CNGC sample to geographic coordinates from the Master Address File
for the 2010 Census. This allows me to match each student’s address to a Census block group,
and from there to publicly-available neighborhood statistics from the American Community
Survey (ACS). For the purposes of this study, I use the 2013 ACS five-year estimates (covering
the years 2009-2013) to incorporate Census variables related to race, income, education, and
labor market conditions with the CNGC sample based on each student’s Census block group.
The models estimated in section 5.4 use real median household income in the student’s
neighborhood (in thousands of 2013 dollars) as a proxy for household income. Because local
labor market conditions are correlated with median household income and have the potential to
influence education decisions, I also control for the neighborhood unemployment rate, defined as

102
the percentage of individuals in the neighborhood over the age of sixteen who are unemployed
but looking for work. Since CNGC promotes college access and success primarily by lowering
informational barriers to postsecondary education, it is important to control for other mechanisms of information transfer. As discussed in section 2.5.6, parents are an important source
of this information for students, and much of their advice is likely to be drawn from personal
beliefs and experiences with postsecondary education (Cabrera and La Nasa, 2000b,a; Choy
et al., 2000). Since the CNGC dataset does not contain parental information, I use Census data
on neighborhood education level as a proxy. Specifically, I include in my model the percentage
of neighbors with less than a high school education and the percentage of neighbors with at
least a bachelor’s degree to control for the fact that both ends of the education spectrum may
affect the formation of a student’s information set.
As shown in Figure 5.3, students in the CNGC sample tend to come from neighborhoods
with low average educational attainment. On average, about 10.6 percent of neighborhood
residents have a bachelor’s degree or more, whereas approximately 24.1 percent of neighbors
have no education or less than a high school education. Interestingly, approximately 24.1 percent of neighbors have some college, suggesting that the postsecondary drop-out rate in these
neighborhoods may be fairly high. This is notable because college drop-outs may be a source of
negative information about postsecondary education. Summary statistics of geocoded variables
are provided for the full estimation sample in Table C.1 of Appendix C.
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Figure 5.3: Average neighborhood educational attainment as measured
by mean percentage of individuals at each level of education, assigned to
CNGC respondents by Census Block Group.
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Since the quality of one’s high school education is likely to be correlated with income
and ability and is also a determinant of future educational attainment, the models in section
5.4 will need to control for school quality. In the CNGC dataset, the high school attended by
each student is identified with a unique building code assigned to it by the Ohio Department
of Education (ODE). This allows me to match each student in the CNGC sample to publiclyavailable measures of school quality and enrollment demographics published by ODE. To control
for basic school characteristics, variables for student-teacher ratio, the percentage of female
enrollment, and the percentage of black enrollment are included in my models.
The primary metric used by ODE to assess the performance of public schools is the
Performance Index Score (PIS), which is a weighted average of thirty statewide performance
indicators (Ohio Department of Education, 2009).3 A perfect score corresponds to a PIS of 120;
as shown in Table 5.1, the average PIS in the CNGC estimation sample was 77.2, nearly sixteen
points lower than the average for all schools in the state of Ohio during the 2008-2009 academic
year of 92.9 (Ohio Department of Education, 2009). Schools failing to achieve state-minimum
standards on at least 70 percent of these performance indicators can be placed on “Academic
Watch” or “Academic Emergency” status by ODE (Ohio Department of Education, 2009). The
models in section 5.4 include a dummy variable equal to one for students attending schools on
watch or emergency status and equal to zero otherwise.

5.3

Comparing Treated and Untreated Groups
Approximately half (51.1 percent) of the students in the sample chose to enroll in the

CNGC program, naturally dividing the estimation sample into two sufficiently large subsets
and facilitating comparisons between the treated and untreated groups. Table 5.3 compares
sample proportions for race, gender, and educational attainment variables between the treated
and untreated groups. For each variable, I conduct a two-sample t-test for significance in the
difference in proportions between the treated and untreated groups. To allow for different
variances in each group the t-test is conducted by regressing each variable on an intercept and a
3

A school’s PIS is a function of the percent of students in grades three through eight scoring proficient
or higher on the Ohio Achievement Tests, the percent of students in grades ten and eleven scoring proficient
or higher on the Ohio Graduation Tests, the school’s attendance rate, and the school’s graduation rate (Ohio
Department of Education, 2009).
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dummy variable equal to one for individuals in the treated group and zero otherwise (Cameron
and Trivedi, 2009).
Table 5.3: Comparing sample proportions between
treatment and control groups for race, gender, and education variables in CNGC dataset. Hypothesis tests for
differences in proportions were conducted using OLS regression; coefficients and significance are provided.
Treated

Untreated

Difference

Gender (f emale = 1)
American Indian
Asian / Pacific Islander
Black
Other
Multiracial
White
HS Diploma (graduate = 1)

0.544
0.002
0.012
0.647
0.129
0.013
0.197
0.885

0.549
0.004
0.011
0.678
0.140
0.006
0.161
0.527

-0.005
-0.002
0.001
-0.031
-0.011
0.007∗
0.036∗∗
0.358∗∗∗

n (estimation sample)

1,086

1,041

No College
College Ever
within 1 year of HS
first fall after HS
first spring after HS
more than 1 year after HS

0.195
0.805
0.627
0.550
0.077
0.178

0.463
0.537
0.288
0.219
0.069
0.250

961

549

n (HS graduates)
∗

p < 0.10,

∗∗

p < 0.05,

∗∗∗

-0.268∗∗∗
0.268∗∗∗
0.340∗∗∗
0.332∗∗∗
0.008
-0.072∗∗∗

p < 0.01

Source: College Now Greater Cleveland (2016)

As shown in Table 5.3, with two exceptions, there is little statistical difference in the
gender or racial characteristics of the two groups. Students in the treated group are significantly
more likely to be white (19.7 percent versus 16.1 percent for untreated) and twice as likely to
be multiracial (1.3 percent versus 0.6 percent for untreated), though the latter is not significant
at the five percent level. The most important differences between the treated and untreated
groups show up in educational choices. Students in the treated group are significantly more
likely to graduate high school on schedule (88.5 percent versus 52.7 percent for untreated)
and attend college (80.5 percent versus 53.7 percent for untreated). Relative to their nonparticipant counterparts, CNGC participants who attend college are more than twice as likely
to do so within the first year after high school (62.7 percent versus 28.8 percent for untreated).
Furthermore, untreated students who pursue postsecondary studies are significantly more likely
to take at least a year off between high school and college (25.0 percent of untreated versus
17.8 percent for the treated group). Prior to controlling for other factors, these statistics
suggest that the CNGC program has a positive and statistically significant impact on the
college matriculation behavior of participants.
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Table 5.4: Comparing sample means and proportions between treatment
and control groups for schooling-related variables in CNGC and Ohio Dept.
of Education datasets. Hypothesis tests for differences in means and proportions were conducted using OLS regression; coefficients and significance are
provided.
Treated
Mean St. Dev.

Untreated
Mean St. Dev.

R’s GPA (end of junior year)
R’s Attendance Rate (senior year)
School Performance Index Score (PIS)
Student-Teacher Ratio
Academic Watch or Emergency (yes = 1)
School Female Enrollment (%)
School Black Enrollment (%)

2.562
0.812
77.504
15.436
0.529
47.790
66.220

2.291
0.833
76.963
15.355
0.559
48.162
67.272

n (estimation sample)

1,086

∗

p < 0.10,

∗∗

p < 0.05,

∗∗∗

0.775
0.204
7.388
1.867
0.499
6.658
31.964

Difference
0.271∗∗∗
-0.021∗∗
0.541∗
0.081
-0.030
-0.372
-1.052

0.727
0.181
7.359
1.830
0.497
7.256
32.155

1,041

p < 0.01

Source: College Now Greater Cleveland (2016), Ohio Department of Education (2016)

Kernel Density Plots for Respondent GPA and Attendance
Treated (n=1,086) vs. Untreated (n=1,041)
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Figure 5.4: Kernel density plots comparing junior year GPA and senior year attendance rate for treated and untreated respondents in the
estimation sample.

Table 5.4 compares junior year GPAs and senior year attendance rates for students in the
treated and untreated groups. Interestingly, the average attendance rate for the treated group
is lower than that of the untreated group (81.2 percent for the treated group versus 83.3 percent
for the untreated group), and the difference is statistically significant. Both groups, however,
are far below the state minimum standard for attendance rate of 93 percent (Ohio Department
of Education, 2009). On average, treated students have significantly higher GPAs than their
untreated counterparts; the mean GPA for the treated group was 2.56 versus 2.29 for the
untreated group. Using GPA as a proxy for academic ability and preparation for postsecondary
studies, this suggests that CNGC participants, on average, are more likely to possess adequate
ability and preparation for college than non-participants. This is notable since, as discussed in
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section 2.5, high-ability students are more likely to graduate high school and make a seamless
transition to postsecondary studies, regardless of whether or not they choose to participate in
a college access program.
As discussed in section 5.2.2, variables measuring school performance and enrollment
characteristics are incorporated into the CNGC sample by school identification number. Table
5.4 compares PIS, student-teacher ratio, watch status, and enrollment demographics for the
treated and untreated groups. Notably, treated students attend schools that have higher PIS, on
average, though the difference is only marginally significant. There is no statistically significant
difference between the treated and untreated means for student-teacher ratio, academic watch
status, percent female enrollment, or percent black enrollment.
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Figure 5.5: Kernel density plots of school characteristics - treated vs. untreated estimation sample.

Figures 5.4 and 5.5 compare the distributions of the variables in Table 5.4 for treated and
untreated students by overlaying kernel density plots for the two groups. By inspection, the
distributions for all variables appear to be similar across treatment categories. KolomogorovSmirnov (K-S) tests for the equivalence of the treated and untreated distributions for each
variable suggest that only the distributions of junior year GPA are not equal across treatment
categories. Results of the K-S tests are provided in Table C.3 of Appendix C.
As discussed in section 5.2.2, variables measuring neighborhood labor market conditions
and demographic characteristics are incorporated into the CNGC sample based on each student’s
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Census block group. A comparison of summary statistics for these variables across the treated
and untreated groups is provided in Table C.2 of Appendix C. The results of comparisons of
means tests for the treated and untreated groups suggest that there are no statistically significant
differences in the means across treatment categories. Figure 5.6 compares the distributions of
median household income, neighborhood unemployment rate, percentage of neighbors with less
than a high school education, and percentage of neighbors with at least a bachelor’s degree, by
overlaying kernel density plots for the treated and untreated groups. Again, the distributions
appear to be similar across treatment categories, and the results of K-S tests provided in Table
C.3 of Appendix C confirm that the distributions of these variables are equal for the treated
and untreated groups.
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Figure 5.6: Kernel density plots of neighborhood characteristics - treated vs.
untreated estimation sample.

