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Abstract
The study of student loan debt remains a timely and relevant higher education finance 
research and policy-oriented topic, especially when considering the alarming growth 
rates of student loan debt balances. The Quarterly Report on Household Debt and Credit 
released in May of 2018 shows that among all debt balances, student loans remain the only 
form of debt that virtually sextupled over the last 15-years, and this trend is not slowing 
down. Although aggregated trends are important, by definition they are limited in their 
capabilities to providing researchers, policy- and decision-makers with insights related to 
individual debt accumulation and, perhaps more importantly, with knowledge about the 
factors associated with variation of individual debt burden. Accordingly, the overarching 
goal of this study is to ameliorate this limitation in three meaningful ways. First, this is the 
first study that offers inferential estimates of the magnitude of student debt accumulation 
increase across two different decades (1991–2013) and institutional sectors (public 2- and 
4-year colleges). Second, these estimates are based on student level undergraduate non-
self-reported longitudinal loan debt disbursements. Third, the estimates not only account 
for individuals’ baseline differences at the moment of college entry, but also account for 
institution- and state-level indicators that took place during college enrollment and that 
may be related to the variation of student loan debt reliance. Two nationally representative 
samples (NELS and ELS) complemented with other institution- and state-level data were 
analyzed using doubly robust estimators build from propensity score weights and entropy 
balancing approaches that were robust to unobservable selection issues using Oster’s 
approach (J Bus Econ Stat 37(2):1–18, 2017). The results consistently indicated that, 
among all participants, student borrowing participation increased by 15 percentage points 
in the 2000s, compared to the 1990s, and individual debt accumulation at least doubled 
across decades. Notably, among 4-year degree holders, the 2-year path toward a 4-year 
degree consistently resulted in about 10% lower debt accumulation compared to the 4-year 
path toward a 4-year degree. Students who did not attain a 4-year degree were better served 
by having started college in the 2-year sector. In terms of overall debt increase, 4-year 
degree holders accrued about $8000 more on average than their counterparts did during 
the 1990s, however, the recent cohort also repaid about $11,000 more, on average (or three 
times as much), than participants did in the 1990s. These higher repayment behaviors 
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observed among 4-year degree holders, resulted in similar amounts of their respective 
debt balances across decades. The implications are clear: students with higher propensi-
ties toward a 4-year degree attainment are likely to incur lower debt if they start college 
in the community college sector. However, before fully recommending this pathway, 2- 
and 4-year  colleges’ articulation agreements should be strengthened to ease transfer and 
eventual degree completion. Without recommending consolidation or merger between 2- 
and 4-year institutions, researchers and policy makers can learn from the strategies imple-
mented by successful cases such as Perimeter College and Georgia State. Finally, 4-year 
entrants with lower likelihood to attain a 4-year degree may be better served by beginning 
college in the 2-year sector instead. Predictive analytics and machine learning techniques 
can be used to identify these cases, as depicted in the discussion section of the study.

Keywords Community college effects on student loan debt · Philosophy of Causation in 
the social sciences · Quasi-causal estimates · Higher education finance and college choice · 
Propensity score weighting · Entropy balancing · Doubly-robust modeling · Unobservable 
selection and Coefficient stability · Machine learning · Predictive analytics · Data science

Introduction

The Quarterly Report on Household Debt and Credit released in May of 2018 (Federal 
Reserve Bank of New York [FRBNY] 2018) indicated that among the six categories of 
loan types reported by the FRBNY,1 student loan debt balances surpassed all other forms 
of debt growth since the fourth quarter of 2009 (see Fig. 3 in the Appendix).2 Student loans 
are the only form of debt balances that virtually sextupled over the 15-year time-period 
(Jan 2003–Jan 2018) covered by the report.3 As this alarming growth rate makes clear, the 
study of factors affecting loan debt accrual remains a research topic with timely and rel-
evant policy implications and recommendations.

The aggregated trends shown in Fig. 3 in Appendix shed light on student debt balances 
across the contiguous United States over the past 15 years. But such estimates are limited 
in their ability to provide insights into individual debt accumulation and the factors associ-
ated with variation of individual debt burden. They do not tell us, for instance, whether 
starting college in the community college sector is associated with lower student loan debt 
accumulation and outstanding loan debt balance than starting college in the 4-year sec-
tor. Nor do they provide insight into undergraduate borrowing behaviors across sectors 
and decades. Using two nationally representative samples from two different decades, this 
study addresses these important issues and extends the current body of research on under-
graduate student loan debt in meaningful ways.

1 These categories include mortgage debt, student loans, auto loans, credit cards, home equity revolving 
debt, and other debt.
2 Estimates obtained, within each of the six loan categories, as the ratio of each quarterly amount reported 
by the FRBNY (2018), to its corresponding baseline amounts reported in January of 2003.
3 The data contained in this report were obtained from the Center for Microeconomic Data based on credit 
records from Equifax and cover 15 years of quarterly data beginning in the first quarter of 2003 and ending 
in the first quarter of 2018. The descriptive analysis of the data contained in Fig. 3 in Appendix, follows the 
rationale presented by Kiefer (2016).
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This is the first study to offer inferential estimates of the magnitude of non-self-reported 
student debt accumulation increases across two different decades (i.e., 1991–2001 and 
2002–2013) and institutional sectors (i.e., public four- and public 2-year colleges). Dif-
ferent from previous research, these estimates account for individuals’ characteristics at 
college entry as well as for institution-(e.g., an estimate of tuition and fee costs during 
college enrollment and having received other forms of financial aid by the institution) and 
state-level indicators (e.g., state merit- and need-based disbursements) that took place dur-
ing college enrollment and that may be associated with loan reliance. Finally, the models 
control for college enrollment length based on participants’ 4-year degree attainment as 
explained below.

The public 2- and 4-year sectors included herein remain the starting point for 80% 
of first-time degree-seeking in-state college entrants and enroll about 73% of all under-
graduate students in the contiguous United States (IPEDS 2016). Given the prevalence of 
enrollment in these two sectors, about fifty years of empirical research has been devoted 
to measuring their effects on students’ education (Brand et al. 2014; Clark 1960b; Dough-
erty 1994; Doyle 2009; González Canché 2018; Stephan et al. 2009) and occupational out-
comes (Belfield and Bailey 2011; Hu et  al. 2017; Jacobson and Mokher 2009; Marcotte 
2010). A notable absence from this line of research is the analysis of the influence of these 
two sectors on student debt accrual (González Canché 2014b, 2018) with only two inferen-
tial studies (González Canché 2014b; Hu et al. 2017) and one descriptive report (Steele and 
Baum 2009) focused on analyzing the effects of these two sectors on undergraduate debt 
accumulation. This study addresses this latter limitation as well.

Purpose

The purpose of this study is twofold. The first is to test whether starting college in the com-
munity college (or public 2-year) sector is associated with lower student loan debt accu-
mulation and outstanding loan debt balance owed as of the last wave of data collection 
(approximately 9 years after initial college enrollment) compared to loan debt accrual and 
burden given initial enrollment in the 4-year sector. An important methodological consid-
eration when addressing this first purpose is that students who attain a 4-year degree have 
longer enrollment times than students who drop out of college during their second year, for 
example, or who only attain an associate’s degree. Since longer enrollment times required 
more resources to sustain this investment, lengthier enrollment times may require greater 
reliance on student loans as a form of aid to finance college attendance. Accordingly, fail-
ing to separate the models given the attainment of a 4-year degree may result in biased esti-
mates of sector effects, as these estimates will capture the effect of longer or shorter enroll-
ment times rather than the effect of sector of initial enrollment on student debt accrual and 
burden. To ameliorate this source of bias, the estimates were obtained while specifying 
models disaggregated conditional on bachelor’s degree attainment (see Fig. 1).

In addition to yielding less-biased estimates, this analytic strategy can be used to test 
whether a 4-year degree “costs the same,” in terms of loan debt, for those students who 
started in the 2-year sector and for students who began college at a 4-year institution. 
Similarly, the set of models that include only non-4-year degree holders allows testing 
whether similar students who did not attain a 4-year degree ended up with different loan 
debt amounts conditional on sector of initial college enrollment.
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Based on the counterfactual and potential outcomes frameworks (Lewis 1973; Rubin 
2005), before making any inferential claims, this study accounted for students’ system-
atic differences given their initial sector of enrollment. This adjustment is important 
because, compared to their 4-year counterparts, 2-year students tend to come from lower 
income households and have backgrounds that are otherwise underrepresented in higher 
education (González Canché 2014b, 2018). Moreover, doubly robust specifications were 
employed to account for factors during college—such as cost of tuition and fees and the 
availability of other forms of financial aid—that are expected to have influenced stu-
dents’ borrowing behaviors over and above initial sector of enrollment. The institution-
level indicators (e.g., tuition, fees, selectivity, region) were taken directly from the Inte-
grated Postsecondary Education Data System (IPEDS), while the state-level indicators 
were retrieved from the U.S. Census Bureau and other data sources, such as the National 
Association of State Student Grant and Aid Programs (NASSGAP, 2004–2005).

The second purpose of this study is to provide an estimate of undergraduate borrow-
ing behaviors between and within sectors and across decades. The analytic framework 
employed allows for a comprehensive analysis of whether students who began college in 
either 2- or 4-year institutions represented in the 2000s (Education Longitudinal Study 
[ELS]) received, owed, and repaid higher amounts of undergraduate student loans than 
their counterparts observed in the 1990s sample (National Education Longitudinal Study 
[NELS]). The importance of using two nationally representative samples is threefold. 
First, neither of the samples have been examined using the entropy balancing approach or 
the doubly robust analytic framework employed herein. Second, in addition to assessing 
whether there have been changes in debt burden across decades as a function of initial sec-
tor of attendance, the comparison of the results provides a robustness check for the models 
implemented. Finally, rarely do researchers have the opportunity to test their models using 
two completely different samples, and this study takes advantage of the investment made 
by National Center for Education Statistics (NCES) to collect this wealth of information. It 

Fig. 1  Analytic samples. The first comparison group was based on 2- and 4-year entrants who did not attain 
a baccalaureate degree, the second comparison group account for 2- and 4-year students who attained a 
4-year degree
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is important to note that the focus of the study is on undergraduate student loan debt. Con-
sequently, all loan amounts are restricted to financing undergraduate education. To make 
the analyses and amounts comparable across decades, all loan amounts were adjusted for 
inflation using the Consumer Price Index Inflation Calculator provided by the Bureau of 
Labor Statistics (2018) and are represented in 2018 dollars.

The research questions addressed in this study are as follows:

1. Did 2-year entrants who attained a bachelor’s degree accrue and repay similar amounts 
in student loan debt compared to their counterparts who started in the 4-year sector?

2. Did 2-year entrants who did not attain a 4-year degree accrue and repay similar amounts 
in student loan debt compared to students who started in the 4-year sector?

3. Have the amounts of student loan debt accrued and repaid by 4-year degree holders dur-
ing the 2000s increased compared to the amounts accrued and repaid by 4-year degree 
holders during the 1990s?

4. Have the amounts of student loan debt accrued and repaid by non-4-year degree holders 
during the 2000s increased compared to the amounts accrued and repaid by non-4-year 
degree holders during the 1990s?

5. How do the answers to the previous two questions change when considering initial sector 
of enrollment?

These research questions have clear policy implications and recommendations. Specifi-
cally, although 2-year institutions charge a third of the tuition and fees charged by their 
public 4-year counterparts (American Association of Community Colleges [AACC] 2018), 
it remains unclear whether taking the 2-year route to a 4-year degree translates into a sig-
nificant reduction of student loan debt burden. This argument holds in spite of a recent 
study in which Belfield et al. (2017) argued that “the total cost of a bachelor’s degree” is 
$2240 lower if a student begins at a community college compared to beginning college in a 
4-year institution (or $72,390 and $74,630, respectively). Notably, these estimates did not 
account for diversion effects, which may potentially increase 2-year entrants’ reliance on 
loans (compared to 4-year natives). More specifically, the well-documented lack of effec-
tive articulation agreements between sectors may result in a loss of course credits when 
community college students transfer to 4-year institutions (González Canché 2018; Mona-
ghan and Attewell 2014) and the resulting increase in time to 4-year degree attainment and 
forgone earnings due to college attendance. This loss of credits also implies that transfer 
students may have to pay for college credits at the higher 4-year rate (AACC 2018) while 
potentially having utilized need-based aid for credits already attained in the 2-year sector.

Even if the cost of a 4-year degree is similar for 2- and 4-year entrants, as suggested by 
Belfield et al. (2017), there is no guarantee that debt accrual will be similar across these 
participants. The well-known set of differences between 2- and 4-year students is likely 
to impact their levels of reliance on student loan debt to finance their education. That is, 
since 2-year students tend to come from lower socioeconomic backgrounds and typically 
have access to fewer sources of support, price sensitive 2-year students may need to borrow 
more heavily than their 4-year counterparts who are less financially constrained.4 From 
this perspective, these differences in student bodies enrolling in the 2- and 4-year sectors 

4 Conversely others have claimed that low-income students may be averse to student loans due to fear of 
not being able to repay such debt, which would also impact their reliance on student loans.



876 Research in Higher Education (2020) 61:871–915

1 3

suggest that the total cost of a degree (about $73,000 for both 2- and 4-year entrants, as 
suggested by Belfield et al. may be financed from different funding sources, given different 
participants’ need to rely on student loan debt. In times when the costs of attending college 
have reached all-time high amounts (Baum 2015), with continuously increasing outstand-
ing debt balances (Kiefer 2016) that did not slow down even during and after the most 
recent economic crisis (Looney and Yannelis 2015), students should select the most cost-
effective option toward the attainment of a college education.

