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abstract
This study estimates the effect of state appropriations on the graduation rates 
of freshman cohorts by race/ethnicity. Data were obtained for public four-year 
institutions (n = 415) representing six freshman cohorts between 2007 and 2012. 
Hybrid regression models indicated that a ten percent increase in appropriations 
would yield a percentage point increase in graduation rates of .59 for all students, 
.99 for Black students, .84 for Latinx students, and .59 for White students. 
However, the effect of state appropriations on graduation rates varied across 
institutions (-1.03 to 2.99 percentage point change) and was frequently larger at 
institutions with medium or high subsidy reliance (.70 to 1.39 percentage point 
change). Also, the effect of state appropriations on Black student graduation rates 
was 2.48 times larger at HBCUs. This study suggests that state appropriations 
can be an effective instrument for raising the graduation rates of diverse students 
to help meet state attainment goals.

the effect of state appropriations on college 
graduation rates of diverse students
Relatively low graduation rates among students of underrepresented racial and 
ethnic backgrounds have long plagued higher education in the United States 
(Bowen, Chingos, and McPherson 2009). The percentage of students starting at 
a public four-year institution who ultimately complete a bachelor’s degree within 
six years is much lower among Black (48 percent) and Latinx (57 percent) students 
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Effect of State Appropriations 27
than among Asian (79 percent) and White (71 percent) students (National Student 
Clearinghouse 2022).1 Consequently, underrepresented students are arguably 
less likely to reap the full benefits of a college education, such as higher income, 
better health, and greater intergenerational mobility (McMahon 2009; Mayhew 
et al. 2016; Torche 2011). Low completion rates can also fail to maximize the 
myriad social and economic benefits of higher education for local communities, 
states, and the nation, including greater employment growth (Shapiro 2006), 
lower crime rates (Lochner 2004), higher levels of civic engagement (Verba 
et al. 1995), public welfare savings (Landon 2006), and higher tax revenues 
(Trostel 2010). The potential economic and social consequences of failing to 
raise college completion rates among underrepresented groups may increase if 
left unchecked, as population projections through 2060 indicate that the White 
population will shrink by ten percent, compared to an increase in the Black and 
Latinx populations by 41 percent and 94 percent, respectively (Johnson 2020). 

As college completion has become more consequential for individual well-
being, social development, and economic growth, however, public investments 
in colleges and universities have declined. In the wake of the 2001 and 2008 
recessions, competing budgetary priorities, and limited increases in tax revenue, 
state and local support of $10,207 per FTE student in 2000 fell to $8,508 by 
2020 in constant dollars (SHEEO 2021). Concomitantly, the real cost of higher 
education—along with costs in other personal service industries—has risen 
significantly over the past few decades (Archibald and Feldman 2018). The 
financial milieu in higher education was further altered through the proliferation 
of state performance-based funding models (Dougherty et al. 2016), which were 
frequently used to incentivize institutions to increase degree completions but 
had the unintended consequence of penalizing institutions with fewer resources 
and larger proportions of minority students (Hagood 2019; Horn and Lee 2019; 
Ortagus et al. 2020).

Since public colleges depend heavily on state funding for educational operations 
(NCES 2021), the confluence of recent trends raises the urgent question of 
whether changes in state funding for higher education affect the ability of 
institutions to improve graduation rates, particularly among underrepresented 
racial and ethnic groups. The current study begins to address this question 
through an analysis of state appropriations and the six-year graduation rates of 
all students as well as the graduation rates of three subgroups, including Black, 
Latinx, and White students. Using a six-year panel dataset of entering freshman 
cohorts at public four-year institutions, the analyses show how graduation rates 

1. Estimates are based on the authors’ analysis of students in the 2015 cohort who started at 
a public four-year institution and completed a credential at any four-year institution within six 
years.
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can be expected to change as a function of varying levels of state appropriations 
revenue within institutions. Moreover, as institutions may differ in how they 
respond to changes in state funding and utilize resources to improve educational 
conditions, variance in the effect of state appropriations is also estimated, 
and interactions with institutional type are tested for Carnegie Classification, 
minority-serving status, and subsidy reliance.