5.4

Estimation and Analysis
The remainder of this chapter seeks to measure the effect of participating in the CNGC

program on college matriculation within nine months of high school graduation. Similar to
the Knox Achieves program studied by Carruthers and Fox (2016), CNGC is an open-access
program with no eligibility criteria other than enrollment in a partner school. As a result, the
properties of the CNGC data impose constraints on the counterfactuals that can be identified
and the estimators that can be constructed. Regression discontinuity design is precluded by
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the lack of objective eligibility criteria. The data are cross-sectional and lack observations
from non-partner schools, so there is no temporal or geographical basis for applying differencein-differences. Additionally, participants self-selected into the program, so the identification
strategy needs to address the non-random assignment of interventions.
My analysis seeks to achieve two goals: 1) to measure the overall impact of the CNGC
program on the college matriculation behavior of participants, and 2) to estimate the marginal
effect of each of CNGC’s Core Six services on college matriculation. In section 5.4.1, I estimate
the overall impact of the CNGC program using propensity score matching to identify the average
treatment effect on the treated (ATET). In section 5.4.2, I use the matching model from 5.4.1 as
a selection equation in the first stage of a bivariate selection model to estimate the marginal effect
of each Core Six intervention on matriculation within nine months of high school graduation.
5.4.1

Estimating Treatment Effects using Propensity Score Matching
The objective of this section is to measure the overall impact of the CNGC program.

I exploit the fact that students self-select into the treatment group, in order to estimate the
average impact of participation in the CNGC program on participants. To address the nonrandom selection, I use propensity score matching to correct for selection on observables and
estimate the average treatment effect on the treated (ATET) for the CNGC program. Based
on the analysis in section 5.3, the treatment and control groups are both sufficiently large
and statistically similar across many observable dimensions. This provides a reasonable basis
for assuming sufficient overlap between the two groups, and that satisfactory matches exist to
justify the use of this method (Cameron and Trivedi, 2005).
Letting M1,i denote the outcome of the ith student in the treated group and M0,i denote
the outcome of the ith student in the untreated group, the average treatment effect over all
treated individuals conditioned on a set of covariates (xi ), is given as
h
AT ET = E E M1,i


xi , Ti = 1 − E M0,i

i

xi , Ti = 0
Ti = 1 .

(5.1)

In this case, MT,i for all i = {1, 2, ...n} and T = {0, 1}, is a binary outcome equal to one if student i in group T matriculates to a four-year college within the first nine months of graduating
high school and zero otherwise. The counterfactual in equation 5.1, the expected outcome for
treated students in the absence of the treatment, cannot be directly observed. However, assum-
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ing that the untreated outcome (M0,i ) and the choice to participate in the CNGC program are
independent after controlling for observable characteristics (xi ), the average outcome for the
matched non-participants identifies the average counterfactual outcome for the treated group
(Cameron and Trivedi, 2005).
In order to estimate the ATET, I first specify a selection (treatment) equation that estimates the conditional probability that student i will participate in the CNGC program:


P r Ti = 1 xi = Φ x0i β .

(5.2)

This conditional probability defines student i’s propensity score, p(xi ), and is estimated using
a probit regression of the binary treatment variable on a set of observed characteristics.
The empirical and theoretical findings in chapters 2 and 3 suggest that the most relevant
predictors of both selection into the treatment group and college matriculation are: innate ability
and overall college readiness, student demographic characteristics (including family income,
race, and gender), school quality and enrollment characteristics, labor market conditions, and
a student’s beliefs about the value of education. In choosing a model specification for my
treatment equation, I start with a baseline model consisting of a core set of variables to control
for these factors. Column 1 of Table 5.5 represents my baseline specification.
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Table 5.5: Comparing estimated coefficients for different specifications
of treatment equation used to estimate the propensity to participate in
the CNGC program. Marginal effects from preferred specification (model
4) are provided in Table C.4 of Appendix C.

GPA, standardized (junior year)
Attendance Rate (senior year)
Female
Racial Minority
Student-Teacher Ratio
School Performance Index Score (PIS)
Academic Watch or Emergency
School Female Enrollment (%)
School Black Enrollment (%)
% Neighbors < HS Education

(1)

(2)

(3)

(4)

0.259∗∗∗

3.789∗∗∗

3.956∗∗∗

(0.030)
-0.500∗∗∗
(0.146)
-0.071
(0.057)
-0.118
(0.083)
0.042∗∗
(0.017)
0.044∗∗
(0.019)
0.438∗
(0.247)
-0.011∗∗
(0.005)
0.004∗∗∗
(0.002)
0.005∗
(0.003)

(1.302)
-0.561∗∗∗
(0.155)
-0.074
(0.057)
-0.122
(0.083)
0.037∗∗
(0.017)
0.048∗∗
(0.020)
0.472∗
(0.260)
-0.011∗∗
(0.005)
0.004∗∗∗
(0.002)
0.005∗
(0.003)
-0.039∗∗
(0.015)
-0.431∗
(0.225)
-0.300∗
(0.162)

(1.304)
-0.562∗∗∗
(0.154)
-0.070
(0.057)
-0.119
(0.083)
0.030∗
(0.018)
0.044∗∗
(0.020)
0.428∗
(0.259)
-0.032∗∗∗
(0.012)
0.005∗∗∗
(0.002)
0.006∗∗
(0.003)
-0.041∗∗∗
(0.015)
-0.463∗∗
(0.226)
-0.299∗
(0.162)
-0.038∗
(0.020)
0.001∗∗
(0.000)

-3.575∗∗
(1.715)

-3.747∗∗
(1.818)

-2.454
(1.915)

3.973∗∗∗
(1.306)
-0.556∗∗∗
(0.154)
-0.070
(0.057)
-0.114
(0.083)
0.031∗
(0.018)
0.045∗∗
(0.020)
0.436∗
(0.259)
-0.032∗∗∗
(0.012)
0.005∗∗∗
(0.002)
0.007∗∗
(0.003)
-0.042∗∗∗
(0.015)
-0.466∗∗
(0.226)
-0.294∗
(0.162)
-0.039∗
(0.020)
0.001∗∗
(0.000)
0.003
(0.004)
-2.546
(1.919)

2,127

2,127

2,127

2,127

GPA × PIS
GPA × Academic Watch or Emergency
GPA × Attendance Rate
Neighborhood Median HH Income
Med. HH Income × Female Enrollment (%)
% Neighbors ≥ BA Degree
Constant
n
Standard errors in parentheses
∗

p < 0.10,

∗∗

p < 0.05,

∗∗∗

p < 0.01

To control for innate ability and college readiness prior to the decision to participate
in the CNGC program, I include each student’s cumulative GPA at the end of his or her junior year in my set of regressors; the variable is standardized so that marginal effects are in
terms of one standard deviation changes in GPA.4 As discussed in section 5.3, CNGC participants have significantly higher GPAs on average than non-participants, suggesting students in
the treated group exhibit higher levels of ability and college readiness on average than their
4
In four cases, students in the CNGC sample are missing cumulative GPA at the end of their junior year
but have final cumulative GPA listed. For those individuals, cumulative GPA at the end of their junior year was
imputed using final cumulative GPA. The results of my analysis are not affected by excluding these observations
from the estimation sample.
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untreated peers, notwithstanding the decision to enroll in CNGC. Given that more able and
academically-prepared students are more likely to attend college, all else equal, it stands to
reason that students who selected into the treatment group may have had a predisposition toward postsecondary education regardless of participation in the CNGC program. To the extent
that junior year cumulative GPA is a good proxy for ability and college-readiness prior to one’s
decision to enroll in CNGC, controlling for GPA avoids erroneously attributing any successful
outcomes stemming from ability and readiness to the CNGC program.
Because the CNGC program is an after-school program, a student’s senior year attendance rate is likely to be a determinant of participation and is therefore included in my model.
Gender and minority status are both controlled for using dummy variables. To account for
the quality of school attended by each student I include the school PIS and a dummy variable
equal to one if the school is on Academic Watch or Academic Emergency designation from the
state. Since teachers are an important source of college information, student-teacher ratios for
each school are included in the model to account for the personal attention students at smaller
schools might receive relative to peers at larger or more under-staffed schools. To account for
demographic characteristics of each school, I include variables for the percentage of enrollment
made up of females and African Americans. Finally, I include the percentage of neighbors with
less than a high school education as a proxy for educational exposure.
Model 1 in Table 5.5 suggests that ability (as measured by junior year GPA) and school
attendance are the strongest predictors of treatment. For the most part, the coefficients in the
model are statistically significant and of the expected sign. One notable exception is attendance,
which exhibits a negative and statistically significant effect that is persistent across every model
specification I tried. The only statistically insignificant regressors in the model are race and
gender.
Several variations on the baseline model are estimated using a forward selection process
to test the significance of additional controls, interaction terms, and different functional forms.
Table 5.5 compares coefficient estimates from four alternative model specifications and Table
5.6 compares model diagnostics for each. Since the primary interest in modeling the participation equation is to get reliable estimates of the probability to self-select into the treatment
group, the coefficient estimates in Table 5.5 are of secondary interest (Cameron and Trivedi,
2005). Still, for completeness and ease of interpretation, estimated marginal effects calculated
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for various sub-groups and evaluated at the means of other variables are provided in Table C.4
of Appendix C.
Table 5.6: Comparing predictions and goodness of fit
tests for different specifications of treatment equation
used to estimate the propensity to participate in the
CNGC program.
(1)

(2)

(3)

(4)

Treated correctly predicted (%)
Untreated correctly predicted (%)
Positive predictive value (%)
Negative predictive value (%)
Total correctly predicted (%)

59.4
57.2
59.1
57.4
58.3

60.3
56.9
59.3
57.9
58.6

61.4
56.1
59.3
58.2
58.8

62.1
56.0
59.5
58.6
59.1

Hosmer-Lemeshow Test, (χ2 , 8 df)
p-value

1.44
0.994

4.68
0.791

3.07
0.930

4.08
0.850

-1,424.2
2,870.4
2,932.7
0.026
0.045

-1,416.6
2,861.1
2,940.4
0.029
0.051

-1,414.0
2,860.0
2,950.6
0.030
0.053

-1,413.7
2,861.4
2,957.7
0.029
0.053

Log Likelihood
AIC
BIC
Pseudo R2 (McFadden, adjusted)
Pseudo R2 (Efron)