Considering the context just described, the present study offers clear implications and 
recommendations. If the findings indicate that, among 4-year degree holders, initial col-
lege enrollment in the 2-year sector is more expensive in terms of loan debt than initial 
enrollment in the 4-year sector, then the recommendation will be that students with realis-
tic expectations of 4-year degree attainment should avoid the 2-year path option toward a 
4-year degree. Conversely, if the results indicate that, among 4-year degree holders, initial 
enrollment in the 2-year sector is associated with lower debt burden than starting college 
in the 4-year sector, this finding (along with the similar costs estimated by Belfield et al. 
2017) would suggest that students with realistic expectations of attaining a 4-year degree 
may be better served by choosing the 2-year path toward a 4-year degree (the discussion 
section elaborates further on these recommendations including caveats and limitations). A 
similar set of recommendations can be surmised for non-4-year degree holders.

Background and Previous Studies

Federal loans were designed as a supplementary form of financial aid (Hearn 1998). Of 
the total federal aid disbursed to students in 1970–1971 (the earliest statistics found), loans 
accounted for 34% and grants constituted 65% (College Board 2014). Ten years later, loan 
aid had reached 50% of total federal aid. This upward trend peaked in 1996–1997 at 73%. 
Though the percentage of aid directed toward loans has since stabilized, it has remained 
above 61% of the total federal aid disbursement in undergraduate education, with grant aid 
consistently below 24% since 1990 (College Board 2014). The transition from grants to 
loans, along with the rapidly increasing education debt levels, have motivated researchers 
to analyze the effects of loans on students’ outcomes (Gross et al. 2009).

An extensive literature review indicates that studies on student loan debt can be cat-
egorized into four main themes. First, researchers have focused on analyzing the impact 
of loans on the educational attainment of 2- or 4-year students in terms of college access, 
choice, progression, and completion. Overall, the current state of the literature shows 
inconclusive or negative effects of loans on degree attainment (DesJardins et  al. 2002; 
Dowd and Coury 2006; Gladieux and Perna 2005; Heller 2008).

The second line of inquiry has focused on the effects of loan debt on financial hardship. 
In this line of study, researchers have used likelihood of owning a home or having a mort-
gage, salary, and sector of employment as outcomes of consideration (Akers 2014; Ameri-
can Student Assistance 2013; Cho et  al. 2015; Elliott et  al. 2013; Field 2006; Houle and 
Berger 2014; Rothstein and Rouse 2007). Akers (2014), for example, found that there is not 
a strong positive relationship between student debt and financial hardship and that the high-
est rates of financial hardship are seen among households with relatively little outstanding 
student loan debt. Somewhat similar to Akers (2014), Rothstein and Rouse (2007) found 
that borrowers who graduated from a highly selective private college held higher-paying 
jobs than their college peers who received grants and did not borrow. In contrast to the 
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preceding findings, Elliott et al. (2013) found that households with a member who attained a 
4-year degree while incurring student loan debt were significantly less likely to have retire-
ment savings, own a home, and accumulate assets. These apparent contradictory findings 
may be due to the differences in samples used for model specification. Rothstein and Rouse 
(2007), for example, estimated their models using data from a segment of the student pop-
ulation that is perhaps not truly representative of the typical population facing loan debt 
(i.e., Rothstein’s and Rouse’s samples sample came from students enrolled in a highly selec-
tive private institution), whereas Elliott et al. relied on the 2007–2009 Survey of Consumer 
Finances longitudinal data, which seeks representativeness by selecting approximately 6500 
participating families randomly. Interestingly, even when authors have relied on the same 
source of data, their results do not perfectly align with one another—see Elliott et al. and 
Akers (2014). Consequently, the second line of research also offers inconclusive results.

A third line of research on student loans is focused on default rates. Gross et al. (2009) 
presented a comprehensive review of the academic literature on student loan default from 
1978 to 2007. The main question addressed in this line of research concerns whether stu-
dent loan default is a function of student characteristics. The key findings are that stu-
dents attending less-selective institutions (e.g., for-profit, and public 2-year institutions) 
tend to have higher default rates than those from more selective colleges and universities 
(Deming et al. 2011; Gross et al. 2009; Kesterman 2005; Podgursky et al. 2002) and stu-
dents enrolled in more affluent institutions tend to have lower loan default rates (Gross 
et  al. 2009; Volkwein et  al. 1998). A common characteristic across these studies is that 
authors have, to a great extent, not accounted for systematic differences in the student bod-
ies attending different types of institutions. It is likely that students attending less-selective 
colleges default more because these types of students have fewer resources for repayment, 
regardless of the amounts borrowed, than those attending more selective colleges and uni-
versities. Complementary to this idea is the finding that only about 18% of students who 
owe more than $100,000 default, which practically doubles the default rates of students 
owing less than $5000 (34%) (Dynarski 2016).

Researchers have also examined the relationship between student loan default and con-
sumer credit debt (Baum and O’Malley 2003; Baum and Saunders 1998; Pinto and Mans-
field 2006). These studies indicate that students with credit card debt tend to be more at 
risk of default on their education loans than students with no credit card debt (Fry 2014; 
Pinto and Mansfield 2006). Students appear to prioritize the repayment of credit card and/
or other types of debt over repayment of student loans.

The fourth and final line of research on loan debt focuses on institutional effects on 
default rates. Scholars have observed that individual-level analyses prevail in this line of 
research (Belfield 2013; Deming et al. 2011; Hillman 2014). After controlling for student 
characteristics, institutional sector strongly predicts default. Specifically, the for-profit sec-
tor is the most associated with default (Deming et al. 2011; Hillman 2014), followed by the 
community college sector (Deming et al. 2011).

Despite the remarkable role of the public 2- and 4-year sectors in providing college 
access, studies on loan debt that focus on these institutions are in scant supply. A descrip-
tive report by Steele and Baum (2009) showed that most of the total increase in loan 
recipients from 2003 to 2008 occurred in the 2-year sector. The percentage of students 
receiving an associate’s degree in 2008 who received an education loan increased by 11 
percentage points compared to students who received an associate’s degree in 2004. Dur-
ing the same time period, there was only one percentage point change for students with 
educational loans in the public 4-year sector who received a bachelor’s degree (Steele and 
Baum 2009, p. 2, Table 2). An important characteristic of Steele and Baum’s comparison 
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is that their percentages accounted for only bachelor’s and associate’s degree recipients. 
Their report does not account for 2-year students who transferred to a 4-year institution and 
attained a bachelor’s degree. In this respect, their estimates of dollar increases for 2- ver-
sus 4-year students ($1507 and $1026, respectively) are conservative, as 2-year transferees 
may require more time and loans to finish their degrees in the 4-year sector.

González Canché (2014b) and Hu et  al. (2017) offered inferential studies focused on 
public 2- and 4-year colleges that intersected with the third and fourth lines of research 
just described. While emphasizing sector effects, both studies relied on data that allowed 
for quasi-experimental analyses at the individual level while utilizing institutional sector 
as the treatment condition. Specifically, González Canché tested whether the public 2-year 
path toward a 4-year degree was an option that would result in lower amounts of debt owed 
within 9 years of college enrollment. He found that, in the 1990s, the 2-year path toward 
a bachelor’s degree cost the same as the 4-year path in terms of loan debt. Using a more 
recent source of data (2004–2009) Hu et al. (2017) found that initial community college 
students accrued $2221 less in cumulative student loan debt. From a methodological point 
of view, the major limitation of these two studies is that the authors ignored all during-col-
lege enrollment factors that were likely to affect the variation of debt accumulation, such as 
amount of tuition and fees paid and the receipt of non-loan forms or financial aid (federal 
work-study, grant aid, tuition waivers, to mention a few). The omission of these indica-
tors may have translated into biased estimates, a limitation addressed in the current study. 
In addition, the current study also incorporates the most recently released data collected 
to offer the most current estimates available. Indeed, the Education Longitudinal Study 
employed herein released its final wave of data in 2014.

In synthesis, this is the first study to offer inferential estimates of the magnitude of stu-
dent debt accumulation increase across two different decades (1991–2013) and institutional 
sectors (public 2- and 4-year colleges), which represents an important contribution toward 
our understanding of borrowing reliance and burden across decades and sectors.

Conceptual Framework

This study is informed by stratification theory (Bourdieu 1986; Hauser 1970) and the coun-
terfactual or potential outcomes frameworks (Lewis 1973; Rubin 2005). Stratification the-
ory suggests that college-choice decisions do not happen on a level playing field. Students’ 
access to different forms of financial, social, and cultural capitals, as depicted by Bourdieu 
(1986), not only play an important role in the formation of expectations about higher edu-
cation, including deciding to attend college and selecting the sector of college attendance, 
but also influence students’ ability to afford to attend a 4-year institution. More specifically, 
the different tuition costs, with 2-year colleges charging a third of the tuition prices charged 
by public 4-year colleges, affect price-sensitive students’ decisions given their perceived 
prospects of being able to afford college attendance.

Educational stratification theory (Hauser 1970) is particularly useful in understand-
ing the expected relationship between students’ resources, college choice, and loan debt 
accumulation and repayment behaviors. Considering that educational stratification theory 
has consistently shown a strong relationship between academic achievement and socioeco-
nomic status (SES) (Palardy 2008; Wyatt et  al. 2012), it is expected that students from 
wealthier backgrounds, who are less price sensitive and have access to more sources of 
support, will also be more likely to select attendance in the 4-year sector rather than in the 
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community college sector. This decision is based on the greater prestige that the 4-year 
sector holds in the higher education hierarchy given its more selective and perceived more 
academically rigorous environments compared to the 2-year setting. From this view, even 
though the tuition and fee prices charged by these institutions are higher, 4-year students 
would also have access to other means to afford this investment. On the other end of the 
spectrum, lower-income and/or first-generation college students, who tend to have access 
to fewer resources and sources of support than students who typically attend the 4-year 
sector, would also be more likely to select the 2-year sector (González Canché 2018), even 
if they initially aspire to attend a 4-year institution and are academically prepared to do so. 
This discussion suggests that before asking whether initial community college attendance 
resulted in lower or higher student loan debt reliance than initial 4-year college enrollment, 
one should first account for differences in the availability of capital, which not only affects 
students’ college-going decisions but also affects their need to rely on student loan debt to 
attend college.

From more philosophical and methodological perspectives, researchers would ideally 
obtain unbiased estimates by observing the same student i in two counterfactual or poten-
tial outcome situations (Lewis 1973; Rubin 2005). In the first, student i decides to attend a 
community college at time t. In the second, the same student i enrolls in a 4-year institution 
also at time t. After time has passed and the outcomes associated with each situation are 
captured at time t + n (where n is the amount of time that has passed), one would simply 
need to observe the difference from each case (Caliendo and Kopeinig 2008; Holland 1986; 
Rubin 2005) in order to evaluate which decision yielded higher student loan debt burden. 
The attainment of these truly unbiased estimates is impossible (Holland 1986; Rubin 2005), 
however, and is the single most important reason why the estimates obtained in this study do 
not claim to be causal. Instead, the estimates presented in this study aim to be less biased by 
creating comparison groups to serve as counterfactual cases (see Table 1, Appendix Tables 8 
and 9). The selection of the indicators in these groups was informed by stratification theory 
(Bourdieu 1986; Hauser 1970) as well as literature assessing the effect of initial sector of 
enrollment on students’ educational outcomes using analytic techniques that also relied on 
the counterfactual framework (Doyle 2009; Hu et al. 2017; Stephan et al. 2009).

The ultimate goal of selecting these indicators is that once comparable groups have been 
created statistically, researchers may be better positioned to address whether 2- versus 4-year 
college enrollment decisions were associated with different debt accumulation and repayment 
behaviors. Nonetheless, it is shortsighted to assume that making participants statistically simi-
lar at college entry is enough to capture sector effects on loan borrowing behaviors. These two 
sectors present important differences in providing students with access to resources (includ-
ing waivers, merit-based aid, and work study, for instance) and cost of attendance (including 
tuition and fees, for example) that likely impact students’ levels of dependence on loan debt. 
Therefore, statistical control of individual-level indicators at college entry and the subsequent 
omission of factors and variables that took place during college enrollment would constitute a 
problem of omitted variable bias. To minimize this potential problem, the models also control 
for indicators that took place during college enrollment.