background:  state appropriations,  tuition,  and 
educational expenditures
State appropriations refer to funding allocated by state governments for an 
institution’s current operating expenses, excluding funding for particular 
projects and programs as well as funding earmarked for purchasing, developing, 
or improving capital (NCES 2022). State appropriations are used for two broad 
purposes: (1) to offset some portion of tuition and fees for resident students and 
(2) to cover some share of the cost of educating students. State appropriations 
have constituted a substantial though declining proportion of revenue for public 
colleges and universities. As the Great Recession approached, for instance, state 
appropriations amounted to 23.8 percent of total revenue for all public four-year 
institutions in 2007-08, compared to tuition and fees amounting to 17.9 percent 
(NCES 2021). Over the following decade, the share of state appropriations 
revenue had declined to 16.6 percent of total revenue by 2017-18, whereas the 
share of revenue from tuition and fees had increased to 20.5 percent (NCES 
2021). 

The growth in tuition amidst declines in state appropriations is consistent 
with resource dependency theory, which maintains that organizations attempt 
to diversify revenue streams to reduce reliance on an unstable source that could 
threaten organizational survival (Pfeffer and Salancik 2003; Slaughter and Leslie 
1997). Indeed, researchers have consistently documented a negative relationship 
between state appropriations and tuition rates as public four-year institutions 
often resort to tuition increases in response to reductions in state funding (Bound 
et al. 2019; Koshal and Koshal 2000; Mumper and Freeman 2005; Webber 2017; 
Zhao 2018). The degree of tuition increase, however, does not fully compensate 
for lost revenue from state appropriations on average (Zhao 2018). Using a very 
conservative approach, Webber (2017) estimated a pass-through rate from cuts 
in state appropriations to increases in tuition and fee revenue of between 25 and 
30 percent, and thus for every $1,000 per student cut in state appropriations, the 
average student would pay $257 more in tuition and fees. Bound et al. (2019) 
further elaborated that the pass-through rate varies by institutional type: a ten 
percent reduction in state appropriations would result in a tuition increase of 
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$340 at non-research universities and $840 at research universities.

In conjunction, while holding tuition constant, changes in state appropriations 
can have significant effects on educational expenditures (Bound et al. 2019; 
Deming and Walters 2018; Leslie, Slaughter, Taylor, and Zhang 2012; Zhao 
2018). Zhao’s (2018) analysis of public doctoral institutions indicated that a 
$1 reduction in state appropriations was associated with a decline of $0.50 in 
education and related expenditures, which predominantly affected instructional 
expenditures. Moreover, institutions that rely significantly on appropriations 
for educational expenditures may be particularly sensitive to changes in state 
funding (Taylor and Cantwell 2019). High subsidy-reliant institutions may not 
only have a limited ability to compensate for appropriation reductions by raising 
tuition rates but also to benefit from appropriation increases by sustaining 
tuition revenue (thereby growing total revenue). Accordingly, changes in 
state appropriations have been more strongly correlated with instructional 
expenditures at non-research universities than at flagship research universities, 
which are better able to compensate for state funding losses by increasing tuition 
rates and expanding non-resident student enrollment (Bound et al. 2019; see 
also Jaquette and Curs 2015). 

l inking state appropriations and graduation rates
State appropriations can be conceptually linked to graduation rates within 
Astin’s (1993) input-environment-output (I-E-O) model, wherein colleges admit 
students with particular attributes as inputs into learning environments with 
varying levels of quality to convert them into, ideally, well-educated graduates. 
Following the I-E-O model, an institution can improve graduation rates by 
increasing the proportion of admitted students with a high likelihood of success 
(e.g., raising admissions selectivity) or, key to the current study, improving the 
quality of the learning environment with respect to the human and physical 
capital, programs, practices, and policies conducive to degree completion (see 
Horn and Tandberg 2018). As state appropriations and tuition are the main 
sources of educational expenditures (Leslie, Slaughter, Taylor, and Zhang 
2012), changes in appropriations while holding tuition constant can affect the 
quality of the learning environment in such critical areas as instruction (e.g., 
full-time faculty, number of course offerings), academic support (e.g., academic 
administration, curricular development), and student services (e.g., admissions, 
counseling, student activities). Indeed, educational expenditures in these areas 
have been positively, though not uniformly, associated with graduation rates and 
other student outcomes (Astin 1993; Chen 2012; Crisp et al. 2018; Gansemer-
Topf and Schuh 2006; Garcia 2013; Hamrick et al. 2004; Pike and Robbins 2020; 
Ryan 2004; Titus 2006; Toutkoushian and Smart 2001; Webber and Ehrenberg 
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2010; Webber 2012; see also Mayhew et al. 2016; Pike et al. 2011).
Studies on student-faculty ratios, contingent faculty, and course registration 