Given the significance of ability in the baseline estimates, model 2 in Table 5.5 interacts
GPA with school performance variables and student attendance rate, under the assumption that
high-ability students who aspire to attend college but attend lower-quality schools are likely to
be attracted to the CNGC program. Interacting GPA with measures of school quality allows me
to capture this effect in my treatment equation. Indeed, this effect is confirmed in the marginal
effects for model 4, as shown in Table C.4 of Appendix C. For a student attending a school with
a PIS in the bottom 25th percentile, the average marginal effect of a one standard deviation
increase in GPA is nearly three times that of a student attending a school with a PIS in the top
25th percentile. Other interactions with GPA are not significant predictors of participation in
the CNGC program.
Model 3 accounts for differences in family income. As discussed in section 2.5, household income is typically an important driver of educational choices, and therefore a potential
source of selection bias when estimating the impact of the CNGC program. All else equal,
students from higher-income backgrounds are more likely to graduate high school and make
a seamless transition to postsecondary studies, regardless of whether they choose to enroll in
CNGC. Though the distributions of real median household income are equal for the treated
and untreated students in my sample, I nevertheless control for income in my participation
equation. As noted in section 5.2.2, the CNGC dataset does not allow me to observe household
income directly. Since families of similar economic means tend to live in close proximity to one
another, I use neighborhood median household income (converted to thousands of 2013 dollars)
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as a proxy for unobserved family income. Since household income is highly correlated with
local labor market conditions, I considered using the local unemployment rate in my model to
correct for potential endogeneity. However, neighborhood unemployment turns out to be highly
insignificant, substantially reduces the predictive power of the model, and is therefore excluded.
As shown in Table 5.6, models 3 and 4 have the strongest ability to correctly predict
whether or not a student self-selects into the CNGC treatment group. Model 4 includes the
percentage of neighbors with a bachelor’s degree or more. Though I already have a control for
educational exposure, including this variable in the model yields marginally better predictions
relative to model 3. For this reason, model 4 is my preferred specification, and is used as the
treatment equation throughout the remainder of this chapter.
Using my preferred model specification (model 4) I estimate each student’s propensity
score according to equation 5.2. I use the subset of non-participants as a pool of potential
subjects to which treated students will be matched. I construct a synthetic control group by
matching each treated student to a set of statistically similar students in the untreated group
based on propensity scores. The unbiasedness and efficiency of the ATET estimator is affected
by the choice of matching method. Methods that rely on an exact match or that match each
individual one-to-one based on the closest propensity score will reduce the bias in the ATET
estimator at the expense of a higher variance. On the other hand, nearest neighbor matching,
which allows multiple matches per observation, reduces the variance at the expense of a more
biased estimator (Cameron and Trivedi, 2005).
Table 5.7: Estimates of the average treatment effect on the treated under different
matching methods: (1) 1 nearest neighbor, (2) 3 nearest neighbors, (3) 5 nearest neighbors, (4) 10 nearest neighbors, (5) caliper matching p(x) ± 0.05, (6) caliper matching
p(x) ± 0.03.

Average Treatment Effect on Treated
95% CI (lower bound)
95% CI (upper bound)
n (treated)
n (control)
n (total)

(1)
1 neighbor

(2)
3 neighbors

(3)
5 neighbors

(4)
10 neighbors

(5)
p(x) ± .05

(6)
p(x) ± .03

0.369∗∗∗
(0.039)
0.293
0.446

0.345∗∗∗
(0.027)
0.292
0.399

0.329∗∗∗
(0.026)
0.278
0.380

0.342∗∗∗
(0.027)
0.290
0.394

0.340∗∗∗
(0.036)
0.270
0.411

0.361∗∗∗
(0.033)
0.297
0.425

961
549
1,510

961
549
1,510

961
549
1,510

961
549
1,510

952
547
1,499

933
545
1,478

Robust standard errors in parentheses
∗

p < 0.05,

∗∗

p < 0.01,

∗∗∗

p < 0.001

Table 5.7 provides estimates of ATET using various matching methods. Estimated treatment effects are similar across all six specifications, and are relatively robust to the choice of
matching method. Regardless of which matching method is used, it is evident that the CNGC
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program is highly effective at increasing the college-going rate of students in the Cleveland
Metro School District. Column 3 of Table 5.7 has the lowest standard error of the competing
methods and represents my preferred specification. Using propensity scores of the five nearest neighbors for each student in the sample, this specification suggests that participation in
the CNGC program increases the probability of matriculating to a four-year college within nine
months of graduating high school by approximately 32.9 percentage points. Based on 95 percent
confidence limits, the effect is between 27.8 and 38.0 percentage points. This is particularly notable given that only about half (50.4 percent) of all high school graduates in the CNGC sample
matriculate to college within the first year of high school graduation. As discussed in section
2.5.6, these findings are similar in magnitude to the effects found in other observational studies.
Carruthers and Fox (2016) find that participation in the Knox Achieves program increases the
probability of seamless college enrollment by 24.2 percentage points. Carrell and Sacerdote
(2013) find that a similar program in New Hampshire increased college enrollment of young,
female participants by approximately 30.0 percentage points.
I provide additional model specifications as a robustness check against the preferred model.
Models 1, 2, and 4 also use nearest-neighbor matching but experiment with different numbers
of matched controls. Model 1 matches only on the nearest single neighbor; models 2 and 4 utilize the nearest three and ten neighbors, respectively. Models 5 and 6 utilize caliper matching,
which matches only on untreated observations within a specified tolerance around the propensity score of the treated observation (Cameron and Trivedi, 2005). The tolerance levels are set
at p(x) ± 0.05 for model 5 and p(x) ± 0.03 for model 6. Under the caliper matching methods,
observations without matches within the specified tolerance are dropped from the analysis, resulting in smaller sample sizes for models 5 and 6 and contributing to the larger standard errors
for these models.
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Figure 5.7: Kernel density plots of the propensity to participate in the
CNGC program for the treated and untreated groups. Overlap between
the two densities suggests that the common support assumption is not
violated.

Successful matching of each treated student to a control in the untreated sample requires
common support across the two groups. That is, there must be sufficient overlap in terms of xi
between the treated students and the pool of potential matches (Cameron and Trivedi, 2005).
The validity of this assumption can be assessed by plotting the propensity scores for the treated
and untreated groups to see if there is sufficient overlap in the probability to participate in the
CNGC program across the two samples. Figure 5.7 illustrates that there is common support
for participation in the CNGC program, validating the use of propensity score matching in this
study.
5.4.2

Estimating Marginal Effects of Core Six Interventions
It is clear from my estimates of the average treatment effect, that the CNGC program is

highly effective at increasing the overall probability of matriculation among participants. As
discussed in section 5.2.1, the CNGC dataset also contains dosage data, which allows me to
observe the type and quantity of sessions attended by each participant. In this section I use
this dosage data to measure the marginal effect of each of CNGCs Core Six services on college
matriculation within nine months of graduation. This allows me to determine which interventions are most effective in terms of promoting college matriculation.
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Since students choose whether or not to participate in the CNGC program, my sample of
CNGC participants is not a random sample from the population of interest. In order to correct
for this selection bias, I use equation 4.2 as a selection equation in the first stage of a bivariate
sample selection model. Conditional on self-selection into the treatment group, the second stage
of the model regresses the binary matriculation decision, Mi = {0, 1}, on the set of Core Six
interventions


P r Mi = 1 Ci,j ; Ti = 1 = Φ C0i,j γj ,

(5.3)

where Ci,j represents the number of sessions of the jth intervention attended by student i.
Table 5.8 compares the average marginal effects for each of the Core Six interventions on
college matriculation within nine months of high school graduation for the full estimation sample
(column 1) and various subgroups of interest (columns 2 through 7). With the exception of
career exploration and scholarship advising, all of the interventions have at least a marginally
significant effect on matriculation. I calculate the difference between the average marginal
effects for each of the subgroups in columns 2 through 7 and perform t-tests for significance
between each pair; the results are presented in Table 5.9.
Table 5.8: Average marginal effects of Core Six interventions on college matriculation within
nine months of high school graduation. Estimated for: (1) full estimation sample, (2) bottom
25th GPA percentile, (3) top 25th GPA percentile, (4) bottom 25th income percentile, (5) top
25th income percentile, (6) bottom 25th PIS percentile, and (7) top 25th PIS percentile.
(1)
Estimation Sample

(2)
Low Ability

(3)
High Ability

(4)
Low Income

(5)
High Income

(6)
Low PIS

(7)
High PIS

-0.041∗
(0.022)
-0.021
(0.037)
0.051∗∗∗
(0.012)
0.018
(0.025)
0.015∗∗
(0.007)
-0.023∗∗
(0.010)

-0.043∗
(0.023)
-0.022
(0.039)
0.053∗∗∗
(0.012)
0.019
(0.026)
0.015∗∗
(0.007)
-0.024∗∗
(0.010)

-0.039∗
(0.021)
-0.020
(0.035)
0.047∗∗∗
(0.011)
0.017
(0.023)
0.014∗∗
(0.006)
-0.021∗∗
(0.009)

-0.042∗
(0.023)
-0.022
(0.038)
0.052∗∗∗
(0.012)
0.018
(0.025)
0.015∗∗
(0.007)
-0.023∗∗
(0.010)

-0.041∗
(0.022)
-0.021
(0.037)
0.050∗∗∗
(0.012)
0.018
(0.025)
0.015∗∗
(0.007)
-0.022∗∗
(0.010)

-0.041∗
(0.022)
-0.021
(0.037)
0.050∗∗∗
(0.012)
0.018
(0.025)
0.015∗∗
(0.007)
-0.022∗∗
(0.010)

-0.042∗
(0.023)
-0.022
(0.038)
0.051∗∗∗
(0.012)
0.018
(0.025)
0.015∗∗
(0.007)
-0.023∗∗
(0.010)

961

176

313

247

241

268

247

Academic Advising
Career Exploration
Financial Aid Counseling
Scholarship Advising
Admissions Advising
SAT / ACT Preparation
n
Standard errors in parentheses
∗

p < 0.10,

∗∗

p < 0.05,

∗∗∗

p < 0.01

All else equal, financial aid counseling has the largest and most significant effect on college
matriculation, with an additional financial aid session increasing the probability of matriculation by approximately 5.1 percentage points. The effect of an additional financial aid session
is stronger for low-ability students and those from lower-income neighborhoods, and slightly
weaker for students from poor-performing schools. On average, students in the bottom 25th
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ability percentile who attend an additional financial aid session increase their probability of
matriculation by 5.3 percentage points (versus 4.7 percentage points for those in the top 25th
ability percentile). Students who live in neighborhoods in the bottom 25th income percentile
increase their probability of matriculation by 5.2 percentage points (versus 5.0 percentage points
for students who live in neighborhoods in the top 25th income percentile). Students at schools
in the bottom 25th PIS percentile increase their probability of matriculation by 5.0 percentage
points (versus 5.1 percentage points for students in the top 25th percentile). These differences
are all statistically significant at the one percent level.
The marginal effects of college admissions advising and entrance exam preparation are
also statistically significant with p-values of approximately 0.025 and 0.022, respectively. On
average, an additional session of admissions advising increases the probability of matriculation within nine months of graduation by approximately 1.5 percentage points. This effect is
stronger for low-ability students and those from low-income neighborhoods and poor-performing
schools; these differences are statistically significant at the five percent level. Interestingly, the
marginal effect of entrance exam preparation is negative, with an additional session decreasing
the probability of matriculation by 2.3 percentage points, on average. This effect is stronger
for low-ability students (-2.4 percentage points versus -2.1 percentage points for high-ability
students) and students from low-income neighborhoods (-2.3 percentage points versus -2.2 percentage points for students from higher-income neighborhoods), but slightly weaker for students
in low-performing schools (-2.2 percentage points versus -2.3 percentage points for students from
high-PIS schools). These differences are also statistically significant at the five percent level.
Table 5.9: Testing statistical significance of differences
presented in Table 5.8.