As shown in Fig. 1, the models account for indicators measured before students enrolled 
in college. These indicators (shown in Table  1, Appendix Tables  8 and 9) serve to create 
counterfactual comparison groups that “look the same” at the time of college enrollment (as 
detailed below in the next section). In addition, the models account for during-college enroll-
ment indicators that are shown in Table 10, also in the Appendix, and discussed in the “Data 
Sources and Analytic Techniques” section.
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Table 1  PSW balance of the treatment and comparison groups for NELS:88-00, ELS:2002:2012

NELS sample ELS sample

2-year 4-year wt 4-year uwt %Infl 2-year 4-year wt 4-year uwt %Infl

SES-in-highschoola − 0.07 − 0.03 1.23*** 5.35 − 0.04 − 0.03 0.28*** 2.95
ExpectBA/morea 0.69 0.74 0.95*** 23.82 0.71 0.77 0.96*** 28.75
AcademicAwarda 0.17 0.19 0.37*** 0.48 0.3 0.33 0.05*** 0.16
CumGPAHS 13.99 12.67 14.78 2.25 2.72 2.77 3.18*** 6.6
GradesCompositeF1 2.97 3.02 3.36*** 6.71 2.69 2.72 3.19*** 10.04
AvgGrdEngF2 6.81 6.71 5.37*** 3.7 28.57 29.17 34.32*** 6.01
AvgGrdMatF2 7.67 7.6 6.29*** 2.37 43.58 44.07 52.59*** 3.99
AvgGrdSciF2 7.36 7.21 5.81*** 6.09 – – – –
AvgGrdSocF2 6.75 6.57 5.16*** 10.93 – – – –
GPA10thGrade – – – – 2.66 2.71 3.16*** 3.1
GPA11thGrade – – – – 2.65 2.71 3.15*** 3.9
PlaceStudy/Room 0.4 0.41 0.39 0.04 0.86 0.88 0.89* 0
PublicschoolK-12 0.8 0.79 0.75*** 0.1 0.82 0.81 0.73*** 0.27
AidSomeImpa 0.28 0.31 0.34*** 0.12 0.29 0.32 0.34*** 0.06
AidVeryImpa 0.5 0.51 0.5 0.06 0.61 0.63 0.54*** 0.01
TookAPCredsa 0.04 0.04 .08*** 0 0.08 0.09 0.25*** 2.99
TookSAT/ACT a 0.57 0.62 0.89*** 31.98 0.79 0.85 0.98*** 19.23
TookPSATa 0.39 0.42 0.58*** 0.08 0.54 0.56 0.77*** 3.77
PrivateClassesTesta 0.08 0.1 0.11* 0.52 0.08 0.08 0.08 0
UsedBookTest 0.54 0.57 0.62*** 0.07 0.52 0.55 0.61*** 0.04
HSClassTest 0.16 0.17 0.21*** 0.53 0.15 0.17 0.24*** 1.56
FatherSupCollegea 0.03 0.03 0.02 0.02 0.73 0.75 0.85*** 0.05
MotherSupCollege 0.11 0.12 0.09 0.14 0.78 0.77 0.87*** 0.01
OneparentSupcola 0.14 0.15 0.12* 0 0.67 0.68 0.80*** 0
Noparentsupcola 0.21 0.19 0.13*** 0.21 0.16 0.15 0.09*** 0
RelativeSupCollegea 0.71 0.76 0.83*** 1.16 0.74 0.76 0.84*** 1.11
Teacher/Counssupa 0.61 0.64 0.74*** 0.28 0.71 0.73 0.81*** 1.01
Female 0.52 0.49 0.51 0.65 0.57 0.54 0.55 0.02
White 0.63 0.61 0.68** 0.04 0.58 0.54 0.63*** 0.5
SingleNotMarried 0.93 0.95 0.98*** 0.42 0.94 0.94 0.97*** 0.58
NoChildren 0.97 0.96 0.99*** 0.02 0.91 0.92 0.97*** 0.62
WorkedNoWorkinga 0.3 0.32 0.34*** 0.25 0.31 0.31 0.33 0
NeverWorked 0.12 0.14 0.12 0.09 0.17 0.17 0.15 0
GradesNoImp 0.06 0.06 0.06 0.04 0.12 0.12 .07*** 0
GradesSomeImp 0.41 0.43 0.4 0.03 0.37 0.37 0.3*** 0
EasyAdmSomea 0.46 0.46 0.43 0 0.51 0.5 0.43*** 1.19
EasyAdmVerya 0.19 0.2 0.14*** 0.1 0.29 0.29 0.14*** 1.44
Everdropped 0.04 0.02 0.01*** 0.04 0.05 0.03 0.01*** 0.04
NumOlderBrosa 0.82 0.75 0.69*** 0.39 – – – –
NumOlderSistsa 0.76 0.75 0.68* 0.51 – – – –
NumYoungBrosa 0.61 0.58 0.55 0.18 – – – –
NumYoungSistsa 0.54 0.54 0.53 0.23 – – – –
NumSiblingsa – – – – 1.45 1.39 1.43 0
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Students’ borrowing status is another conceptual aspect considered in this study that has 
important implications for model specification. As depicted in Fig. 1, one set of models 
will be estimated for all 2- and 4-year entrants regardless of whether they borrowed during 
college enrollment. A different set of models will be restricted to students who actually 
received at least one student loan. The set of samples that include all participants convey 
information about average sector effects on loan behaviors. For example, estimating mod-
els regardless of loan disbursement status yields the average expected amount of under-
graduate loan disbursed and owed conditional on initial sector of enrollment and 4-year 
degree attainment status. Similarly, the analyses restricted to borrowers convey information 
about the average sector effects on debt for students who actually relied on loans as a form 
of undergraduate financial aid. Creating these two sets of models is informative given that 
media coverage tends to omit whether estimates about loan debt owed by college graduates 
is pooled across all college students or is restricted to students who received at least one 
loan.

Data Sources and Analytic Techniques

This study relies on two unique datasets comprising state-, institution-, and student-level 
information. The student-level indicators were taken from the National Education Longitu-
dinal Study (NELS) of 1988 and the Education Longitudinal Study (ELS) of 2002. These 
studies are the two most current and comparable nationally-representative samples of stu-
dents, documenting their transition from high school to college and then to the job market.5 
The institution-level variables were retrieved both from NELS and ELS and the IPEDS. 
The state-level indicators were retrieved from the NASSGAP, the U.S. Census, and official 

*p < 0.05; ** p < 0.01; ***p < 0.001
a Variables subjected to multiple imputation as described in the content of the paper. Figures rounded to 
nearest 10 as per IES reporting standards.

Table 1  (continued)

Unobservable selection and coefficient stability check (Altonji et al. 2005; Oster 2017)

R
2 tot. disbursed 0.0753 0.0691 – – 0.0701 0.0596 –

Max R2 (*1.3) total disbursed 0.09789 0.08983 – – 0.09113 0.07748 –

Oster’s � total disbursed 7.06807 2.08542 – – 6.78735 3.21261 –

R
2 total owed 0.063 0.0541 – – 0.0562 0.049 –

Max R2 (*1.3) tot. owed 0.0819 0.07033 – – 0.07306 0.0637 –

Oster’s � total owed 6.837 2.38374 – – 8.18402 − 13.0279 –

R
2 total repaid 0.0384 0.0319 – – 0.0575 0.0533 –

Max R2 (*1.3) total repaid 0.0499 0.04147 – – 0.07475 0.06929 –

Oster’s � total repaid 10.479 2.09014 – – 7.9243 2.54903 –
Sample size 1500 2210 2210 3710 1860 2520 2520 4380

5 Beginning Postsecondary Students is limited in its availability of pre-college indicators.
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websites of state and regional tuition reduction agreements (see MSEP 2014; NEBHED 
2014; SREB 2014; WICHE 2014).

The analytic sample is limited to NELS and ELS participants who first enrolled in a 
public 2- or 4-year institution and were not enrolled in college as of December 31, of 1998 
and 2010, respectively. These latter restrictions allowed NELS and ELS students to be out 
of college before the outcomes were measured, which made their outcomes contempo-
raneously exogeneous from college enrollment. Using two mutually exclusive yet other-
wise identical analytic samples ensured that any change in the magnitude of the estimates 
over time was due to structural changes in students’ borrowing/repaying behaviors rather 
than changes in model specifications across samples. Moreover, the analysis of two ana-
lytic samples allows for testing whether any potential loan debt disparities between 2- and 
4-year entrants remained constant or changed across samples (over time). Finally, the use 
of two samples allows for an analysis of how the nationally representative sample con-
tained in ELS differs from the sample captured by NELS in terms of academic, socioeco-
nomic backgrounds, and sources of support.

In terms of the inferential scope of the study, the national representativeness of the 
NELS and ELS samples is validated by the fact that 74% of their respective participants 
started in the public 2- and 4-year sectors. This percentage is in accordance with the scope 
of public 2- and 4-year institutions, which combined enroll 73% of all undergraduate col-
lege students in the United States (IPEDS 2016). This representativeness reinforces the 
inferential power that comes from ‘adequately’ analyzing these students’ academic and 
loan-debt trajectories across decades. Finally, both analytic strategies were implemented 
with and without the survey weights contained in the NELS and ELS samples, with results 
mirroring each specification. These similarities make these inferences applicable to the 
populations of interest across decades.

Outcome Variables

All financial aid data were taken from the National Student Loan Data System for Students 
(NSLDS), which were linked to the restricted versions of NELS and ELS surveys. The loan 
data account for individual longitudinal disbursement and repayment information about all par-
ticipants who enrolled in any Title IV institution between 1991 and 2000 and between 2002 and 
2012 for NELS and ELS, respectively. All the loan outcome variables analyzed in this study 
were restricted to undergraduate loan disbursements and repayments. As shown in Table 3 these 
outcomes are: total student loan accrued, outstanding balance, and amount repaid as of the last 
wave of data collection conducted by the NSLDS (2001 in NELS and 2013 in ELS).

Variable Selection

The set of variables and indicators included in this study were selected to capture students’ 
multiple sources of support during high school (e.g., academic, social, and financial). 
Specifically, the student-level variables from NELS and ELS captured students’ various 
resources in the form of (a) social capital, such as support from parents, relatives, and high 
school teachers and counselors to pursue a college education; (b) economic capital, includ-
ing SES, having access to private tutors and private classes, the need to work to support 
their education in high school, importance placed on availability of financial aid in col-
lege-going decisions, and attending public elementary school; and (c) proxies of cultural 
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capital, including participation in advanced placement classes, the importance placed 
on good grades, academic recognition, and having taken the SAT/ACT, all of which can 
reflect a college-going culture typically associated with students coming from families who 
are more likely to afford extra investment in education. These variables and indicators are 
shown in Table 1, Appendix Tables 8 and 9.

The models further adjusted for factors and variables that measure individual- (in terms 
of financial aid disbursements), institution-, and state-level variables assumed to affect stu-
dents’ borrowing behaviors during college enrollment. The individual- and institution-level 
variables were selected to account for other forms of financial aid offered to each student 
by the institutions they attended. These forms of aid accounted for grants, loans, partici-
pation in the Federal work-study program, and waivers. This aid information was taken 
from the student-institution files contained in the NELS and ELS studies. In addition, an 
estimate of the total tuition and fees that students paid during undergraduate college enroll-
ment was computed for each student. Given that NELS and ELS do not provide this infor-
mation, these estimates charges were calculated from data retrieved from the IPEDS (all 
IPEDS’ data matched students’ enrollment periods).

A proxy for the level of institutional selectivity of the institutions in which students 
enrolled was captured using the Carnegie classification of 2000 as provided by the IPEDS 
(2016). This classification considered colleges and universities as institutions offering 
associate’s degrees, doctoral/research, master’s, baccalaureate, and special focus institu-
tions that included schools of engineering, medical schools, and schools of business and 
management. Although this classification is not relevant for community college entrants, it 
is important for 4-year students (and 2-year students who transferred to a 4-year institution) 
given the tuition variation associated with such a classification, with doctoral and research 
institutions charging the highest tuition and fee amounts and potentially offering greater 
opportunities for waiver and federal work-study prospects than comprehensive 4-year col-
leges, for example. In an attempt to further capture institutional heterogeneity, a binary 
indicator called open-door (1, 0 otherwise) was created based on the variable OPENADMP 
also found in the IPEDS. The models also included institution size and locale to capture 
whether institutions were located in cities, suburbs, towns, or rural areas, as these fac-
tors (including open-door admission policies) are known to be related to tuition variation 
(González Canché 2014a). Land-grant status of colleges was also added; as these insti-
tutions are assumed to serve local or in-state students, and enrollment there may capture 
other forms of aid or support not captured by the NELS and ELS surveys.

State-level indicators included a measure of per-capita disposable personal income (dol-
lars), defined as total personal income minus personal current taxes, taken from The Bureau 
of Economic Analysis (2004–2005) during college enrollment. This indicator is included as 
it may capture tuition variation that is dependent on the states’ financial well-being (González 
Canché 2017b). The doubly robust models also included a measure of college demanders 
(González Canché 2019), defined as the proportion of state inhabitants age 18–24 (United 
States Census Bureau Population Estimates 2014). In addition, given that some authors have 
discussed the influence of state and regional tuition-reduction agreements on mobility flows 
across neighboring states, which in turn affects tuition and fees variation (González Canché 
2014a, b, 2019), the models incorporated this information, as provided by the New Eng-
land Board of Higher Education (NEBHED 2014), the Western Interstate Commission for 
Higher Education (WICHE 2014), the Southern Regional Education Board (SREB 2014), 
and the Midwest Student Exchange Program (MSEP 2014). Finally, models included states’ 
total amount of merit, loan, and need-based financial aid spent during the year students were 



884 Research in Higher Education (2020) 61:871–915

1 3

enrolled in college as these disbursements may also have affected the final tuition costs paid 
by students. This information was retrieved from several reports taken from the NASSGAP.

Analytic Approaches: Propensity Score Modeling (PSM) and the Use of Observables

The analytic approaches employed in this study—propensity score weighting (PSW) and 
entropy balancing (EB)—were selected to test for and minimize possible systematic dif-
ferences based on sector of initial college enrollment (e.g., participants who began college 
in the 2-year sector may have had access to fewer resources than participants who first 
attended a 4-year institution). Both PSW and EB belong to the propensity score modeling 
(PSM) framework. As such, both assume that selection into exposure to a given condi-
tion (e.g., initial community college attendance) is determined by observable rather than 
unobservable variables (Rosenbaum and Rubin 1983). From this perspective, if analysts 
can identify a set of truly influential predictors and indicators that explain participants’ 
probabilities of being exposed to such a condition, then such information may be used to 
reduce biases based on systematic observed differences that may not only have affected 
students’ college sector choice in the first place but that may also have driven differences in 
their outcomes. If participants are statistically similar in terms of all other covariates except 
for their sector of initial college enrollment, then any observed difference in their outcomes 
can then be assumed to have been driven by such enrollment decision. More specifically, 
this means that if 4-year degree holders who first attended a community college systemati-
cally accrued lower student loan debt than their similar counterparts who attended a 4-year 
institution initially, then the assumption that the community college path toward a 4-year 
degree is a more affordable choice in terms of loan debt is more likely to be true.