policies—factors that partly depend on financial resources (e.g., Ehrenber 2003; 
Kezar and Eaton 2014)—provide concrete illustrations of the potential impact 
of changes in educational revenue. For example, in their analysis of eight-
year completion rates in NLS:72 and NELS:92, Bound et al. (2010) found that 
increases in the student-faculty ratio explained about 25 percent of the decline in 
the average completion rate from 51 percent in the NLS:72 cohort to 46 percent 
in the NELS:92 cohort. Consequential changes in educational quality are also 
evident in other cost-containment measures, such as the replacement of full-
time faculty with part-time faculty (Kezar and Eaton 2014). The proportion of 
part-time faculty on campus or exposure to part-time faculty has been negatively 
associated with student persistence and graduation rates at four-year institutions 
(Ehrenberg and Zhang 2005; Eagan and Jaeger 2008), which may be attributed to 
relatively lower instructional effectiveness (Umbach 2007). Finally, in his study 
of community colleges in California, Bahr et al. (2015) found that registration 
priority policies were used to manage student demand for coursework that 
surpassed institutional capacity, which erected barriers to degree progress for 
students relegated to course waitlists. 

Accordingly, a central assumption in the current study is that state 
appropriations revenue influences graduation rates through a quality rather 
than price mechanism. Although a significant rise in tuition rates at public four-
year institutions can influence enrollment decisions (Levine, Ma, and Russell 
2020), fluctuations in tuition rates have not been negatively associated with the 
enrollment of low-income students (Cook and Turner 2022), the total number 
of degrees conferred (Deming and Walters 2018; Zhao 2018), or graduation 
rates (Zhang 2009). In fact, since more selective institutions generally have both 
higher tuition and graduation rates, regression models can yield a positive effect 
of tuition and fees on graduation rates (Zhang 2009).

research on the effect of appropriations on degree 
completion 
A few studies have examined the effect of state appropriations on graduation 
rates (Chakrabarti, Gorton, and Lovenheim 2020; Heck et al. 2014; Zhang 
2009). Zhang (2009) analyzed a longitudinal panel of four-year institutions with 
cohorts entering between 1991 and 1998. His institutional fixed-effects model 
indicated that graduation rates would increase by .64 percentage points for every 
ten percent increase in state appropriations per FTE student, though the effect 
was larger at research/doctoral universities (1.10 percentage point increase) than 
at master’s and baccalaureate colleges (.56 percentage point increase). Heck et 
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al.’s (2014) multi-level analysis of public four-year institutions between 1997 
and 2007 indicated that a one SD increase in state-level appropriations was 
associated with a .28 SD increase in institutional graduation rates. Finally, using 
National Student Clearinghouse outcomes panel data between 2014 and 2018, 
Chakrabarti, Gorton, and Lovenheim’s (2020) instrumental variable analysis 
indicated that a $1,000 per student increase in state appropriations for four-year 
institutions is associated with a 1.5 percentage point increase in the probability 
that a student earns a bachelor’s degree by age 25. 

In a related area of research, two studies showed positive effects of resources 
on graduation rates among underrepresented student groups, though the role 
of state funding in particular was not examined (Crisp et al. 2018; Garcia 2013). 
Crisp, Doran, and Reyes (2018) used Bayesian model averaging with public 
four-year broad access institutions (those with an admissions rate of at least 
80 percent) and found that a composite finance variable, including revenue 
and expenditures, was positively associated with the graduation rates of Black 
and Latinx students. Given their use of a composite finance variable, however, 
specific inferences about the significance of state funding cannot be made. 