Academic Advising
Career Exploration
Financial Aid Counseling
Scholarship Advising
Admissions Advising
SAT / ACT Preparation

(2) - (3)

(4) - (5)

(6) - (7)

-0.005∗
(0.003)
-0.002
(0.004)
0.006∗∗∗
(0.001)
0.002
(0.003)
0.002∗∗
(0.001)
-0.003∗∗
(0.001)

-0.001∗
(0.001)
-0.001
(0.001)
0.002∗∗∗
(0.001)
0.001
(0.001)
0.000∗∗
(0.000)
-0.001∗∗∗
(0.000)

0.001
(0.001)
0.001
(0.001)
-0.002∗∗∗
(0.000)
-0.001
(0.001)
0.000∗∗
(0.000)
0.001∗∗
(0.000)

Standard errors in parentheses
∗

p < 0.10,

∗∗

p < 0.05,

∗∗∗

p < 0.01
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Academic advising also has a negative and marginally significant effect (p-value of 0.066)
on college matriculation, with an additional session of academic advising decreasing the probability of matriculation by 4.1 percentage points on average. Again, this effect is notably stronger
for low-ability students (-4.3 percentage points versus -3.9 percentage points for high-ability students) and those from low-income neighborhoods (-4.2 percentage points versus -4.1 percentage
points for students from higher-income neighborhoods); the differences are both significant at
the ten percent level. This makes sense, given the types of services offered under the academic
advising umbrella. As shown in Appendix D, this intervention includes GED assistance, tutoring services, and homework assistance. It may be that students seeking this type of assistance
from CNGC staff did not enroll with the intent to pursue a four-year degree. For example, a
student seeking assistance completing his or her GED, may enroll in the program in hopes of
improving prospects in the unskilled labor market or with the intent of pursuing a two-year
degree or certificate.

5.5

Conclusions, Limitations, and Directions for Further Research
The objectives of this chapter are twofold: 1) to measure the overall impact of the College

Now Greater Cleveland (CNGC) program on the college matriculation behavior of participants,
and 2) to estimate the marginal effect of each of CNGCs Core Six services on college matriculation. My research suggests that CNGC is highly effective at increasing the college-going rate
of students in the Cleveland Metropolitan School District. Using propensity score matching to
correct for selection on observables and estimate the average treatment effect on the treated
(ATET), I find that participation in the CNGC program increases the probability of matriculating to a four-year college within nine months of graduating high school by approximately
32.9 percentage points. The estimated magnitude of this effect is in line with those of similar
observational studies on college access programs (Carruthers and Fox, 2016; Carrell and Sacerdote, 2013).
In estimating the marginal effect of specific interventions within the Core Six menu of
services, conditional on self-selection into the program, I find that financial aid counseling has
the largest and most significant impact on college matriculation, with a marginal effect of 5.1
percentage points for each additional financial aid session. This effect is stronger for low-ability
students and those from low-income neighborhoods, and slightly weaker for students from poor-
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performing schools; these differences are statistically significant at the one percent level. College
admissions advising also has a positive and significant impact on matriculation, with an additional session of college admissions advising increasing the probability of matriculation by 1.5
percentage points. This effect is stronger for low-ability students and those from low-income
neighborhoods and poor-performing schools; these differences are statistically significant at the
five percent level.
At the margin, both entrance exam preparation and academic advising reduce the probability of matriculating to a four-year college within nine months of graduation (-2.3 and -4.1
percentage points, respectively). Again, these negative effects are stronger for low-ability students and those from low-income neighborhoods. The differential impact of exam preparation
for low-ability and low-income students is significant at the one percent level, whereas the differential impact of academic advising is significant only at the ten percent level. The negative
effects of exam preparation and academic advising are slightly stronger for students at schools
in the top 25th percentile of PIS; the differential impact of exam preparation is significant at the
five percent level, but the differential impact of academic advising is not statistically significant.
It is important not to misinterpret the negative marginal effects of exam preparation and
academic advising. My findings do not necessarily imply that these interventions are discouraging students from the pursuit of postsecondary education altogether. However, at the margin,
CNGC participants who choose to attend more academic advising and exam preparation sessions are less likely to matriculate to a four-year college within nine months of graduation.
Given the nature of the services offered under the academic advising umbrella (for example,
GED advising, tutoring services, and homework assistance) it is perhaps likely that students
enrolling in these services through CNGC are not doing so because they want to pursue a fouryear degree.
The negative marginal effect of exam preparation warrants further research. The fact that
the effect is stronger for low-ability students and students from high-performing schools makes
some sense, since the process of preparing for the SAT or ACT may signal to these students
that they are not academically prepared for the rigors of a four-year college or university. On
the surface, the negative marginal effect of this intervention for students in the top 25th ability
percentile is concerning, since it may imply that qualified students are being discouraged by the
hurdle of admissions exams, an idea which has some support in empirical literature (Goodman,
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2016; Hurwitz et al., 2015).
While the ability to incorporate geocoded Census data with the CNGC dataset improved
my ability to control for some important variables, there are several data issues which may pose
risks to the validity and generalization of my results. First, the use of propensity score matching
assumes that any selection bias is of the selection-on-observables form; a richer set of regressors in the treatment equation could improve the predictive ability of the selection equation,
and serve to further reduce any omitted variable bias. For instance, using neighborhood-level
variables as proxies for household income and education attainment is necessary but far from
ideal. Additionally, GPA is an imperfect and somewhat subjective measure of academic ability
and preparedness for postsecondary education. It does not always account for the difficulty
of a student’s course load, an important factor in college admissions decisions, and due to the
somewhat subjective nature of grading may not be consistent across (or even within) schools.
Second, as discussed in section 5.2.2, the cross-sectional nature of the CNGC data does
not allow me to observe student participation decisions or dosage in prior years. As such, I
cannot distinguish between a student who never participated in a CNGC advising session and
one who participated in prior years but chose not to return in his or her senior year - both
students would appear in my untreated group. Former participants who matriculate to college
within nine months of graduation would tend to cause the treatment effects in section 5.4.1 to
be understated, whereas former participants who do not matriculate would tend to cause the
treatment effects to be overstated. Panel data would allow me to control for prior participation,
as well as unobserved individual heterogeneity. However, such data do not exist for the 2009
CNGC cohort.
Finally, while I can observe a student’s choices with respect to enrollment in the CNGC
program and matriculation to a four-year institution, I cannot control for his or her preferences
for higher education or career aspirations. Given the positive, social externalities associated
with having a highly-educated workforce discussed in section 2.1, it is certainly desirable from
a social welfare standpoint that students who are well-prepared for the academic, financial,
and emotional rigors of a four-year degree have access to that education, regardless of their
background. However, as noted in section 2.2, not everyone should attend a four-year college.
Arguably, successful college access programs provide students with the necessary information
and resources to make rational and informed postsecondary education choices so they may pur-
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sue their goals. It is likely, desirable, and efficient that some participants discover a two-year
community college, vocational school, or certificate program is more appropriate for them than a
four-year degree. The possibility that some interventions may in fact direct students away from
a four-year degree does not make them ineffective, insofar that those interventions are helping
students discover opportunities that are most suitable for their interests and abilities. While it
is clear that the CNGC program is highly effective at promoting four-year college matriculation
among its participants, it is likely that restricting the outcome of interest to matriculation at
four-year institutions understates the true overall impact of the program. Additional research
with more nuanced outcome data is necessary to test this hypothesis.
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CHAPTER 6
CONCLUSION
6.1

Summary of Findings and Policy Relevance
This dissertation seeks to measure the extent to which differences in student loan interest

rates and information asymmetries affect college matriculation in the United States. It addresses
two separate, but related, research questions. First, to what extent do differences in federal
student loan interest rates affect a student’s decision to matriculate immediately to a four-year
college or university? Second, to what extent do not-for-profit college access programs improve
postsecondary matriculation rates by reducing informational barriers to entry?
The purpose of this chapter is to summarize the findings of this dissertation and provide a
road map for future research. Sections 6.1.1 and 6.1.2 summarize the theoretical and empirical
results from chapters 3 through 5 and discuss the policy implications of these findings. Section
6.2 draws on the lessons learned from this work and lays out avenues for future research in the
field.
6.1.1

The Effects of Student Loan Interest Rates
As discussed in section 2.5.5, relatively little empirical research has been dedicated to un-