Because PSW and EB approaches follow divergent algorithms to obtain individual-level 
weights that aim to reduce baseline differences across 2- and 4-year entrants, and across 
cohorts, their use in a single study provides us with sensitivity and robustness checks for 
the conclusions reached and implications and recommendations suggested. Nonetheless, 
the analytic framework also included sensitivity checks based on unobservable selection 
and coefficient stability as depicted by Oster (2017) and discussed before the “Findings” 
section.

Propensity Score Weighting

PSW’s main advantage is that it uses the statistical rigor of machine learning and clas-
sification techniques to estimate propensity scores based on the best model specification 
reached through covariate interaction and linear, quadratic, and higher order forms of each 
predictor. PSW uses generalized boosted models (GBM) to execute thousands of regres-
sion trees (9000 in this case) until the best model specification is reached (Ridgeway et al. 
2014). In addition, GBM avoids multicollinearity issues by shrinking the magnitude of the 
coefficients of highly correlated predictors. This penalization is achieved by applying a 
lasso (least absolute subset selection and shrinkage operator) as follows

(1)lβ =
1

n

n∑

i=1

tiβ
�xi − log

(
1 + exp

(
β�xi

))
− λ

J∑

j=1

|||βj
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where t  = 1 is initial enrollment in the community college sector that will be compared 
with initial enrollment in the 4-year sector. Instead of relying on the standard procedure to 
obtain participants’ probabilities of exposure using logit models in the form log P(t=1|x)

1−P(t=1|x)
 

(which yields �′x in Eq. (1) that are obtained with a single draw rather than thousands of 

iterations), PSW applies a lasso operator. Specifically, �
J∑

j=1

����j
��� is a penalty term that 

decreases the overall value of �j ; consequently, lβ is the adjusted or more stable estimate of 
�
′x , obtained with the standard and “potentially unstable logistic regression” approach 

(Ridgeway et al. 2014, pp. 28–29). Another advantage of the lasso operator is that it pro-
duces a predictive model with greater out-of-sample predictive performance than models 
using variable subset selection methods. The value of � that maximizes the positive proper-
ties of lβ was estimated using boosting, a machine learning meta-algorithm for a “range of 
values of � with no additional computational effort” (Ridgeway et al. 2014, p. 29).

The estimate of lβ is typically depicted as e(x) in the propensity score modeling litera-
ture (Rosenbaum and Rubin 1983). Given that e(x) can take an infinite value, one method 
to use its statistical power is to rely on matching mechanisms (Rosenbaum and Rubin 1983) 
where, conditional on e(x) values, the covariates xi become balanced (see Becker and Ich-
ino 2002, for a survey of the most frequently used balancing mechanisms). Two important 
limitations of matching are sample reduction and potential unbalance. Sample reduction 
takes place when finding suitable matches given participants’ propensities toward expo-
sure to treatment is not possible given their distances, which surpassed a given threshold. 
Unbalance may take place when analysts decide to retain all participants by either finding a 
nearest neighbor based on individuals’ propensities or by applying a kernel function. How-
ever, when such propensity distances are far between treated and control units, their xi may 
remain unbalanced, hence the main goal of matching would not be achieved in this case.

PSW overcomes the limitation of sample loss by obtaining weights that make the con-
trol units similar to their treated counterparts, which is referred to as Average Treatment 
Effect on the Treated (ATET). Depending on the algorithm employed to obtain the pro-
pensities, these weights may also overcome the limitation of unbalanced samples. Indeed, 
as explained below, both the PSW and the EB were successful in overcoming these two 
limitations.

The ATET weights obtained using PSW were defined as follows 
w(x) = K

f(t=1|x)
f(t=0|x)

= K
e(x)

1−e(x)
 , where e(x) is the propensity score or the estimate of l� 

described above and K is a normalization constant that cancels out in the outcomes analy-
sis (Ridgeway et al. 2014, p. 27).

Finally, a value added of the GBM application is the identification of influential predic-
tors of treatment status throughout the thousands of iterations executed to estimate l� . The 
equation for relative influence measures the percentage of times a variable x

i
 was selected 

as a significant predictor for estimating the probability of treatment (or control) assignment 
during the number of trees or iterations and interaction-depth procedures (in the form of 
linear quadratic and higher order terms) executed to find the best model specification. The 
equation weights each variable’s contribution by the squared improvement that the variable 
adds to the model (Friedman 2001). The relative influence of each variable is scaled so 
that the sum adds to 100, with higher numbers indicating stronger influence on treatment 
prediction (Elith et al. 2008; Ridgeway 2007).6 This information is shown under column 
“ %Infl” in Table 1.

6 See Ridgeway (2007, p. 5, Eq. (12)) for details on the relative influence index.



886 Research in Higher Education (2020) 61:871–915

1 3

Entropy Balancing [EB]

In EB, the detection of a counterfactual unit follows the same logic as in PSW and is esti-
mated as follows (Hainmueller and Xu 2013):

where Y(0)|T = 1 is the counterfactual outcome of 4-year entrants had they started col-
lege in the 2-year sector (T = 1). Just as in the case of PSW, this counterfactual outcome 
is obtained given a weight w

i
 , that is captured with each participant’s propensity to begin 

college in the 2-year sector [(e(x) = pr(t = 1|xi)] given a set of theoretically and empiri-
cally relevant characteristics ( xi ) that may not only have affected treatment status but that 
may also have had an effect on outcome variation. In accordance to the notion of ATET, 
every control participant had a weight w

i
 with a positive non-zero value indicating that 

control students had a non-zero chance to have been exposed to the treated condition (see 
Rosenbaum and Rubin 1983). In the case of treated individuals w

i
 equals 1, as they are 

assumed to be a good representation of the population of interest. This ATET follows the 
same intuition behind PSW (enabling comparing their respective estimates) with the main 
difference being the algorithms used to obtain w

i
.

Different from the PSW procedure, the w
i
 obtained using EB has the main goal of mini-

mizing the distance between control and treated units conditioning on up to three moments 
per xi such that each w

i
 |t = 0 will follow

where mr contains constraints c
ri

(
x
i

)
 weighted by w

i
 to balance the control sample on up 

to three central moments. This process ensures, through thousands of iterations, that a set 
of non-zero weights will minimize the distance between the characteristics of control stu-
dents 

(
xi|t = 0, wi

)
 and the characteristics of their treated counterparts 

(
xi|t = 1

)
 (Hainmu-

eller and Xu 2013). This distance reduction can be expressed as 
(
xi|t = 0, wi

)
≈
(
xi|t = 1

)
 

in the mean, variance, and skewness for each xi|t = 0 . This minimization process follows 
the Newton’s optimization method in a similar fashion as other data driven optimization 
methods implemented in the synthetic control method framework (Abadie et al. 2010), for 
example. See Hainmueller and Xu (2013) for more details regarding the creation of the EB 
weights and the mathematical implementation of the Newtonian optimization process.

Performance Tests for PSW and EB

Even though neither PSW nor EB can adjust for unmeasured covariates that may have 
impacted participants’ college-choice decisions, Ridgeway et  al. (2014) argued that the 
quality of the adjustment for the observed covariates achieved by PSW can be tested with 
the following conditions. First, the weighted statistics of the covariates of the compari-
son group(s) should be statistically the same to those of the treatment group. This prop-
erty can be corroborated in Table  1 for PSW and Appendix Tables  8 and 9 for the EB 

(2)

(3)
∑

i|t=0
w
i
c
ri
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x
i

)
= mr,
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procedures. Second, the absolute standard differences in observables should shrink, as 
shown in Fig. 3a, b in Appendix for the PSW approach. Finally, the propensity scores esti-
mates should cover the entire 0–1 probability of being in the treatment and control groups. 
This property is shown in Fig. 3c, d in Appendix. In short, all these properties were met 
across samples as described further in the “Findings” section, which is a good indication of 
their performance in the current study.7

Hainmueller and Xu (2013) argued that (a) if the number of iterations allowed during 
the optimization process is large enough to find a set of wi that successfully minimizes the 
distances in the three moments and (b) there is no collinearity problems among the xi, then 
a table showing whether balance was achieved is not necessary. Nonetheless, to compare 
the performance of EB with that of PSW, the balance tables resulting from this approach 
are presented in Appendix Tables 8 and 9. Although the optimization process balanced on 
the three central moments, due to space constraints the results shown below contain only 
the mean and standard deviation (square root of the variance) of the indicators included to 
predict e(x).

Doubly Robust Specifications Using PSW and EB

Both PSW and EB rendered weights to create a balanced control sample. The main advan-
tage of these weighting methods is that these weights can be used like survey sampling 
weights, thus allowing researchers to employ them in different statistical approaches, 
including doubly robust procedures. In this study, the final set of models estimated the 
predicted effect of initial enrollment in the 2-year sector on total undergraduate loan debt 
accumulated and outstanding balances owed as a function of individual-, institutional-, and 
state-level indicators that took place during college enrollment. This approach is recom-
mended by Ridgeway et al. (2014) as a strategy to either adjust for predictors of treatment 
status that remain unbalanced or to include covariates that were captured after the treat-
ment assignment took place or both. Here the models relied on pre-college indicators to 
estimate the propensity to 2-year enrollment, subsequently the expected variation of the 
outcomes was measured as a function of during-college enrollment indicators and treat-
ment status using the PSW and EB weights.

Note that Table 1, Appendix Tables 8 and 9 not only shows the variables used in esti-
mating the propensities toward treatment assignment but also indicates that a total of 14 of 
these 34 student-level variables presented problems of missing data. Due to the theoretical 
relevance of the variables chosen, instead of dropping participants with missing responses, 
methods of multiple imputation using chained equations (van Buuren and Groothuis-
Oudshoorn 2011) were implemented.8 Finally, note that models with and without survey 
weights included in NELS and ELS were used during the balancing procedures and ren-
dered the same inferences with negligibly differences in the balances. Accordingly, the 
inferences made herein can be applied to the respective national populations in the 1990s 
and 2000s.

7 Estimates that controlled for unobservables using the Heckman control function rendered similar results. 
Due to space limitations, these models are omitted from this study, but are available upon request.
8 Treatment and outcome variables were not imputed. Data points were assumed to be missing at random. 
Multiple imputations were based on a chained equations approach (van Buuren and Groothuis-Oudshoorn 
2011). The conditional distribution of each variable was assigned depending on whether the variable was 
binary, ordered categorical, or continuous. The number of imputed datasets was 10 and all imputations are 
completely replicable.
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Sensitivity Analyses: Unobservable Selection and Coefficient Stability

The model-building process presented in this manuscript primarily relied on participants’ 
self-selection based on their observable characteristics. There were two primary tests used 
to verify how sensitive the models were to unobservables affecting the inferences discussed 
below. The first was the Heckman control function, which yielded similar inferences to the 
models presented herein. Nonetheless, given the assumptions behind this analytic proce-
dure (see González Canché 2014b, 2017a), this approach has been criticized. Accordingly, 
this study in addition relied on a recent approach called unobservable selection and coef-
ficient stability (Oster 2017). In this approach, one can compare unconditional models that 
only included treatment status as a predictor per each outcome of interest with models that 
in addition included the indicators used to predict treatment status, which are the variables 
effectively included in Table 1. According to Altonji et  al. (2005) and Oster (2017), the 
inclusion of these predictors will increase the R-squared (or R2 in Table 1) in the model 
according to a given outcome of interest (i.e., total debt accrued, owed and repaid as show 
in Table 1). By adding these covariates one can assess for the stability of the magnitude and 
direction of the coefficient associated with treatment status. Notably, although the variable 
selection employed in this study aimed to capture as much observed information as pos-
sible that may not only be associated with treatment status, but that also may have affected 
the outcomes of interest, there may have remained other unobserved factors that may have 
affected participants prospects to select initial enrollment in the community college sector. 
From this view, considering that the estimation strategy merely relies on observables, it 
is appropriate to test for stability of coefficient based on unobservables following Oster’s 
approach.

This method renders an estimate of a coefficient δ that measures the magnitude required 
for the selection on unobservables, as a proportion of selection on observables, to “wipe 
out” the coefficient magnitude associated with treatment status. More specifically, follow-
ing Altonji et al. (2005) and implemented in Oster (2017), the estimation of δ is obtained 
as follows

where � can be interpreted as capturing how large the effect of unobservables ( w2 ) needs 
to be relative to the effect of observables ( w1 ) for the coefficient associated with treatment 
status to be zero. This implies that this test is appropriate when the treatment effect is sta-
tistically significant.

In the test for coefficient stability, Oster (2017) argues that unobservable selection 
may be captured by changes in the coefficient of determination or R2 , which measures 
the proportion of variance explained by the observables. Oster goes on stating that rarely 
do models’ R2 s reach their maximum value of 1, but that one can increase this value to 
an upper bound of 0.3. This is conceptually important given that by increasing this value 
0.3 times researchers, would be scaling the coefficient of proportionality to a new value 
referred to as Rmax. Following Oster’s recommendation, the sensitivity tests shown in 
Table 1 were computed with a Rmax value of each model’s observed R2 multiplied by 1.3 
( R2*1.3 = Rmax). If coefficients present small to no changes when the explained variance 
grows, then a high degree of selection on unobservables proportionate to the estimable 
degree of selection on observables would be necessary as captured in � . In this view, � 
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captures how important selection on unobservables is required to be in order to either make 
the treatment coefficient zero or to explain any of the observed gaps in the estimated out-
comes associated with treatment status. For example, if the estimated delta is 4.5, one can 
conclude that selection into the community college sector based on unobservable determi-
nants would have to be 4.5 times as informative as selection based on the observed char-
acteristics for the observed treatment coefficient be zero or, that the observed gaps are due 
to unobservables. These tests were executed with models that regressed the outcomes of 
interest and included treatment and control variables (shown in Table 1) with (see columns 
4-year wt in Table 1) and without PS weights (see columns 4-year uwt in Table 1). In all 
instances of unweighted procedures, the � s indicate that selection based on unobservables 
would have needed to be at least twice as important as the selection based on observables. 
Notably, when the selection based on observables in addition included the PS weights, 
these � magnitudes increased to at least 6.8. In conclusion, the findings presented below are 
robust to selection issues based on unobserved indicators, providing more evidence about 
the quasi-causal effect of enrollment in the community college sector and variations in dif-
ferent forms of debt burden.