In contrast to the small number of studies analyzing graduation rates, a 
growing body of research has focused on the effect of appropriations on the 
number of degrees conferred (Bound et al. 2019; Deming and Walters 2018; 
Monarrez, Hernandez, and Rainer 2021; Titus 2009; Trostel 2012; Zhao 2018; 
cf. Titus, Gray, and Lue 2022). For example, Zhao (2018) conducted a fixed-
effects panel regression to examine the effect of state appropriations at public 
institutions between 1987 and 2012. While controlling for net tuition and fee 
revenue, his results indicated that a one SD reduction in state appropriations 
per FTE student was associated with a decline of .44 bachelor’s degrees per 100 
FTE students at master’s universities, though no effects were reliably detected 
at doctoral and bachelor’s institutions. Bound et al. (2019) used instrumental 
variable fixed effects regression with data from 1996 to 2012 and found that a 10 
percent increase in state appropriations was associated with a 3.5 percent increase 
in bachelor’s degrees conferred at research universities, though effects were not 
significant among AAU-member universities and non-research universities. 

More recently, Monarrez, Hernandez, and Rainer (2021) used fixed effects 
regression to estimate the effect of state appropriations between 1994 and 2017 
on degrees conferred by race and ethnicity across institutions that varied in 
their degree of reliance on state appropriations for total revenue. They found 
that the effect of total state appropriations on degrees conferred was greater 
at high appropriations-dependent institutions relative to low and medium 
appropriations-dependent institutions. The effect was also generally larger for 
Asian, Black, and Hispanic students than for White students. Specifically, a 
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one percent increase in appropriations at institutions in which appropriations 
constituted 45 percent to 82 percent of revenue was associated with a .27 percent 
increase in degrees conferred to Asian students, .28 percent increase for Black 
students, .25 percent increase for Hispanic students, and .20 percent increase for 
White students.

rel ationship bet ween institu tional t ype and 
graduation rates
As indicated above, the relationship between state appropriations and 
completion outcomes may vary by institutional type, which has been frequently 
identified in past research as a significant source of variation in graduation 
rates. Following Berger and Milem’s (2000) conceptual model of college student 
outcomes, structural-demographic attributes of institutions as well as student 
characteristics are presumed to be correlated with graduation rates by reflecting 
or affecting students’ predispositions, opportunities, and experiences related 
to academic and social engagement. Three types of structural variables are of 
particular interest in the current study, namely Carnegie Classification, subsidy 
reliance, and minority-serving status. 

Analyses of Carnegie classification have revealed variation in student 
engagement by classification type (McCormick et al. 2009) but have yielded mixed 
effects on graduation rates, including a positive effect of being a master’s university 
relative to a baccalaureate college (Pike and Robbins 2020; Toutkoushian 2019), 
a negative effect of being a doctoral university (Oseguera 2005), and no direct 
effects of any classification type (Horn and Lee 2016; Pike and Graunke 2015). 
Regarding subsidy reliance, Taylor and Cantwell’s (2019) stratification typology 
showed that institutions characterized by low dependence on tuition revenue 
for educational expenditures and low per-student expenditures had relatively 
low graduation rates. However, Titus’s (2006) regression analysis indicated that 
appropriations as a percentage of total revenue was not directly associated with 
the student’s likelihood of graduation. 

Most research on minority-serving status has centered on Historically Black 
Colleges and Universities (HBCUs) and Hispanic Serving Institutions (HSIs). 
Although HBCUs and HSIs differ significantly in their origins, missions, and 
student populations (Contrad and Gasman 2015; Garcia 2017), they both have 
larger proportions of low-income and academically underprepared students 
as well as lower graduation rates than do non-MSIs (Flores and Park 2015). 
Once confounding factors are taken into account using student or institutional 
attributes, however, the effect of HBCU- or HSI-status on graduation rates 
has been either positive (Capers 2019; Pike and Robbins 2020; Richards and 
Awokoya 2012; Sibulkin and Butler 2005; see also Bowman and Denson 2022) 
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or statistically insignificant (Rodriguez and Galdeano 2015; Flores and Park 
2015; Kim and Conrad 2006). For instance, although HBCUs had lower six-year 
graduation rates than non-HBCUs, Richards and Awokoya (2012) found that 
the expected graduation rate for Black students was fourteen percentage points 
higher at HBCUs after controlling for Pell dollars received and SAT 25th percentile 
scores. Indeed, qualitative studies have indicated that faculty, administrators, 
and peers at HBCUs provide substantial support for students (Palmer and 
Gasman 2008; Williams et al. 2022), and Black students at HBCUs have higher 
levels of satisfaction on a number of survey items related to diversity and social 
engagement (Outcalt and Skewes-Cox 2002). More generally, underrepresented 
students at high-diversity institutions report lower levels of racial stereotypes 
and discrimination (Hurtado and Ruiz 2012), which can affect the likelihood of 
departure (Fischer 2007; Johnson et al. 2014).