derstanding the effects of student loan interest rates on college matriculation. Nevertheless, the
economics literature provides some reasons to doubt the effectiveness of student loan interest
rates as a policy lever for incentivizing investment in postsecondary education. Field studies
have shown that students tend to be poorly informed about the terms of their loans (Booij
et al., 2012; Perna, 2008), and the fact that any benefits of lower interest rates are realized only
after students graduate calls into question their salience in matriculation decisions (Dynarski,
2015). The only study to investigate the effect of student loan interest rate subsidies on enrollment found a positive but statistically insignificant effect, providing weak, but ultimately
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inconclusive, support for the idea that reducing student loan interest rates increases matriculation (Schwartz, 1985).
Though additional research is required, the theoretical and empirical findings in this dissertation suggest that federal student loan interest rates are likely an ineffective policy lever for
incentivizing investment in postsecondary education. The theoretical results presented in sections 3.3.4 through 3.3.6 suggest that while increases in student loan interest rate subsidies can
be effective at increasing human capital investment, they also yield unintended consequences
which make them unattractive relative to other policy levers. Specifically, my theoretical model
suggests that interest rate subsidies may have the undesired effects of causing low-ability students to overinvest in postsecondary education while also subsidizing college choice for students
who can afford college even in the absence of these subsidies. Furthermore, in the case of students who are bound by student loan borrowing constraints, increases in student loan interest
rate subsidies only work by pushing students with sufficiently high risk tolerance toward more
expensive consumer loans.
In chapter 4, I measure the effect of differences in real student loan interest rates on the
decision to matriculate full time to a four-year institution immediately after graduating high
school. Using longitudinal survey data on the college matriculation decisions of students born
between 1980 and 1984, I rely on exogenous variation in real student loan interest rates across
high school graduation cohorts to identify this effect.
Based on estimates from my preferred model specification, I find no statistically significant effect of real student loan interest rates on the decision to matriculate immediately to
a four-year institution. Though the point estimate suggests that a 100 basis point increase
in real student loan interest rates increases the probability of matriculation by approximately
2.0 percentage points, the result is ultimately inconclusive. The 95 percent confidence limits
suggest that the effect could range from -3.9 percentage points to +8.0 percentage points. Still,
my point estimates are consistent across various subgroups and appear to be robust to different
model assumptions and interest rate specifications.
Broadening the definition of matriculation to include both two- and four-year institutions, the effect of student loan interest rates on matriculation appears to be positive and at
least marginally significant. Point estimates presented in Table 4.5 suggest that a 100 basis point increase in student loan interest rates increases the probability of matriculation by
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approximately 4.9 percentage points. This finding is marginally significant (p = 0.057), and
consistent with a tendency for prospective students to substitute toward less expensive two-year
institutions as increases in student loan interest rates drive up the total cost of postsecondary
education. Robustness checks on this alternative model specification suggest that the effect
may be larger and more significant under different model assumptions.
Ultimately, I find no empirical evidence to support the idea that reducing federal student
loan interest rates increases college matriculation to four-year institutions. In fact, I find some
evidence to the contrary. I conclude that federal student loan interest rates are not likely to
be a salient factor in the decision to matriculate immediately to a four-year institution. To the
extent that differences in federal student loan rates matter at all, the analysis in section 4.4.2
suggests that the dominant effect may be a substitution effect from four-year to two-year institutions, as rising student loan interest rates increase the total cost of postsecondary education.
These findings are important from a policy perspective. The results in chapter 4 provide
some support to the idea that student loans may operate primarily at the intensive margin of
college matriculation (Avery and Hoxby, 2004; Dynarski, 2003b). However, as noted above, I
find no empirical evidence to suggest that reducing student loan interest rates yields the desired increases in matriculation. Insofar that the goal of postsecondary education policy is to
influence matriculation at the extensive margin, policymakers are likely better off allocating
resources to proven financial aid tools such as grants.
My theoretical model suggests that student loan interest rate subsidies operate by sending
a false market signal to student loan borrowers about the riskiness or future payoff of human
capital investment. In the case of unconstrained borrowers, this false market signal causes students to choose levels of postsecondary education investment greater than the socially-optimal
level, given their ability. As noted in section 2.2, this is problematic for policymakers since
low-ability students are most likely to enroll in programs and institutions with low return on
investment and high attrition. Research has shown that these students are often better off
exploiting their comparative advantage in unskilled labor, rather than pursuing postsecondary
education (Heckman and Carneiro, 2003; Willis and Rosen, 1979).
As noted above, in the case of students who are bound by student loan borrowing constraints, increases in student loan interest rate subsidies only work by pushing students with
sufficiently high risk tolerance toward more expensive consumer loans. Since borrowing in the
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consumer loan market is more expensive than in the student loan market, this additional leverage and debt service increases the risk of human capital investment. Students who either do
not complete their education or cannot obtain employment earning a sufficiently high wage to
service this additional debt are at increased risk of defaulting on their loans. As noted in section
2.5.3, given the potential for high levels of debt service to cause spillovers into the real economy,
heavy student loan debt burdens and rising student loan default rates are two primary areas of
concerns for policymakers (Edmiston et al., 2013).
6.1.2

The Effects of Information Asymmetries
As discussed in section 2.5.6, information plays a key role in promoting college access and

success; however, not all academically-qualified individuals have access to the same information.
Research suggests that this is particularly true for students from low-income and first-generation
backgrounds, who tend to be misinformed about the cost of postsecondary education, the college admissions process, and the financial aid system (Oreopoulos and Dunn, 2013; Perna, 2008;
Long and Riley, 2007; Avery and Kane, 2004). Such information asymmetries may help explain
why otherwise qualified students from underprivileged backgrounds matriculate to college at
significantly lower rates than middle-class students of similar ability (Long and Riley, 2007;
Pallais and Turner, 2006).
Not-for-profit college access programs attempt to lower informational barriers to entry
through targeted interventions which provide high school students with supplemental tutoring,
mentoring, college advising, and financial aid counseling. Empirical studies have generally found
these programs to be highly effective at increasing matriculation rates among low-income, minority, and first-generation students (Carruthers and Fox, 2016; Avery and Kane, 2004). Still,
only a handful of these programs have been subjected to rigorous, quantitative evaluation and,
due to data limitations, it is often difficult to pinpoint precisely which type of information interventions are most effective.
The theoretical and empirical findings in this dissertation confirm that information interventions are an effective tool for encouraging socially-optimal levels of postsecondary education
investment. The theoretical results presented in sections 3.3.4 through 3.3.6 suggest that information interventions designed to provide students with correct information about their ability
and the future payoff of a postsecondary education will increase human capital investment only

126
among students who would otherwise choose to invest below the socially-optimal level. Therefore, the model suggests that information interventions are a more targeted and precise policy
lever for increasing college attainment than interest rate subsidies.
In chapter 5, I measure the effects of participation in an Ohio-based college access program, College Now Greater Cleveland (CNGC). The administrative microdata provided by
CNGC allows me to observe both the type and number of information interventions attended
by students. This unique dataset enables me to evaluate the effectiveness of each type of information intervention, in addition to the CNGC program overall, thereby making an important
contribution to the literature on college access programs.
My results suggest that College Now Greater Cleveland is highly effective at increasing
the college-going rate of students in the Cleveland Metropolitan School District. Overall, I find
that participation in the CNGC program increases the probability of a student matriculating
immediately to a four-year institution by approximately 32.9 percentage points. This is particularly notable given that only about half (50.4 percent) of all high school graduates in the CNGC
sample matriculate to college within the first year of graduating high school. With respect to
specific interventions, I find that financial aid counseling has the largest and most significant
effect on college matriculation, with an additional financial aid session increasing the probability
of matriculation by approximately 5.1 percentage points. This effect is stronger for low-ability
students and those from lower-income neighborhoods, and slightly weaker for students from
poor-performing schools; differences between these groups are statistically significant at the one
percent level. College admissions advising also has a positive and statistically significant effect
on matriculation, with each additional session increasing the probability of matriculation by 1.5
percentage points, on average. This effect is stronger for low-ability students and those from
low-income neighborhoods and poor-performing schools; differences between these groups are
statistically significant at the five percent level.
These findings are important from a policy perspective because they provide additional
evidence confirming that college access programs are highly effective at increasing college matriculation by reducing informational barriers to entry among low-income, first-generation, and
minority students. Furthermore, my results suggest that the specific types of information interventions most effective at increasing matriculation to four-year institutions are those focused
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on financial aid counseling and postsecondary admissions advising. This is especially true for
low-ability students and those from low-income neighborhoods.

6.2

Avenues for Future Research
The two-period model presented in chapter 3 represents an important first step towards

incorporating student loan interest rate subsidies and information asymmetries into a standard
model of human capital investment. However, extending this idea to a life-cycle model of
human capital investment may yield additional insights. Within the two-period framework, I
must assume that human capital investment is a once-and-for-all decision made by agents in the
first period of life. Since modeling the matriculation decision does not require consideration of
choices in future periods, the two-period model is sufficient for the purposes of this dissertation.
However, a more realistic model would allow agents to invest fractions of their time toward
human capital investment over their lifetime, and allow for depreciation of skills over time.
Indeed, most models in this literature use dynamic programming or optimal control theory to
solve for the optimal time path of human capital investment over an agent’s life cycle (Cahuc
et al., 2014; Ionescu, 2009; Cameron and Taber, 2004; Ben-Porath, 1967).
In the two-period model presented in chapter 3, information about the future skilled and
unskilled wage is transmitted through changes in p, which affects the agent’s expectations about
the future payoff to postsecondary education. However, in a life-cycle model, uncertainty over
the skill premium could be resolved in future periods by observing outcomes in the market for
skilled and unskilled labor and updating expectations accordingly. Additionally, extending this
work to a life-cycle model of human capital could yield additional insight into other aspects of
the college matriculation decision such as the choice between two-year and four-year institutions,
the choice of attending full-time versus part-time, the choice to work while in college, and the
choice to delay matriculation.
As discussed in section 2.5.4, there is some limited empirical evidence to suggest that debt
aversion acts as a self-imposed credit constraint, particularly among low-income and minority
students (Caetano et al., 2011; Field, 2009; Eckel et al., 2007; Burdman, 2005; Callender and
Jackson, 2005). Compared with their more debt-tolerant peers, individuals with financial need
who exhibit a negative predisposition to debt are likely to make different economic choices when
it comes to matters of college enrollment and financing. Debt aversion is likely to manifest itself
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in the form of delaying or forgoing college matriculation, working more hours while in school,
limiting the types of institutions to which one applies or matriculates, or higher rates of attrition.
The impact of debt aversion on the borrowing and enrollment decisions of these students may
confound any effort to isolate the effect of student loan interest rates on matriculation. Future
research should focus on incorporating debt aversion into existing human capital models and
empirically estimating the effects of debt aversion on matriculation.
The results presented in chapter 4 are ultimately inconclusive. Though not statistically
significant, the point estimate of the effect of student loan interest rates on matriculation is
admittedly of an unexpected sign. Additional research is needed to fully understand the role
of student loan interest rates in matriculation decisions. Future work should consider using
different datasets and alternative identification strategies in order to corroborate the findings
from chapter 4.
An underlying assumption of the model in chapter 4 is that student loan interest rates
affect matriculation at the extensive margin. However, to the extent that changes in federal
student loan interest rates matter at all, the analysis in section 4.4.2 suggests that the dominant
effect may be a substitution effect from four-year to two-year institutions, as rising student loan
interest rates increase the total cost of postsecondary education. As was suggested above for
extending the theoretical model, future research should consider whether changes in student
loan interest rates affect the choice between two-year and four-year institutions, the choice of
attending full-time versus part-time, the choice to work while in college, and the choice to delay
matriculation.
As noted in section 6.1.2, the results in chapter 5 provide clear evidence that college
access programs such as College Now Greater Cleveland are highly effective at increasing college
matriculation by reducing informational barriers to entry among low-income, first-generation,
and minority students. Furthermore, information interventions aimed specifically at providing
students with financial aid counseling and admissions advising are highly effective, particularly
among low-ability students and those from low-income backgrounds. However, as discussed
in section 5.4.2, some information interventions such as academic advising and entrance exam
preparation appear to significantly reduce the probability of a student matriculating to a fouryear institution. As noted in section 5.5, the possibility that some interventions may in fact
direct students away from a four-year degree does not make them ineffective, insofar that those
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interventions are helping students discover opportunities that are most suitable for their interests
and abilities. It is likely that restricting the outcome of interest to matriculation at four-year
institutions understates the true overall impact of the CNGC program. Future research with
more nuanced outcome data should examine the effect of information interventions on the
decision to matriculate to two-year versus four-year institutions.
While much of the policy debate surrounding postsecondary education focuses primarily
on issues of college access and improving matriculation rates, future research needs to rigorously
scrutinize whether current policies are improving persistence and degree attainment. As noted
in section 2.2, there is statistical evidence of a widening education attainment gap, driven
in part by high levels of attrition among low-income, first-generation, and minority students.
These high levels of attrition are, in part, the logical consequence of a flawed “college-for-all”
social philosophy which is responsible for pushing increasing numbers of low-ability students
into postsecondary education. Ultimately, degree attainment is what matters; in order to make
effective policy decisions, it is important that we understand and address the social and economic
factors which are preventing these students from successfully completing their degrees.
To that end, it is important to extend the research in this dissertation to examine issues
of persistence and completion. Future research should consider whether fluctuations in student
loan interest rates throughout a student’s academic career affect persistence and completion.
Additionally, future research needs to examine whether participation in college access programs,
conditional on matriculation, improve persistence and completion rates, particularly among lowincome, first-generation, and minority students. Finally, it is important to understand which
types of information interventions are most effective at encouraging persistence and completion.