Findings

This section contains the study’s summary statistics and inferential analyses. The former 
presents the distribution of the predictor and control variables used in the computation of 
the propensity scores relying on PSW (Table 1) and EB procedures (Appendix Tables 8 
and 9). These tables also contain the results of applying the PS and EB weights to assess 
whether balance was achieved. Changes in the distribution of borrowing participation 
across decades along with the distribution of the outcome variables across decades are pre-
sented in Tables  2 and 3, respectively. To close the descriptive section, Table  10 in the 
Appendix contains the distribution of the control indicators used in the doubly robust pro-
cedures. In line with the research questions, the inferential section contains results of loan 
debt accumulation and outstanding debt balance (or debt burden) as of the last wave of data 
collection across samples (2001 in NELS and 2013 in ELS). These results are separated by 
participants’ 4-year degree attainment status and can be found in Tables 4 and 5. Finally, 
Table  6 presents estimates of debt repayment to more comprehensively assess changes 

Table 2  Changes in Student’s borrowing participation across decades

As per IES standards for reporting restricted use data all figures have been rounded to the nearest 10

Group NELS (1990s) ELS (2000s) Difference

All entrants Aggregate 42.08 57.2 15.12
2-year 33.98 50.37 16.39
4-year 47.55 62.23 14.68

4-year degree holders Aggregate 51.71 61.01 9.3
2-year 57.51 64.86 7.35
4-year 50.11 59.84 9.73

Non-4-year degree holders Aggregate 33.11 53.83 20.72
2-year 25.77 45.06 19.29
4-year 43.14 65.98 22.84
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across decades and within sectors over and above borrowing participation. In accordance 
with the conceptual analytic strategies delineated in Fig. 1 and informed by the research 
questions, Table 4 contains all students regardless of whether they relied on student loan 
debt, whereas Tables 5 and 6 are restricted to actual borrowers.

Summary Statistics: PSW and EB Performance

Table 1, Appendix Tables 8, and 9 serve a triple function. They (a) contain the summary 
descriptive statistics of the covariates and factors utilized to account for baseline differ-
ences between 2- and 4-year entrants, (b) test whether the weighting procedures reduced 
these baseline differences when creating the counterfactual scenarios in the NELS and ELS 
samples, and (c) enable assessment of how 2- and 4-year entrants changed across the dec-
ades observed.

Table 3  Summary statistics of loan information in 2018 dollars

*NELS/NSLDS:1991-2001, ELS/NSLDS:2003-2013. As per IES standards for reporting restricted use data 
all figures have been rounded to the nearest 10

NELS sample* ELS sample*

Mean SD Max Mean SD Max

Aggregate sample (NELS n = 3710, ELS n = 4380)
 Number loans 2.051 3.353 34 3.465 4.488 37
 Total amount 6508 10,269.2 64,705 12328 17,144 13,0372
 Balance 5204 9571.36 64,625 8350 14,254.2 11,8512
 Amount repaid 1304 4443.69 40,304 4251 10,215.8 12,9033

2-year entrant samples (NELS n = 1500, ELS n = 1860)
 Number loans 1.355 2.622 21 2.758 4.124 33
 Total amount 4438 8412.55 60,059 9677 15406.7 12,9033
 Balance 3649 7889.73 61,354 7737 14,056.6 89,914
 Amount repaid 788.9 3505.22 40,304.2 2200 7749.53 12,9033

4-year entrant samples (NELS n = 2210, ELS n = 2520)
 Number loans 2.534 3.703 34 3.99 4.674 37
 Total amount 7906 11,139.3 64,705 14,280 18,074.3 13,0372
 Balance 6254 10,428.4 64,625 8801 14384 11,8512
 Amount repaid 1652 4949.17 39,768 5761.1 11,473.6 99,388.3

Borrowers: 2-year entrant samples (NELS n = 520, ELS n = 940)
 Number loans 4.42 3.44 21 5.43 4.39 33
 Total amount 13,060.7 9782.56 60,059 19,209.6 16,974.1 129,033
 Balance 10,735 10,354.1 61,354 15,358 16,590.6 89,914
 Amount repaid 2325.4 5710.86 40,304.2 4366.08 10,478.7 129,033

Borrowers: 4-year entrant samples (NELS n = 1050, ELS n = 1250)
 Number loans 5.96 4.06 34 6.42 4.45 37
 Total amount 16,626 10,767.9 64,705 22,945.7 18,057.9 130,372
 Balance 13,151 11,747.7 64,625 14,142.3 16,030 118,512
 Amount repaid 3475 6722.78 39,768 9257 13,386.5 99,388.3
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The result of the PSW approach is shown in Table 1, wherein the columns “2-year” and 
“4-year uwt” (where uwt stands for unweighted) contain the raw mean values describing 
the characteristics of 2- and 4-year entrants. The literature review and the conceptual lenses 
used suggest that these factors and covariates should be systematically different across 
sectors.

As expected, 70% (NELS) and 86% (ELS) of the unweighted distributions in the sam-
ples present statistically significant differences across 2- and 4-year entrants. Notably, the 
16-percentage point difference across decades suggests that the system has become more 
stratified, with the most recent cohort showing greater disparities across students’ resources 
and academic performance given their initial sector of enrollment. The PSW results are 
shown in the columns “4-year wt” (where wt stands for weighted). In this case the control 
group is 4-year students who were weighted to resemble the baseline indicators of 2-year 
students. These results indicate that, compared to the 2-year student characteristics, none of 
the weighted baseline variables of 4-year entrants presented statistically significant differ-
ences in the samples.

The standardized contribution of each explanatory variable is shown under the column 
“  % Infl” in Table  1. The two samples consistently indicate that measures of academic 
achievement (grades), expectations of a 4-year degree, and socioeconomic status in high 
school played important roles in distinguishing between 2- and 4-year entrants. The most 
important predictor in the NELS model was having taken the ACT or SAT test for col-
lege admission, followed by expectations of attaining at least a 4-year degree. In the ELS 
sample the most influential predictor was the expectation of obtaining at least a bachelor’s 
degree, followed by having taken the ACT or SAT tests. It is likely that having taken the 
SAT/ACT tests in the ELS sample was not the most influential factor given that 98% of 
4-year entrants did so, whereas in the NELS sample only 89% took at least one of these 
tests, which allowed for more variation to be modeled. Although SES became less influ-
ential as a predictor in the ELS sample, it is worth noting that 2-year entrants consistently 
came from lower income backgrounds across samples, as reflected by their negative mean 
values in this index,9 which is composed of education level, income, and occupation pres-
tige of students’ parents or guardians.

Appendix Tables 8 and 9, show the results obtained from the EB procedures. In addi-
tion to the weighted and unweighted distributions of the control sample and the unweighted 
distributions of the 2-year sample, these tables show the standard deviation and the prob-
ability values testing whether control participants’ xis are significantly different when com-
pared to the treated sample’s xi distributions. In both samples the unweighted comparisons 
mirror those obtained in the unweighted versions of the PSW procedure. More importantly, 
none of the weighted comparisons obtained from the EB show differences. Indeed, the per-
formance of EB in recreating truly similar samples is remarkable.

In conclusion, both the PSW and the EB render weights that result in balanced samples 
with regards to baseline characteristics that predict treatment status. For comparison pur-
poses, a set of inferential models use these weights to estimate the effect of initial sector of 
enrollment on students’ debt outcomes. In addition, a subsequent set of models accounts 
for the expected variation of the outcome variables using factors measured during college 
enrollment (see Appendix Table  10) that likely affected the variation in the outcome of 

9 This index was standardized by the NCES to range from − 2 to 2 across samples, with negative signs indi-
cating socioeconomic hardship.
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interest over and above probabilities of treatment assignment and/or selection as depicted 
in Fig. 1.

The main patterns observed in Table 1 are as expected: 2-year entrants in both samples 
were consistently more likely to have fewer sources of monetary, social, and economic sup-
port. The distribution of pre-treatment (high school) SES scores reflects that 2-year entrants 
came from lower-income families, were more likely to have attended public elementary 
schools, and had less support from teachers, relatives, and parents to attend college after 
high school graduation than their 4-year counterparts. In addition, 2-year entrants in the 
ELS sample were more likely to consider financial aid offerings in college as an impor-
tant condition influencing their decisions to continue with their education. With regard to 
academic achievement, 2-year entrants were less likely to take advanced placement classes 
and PSAT, SAT, and ACT tests. They also were more likely to have stopped their schooling 
at some point during their K-12 education, to be married, and to have children before col-
lege enrollment.

Figure 4a, b in the appendix show the absolute weighted and un weighted standard mean 
differences of baseline covariates used in the first stage of the PSW approach in the NELS 
and ELS samples, respectively. Congruent with Table  1, in both samples the weighting 
mechanisms significantly reduced baseline differences between participants. Figure 4c, d in 
Appendix show the common support upon which the analyses were conducted. This figure 
is important given that it shows the propensity score density distribution of 2- and 4-year 
entrants with respect to their probabilities of starting college in the 2-year sector. The den-
sity plots of 4-year entrants consistently showed positive or right skewed distributions, 
which means that across decades there were few 4-year entrants with high propensities 
toward initial 2-year enrollment. This positive skewness is reflected by their correspond-
ing boxplots, which corroborated that not only did most of the 4-year entrants have lower 
propensities toward initial 2-year enrollment, but that 4-year entrants with high propensi-
ties toward initial 2-year enrollment were classified as outliers in the 4-year subsamples. 
The information in Fig. 3c, d in Appendix is particularly relevant when deciding between 
using matching or weighting procedures. In cases like the ones presented in this study, with 
skewed distributions and outliers, finding matches across the common support would be 
troublesome in some regions of the 0–1 propensities toward treatment. This hurdle would 
likely lead to facing one or two of the limitations depicted in the methods section above 
(dropping cases and/or lack of balance). Despite these density distributions, as described 
above and shown in Table 1, the weights resulting from the GBM and the Newton’s opti-
mization created control groups that resembled 2-year students’ observed attributes at the 
moment of college entry.

Summary Statistics of Students’ Borrowing Participation and Debt Distribution

The majority of students during the 2000s (see Table 2), regardless of bachelor’s degree 
attainment status, relied on student loans to finance their education. The observed increase 
of borrowers across decades was 15.12 percentage points, reaching 57.2% in the 2000s 
compared to 42.08% during the 1990s. Among these students, the subgroup that increased 
participation in borrowing behaviors the most (with a 22.84 percentage point change) was 
configured by non-4-year degree holders who began college in the 4-year sector (reaching 
66%). The second and third most active subgroups in the 2000s were 2- and 4-year entrants 
who attained a bachelor’s degree (65% and 60%, respectively). Although these percentages 
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provide a summary of students’ borrowing participation, they do not address the questions 
related to debt accumulation and burden that motivated this study.

Table  3 contains the summary statistics of the non-self-reported undergraduate loan 
information in 2018 dollars. These loan amounts were restricted to undergraduate enroll-
ment and included only participants whose highest degree attained as of the last wave of 
data gathered was a 4-year degree. The rationale behind this decision was to avoid cases 
wherein debt burden was due to participation in graduate or professional degrees that may 
have implied limited exposure to the labor market, which would then have constrained par-
ticipants’ possibilities of repaying their undergraduate loan debt (González Canché 2017a). 
Once more, the loan information is disaggregated by NELS and ELS samples and within 
each sample by initial 2- and 4-year enrollment and by a subsample of actual borrowers.

The aggregate samples show that ELS participants requested 1.4 more loans, on aver-
age, that their NELS counterparts a decade later. Regardless of sector of initial enrollment 
and borrowing status, the total amount disbursed grew by around $5800 USD on average 
across decades. Note that 2- and 4-year entrants in the 2000s repaid 3.26 times the amounts 
repaid by 2- and 4-year entrants in 1990s. Aside from having repaid more, the amounts 
still owed 9 years after initial college enrollment in the later ELS sample were about $3000 
higher than the amounts owed by students captured in the NELS sample ($8350 and $5204, 
respectively). Initial 2- and 4-year entrants in the ELS sample had an outstanding loan debt 
balance 47% and 43.5% higher than the balances observed the NELS sample.

When these summary statistics are limited to actual borrowers, regardless of the attain-
ment of a 4-year degree, the debt amounts accrued, repaid, and owed show important vari-
ations. The average amount borrowed by 2-year entrants in the ELS sample increased by 
$6000 with respect to the amounts borrowed a decade earlier (growing from $13,061 to 
$19,210). 2-year entrants in the ELS sample also repaid twice the amount repaid by their 
predecessors, reaching an outstanding balance as of 2001 of $15,360 USD, on average 
(sd = $16,591). Notably, the magnitudes of debt accrued held true for initial 4-year entrants, 
with the main difference being that ELS 4-year entrants repaid three times as much debt 
as their NELS counterparts, reaching an average repaid amount of more than $9250 on 
average (sd = $12,386). Comparisons between sectors, within decades, indicate that 4-year 
entrants in the ELS sample accrued about $3700 more debt than their 2-year counterparts; 
however, these 4-year entrants also repaid about $4890 more than initial 2-year students. 
These higher repayment activities explain why the outstanding balances are slightly lower 
for initial 4-year entrants in the ELS sample than the balances observed for 2-year partici-
pants. Repayment behaviors in the NELS sample across sectors show smaller differences, 
with 4-year entrants repaying about $1000 more than their 2-year counterparts.