the current study
Three research objectives guide the current analysis. First, this study estimates 
the average effect of appropriations on the cohort graduation rates of all students 
as well as the subgroup graduation rates of Black, Latinx, and White students. 
State appropriations constitute an important source of revenue for educational 
expenditures, and thus changes in appropriations are assumed to affect institutional 
conditions conducive to timely degree completion. It is thus hypothesized that 
state appropriations will be positively associated with graduation rates while 
holding constant other variables such as tuition and the degree of subsidy reliance. 
Accordingly, this study seeks to extend past investigations that have focused on 
the effect of state appropriations on overall graduation rates (e.g., Zhang 2009), 
which limits confidence in the generalizability of effects to underrepresented 
student subgroups. Indeed, institutional resources may be particularly crucial 
for Black and Latinx students (Monarrez, Hernandez, and Rainer 2021), who 
are on average less academically prepared than their White counterparts (Flores 
et al. 2017) and may thus benefit most from resource-intensive supports (e.g., 
Scrivener et al. 2015; Tinto 2012). Moreover, past studies that examined the 
relationship between resources and the graduation rates of diverse students did 
not decompose within- and between-institution effects (e.g., Crisp et al. 2018), 
which can limit inferences about causality. 

To this end, the current study utilizes hybrid fixed effects regression models 
with a six-year institution-level panel dataset to estimate the within-institution 
effects of appropriations on six-year graduation rates. In order to reduce 
the potential for confounding influences, several variables pertaining to 
institutional type, student demographics, and college costs are included in the 
regression models, which follows from past analyses of degree completion at the 



34 journal of education finance

student level (e.g., Astin and Oseguera 2012; Flores et al. 2017; Titus 2006) and 
institution level (Gansmer-Topf and Schuh 2006; Horn and Lee 2016; Pike 2013; 
Pike and Robbins 2020; Ryan 2004; Scott et al. 2006; Titus 2004; Toutkoushian 
2019; Webber and Ehrenberg 2010; Zhang 2009). Consistent with past modeling 
approaches (Zhang 2009) and the assumption of quality rather than price as the 
primary causal mechanism (Deming and Walters 2018; Zhao 2018), tuition is 
included in the model as a control variable rather than excluded as a potential 
mediator. Effect estimates are then used in a simulation that illustrates the likely 
range of additional graduates if institutions nationwide were to receive a ten 
percent increase in funding.

Second, while the primary analysis estimates the average effect of appropriations 
on graduation rates among all institutions, this study also examines the extent 
to which the average effect is representative of institutions in the sample. Past 
research has indicated that four-year institutions vary in their efficiency (Horn, 
Lee, Jang, and Lee 2019; Toutkoushian 1999) and effectiveness (Horn and Lee 
2016) in promoting degree completion. Accordingly, it is hypothesized that 
there will be significant variation in the magnitude of the effect of appropriations 
on graduation rates among institutions in the sample. A random slope for state 
appropriations is thus evaluated in the regression models, which also provides 
the basis for identifying possible sources of moderation.

Third, interaction tests are conducted to assess the potential moderating effect 
of three indicators of institutional type: Carnegie Classification, minority-serving 
status, and subsidy reliance. The significance of changes in appropriations for 
baccalaureate colleges or research universities relative to master’s universities as 
well as HBCUs and HSIs relative to non-HBCUs and non-HSIs is examined in 
an exploratory fashion without directional hypotheses. Past subgroup analyses of 
Carnegie Classification have yielded mixed results (Bound et al. 2019; Zhang 2009; 
Zhao 2018), and interactions with minority-serving status have not been widely 
examined. However, a directional hypothesis can be propounded for subsidy 
reliance. Specifically, it is hypothesized that subsidy reliance positively moderates 
the effect of appropriations on graduation rates, as educational expenditures are 
likely more sensitive to fluctuations in appropriations at institutions with greater 
subsidy reliance. Tests for institutional type interactions are particularly relevant 
in the current study as Black and Latinx students comprise a larger share of the 
enrollment relative to White students at baccalaureate and master’s institutions 
than at research universities, and they constitute a larger share at high subsidy-
reliant institutions (Monarrez, Hernandez, and Rainer 2021) and at HBCUs and 
HSIs, respectively (NCES 2019). 
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method olo gy
Data Source
A six-year institution-level panel dataset was constructed with the Integrated 
Postsecondary Education Data System (IPEDS). The data years for graduation 
rates spanned from 2007 to 2018. The sample included all colleges and universities 
in the nation with the following characteristics: (a) Title IV participating and 
degree-granting; (b) public four-year; (c) full-time, first-time undergraduate 
students are present with a cohort of at least 45 students; (d) Basic Carnegie 
Classification: research university, master’s university, and baccalaureate college; 
(e) does not have a military or maritime specialization; (f) reported receiving 
state appropriations during the panel period; and (g) was not a parent in a 
parent-child relationship. These restrictions yielded an initial sample of 415 
four-year institutions.