130

APPENDIX A
CHAPTER 3 PROOFS
A.1

Coefficient of Relative Risk Aversion under CRRA Preferences

Claim: Assuming that the intertemporal utility function is of the constant relative risk aversion
(CRRA) form, the coefficient of relative risk aversion is constant and equal to R(ct , u) = 1 − γ.

Proof: Suppose an agent exhibits CRRA preferences, and derives utility over consumption in
period t, so that her utility can be expressed as
u(ct ) =

cγt
,
γ

(A.1)

where the utility function u(·) is continuous, and at least twice differentiable with u0 (·) > 0 and
u00 (·) < 0. By definition (Mas-Colell et al., 1995), the Arrow-Pratt coefficient of absolute risk
aversion is
A(ct , u) = −

u00 (ct )
,
u0 (ct )

(A.2)

and the coefficient of relative risk aversion is
R(ct , u) = −ct

u00 (ct )
.
u0 (ct )

(A.3)

Differentiating utility with respect to consumption, it follows that
u0 (ct ) = cγ−1
t

(A.4)

u00 (ct ) = (γ − 1)cγ−2
.
t

(A.5)

and

Substituting these expressions into the formula for the coefficient of relative risk aversion,
R(ct , u) = −ct (

(γ − 1)cγ−2
t
cγ−1
t

)=

(1 − γ)cγ−1
t
cγ−1
t

= 1 − γ.

(A.6)
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Therefore, under CRRA preferences, the coefficient of relative risk aversion is constant and
equal to R(ct , u) = 1 − γ.
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A.2

Intertemporal Elasticity of Substitution under CRRA Preferences

Claim: Assuming that the intertemporal utility function is of the constant relative risk aversion (CRRA) form, the intertemporal elasticity of substitution (IES) is constant and equal to
θ=

1
1−γ .

Proof: Without loss of generality, assume the two-period intertemporal utility function is
maximized subject to the lifetime budget constraint, as follows
max U =
c0 ,c1

cγ0
cγ
+β 1
γ
γ

s.t.

Y = P0 c0 + P1 c1 ,

(A.7)

where Y is lifetime income and Pt represents the price level in each time period t ∈ {0, 1}.
Rewriting the budget constraint in terms of c1 , and substituting back into the utility function
allows us to rewrite this as an unconstrained maximization problem

γ
Y −P0 c0
γ
P
c
1
max U = 0 + β
.
c0
γ
γ

(A.8)

The first-order necessary condition for an optimum is
∂U
·
= c0γ−1 + βcγ−1
1
∂c0





P0
P1

⇒ c0 = β

1
γ−1

c1

−P0
P1



=0

(A.9)

1
γ−1

.

By definition (Romer, 1996), the intertemporal elasticity of substitution (IES) is
 
∂ ln cc01
 .
θ=−
∂ ln PP01

(A.10)

Rearranging the expression for c0 and taking the natural log of both sides, yields



P0
.
P1
 
Finally, taking the derivative of this equation with respect to ln PP01 yields
ln

c0
c1



=

1
1
ln(β) +
ln
γ−1
γ−1

∂ ln

 

∂ ln



c0
c1

P0
P1

=

1
= −θ.
γ−1



(A.11)

(A.12)

Therefore, under CRRA preferences, the intertemporal elasticity of substitution is constant and
equal to θ =

1
1−γ .
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APPENDIX B
AGENT’S OPTIMIZATION PROBLEM
AND COMPARATIVE STATICS
(CHAPTER 3)
B.1

Agent’s Optimization Problem
As discussed in section 3.3, agents choose levels of human capital investment, student loan

borrowing, and consumer borrowing (or saving) to maximize intertemporal utility (1) subject
to the consumer borrowing constraint (9), the student loan borrowing constraint (11), budget
constraints (12) and (13), and non-negativity constraints on L and h. Substituting expressions
for the skilled wage and the student loan interest rate into the budget constraints, the agent’s
optimization problem is
h

γ

max U =
h,L,b

(αyu + ω + b + L − hτ )
+β
γ

iγ


m
αyu 1 + pαπ(h) − b(1 + rm ) − L 1+r
1+σ
γ

, (B.1)

subject to inequality constraints

L ≤ min hτ, L̄ ,
and


b ≤ kαyu 1 + pπ(h) .
The Lagrangian is defined as
γ

L =

(αyu + ω + b + L − hτ )
+β
γ

h

iγ

m
αyu 1 + pπ(h) − b(1 + rm ) − L 1+r
1+σ

γ



+λ1 hτ − L + λ2 L̄ − L + λ3 kαyu 1 + pπ(h) − b ,




(B.2)
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with first-order necessary conditions for a maximum characterized by the following Kuhn-Tucker
conditions for optimal human capital investment
Lh = −τ u00 (·) + βpαyu π 0 (h) u01 (·) + λ1 τ + λ3 kpαyu π 0 (h) ≤ 0

(B.3)



h · −τ u00 (·) + βpαyu π 0 (h) u01 (·) + λ1 τ + λ3 kpαyu π 0 (h) = 0
h ≥ 0,
student loan borrowing

1 + rm
u01 (·) − λ1 − λ2 ≤ 0
1+σ




1 + rm
0
0
L · u0 (·) − β
u1 (·) − λ1 − λ2 = 0,
1+σ

LL = u00 (·) − β



(B.4)

L ≥ 0,
consumer borrowing (savings)
Lb = u00 (·) − β(1 + rm ) u01 (·) − λ3 ≤ 0

(B.5)



b · u00 (·) − β(1 + rm ) u01 (·) − λ3 = 0 ∀ b ∈ <,
and the Lagrange multipliers
Lλ1 = hτ − L ≥ 0

(B.6)



λ1 · hτ − L = 0,
λ1 ≥ 0,
Lλ2 = L̄ − L ≥ 0

(B.7)



λ2 · L̄ − L = 0,
λ2 ≥ 0.


Lλ3 = kαyu 1 + pπ(h) − b ≥ 0



λ3 · kαyu 1 + pπ(h) − b = 0,
λ3 ≥ 0.

(B.8)
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To simplify the notation, note that
u00 (·) = (αyu + ω + b + L − hτ )γ−1
and
u01 (·)





= αyu 1 + pπ(h) − b(1 + rm ) − L



1 + rm
1+σ

γ−1
.

I confine the analysis to interesting cases where agents choose non-zero levels of postsecondary
education investment (h > 0) and federal student loans are offered at a discount to market
interest rates (rs < rm ). Additionally, I assume that the consumer borrowing constraint is
slack, and b 6= 0, so that agents are able to freely borrow or save in the consumer loan market
to transfer income optimally across time. This implies that Lb = 0 and λ3 = 0. There are then
three possible cases to consider.
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B.2

Case 1: Unconstrained Student Loan Borrower
Consider the case of an unconstrained student loan borrower, such that L < hτ < L̄ and

0 < L < L̄. Since h > 0 and L > 0, it follows that Lh = LL = 0. Also, since hτ > L and
L < L̄, it follows that λ1 = λ2 = 0. In this case, the relevant first-order conditions are:
τ u00 (·) = βpαyu π 0 (h)u01 (·),
u00 (·)


=β

1 + rm
1+σ



(B.9)

u01 (·),

(B.10)

and
u00 (·) = β(1 + rm )u01 (·).

(B.11)

Solving this system of equations yields the necessary condition for an optimum:
0

∗



pαyu π (h ) = τ

1 + rm
1+σ


.

(B.12)

Applying implicit differentiation with respect to σ yields the marginal effect of a change in the
interest rate subsidy on human capital investment


1 + rm
∂h∗
+τ
=0
pαyu π (h )
∂σ
(1 + σ)2
h
i


1+rm
1
−τ
−τ
(1
+
r
)
∗
s
1+σ
∂h
(1+σ)2
⇒
=
=
> 0.
00
∗
00
∗
∂σ
pαyu π (h )
pαyu π (h )
00

∗

(B.13)

(B.14)

Applying implicit differentiation with respect to p yields the marginal effect of a change in
information on human capital investment
αyu π 0 (h∗ ) + pαyu π 00 (h∗ )
⇒

∂h∗
=0
∂p

∂h∗
−αyu π 0 (h∗ )
−π 0 (h∗ )
=
=
> 0.
∗
∂p
pπ 00 (h∗ )
pαyu π 00(h )

(B.15)

(B.16)
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B.3

Case 2: Endogenous Student Loan Constraint is Binding
Consider the case where only the endogenous student loan borrowing constraint is binding,

such that hτ = L < L̄. Since h > 0 and L > 0, it follows that Lh = LL = 0. Also, since hτ = L
and L < L̄, it follows that λ1 > 0 and λ2 = 0. In this case, the relevant first-order conditions
are:
τ u00 (·) = βpαyu π 0 (h)u01 (·) + λ1 τ,


1 + rm
0
u0 (·) = β
u01 (·) + λ1 ,
1+σ

(B.17)
(B.18)

and
u00 (·) = β(1 + rm )u01 (·).

(B.19)

Solving this system of equations yields the necessary condition for an optimum:
0

∗

pαyu π (h ) = τ



1 + rm
1+σ


.

(B.20)

Since this is the same first-order condition from case 1, it follows that the comparative statics
results are the same as before:
∂h∗
>0
∂σ
and
∂h∗
> 0.
∂p
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B.4

Case 3: Exogenous Student Loan Constraint is Binding
Consider the case where the exogenous student loan borrowing constraint is binding, such

that hτ = L = L̄. Since h > 0 and L > 0, it follows that Lh = LL = 0. Also, since hτ = L = L̄,
it follows that λ1 > 0 and λ2 > 0. In this case, the relevant first-order conditions are:
τ u00 (·) = βpαyu π 0 (h)u01 (·) + λ1 τ,
u00 (·)


=β

1 + rm
1+σ



(B.21)

u01 (·) + λ1 + λ2 ,

(B.22)

and
u00 (·) = β(1 + rm )u01 (·).