Table 10, in the appendix, contains the variables used in the doubly robust estimations. 
The row “Tuition & Fees” shows the average total cost of tuition and fees paid during 
undergraduate education by sector of entrance. In general, 2-year entrants in the NELS 
sample paid higher average total cost of tuition and fees during undergraduate education 
than their 4-year counterparts. These average costs increased considerably in the ELS sam-
ple, almost tripling these average costs paid by 2-year entrants across decades. This table 
also shows a slight decrease in the proportion of grant recipients across cohorts and sectors 
and an increase in the proportion of students who relied on loan aid. These two trends are 
in accordance with national trends in higher education (see College Board 2014). Nota-
bly, the proportion of 2-year entrants who received grant aid was consistently lower across 
decades (below 0.385) compared to the proportion of 4-year entrants (0.50) who also 
received grant aid. Similarly, work-study recipients were concentrated in the 4-year sector 
rather than in the 2-year sector across decades. In terms of locale, the highest proportion 
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of students attended institutions located in cities, and suburban areas, with about 20% of 
2-year entrants attending an institution located in rural areas.

An interesting difference across selectivity in the 2-year sector is that in the NELS sam-
ple only about 50% of the community colleges represented were classified as open-door 
institutions according to the IPEDS. A decade later, this percentage increased to 96.2%. 
The merging process used to create this indicator was the same across samples, with this 
information directly retrieved from the IPEDS. State and regional indicators show impor-
tant disparities in mean amounts of state merit aid disbursements across decades, increas-
ing seven times for 2-year entrants and 10 times for 4-year students. In the case of need-
based aid, 2-year entrants were located in states that had higher average disbursements 
across decades compared to the state-level disbursements for 4-year entrants. Disposable 
income was similar for both 2- and 4-year entrants, but such amounts almost doubled in the 
2000s. The number of potential demanders of higher education (population 18–24 years of 
age) increased across decades. In terms of regional agreements, in the 1990s 2-year stu-
dents were concentrated in states located in the Western Interstate Commission for Higher 
Education region (31%), whereas their 4-year counterparts were clustered in states that 
belonged to the Southern Regional Education Board region (34%). Taken together, all the 
differences highlighted herein serve to justify the need to include these indicators in doubly 
robust procedures.

Quasi‑Causal Results

The results presented in this section are divided into two broad categories: average sector 
effects on all students (Table 4) and average sector effects on borrowers (Tables 5 and 6). 
All the tables present the real average dollar estimates (in 2018 USD) for 2- and 4-year 
entrants. Models with logarithmic transformations of the outcome variables rendered simi-
lar inferences.

Tables 4 and 5 contain 64 models in total (32 in each table). In line with the research 
questions and the analytic strategy shown in Fig. 1, each table presents results separated by 
4-year degree holders and non-4-year degree holders. Moreover, each subgroup contains 
estimates of the total amounts in undergraduate loan debt accrued and of the amounts of 
outstanding balances owed by participants as of the last waves of data collection. Table 4 
contains all NELS and ELS participants, whereas Table 5 is limited to actual borrowers 
within each sample. The first two sets of models in each table show the amounts disbursed 
to and outstanding balances owed by 4-year degree holders. Results from the next two sets 
of models show the amounts accrued and still owed by non-4-year degree holders. Finally, 
each table shows PSW and EB estimates with and without adjustment for the indicators 
contained in Table 10. The inclusion of non-doubly robust estimates serves to test whether 
the inferences obtained without controlling for during-college enrollment indicators held 
true using doubly robust estimators.

Amounts Accrued and Owed by All 4‑Year Degree Holders

The non-doubly-robust PSW and EB estimates shown in Table 4 consistently reflect that 
during the 1990s (NELS sample) beginning college in the 2-year sector and attaining a 
4-year degree resulted in similar amounts of debt accumulation, compared to beginning in 
the 4-year sector and obtaining a 4-year degree, a finding that is similar to the conclusion 
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reached by (González Canché 2014b). In the ELS sample only the PSW indicates a sig-
nificant reduction of debt accumulation, with the EB estimate not reaching a p.value of 
0.05. The doubly robust estimates render different conclusions. These estimates consist-
ently show that across all estimates, the 2-year path toward a 4-year degree resulted in an 
expected lower debt accumulation than the 4-year path to a 4-year degree.

With respect to outstanding debt burden as of the last wave of data collection, the non-
doubly-robust PSW and EB estimates consistently reflect no difference in amounts across 
samples as a function of initial sector of enrollment for 4-year degree holders. Nonethe-
less, the doubly robust models indicate that in the 1990s, NELS participants who began 
college in the 2-year sector and attained a 4-year degree had lower debt burden in the last 
wave of data collection than their 4-year counterparts who also attained a 4-year degree. 
For ELS students a decade later, there were no differences in the PSW doubly robust esti-
mates, but the EB doubly robust models indicate an increase of about $700 in 2018 USD 
in the expected outstanding debt burden for 2-year students who attained a 4-year degree. 
Recall that these estimates include all undergraduate students regardless of whether they 
used debt to help finance their college education.

Amounts Accrued and Owed by All Non‑4‑Year Degree Holders

In the case of non-4-year degree holders, all specifications (PSW, EB, and their respective 
doubly robust models) reflect that that 2-year entrants with no 4-year degree attainment 
incurred lower loan debt. The ELS sample from the 2000s shows the highest magnitudes in 
these coefficients (above $3500 USD), a consistent finding across all modeling strategies. 
The doubly robust estimates corroborate the magnitude and direction of the coefficients of 
interest. The coefficients associated with the outstanding debt as of the last wave of data 
collection corroborate the notion that, among non-4-year degree holders, beginning college 
in the 2-year sector was associated with lower debt burden.

Amounts Accrued and Owed by Actual Borrowers with a 4‑Year Degree

The intercepts shown in Table 5 reflect the average debt accrued by NELS and ELS par-
ticipants who relied on student loans. These amounts consistently increase by $8000 (in 
2018 USD) across decades. With respect to debt accumulation, all the models indicate that 
beginning college in the 2-year sector and attaining a 4-year degree translated into a reduc-
tion of at least $2450 USD in debt accrued. Notably, this reduction was consistent across 
decades but represents a smaller magnitude of the overall debt accumulation in the 2000s 
given the higher debt accrued by ELS participants compared to their NELS counterparts.

A notable difference across cohorts is found in terms of outstanding debt balance 
amounts. All the NELS models consistently indicate that starting college in the 2-year sec-
tor and attaining a 4-year degree resulted in lower debt burden by the last wave of data 
collection compared to having started college in the 4-year sector. However, for the most 
recent cohort, this finding did not hold. Participants in the ELS sample faced similar out-
standing amounts of debt burden regardless of their sector of initial college enrollment, a 
result that holds true both in the PSW and EB and their doubly robust versions.
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Amounts Accrued and Owed by Actual Borrowers with No 4‑Year Degree

In the final set of models in Table 5, all but one indicate a reduction of debt accumula-
tion among non-4-year degree holders who began college in the 2-year sector. In all seven 
models where the coefficients were significant, the magnitudes were above $1200 in 2018 
USD. Regarding outstanding debt burden, the NELS sample indicated lower debt burden 
for 2-year entrants. This situation did not hold true in the 2000s sample, wherein ELS par-
ticipants had similar outstanding debt balance amounts regardless of their sector of initial 
enrollment. Given these differences in debt burden across cohorts, it is important to con-
sider whether ELS participants were more likely to have repaid higher loan debt amounts 
than their NELS counterparts—a topic addressed next.

Amounts Repaid by Borrowers with a 4‑Year Degree

The PSW and EB models in Table  6 consistently indicate that NELS participants who 
attained a 4-year degree paid similar amounts regardless of initial sector of enrollment. 
Interestingly, their doubly robust versions show that 2-year entrants repaid lower amounts 
than their 4-year counterparts across decades. However, in the 1990s the differences were 
$650 USD or less, whereas in the ELS sample these differences quintupled, reaching mag-
nitudes of at least $3250 USD, indicating that in the 1990s 2-year entrants repaid about five 
times lower amounts than their 4-year counterparts did in the 2000s. The average amount 
repaid by 4-year entrants who attained a 4-year degree in the ELS sample was approxi-
mately $11,000, which is about three times as much as the amount repaid by their counter-
parts a decade earlier.

Amounts Repaid by Borrowers with No 4‑Year Degree

Among participants who did not attain a 4-year degree, the NELS estimates indicate no dif-
ferences by sector of initial enrollment in all but one of the models (PSW doubly robust). In 
the ELS sample a decade later, all the estimates indicate that 2-year entrants repaid at least 
$1,000 USD less in debt than their 4-year counterparts who also did not attain a 4-year 
degree. In terms of average debt repaid, the intercepts among non-degree holders show that 
ELS participants repaid at least three times more the amounts repaid by their counterparts 
who did not attain a 4-year degree a decade before.

Tables  5 and 6 illustrate that although ELS participants accrued more student loans 
during their undergraduate education, they also consistently repaid higher amounts than 
their NELS counterparts, regardless of 4-year degree attainment. These differences in loan 
repayment behaviors explain the similar outstanding amounts shown in Table 5.

Limitations

The performance tests shown in Fig. 3 in Appendix and Table 1, Appendix Tables 8, and 
9 consistently indicate that the weighting approaches recreated truly comparable groups at 
the moment of college entry. Additionally, the indicators used in the doubly robust proce-
dures were expected to have minimized the problem of omitted variable bias. But because 
there are no perfect models, despite the use of the sensitivity analyses on unobservable 
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selection and coefficient stability, there is no way to rule out the presence of remaining 
biases, as such these estimates do not claim causality.

Discussion

This section addresses the two main purposes of this study: whether the 2-year path toward 
a 4-year degree resulted in lower reliance on loan debt, and the magnitude of the debt-
burden change across decades.

2‑Year Path Toward a 4‑Year Degree and Debt Burden

The results consistently indicate that, among all participants, student loan participa-
tion increased by 15 percentage points and individual debt accumulation doubled across 
decades. Notably, the doubly robust results also show that across decades, the amounts 
accrued by 4-year degree holders were about 10% lower for initial 2-year entrants. This lat-
ter finding holds true for all participants as well as for actual borrowers. Nonetheless, with 
respect to outstanding debt balance amounts as of the last wave of data collection, the mod-
els for actual borrowers show that it was only during the 1990s that the 2-year path toward 
a 4-year degree resulted in lower debt burden for 4-year degree holders. In the 2000s, sec-
tor of initial college attendance was independent from participants’ prospects of having 
different levels of student loan debt balances.

According to an extra analysis of the average number of years since last college enroll-
ment among 4-year degree holders, in the 1990s 2- and 4-year entrants who held a 4-year 
degree had similar years out of college (2 and 2.3 on average for 2- and 4-year entrants, 
respectively). In the 2000s, 4-year entrants who held a 4-year degree had been out of col-
lege 3.3 years on average, compared to 2.5 years for 2-year entrants—estimates that are 
congruent with those found by Hu et al. (2017). These differences in exposure to the job 
market in the later decade might help explain why ELS participants who started college 
in the 2-year sector repaid significantly lower amounts than their 4-year counterparts, as 
shown in Table  6. Nonetheless, since the 2-year path toward a 4-year degree was more 
affordable in terms of undergraduate debt accumulation, 2-year entrants’ overall debt bal-
ance (Table 5) shows no significant differences despite the fact that they repaid less.

These findings render robust evidence that the 2-year path toward a 4-year degree has 
consistently translated into lower debt accumulation with no indication of greater debt bur-
den in the most recent cohort. This finding holds despite the significantly higher tuition and 
fees that ELS students faced during the 2000s. Specifically, Table 10 in Appendix shows 
that ELS participants may have paid about three times as much in tuition and fees as their 
NELS counterparts did during the 1990s. Recent policies and initiatives that have strength-
ened the role of the 2-year sector as a college-entry option based on the assumption of this 
sector being more affordable are therefore partially correct. The first 2 years of college in 
the 2-year sector cost a third of the tuition and fees charged by public 4-year institutions, on 
average, and 2-year entrants who attained a 4-year degree accrued less debt.

This finding suggests that 2-year entrants with higher probabilities of 4-year degree 
attainment may be better served by starting college in the 2-year sector. This recommen-
dation assumes, however, that structural barriers observed in extensive literature reviews 
(González Canché 2018) can be surpassed. For example, Monaghan and Attewell (2014) 
found that one of the most significant mechanisms that delays or impedes eventual 4-year 
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degree completion is the loss of credits that community college students typically experi-
ence by transferring to a 4-year institution. From this perspective, if federal (e.g., Complete 
College America), state- (e.g., Tennessee Promise), and city-level (e.g., San Francisco 
tuition-free plan) initiatives continue to strengthen the 2-year sector’s role as the primary 
entry point into postsecondary education, then structural changes should be implemented 
to maximize 2-year entrants’ opportunities for “effective vertical transfer” and eventual 
4-year degree attainment and its expected lower reliance on debt accumulation. Consider-
ing that 2-year entrants typically come from lower-income backgrounds and tend to be first 

aNELS estimates, n=3,710

b ELS estimates, n=4,380

Fig. 2  Participants’ propensities toward four-year degree enrollment and likelihood of attaining a four-year 
degree. Right and left skewed distributions are two- and four-year entrants’ probabilities to begin college in 
the four-year sector, respectively. Evenly distributed distribution accounts for their probabilities of attaining 
a four-year degree, irrespective of initial sector of college enrollment (Color figure online)
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generation in college, these structural changes may also be strategic in closing socioeco-
nomic gaps in the United States, as well as in ameliorating the student debt crisis.