(B.23)

Solving this system of equations yields the necessary condition for an optimum:
u00
B.4.1

∗

∗

αyu + ω + b + L − τ h

∗





0

∗



· pαyu π (h ) − τ

1 + rm
1+σ


= τ (1 + rm )λ2 .

(B.24)

Changes in Student Loan Interest Rate Subsidies

Applying implicit differentiation with respect to σ yields the marginal effect of a change
in the interest rate subsidy on human capital investment
u000 (·)









∗
∂h∗
1 + rm
1 + rm
∂L∗
0
∗
0
00 ∗ ∂h
−τ
· pαyu π (h ) − τ
+u0 (·) pαyu π (h )
+τ
= 0.
∂σ
∂σ
1+σ
∂σ
(1 + σ)2
(B.25)

Distributing terms and making some substitutions to clean up the notation, this simplifies to
∂L∗ 
u000 (·)
η
∂σ


− τ (1 + rs ) + u00 (·)τ



1 + rs
1+σ


=



∂h∗  00
u0 (·)τ η − τ (1 + rs ) − u00 (·)ψ ,
∂σ

(B.26)

where
η = pαyu π 0 (h∗ ) > 0,

(B.27)

ψ = pαyu π 00 (h∗ ) < 0,

(B.28)

1 + rm
,
1+σ

(B.29)

1 + rs
1 + rm
≡
.
1+σ
(1 + σ)2

(B.30)




∗
0 (·)τ 1+rs
u000 (·) ∂L
η
−
τ
(1
+
r
)
+
u
s
0
∂σ
1+σ


=
.
00
0
∂σ
u0 (·)τ η − τ (1 + rs ) − u0 (·)ψ

(B.31)

(1 + rs ) ≡
and

It follows that

∂h∗
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The sign of this derivative depends on the relationship between η and τ (1 + rs ). There are three
sub-cases to consider.

Sub-case 1: Consider the case where an agent’s utility-maximizing level of postsecondary education equates the expected marginal benefit of an additional year with the expected marginal
cost, such that η = τ (1 + rs ). In this case,




1+rs
1
τ
−τ
(1
+
r
)
∗
s
1+σ
1+σ
∂h
=
=
> 0,
00
∗
∂σ
−ψ
pαyu π (h )

(B.32)

which is equivalent to the result from case 1.

Sub-case 2: If the marginal return to postsecondary education is less than the marginal


m
cost of borrowing student loans, then η < τ 1+r
1+σ . This corresponds to a situation in
which the agent intentionally overinvests in postsecondary education, beyond the unconstrained
utility-maximizing level, which economic theory suggests cannot happen. Mathematically, if


m
then λ2 < 0 in order for the first order condition to hold. However, this vioη < τ 1+r
1+σ
lates the non-negativity constraints on the Lagrange multipliers in the Kuhn-Tucker conditions.
Therefore, this case is ruled out.

Sub-case 3: By inspection, it is also clear that
∂L∗ 
u000 (·)
η
∂σ

∂h∗
∂σ

> 0 if


− τ (1 + rs ) < u00 τ



1 + rs
1+σ


(B.33)

and


u000 (·)τ η − τ (1 + rs ) < u00 (·)ψ .

(B.34)

Since all of the terms in absolute value are known to be negative when η > τ (1 + rs ), these
conditions can be rewritten as
∂L∗
−u000 (·)
∂σ



η − τ (1 + rs ) < u00 τ



1 + rs
1+σ


(B.35)

and


−u000 (·)τ η − τ (1 + rs ) < −u00 (·)ψ.

(B.36)
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This can be rewritten in terms of the Arrow-Pratt coefficient of absolute risk aversion so that
the two conditions become
u00 (·)
− 00
u0 (·)

τ
<

∂L∗
∂σ



1+rs
1+σ





η − τ (1 + rs )

(B.37)

and
−

u000 (·)
−ψ
.
< 
0
u0 (·)
τ η − τ (1 + rs )

(B.38)

So for individuals who have borrowed the maximum allowable amount under federal student
loans, but whose marginal benefit to additional education exceeds the marginal cost of borrowing
(that is, η > τ (1 + rs )) an increase in the student loan interest rate subsidy could increase
human capital investment, so long as the individual is not too risk averse, as defined by the two
conditions above. This is discussed further in section 3.8.
B.4.2

Changes in Information

Applying implicit differentiation with respect to p yields the marginal effect of a change
in the information on human capital investment.
u000 (·)



 




∂L∗
∂h∗
1 + rm
∂h∗
−τ
· pαyu π 0 (h∗ ) − τ
+ u00 (·) αyu π 0 (h∗ ) + pαyu π 00 (h∗ )
=0
∂p
∂p
1+σ
∂p
(B.39)

Distributing terms and making the same substitutions as before to clean up the notation, this
simplifies to
u000 (·)




∂L∗ 
∂h∗  00
η − τ (1 + rs ) + u00 (·)αyu π 0 (h∗ ) =
u0 (·)τ η − τ (1 + rs ) − u00 (·)ψ .
∂p
∂p

It follows that


∗
0
0 ∗
u000 (·) ∂L
∂h∗
∂p η − τ (1 + rs ) + u0 (·)αyu π (h )


=
.
∂p
u000 (·)τ η − τ (1 + rs ) − u00 (·)ψ

(B.40)

(B.41)

The sign of this derivative depends on the relationship between η and τ (1 + rs ). There are three
sub-cases to consider.
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Sub-case 1: Consider the case where an agent’s utility-maximizing level of postsecondary education equates the expected marginal benefit of an additional year with the expected marginal
cost, such that η = τ (1 + rs ). In this case,
∂h∗
−π 0 (h∗ )
u0 (·)αyu π 0 (h∗ )
=
= 0
> 0,
∂p
−u00 (·)ψ
pπ 00 (h∗ )

(B.42)

which is equivalent to the result from case 1.

Sub-case 2: If the marginal return to postsecondary education is less than the marginal


m
cost of borrowing student loans, then η < τ 1+r
1+σ . This corresponds to a situation in
which the agent intentionally overinvests in postsecondary education, beyond the unconstrained
utility-maximizing level, which economic theory suggests cannot happen. Mathematically, if


m
η < τ 1+r
then λ2 < 0 in order for the first order condition to hold. However, this vio1+σ
lates the non-negativity constraints on the Lagrange multipliers in the Kuhn-Tucker conditions.
Therefore, this case is ruled out.

Sub-case 3: By inspection, it is also clear that

∂h∗
∂p

> 0 if


∂L∗ 
η − τ (1 + rs ) < u00 (·)αyu π 0 (h∗ )
∂p

(B.43)



u000 (·)τ η − τ (1 + rs ) < u00 (·)ψ .

(B.44)

u000 (·)
and

Since all of the terms in absolute value are known to be negative when η > τ (1 + rs ), these
conditions can be rewritten as
−u000 (·)


∂L∗ 
η − τ (1 + rs ) < u00 αyu π 0 (h∗ )
∂p

(B.45)

and


−u000 (·)τ η − τ (1 + rs ) < −u00 (·)ψ.

(B.46)

This can be rewritten in terms of the Arrow-Pratt coefficient of absolute risk aversion so that
the two conditions become
−

u000 (·)
<
u00 (·)

αyu π 0 (h∗ )


∂L∗
∂p η − τ (1 + rs )

(B.47)
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and
−

u000 (·)
−ψ
.
< 
0
u0 (·)
τ η − τ (1 + rs )

(B.48)

So for individuals who have borrowed the maximum allowable amount under federal student
loans, but whose marginal benefit to additional education exceeds the marginal cost of borrowing
(that is, η > τ (1 + rs )), additional information about the economic benefits of postsecondary
education and / or one’s ability to obtain a degree could increase human capital investment so
long as the individual is not too risk averse, as defined by the two conditions above.
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APPENDIX C
CHAPTER 5 ADDITIONAL
STATISTICAL TABLES
Table C.1: Summary statistics for geocoded variables, assigned to CNGC
respondents by Census Block Group.

n

Mean

St. Dev.

Min

Max

Real Median HH Income ($ ths., 2013)
Labor Force
Neighborhood Unemployment Rate (%)
Labor Force Participation Rate (%)

2,127
2,127
2,127
2,127

27.852
422.313
22.318
58.176

11.950
210.683
12.100
10.735

6.949
38.000
0.000
15.148

203.672
1,673.000
71.369
87.637

Neighbors
Neighbors
Neighbors
Neighbors
Neighbors
Neighbors
Neighbors

with
with
with
with
with
with
with

< HS Education (%)
GED (%)
HS Diploma Only (%)
Some College (%)
Associate’s Degree (%)
Bachelor’s Degree(%)
Graduate or Professional Degree (%)

2,127
2,127
2,127
2,127
2,127
2,127
2,127

22.229
5.794
29.284
24.062
6.135
7.265
3.349

10.499
4.947
9.909
8.218
4.553
7.149
4.246

0.000
0.000
2.350
0.000
0.000
0.000
0.000

59.740
30.650
65.970
63.010
22.910
53.730
55.200

Neighbors
Neighbors
Neighbors
Neighbors
Neighbors
Neighbors
Neighbors

who
who
who
who
who
who
who

are
are
are
are
are
are
are

2,127
2,127
2,127
2,127
2,127
2,127
2,127

0.300
0.928
59.836
3.101
2.300
33.536
66.579

0.947
3.442
38.550
4.177
4.522
34.057
36.904

0.000
0.000
0.000
0.000
0.000
0.000
0.000

8.294
65.751
100.000
28.079
32.346
100.000
100.000

American Indian (%)
Asian / Pacific Islander (%)
Black (%)
Multiracial (%)
Other Race (%)
White (%)
Same Race as R (%)

Source: College Now Greater Cleveland (2016), U.S. Census Bureau (2016)
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Table C.2: Comparing sample means and proportions between treated and untreated groups for Census block group data on income, unemployment, eduction,
and race. Hypothesis tests for differences in means and proportions were conducted
using OLS regression; coefficients and significance are provided.

Median HH Income ($ ths.)
Labor Force
Neighborhood Unemployment Rate (%)
Labor Force Participation Rate (%)

Treated
Mean St. Dev.

Untreated
Mean St. Dev.