The inferential findings also indicate that students with no 4-year degree who started 
college in the 4-year sector incurred more debt than non-4-year-degree-earning students 
who started college in the 2-year sector, a finding that is consistent across decades. This 
situation indicates that for students with lower likelihood of 4-year degree attainment, 
beginning college in the 2-year sector may translate into lower debt burden. An expanded 
discussion of this recommendation is offered below.

Link Between Initial Sector of Attendance and Likelihood of 4‑Year Degree Attainment

Although this study does not aim to address the effect of sector of initial enrollment on 
students’ prospects of 4-year graduation, it is worth considering the effect of these sec-
tors on these outcomes. To this end, a final set of students’ propensities is shown in Fig. 2. 
This figure was obtained using GBM procedures also relying on the baseline indicators 

Table 7  Salary and debt distributions in 2018 dollars of NELS (2000) and ELS (2012) 2- and 4-year stu-
dents with no 4-year degree conditional on highest level education attainment

Standard errors in parenthesis. As per IES standards for reporting restricted use data all figures have been 
rounded to the nearest 10

Education attain-
ment

Salary Debt

NELS ELS NELS ELS NELS ELS

All participants
 2-year
  No degree 59.31 55.10 30,727 (894.5) 24,772 (1330) 1849 (227.9) 5194 (411.5)
  Certificate 13.65 18.73 31,990 (1739) 25,632 (1321) 1267 (277.7) 5958 (655.2)
  Associates 27.03 26.18 35,379 (1222) 28,450 (1249) 2772 (348.6) 8270 (821.9)
  n 1110 1360 1110 1290 1110 1360

 4-year
  No degree 78.62 70.89 34,568 (1145) 26,926 (915.4) 4588 (342.4) 9271 (550)
  Certificate 8.41 13.69 37,975 (5878) 30,239 (2034) 4360 (889.7) 7007 (1043)
  Associates 12.98 15.42 34,084 (2442) 28,683 (1701) 5632 (931.6) 9754 (1216)
  n 810 980 810 950 810 980

Borrowers
 2-year
  No degree 49.47 49.75 27,249 (1760) 21,720 (1001) 8591 (847) 12,762 (839.9)
  Certificate 13.68 21.44 29,355 (3203) 22,891 (1578) 4907 (841.8) 11,552 (1060)
  Associates 36.84 28.81 34,543 (1961) 24,390 (1487) 7894 (776.4) 16,681 (1398)
  n 290 610 290 590 290 610

 4-year
  No degree 75.93 70.59 29,641 (1208) 26,048 (1113) 11,011 (639.3) 14,110 (742.4)
  Certificate 10.03 13.00 27,360 (3367) 27,103 (1900) 8470 (1416) 11,178 (1490)
  Associates 14.04 16.41 34,233 (3976) 28,639 (1980) 12,068 (1553) 13,895 (1568)
  n 350 650 350 630 350 650
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shown in Table 1 for both NELS and ELS participants. The gray densities represent 2-year 
entrants’ propensities toward having started college in the 4-year sector. Similarly, the red 
density corresponds to 4-year entrants’ likelihood of having started college in the 4-year 
sector. Finally, the yellow density accounts for likelihood of 4-year degree attainment 
among all participants, regardless of their sector of first attendance. Overall the patterns 
are clear. Students who are more likely to have started college in the 4-year sector (even 
if they did start college in the community college sector) were consistently more likely 
to attain a 4-year degree. This finding suggests that there may be good reason to identify 
2-year entrants with higher probabilities of 4-year degree attainment and encourage them 
to consider the 2-year path toward a 4-year degree to avoid the potential loss of credits 
typically observed when transferring out. Similarly, for students with lower likelihood of 
4-year degree attainment (and its corresponding higher likelihood of beginning college in 
the 2-year sector), beginning college in the 2-year sector constitutes an option that may 
translate into lower debt burden. Once more, these students can be identified in Fig. 2 by 
being located closer to the zero value in the x-axis, regardless of their actual sector of ini-
tial college enrollment. These predictive analytic procedures are particularly important 
considering that the indicators used to compute these propensities were all captured before 
college attendance, which makes it feasible to apply these procedures with high school sen-
iors.10 The following discussion further explores differences in other indicators of financial 
and academic well-being.

When Is the 2‑Year Path the Best Option?

One of the worst-case scenarios surrounding student loan debt is accruing such a debt 
and being unable to complete a degree that would help lead to employment to repay the 
debt. The analyses presented in this study separated participants by whether or not they 
attained a 4-year degree. In this respect, it is important to emphasize that the lack of 4-year 
degree attainment does not mean that participants did not attain any diploma/certificate or 
degree that may have helped them repay loan debt. Accordingly, the information presented 
in Table  7 contains the salary and outstanding debt balances in 2018 dollars of NELS 
and ELS 2- and 4-year students with no 4-year degree by the age of 30, conditional on 
their highest level of education attained. Such information may help us better understand 
whether the situation faced by students who may be the most vulnerable to debt burden has 
worsened, improved, or remained the same across decades.

Results from Table 7 consistently show that, across decades, 4-year entrants who failed 
to attain a 4-year degree tended to not attain any degree or credential. This was the case for 
79% of NELS participants and 71% ELS participants. 2-year entrants, on the other hand, 
tended to have better outcomes overall, as reflected by their higher propensities toward cer-
tificate and associate’s degree attainment, and the corresponding lower tendency toward 
not attaining any form of degree. By the year 2000, 59% of NELS students who started in 
the 2-year sector did not attain any credential; nonetheless, this percentage is lower across 
decades for 2-year entrants who borrowed (49.47% in the NELS sample and 49.75% in the 

10 This is not conceptualized as tracking or cooling out, but as a strategy to ameliorate potential debt bur-
den resulting from misalignment between participants’ propensities to 4-year degree attainment and college 
choice.
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ELS samples). 2-year entrants across cohorts were also nearly twice as likely to attain an 
associate’s degree compared to initial 4-year entrants.11

The salaries associated with each non-4-year degree category reveal a common trend 
across cohorts. NELS participants’ salaries in 2018 dollars were consistently higher 
than the salaries earned by ELS participants. For example, NELS 2-year entrants who 
borrowed and attained an associate’s degree had a mean salary of $34,543 whereas their 
ELS counterparts in the same category earned less than $25,000 on average. Alarm-
ingly, in addition to earning lower salaries, ELS participants in each of the three cat-
egories (no degree, certificate and associate’s degree) realized considerably higher out-
standing debt balances (across 2- and 4-year entrants). The findings indicate that the 
financial well-being for students seeking higher education in the 2000s has worsened 
compared to that of their counterparts a decade earlier. This situation is particularly true 
for students who began college in the 4-year sector and did not attain a 4-year degree.

In sum, findings from both the NELS and ELS samples indicate that 4-year students 
with no 4-year degree attainment may be more adversely affected by starting in the 4-year 
sector rather than in the 2-year sector. Compared to 2-year entrants, similar 4-year entrants 
are more likely to end up with no post-secondary degree or credential, lower salaries, and 
considerably higher student debt accrual and outstanding balances. Consequently, as dis-
cussed above (see Fig. 2), students with lower propensities toward 4-year degree attain-
ment may be better served by starting college in the 2-year sector. The cases analyzed in 
these nationally representative samples consistently indicate that despite potential delays 
faced by 2-year entrants due to ill-functioning articulation agreements, the 2-year path 
toward a 4-year degree is a feasible option. In this sense, it can be said that if 2-year stu-
dents decide to transfer to the 4-year sector and achieve a 4-year degree, the “worst case 
scenario” for them would be similar student loan debt balances (see Table 5) and slightly 
higher disbursements in tuition and fees compared to initial 4-year entrants. Moreover, 
Table 7 also shows that if 2-year transfer students decide that a 4-year degree is not for 
them after all, they would have similar salaries, higher probabilities of attaining a certifi-
cate or an associate’s degree, and significantly lower outstanding debt balances than stu-
dents who began their studies in the 4-year sector but did not earn a 4-year degree.

The Role of Federal Policies in the Magnitudes of Debt Burden Change Across 
Decades

Aggregated loan debt amounts (including borrowers and non-borrowers) show that ELS 
participants doubled the amounts borrowed by both 4-year and non-4-year degree holders 
in the NELS sample (see Table 3). In the more recent sample, the debt amount accrued by 
a college student who received loan aid and attained a 4-year degree was around $25,000, 
on average—about $8000 USD higher than the NELS students a decade later. Among bor-
rowers with no 4-year degree attainment in the more recent ELS sample, the average debt 
accrued was around $15,000 USD, on average, or about $6000 USD more than NELS par-
ticipants (see Table 5). Notably, despite having relied more on loan debt to finance their 
college education, ELS participants repaid at least 3.5 times more than their NELS coun-
terparts did a decade earlier (see Table 6), regardless of 4-year degree attainment. In this 

11 An extra set of analyses were restricted to participants who expected to attain at least a 4-year degree and 
their resulting estimates presented no important variations. These analyses are available upon request.
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respect, it is worth exploring what might have prompted ELS students to repay higher loan 
debt amounts than their counterparts did during the 1990s.

An important change that likely affected loan repayment behaviors during the 1990s 
was that policies became more lenient toward loan interest rates. Specifically, during 
this decade, loan interest rates started to fluctuate between 1% and 10%, with a clear 
tendency to decrease (Delisle 2012). Conversely, the 2000s heralded a series of changes 
in student loan debt policy at the federal level that directly affected students represented 
in the ELS sample. One of the most important changes took place in the second half of 
the 2000s, which coincided with ELS students’ time of graduation. On July 1, 2006, 
variable rate loans, which had fluctuated between 1.75% and 2.35% since the 1990s, 
were set to fixed rate loans with an interest rate of 6.8%, thus affecting all loan recipients 
with outstanding debt. Although a temporary reduction of interest rates (fixed to 3.8%) 
for subsidized Stafford loans was implemented on July 1, 2008, this reduction expired 
in 2012, returning the fixed interest rate to 6.8%. Thus, students in the ELS sample not 
only had to rely more on student loans due to increasing costs of tuition and fees, but 
they also were subjected to higher interest rates than their counterparts in the NELS 
sample (with interest rates of at least 3.8% compared to 2.35%). ELS participants also 
had to endure the economic crisis, high unemployment rates [10% in October 2009—
United States Department of Labor: Bureau of Labor Statistics (2014)], and media 
coverage documenting the alarming state of loan amounts owed by college graduates. 
Within this context, ELS students who were already struggling to cover repayments set 
at a minimum of 3.8%, eventually had to face an increase in interest rates by 2012 that 
would have exacerbated an already troublesome situation. Another important factor to 
consider in this case was the decrease of federally subsidized loans in the 2000s com-
pared to the 1990s. During the 1990s, 29% of federal loan amounts were unsubsidized, 
whereas in the 2000s these amounts reached 50% (College Board 2014). Consequently, 
more students in the ELS cohort began interest payment while still enrolled in college. 
Overall, all these factors may have “motivated” ELS students to repay at higher rates 
than students did during the 1990s.

Closing Remarks

Among 4-year degree recipients across decades, initial enrollment in the public 2-year sec-
tor was associated with about 10% less debt accumulation and similar outstanding debt 
burden than initial enrollment in the 4-year sector. From this perspective, if a student who 
aspires to attain a 4-year degree is selecting between the 2- and 4-year sectors as a strategy 
to accumulate lower student loan debt, two decades of information indicate that the 2-year 
path toward a 4-year degree is more affordable and does not translate into higher debt bur-
den. From a stratification of opportunities perspective, this decision may translate into such 
students being able to begin their professional careers—or even consider graduate or pro-
fessional education—while being less constrained by student loan debt.

The 2-year sector also appeared to be a better option for students who did not obtain 
a bachelor’s degree; 2-year entrants with no 4-year degree had lower debt accumulation, 
similar salaries, and higher likelihood of attaining a certificate or associate’s degree 
than their counterparts who began college in the 4-year sector and did not attain a bach-
elor’s degree. But using this finding to recommend that 4-year “eligible” students with 
lower probabilities of attaining a 4-year degree start in the 2-year sector should not be 
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understood as a cooling-out function (Clark 1960a). Ideally, 2- and 4-year sector artic-
ulation agreements and accompanying transfer support services will be strengthened. 
Indeed, if students’ economic and social well-being is a priority, then transfer-out initia-
tives should encourage or even require that students attain an associate’s degree (or at 
least a certificate or diploma) in order to be eligible to transfer to the 4-year sector. That 
way, if students decide to leave the 4-year sector after transferring from the 2-year sec-
tor, they would at least have a credential (and the knowledge and skills associated with 
it) to facilitate employment and repayment opportunities. A recent strategy adopted by 
some colleges and universities is the consolidation (also referred to as merger) between 
2- and 4-year institutions, such as in the case of the Perimeter College and Georgia 
State University, which has translated into eased transfer steps and higher success rates. 
One should not suggest that consolidation should become more prevalent, but rather 
that strategies that eased these transfer agreements between 2- and 4-year institutions 
could be adapted or modeled after these consolidations, even in the absence of such 
mergers between 2- and 4-year colleges.