28.166
421.816
22.433
58.030

12.673
208.124
11.967
10.854

27.524
422.831
22.198
58.328

11.143
213.419
12.242
10.611

0.642
-1.015
0.235
-0.299

Difference

Neighbors
Neighbors
Neighbors
Neighbors
Neighbors
Neighbors
Neighbors

with
with
with
with
with
with
with

< HS Education (%)
GED (%)
HS Diploma Only (%)
Some College (%)
Associate’s Degree (%)
Bachelor’s Degree (%)
Graduate or Professional Degree (%)

22.555
5.726
29.166
23.808
6.089
7.358
3.407

10.682
5.032
9.913
8.050
4.608
6.739
4.384

21.889
5.866
29.407
24.327
6.183
7.168
3.288

10.298
4.859
9.908
8.385
4.497
7.556
4.099

0.666
-0.140
-0.241
-0.518
-0.094
0.190
0.119

Neighbors
Neighbors
Neighbors
Neighbors
Neighbors
Neighbors
Neighbors

who
who
who
who
who
who
who

are
are
are
are
are
are
are

0.342
0.912
59.045
2.962
2.281
34.458
66.790

1.100
3.344
38.964
4.032
4.418
34.530
36.946

0.255
0.944
60.661
3.246
2.319
32.574
66.359

0.753
3.544
38.114
4.319
4.630
33.546
36.877

0.087∗∗
-0.032
-1.617
-0.284
-0.038
1.884
0.431

American Indian (%)
Asian / Pacific Islander (%)
Black (%)
Multiracial (%)
Other Race (%)
White (%)
Same Race as R (%)

n
∗

1,086
p < 0.10,

∗∗

p < 0.05,

∗∗∗

1,041

p < 0.01

Source: College Now Greater Cleveland (2016), U.S. Census Bureau (2016)

Table C.3: Results of Kolmogorov-Smirnov tests for the
equality of distributions for treated and untreated groups. The
null hypothesis is that the treated and untreated distributions
are equivalent.

GPA (junior year)
Attendance Rate (senior year)
Median HH Income
Neighborhood Unemployment Rate
% Neighbors with < HS Education
% Neighbors with ≥ BA Degree
School Performance Index Score (PIS)
Student-Teacher Ratio
School Female Enrollment (%)
School Black Enrollment (%)

Largest Difference

p-value

0.156
0.054
0.039
0.026
0.042
0.051
0.037
0.046
0.031
0.027

0.000
0.091
0.388
0.880
0.299
0.130
0.461
0.209
0.689
0.827

Source: CNGC (2016), U.S. Census Bureau (2016), Ohio Dept. of Education (2016)
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Table C.4: Average marginal effects on the probability of enrollment in the CNGC program using
the preferred specification for the treatment equation (model 4) from Table 5.5. Estimated for: (1)
full estimation sample, (2) bottom 25th GPA percentile, (3) top 25th GPA percentile, (4) bottom
25th income percentile, (5) top 25th income percentile, (6) bottom 25th PIS percentile, and (7) top
25th PIS percentile.

GPA, standardized (junior year)
Attendance Rate (senior year)
Female
Racial Minority
Student-Teacher Ratio
School Performance Index Score (PIS)
Academic Watch or Emergency
School Female Enrollment (%)
School Black Enrollment (%)
% Neighbors < HS Education
Neighborhood Median HH Income
% Neighbors ≥ BA Degree
n
Standard errors in parentheses
∗

p < 0.10,

∗∗

p < 0.05,

∗∗∗

p < 0.01

(1)
Estimation Sample

(2)
Low Ability

(3)
High Ability

(4)
Low Income

(5)
High Income

(6)
Low PIS

(7)
High PIS

0.102∗∗∗
(0.011)
-0.202∗∗∗
(0.057)
-0.027
(0.022)
-0.044
(0.032)
0.012∗
(0.007)
0.019∗∗
(0.008)
0.158∗
(0.081)
-0.003∗
(0.002)
0.002∗∗∗
(0.001)
0.003∗∗
(0.001)
0.001
(0.001)
0.001
(0.001)

0.110∗∗∗
(0.011)
-0.078
(0.080)
-0.026
(0.021)
-0.043
(0.032)
0.012∗
(0.007)
0.036∗∗∗
(0.010)
0.302∗∗∗
(0.078)
-0.003∗
(0.002)
0.002∗∗∗
(0.001)
0.003∗∗
(0.001)
0.001
(0.001)
0.001
(0.001)

0.086∗∗∗
(0.010)
-0.330∗∗∗
(0.099)
-0.025
(0.021)
-0.041
(0.030)
0.011∗
(0.006)
-0.001
(0.010)
-0.040
(0.134)
-0.003
(0.002)
0.002∗∗∗
(0.001)
0.002∗∗
(0.001)
0.001
(0.001)
0.001
(0.001)

0.105∗∗∗
(0.011)
-0.202∗∗∗
(0.057)
-0.027
(0.022)
-0.043
(0.032)
0.012∗
(0.007)
0.018∗∗
(0.008)
0.154∗
(0.080)
-0.007∗∗∗
(0.002)
0.002∗∗∗
(0.001)
0.003∗∗
(0.001)
0.001
(0.001)
0.001
(0.001)

0.091∗∗∗
(0.012)
-0.208∗∗∗
(0.058)
-0.027
(0.022)
-0.044
(0.032)
0.012∗
(0.007)
0.018∗∗
(0.008)
0.155∗
(0.084)
0.002
(0.003)
0.002∗∗∗
(0.001)
0.003∗∗
(0.001)
0.001
(0.001)
0.001
(0.001)

0.143∗∗∗
(0.016)
-0.184∗∗∗
(0.055)
-0.026
(0.021)
-0.043
(0.031)
0.012∗
(0.007)
0.020∗∗∗
(0.008)
0.160∗∗
(0.070)
-0.004∗∗
(0.002)
0.002∗∗∗
(0.001)
0.003∗∗
(0.001)
0.002
(0.001)
0.001
(0.001)

0.050∗∗∗
(0.019)
-0.232∗∗∗
(0.063)
-0.027
(0.022)
-0.044
(0.032)
0.012∗
(0.007)
0.015∗
(0.008)
0.130
(0.090)
-0.003
(0.002)
0.002∗∗∗
(0.001)
0.003∗∗
(0.001)
0.003∗
(0.001)
0.001
(0.001)

2,127

531

530

537

531

630

513
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APPENDIX D
CNGC SERVICE GROUPS (CHAPTER 5)
Service
Academic Advising
Academic Advising - General
GED Assistance
GPA Assistance
Graduation Requirements
Tutoring Services / Homework Help
Career Exploration
Career Exploration - General
Career Search / Selection
Internship / Enrichment / After-school Activities
Major Search / Selection
Military / Armed Forces
Resumè Assistance / Job Application
Workplace Visit / Job Shadowing
Financial Aid
College Aid Award Letter Assistance
College Now - Overview / General
CSS Profile Assistance
Education Training Voucher (ETV) Assistance
FAFSA / SAR Assistance
Financial Aid Overview / Consultation
Grant / Loan Assistance
Postsecondary Admissions
College Fair / College Rep Visit
Enrollment Assistance
Housing Assistance
Postsecondary Admissions - General
Postsecondary Application / Essay Assistance
Postsecondary Search
Postsecondary Entrance Exams
ACT Overview
ACT Registration
ACT Scores
ACT Prep / Practice
Postsecondary Entrance Exams - General
PSAT Overview / Scores
SAT Overview
SAT Registration
SAT Scores
SAT Test Prep / Practice
College Now Scholarship (Last Dollar Scholarship)
Application or Requirements Assistance
Candidate Interview
Mentee Orientation
Pair Meeting - Mentoring
Mentoring - Re-enrollment Assistance
Mentoring - Removed from Program

Description
Conversations / presentations with students / parents on general academic advising
Assisting students in taking steps to complete their GED
Conversations / presentations with students / parents looking up or understanding GPA and / or its effects on college admissions
Conversations / presentations with students / parents on graduation requirements for high school degree attainment
Assisting individuals in completing homework assignments and / or specialized academic tutoring
Conversations / presentations with students / parents about career options in general
Conversations / presentations with students about finding / selecting a career
Any activities related to after school programming
Conversations / presentations with students about finding / selecting a college major
Discussions with students about a career in the military
Working with an individual on his or her resumè
College Now or school sponsored job shadowing
Examining and interpreting a college aid award letter with individual
Conversations / presentations on College Now services and scholarships in general
Providing assistance to students / parents in filling out the CSS Profile
Providing assistance in completing the Education Training Voucher
Providing assistance to students / parents in filling out the FAFSA or understanding / printing their SAR
Conversations / presentations about general ways to obtain financial assistance to pay for postsecondary education
Conversations / presentations with students / parents about searching for additional scholarship money or helping to complete a
scholarship application
Individuals meet with / hear presentations from representative(s) from colleges
Providing assistance with enrolling in college or contacting college on student's behalf
Providing assistance in contacting college on student's behalf specifically related to housing
Conversations / presentations about postsecondary education and its benefits
Providing assistance to students in filling out college applications or completing essays
Conversations / presentations with students about finding / selecting a college
Conversations / presentations with students about the logistics and impact of the ACT
Providing assistance to students / parents in completing the online or paper ACT registration form
Conversations / presentations on helping students / parents understand the results of College Entrance Exams
Students complete practice questions or tests for the ACT
General discussion of Postsecondary Entrance Exams and their use in college admissions
Conversations / presentations with students about the PSAT or interpreting scores
Conversations / presentations with students about the logistics and impact of the SAT
Providing assistance to students / parents in completing the online or paper SAT registration form
Conversations / presentations on helping students / parents understand the results of College Entrance Exams
Students complete practice questions or tests for the SAT
Giving application information to high school student, obtaining scholarship documents from student, informing student of
acceptance or helping student prepare for candidate interview
Completed one-on-one interview of selected finalist
Completed one-on-one or group mentee orientation
An outside meeting between a College Now mentor and mentee
Contacting a college on the student's behalf, or helping student navigate returning to school after a dropout
Student is put on hold for their College Now scholarship
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Cahuc, Pierre, Stéphane Carcillo, André Zylberberg, and William McCuaig (2014). Labor
economics. MIT Press.
Callender, Claire and Jonathan Jackson (2005). “Does the fear of debt deter students from
higher education?” Journal of Social Policy 34(4), 509–540.
Cameron, A Colin and Pravin K Trivedi (2005). Microeconometrics: Methods and applications.
Cambridge University Press.

149
Cameron, Adrian Colin and Pravin K Trivedi (2009). Microeconometrics using Stata, Volume 5.
Stata press College Station, TX.
Cameron, Stephen V and Christopher Taber (2004). “Estimation of educational borrowing
constraints using returns to schooling.” Journal of Political Economy 112(1), 132–182.
Carrell, Scott E and Bruce Sacerdote (2013). “Why do college going interventions work?”
Technical report, National Bureau of Economic Research.
Carroll, Stephen J and Emre Erkut (2009). The benefits to taxpayers from increases in students’
educational attainment, Volume 686. Rand Corporation.
Carruthers, Celeste K and William F Fox (2016). “Aid for all: College coaching, financial aid,
and post-secondary persistence in Tennessee.” Economics of Education Review 51, 97–112.
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