Current city-, state-, and federal-level initiatives overtly aim to use the 2-year sector to 
generate college degrees. If the goal of these initiatives is to produce greater quantities of 
less-expensive and short-term degrees, then a one-size-fits all policy recommending the 
2-year option is a feasible strategy. But a workforce trained with short-term degrees might 
make the United States less economically competitive, especially considering international 
competition in science and technology. One way to address this concern would be to apply 
predictive analytics and machine learning procedures, such as those shown in Fig.  2, to 
detect low-income students with high a likelihood of completing a 4-year degree and then 
either offer them the opportunity to begin college in the 4-year sector or more proactively 
provide them with other forms of financial aid in the 2-year sector (e.g., grants) along with 
guided pathways (Bailey et al. 2015) to facilitate continuation and eventual 4-year gradu-
ation. This strategy can be classified as “need-based aid founded on academic merit,” a 
policy that would be effective in shrinking academic and socioeconomic gaps. Investing in 
low-income, talented students likely remains the most effective strategy for closing persis-
tent gaps. It is feasible to identify these low-income high achieving students with existing 
data and computing power, are we willing to do so?

Funding This research was supported by a grant from The Spencer Foundation (Grant #201500116).

Appendix

See Tables 8, 9, 10 and Figs. 3, 4
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Table 8  Entropy Balance Weights, NELS Sample (1988-2000)

a Variables subjected to multiple imputation as described in the content of the paper. As per IES standards 
for reporting restricted use data all figures have been rounded to the nearest 10

Entropy comparisons Raw dist. controls

Mean, 2-year (s.d.) Mean, 4-year (s.d.) P|w Mean, 4-year (s.d.) p

SES-in-highschoola − 0.07(0.68) − 0.07 (0.71) 1 0.23 (0.71) 0
ExpectBA/morea 0.69 (0.46) 0.69 (0.46) 1 0.95 (0.23) 0
AcademicAwarda 0.17 (0.37) 0.17 (0.37) 1 0.37 (0.48) 0
CumGPAHS 13.99 (27.47) 13.99 (28.03) 1 14.78 (28.78) 0.4
GradesCompositeF1 2.97 (0.63) 2.97 (0.65) 1 3.36 (0.56) 0
AvgGrdEngF2 6.81 (2.26) 6.81 (2.38) 1 5.37 (2.06) 0
AvgGrdMatF2 7.67 (2.40) 7.67 (2.31) 1 6.29 (2.35) 0
AvgGrdSciF2 7.36 (2.35) 7.36 (2.44) 1 5.81 (2.25) 0
AvgGrdSocF2 6.75 (2.33) 6.75 (2.41) 1 5.16 (2.12) 0
PlaceStudy/Room 0.40 (0.49) 0.40 (0.49) 1 0.39 (0.49) 0.39
PublicschoolK-12 0.80 (0.40) 0.80 (0.40) 1 0.75 (0.43) 0
AidVeryImpa 0.50 (0.50) 0.50 (0.50) 1 0.50 (0.50) 0.74
AidSomeImpa 0.28 (0.45) 0.28 (0.45) 1 0.34 (0.47) 0
TookAPCredsa 0.04 (0.20) 0.04 (0.20) 1 0.08 (0.27) 0
TookSAT/ACT a 0.57 (0.50) 0.57 (0.50) 1 0.89 (0.31) 0
TookPSATa 0.39 (0.49) 0.39 (0.49) 1 0.58 (0.49) 0
PrivateClassesTesta 0.08 (0.27) 0.08 (0.27) 1 0.10 (0.30) 0.02
UsedBookTest 0.54 (0.50) 0.54 (0.50) 1 0.62 (0.49) 0
HSClassTest 0.16 (0.37) 0.16 (0.36) 1 0.21 (0.40) 0
BothParCSup 0.57 (0.50) 0.57 (0.50) 1 0.70 (0.46) 0
FatherSupCollegea 0.03 (0.18) 0.03 (0.18) 1 0.02 (0.15) 0.14
MotherSupCollege 0.11 (0.31) 0.11 (0.31) 1 0.09 (0.29) 0.11
OneparentSupCollegea 0.14 (0.35) 0.14 (0.35) 1 0.12 (0.32) 0.03
NoparentSupCollegea 0.21 (0.41) 0.21 (0.41) 1 0.13 (0.33) 0
RelativeSupCollegea 0.72 (0.45) 0.72 (0.45) 1 0.83 (0.38) 0
Teacher/Counssupa 0.61 (0.49) 0.61 (0.49) 1 0.74 (0.44) 0
Female 0.52 (0.50) 0.52 (0.50) 1 0.51 (0.50) 0.63
White 0.63 (0.48) 0.63 (0.48) 1 0.68 (0.47) 0.01
SingleNotMarried 0.93 (0.26) 0.93 (0.26) 1 0.98 (0.15) 0
NoChildren 0.97 (0.16) 0.97 (0.16) 1 0.99 (0.09) 0
WorkedNoWorkinga 0.30 (0.46) 0.30 (0.46) 1 0.34 (0.48) 0
NeverWorked 0.12 (0.33) 0.12 (0.33) 1 0.12 (0.33) 0.83
GradesNoImp 0.06 (0.24) 0.06 (0.24) 1 0.06 (0.24) 0.92
GradesSomeImp 0.41 (0.49) 0.41 (0.49) 1 0.40 (0.49) 0.75
EasyAdmSomea 0.46 (0.50) 0.46 (0.50) 1 0.43 (0.50) 0.1
EasyAdmVerya 0.19 (0.39) 0.19 (0.39) 1 0.14 (0.35) 0
Everdropped 0.04 (0.19) 0.04 (0.19) 1 0.01 (0.10) 0
NumOlderBrosa 0.82 (1.08) 0.82 (1.15) 1 0.69 (1.03) 0
NumOlderSistsa 0.76 (1.09) 0.76 (1.12) 1 0.68 (1.04) 0.03
NumYoungBrosa 0.61 (0.89) 0.61 (0.89) 1 0.55 (0.77) 0.06
NumYoungSistsa 0.54 (0.84) 0.54 (0.81) 1 0.53 (0.78) 0.57
Sample sizes 1500 2210 3710 2210 3710
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Table 9  Entropy balance weights, ELS sample

a Variables subjected to multiple imputation as described in the content of the paper. As per IES standards 
for reporting restricted use data all figures have been rounded to the nearest 10

Entropy comparisons Raw dist. controls

Mean, 2-year (s.d.) Mean, 4-year (s.d.) P|w Mean, 4-year (s.d.) p

SES-in-highschoola − 0.04 (0.65) − 0.04 (0.66) 1 0.27 (0.71) 0
ExpectBA/morea 0.71 (0.45) 0.71 (0.45) 1 0.96 (0.20) 0
AcademicAwarda 0.30 (0.46) 0.30 (0.46) 1 0.50 (0.50) 0
GPA9thGrade 2.71 (0.69) 2.71 (0.79) 1 3.21 (0.60) 0
GPA10thGrade 2.66 (0.73) 2.66 (0.74) 1 3.16 (0.61) 0
GPA11thGrade 2.65 (0.73) 2.65 (0.76) 1 3.15 (0.59) 0
GPA12thGrade 2.85 (0.73) 2.85 (0.65) 1 3.22 (0.55) 0
MathScoreNELS 43.58 (11.71) 43.58 (11.79) 1 52.59 (10.70) 0
ReadScoreNELS 28.56 (8.47) 28.56 (8.37) 1 34.32 (7.59) 0
PlaceStudy/Room 0.86 (0.35) 0.86 (0.35) 1 0.88 (0.32) 0.03
PublicschoolK-12 0.82 (0.38) 0.82 (0.38) 1 0.73 (0.44) 0
AidSomeImpa 0.29 (0.45) 0.29 (0.45) 1 0.33 (0.47) 0
AidVeryImpa 0.61 (0.49) 0.61 (0.49) 1 0.55 (0.50) 0
TookAPCredsa 0.08 (0.27) 0.08 (0.27) 1 0.25 (0.43) 0
TookSAT/ACT a 0.79 (0.41) 0.79 (0.41) 1 0.99 (0.12) 0
TookPSATa 0.54 (0.50) 0.54 (0.50) 1 0.77 (0.42) 0
PrivateClassesTesta 0.08 (0.27) 0.08 (0.27) 1 0.08 (0.28) 0.5
UsedBookTest 0.52 (0.50) 0.52 (0.50) 1 0.61 (0.49) 0
HSClassTest 0.15 (0.35) 0.15 (0.35) 1 0.24 (0.43) 0
SingleNotMarried 0.94 (0.24) 0.94 (0.24) 1 0.97 (0.17) 0
NoChildren 0.91 (0.29) 0.91 (0.29) 1 0.97 (0.16) 0
FatherSupCollegea 0.73 (0.44) 0.73 (0.44) 1 0.85 (0.36) 0
MotherSupCollege 0.78 (0.41) 0.78 (0.41) 1 0.87 (0.34) 0
OneparentSupcola 0.67 (0.47) 0.67 (0.47) 1 0.80 (0.40) 0
Noparentsupcola 0.17 (0.37) 0.17 (0.37) 1 0.09 (0.28) 0
RelativeSupCollegea 0.74 (0.44) 0.74 (0.44) 1 0.84 (0.37) 0
Teacher/Counssupa 0.71 (0.45) 0.71 (0.45) 1 0.81 (0.39) 0
Female 0.57 (0.50) 0.57 (0.50) 1 0.55 (0.50) 0.2
White 0.58 (0.49) 0.58 (0.49) 1 0.63 (0.48) 0
WorkedNoWorkinga 0.31 (0.46) 0.31 (0.46) 1 0.33 (0.47) 0.26
NeverWorked 0.17 (0.37) 0.17 (0.37) 1 0.15 (0.36) 0.27
GradesNoImp 0.12 (0.33) 0.12 (0.33) 1 0.07 (0.25) 0
GradesSomeImp 0.37 (0.48) 0.37 (0.48) 1 0.30 (0.46) 0
EasyAdmSomea 0.51 (0.50) 0.51 (0.50) 1 0.43 (0.49) 0
EasyAdmVerya 0.29 (0.45) 0.29 (0.45) 1 0.14 (0.34) 0
EverDropped 0.05 (0.22) 0.05 (0.22) 1 0.01 (0.10) 0
NumbSiblings 1.45 (1.18) 1.45 (1.12) 1 1.43 (1.14) 0.63
Sample sizes 1860 2520 4380 2520 4380
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Table 10  Descriptive statistics of variables used in the doubly-robust specifications

NELS Sample, Mean (sd) ELS Sample, Mean (sd)
a In 1000s
b Midwest Student Exchange Program
c Southern Regional Education Board
d Western Interstate Commission for Higher Education. As per IES standards for reporting restricted use 
data all figures have been rounded to the nearest 10

2-year 4-year 2-year 4-year

Individual-level variables
 Tuition and  feesa 9.95 (2.06) 8.69 (4.56) 27.88 (6.12) 22.90 (13.20)
 Grants 0.383 (0.486) 0.519 (0.50) 0.364 (0.481) 0.497 (0.50)
 Loans 0.097 (0.295) 0.341 (0.474) 0.157 (0.364) 0.457 (0.498)
 Workstdy 0.036 (0.187) 0.105 (0.307) 0.096 (0.294) 0.175 (0.38)
 Waiver 0.035 (0.183) 0.023 (0.149) 0.089 (0.284) 0.07 (0.255)

Institution-level variables
 Land grant 0.001 (0.026) 0.237 (0.425) 0.002 (0.042) 0.245 (0.43)
 City 0.402 (0.490) 0.583 (0.493) 0.402 (0.49) 0.623 (0.485)
 Suburb 0.235 (0.424) 0.135 (0.342) 0.233 (0.423) 0.151 (0.359)
 Town 0.152 (0.359) 0.231 (0.421) 0.142 (0.349) 0.177 (0.382)
 Rural 0.21 (0.408) 0.051 (0.219) 0.223 (0.417) 0.048 (0.214)
 Size_1_4.9K 0.25 (0.433) 0.104 (0.306) 0.214 (0.41) 0.072 (0.258)
 Size_5k_9.9K 0.198 (0.398) 0.192 (0.394) 0.287 (0.452) 0.147 (0.354)
 Size_10k_19.9 0.286 (0.452) 0.395 (0.489) 0.31 (0.463) 0.249 (0.432)
 Size_20korMore 0.266 (0.442) 0.308 (0.462) 0.189 (0.391) 0.532 (0.499)
 Doctoral – 0.528 (0.499) – 0.581 (0.493)
 Masters – 0.397 (0.489) – 0.331 (0.471)
 Baccalaureate – 0.049 (0.217) – 0.063 (0.243)
 Associates 0.977 (0.149) 0.005 (0.074) 0.828 (0.378) 0.02 (0.141)
 Special_Focus – 0.009 (0.092) – 0.002 (0.049)
 OpenDoor 0.494 (0.50) 0.053 (0.224) 0.962 (0.192) 0.067 (0.251)

State-level variables
 Merit aid 7.174 (13.397) 7.622 (13.166) 55.839 (108.495) 74.05 (124.847)
 Need aid 125.84 (166.229) 87.674 (133.582) 295.756 (295.792) 254.585 (270.586)
 No grant aid 38.169 (55.965) 22.796 (42.934) 52.901 (58.542) 47.924 (55.483)
 Pop18_24_College 28.643 (3.672) 29.2 (3.841) 33.804 (2.851) 33.803 (3.042)
 Disposable income 18.66 (2.17) 18.61 (2.06) 33.48 (4.08) 32.82 (3.90)
 MSEPb 0.166 (0.372) 0.236 (0.425) 0.209 (0.407) 0.185 (0.388)
 SRBEc 0.282 (0.45) 0.342 (0.475) 0.312 (0.464) 0.351 (0.477)
 WICHEd 0.312 (0.463) 0.178 (0.383) 0.231 (0.421) 0.193 (0.395)
 New England 0.019 (0.138) 0.034 (0.18) 0.029 (0.167) 0.034 (0.182)
 No Tuit Agreem 0.222 (0.416) 0.21 (0.407) 0.219 (0.414) 0.236 (0.425)
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(a) (b)
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Fig. 4  Graphical assessment of balanced treatment and control groups (NELS and ELS samples)
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