Three points of clarification are in order. First, two-year colleges were excluded 
from the sample since their cost structures, student bodies, control over tuition, 
and reliance on local and state appropriations can differ significantly from four-
year institutions. Second, private four-year institutions were excluded from 
the sample for similar reasons; nationally, only 0.3 percent of state funding is 
allocated to private four-year institutions for operating support (SHEEO 2021). 
Third, following Pike and Robbins’ (2020) approach, institutions that were 
classified as a parent in a parent-child relationship were also excluded from the 
sample, which also results in the exclusion of a full-child institution that does not 
report its own campus data. As this simple solution to the parent-child problem 
affected a fairly small percentage of institutions (13 percent), more sophisticated 
allocation and collapsing techniques were deemed unnecessary (cf. Jaquette and 
Parra 2014). 

Variables
Data were obtained for graduation rates, state appropriations, institutional type 
moderators, and control variables. The data years for six-year graduation rates 
spanned from 2013 to 2018, and the data years for most of the predictor variables 
are contemporaneous with entering freshman cohorts between 2007 and 2012. 
Similar to past research (e.g., Zhang 2009; Bound et al. 2019), resource levels 
over multiple prior years are expected to affect graduation rates in any particular 
year. In the current study, finance variables were averaged over the cohort’s 
first five years under a six-year time-to-completion scenario, including state 
appropriations, subsidy reliance, and tuition rates. All finance variables were 
adjusted for inflation using the Consumer Price Index to reflect 2018 dollars. 
Table 1 provides descriptive statistics for the first and last data years.

Graduation rates. Six-year graduation rates by race and ethnicity were 
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Table 1: Descriptive Statistics
Time 1 Time 6

Mean SD Mean SD
Dependent Variables
Total six-year graduation rate 48.53 16.43 52.06 16.26
Black six-year graduation rate 37.60 18.83 41.89 19.01
Latinx six-year graduation rate 43.53 19.19 47.69 18.23
White six-year graduation rate 50.53 17.37 54.10 16.75
Control Variables
Admissions rate 69.98 18.27 67.81 18.72
SAT 25th Percentile 904.83 141.16 914.60 141.91
Subsidy reliance 59.93 18.94 49.71 18.53
FTE Total Enrollment (log) 8.96 0.87 9.03 0.88
FTE Graduate Enrollment Percent 
(log) 6.45 1.94 6.49 1.85
Percent Female: All Students 55.33 7.78 55.38 8.03
Percent Female: Black Students 54.68 16.60 54.62 15.91
Percent Female: Latinx Students 54.99 14.39 55.64 12.48
Percent Female: White Students 53.86 10.42 53.62 10.38
Percent Underrepresented Stu-
dents (log) 2.91 0.85 3.07 0.79
Percent Pell Recipient 32.18 15.31 42.21 16.42
Percent Over 25 (sqrt) 4.27 1.30 4.22 1.31
Percent delayed enrollment (log) 2.02 0.82 2.02 0.77
Tuition and Fees (log) 2.00 0.29 2.15 0.26
Average Loan (1,000’s) 5.83 1.53 6.93 1.27
Average Pell Grant (log) 8.20 0.13 8.45 0.08
Average State Grant (log) 7.99 0.52 8.01 0.63
Average Institutional Grant (log) 8.19 0.52 8.35 0.53
Institutional Type Moderators
Bachelor’s Institution 0.11 0.11
Master’s or Doctoral 0.56 0.56
Research institution 0.33 0.33
HSI 0.07 0.07
HBCU 0.08 0.08
Subsidy Reliance: Low 0.33 0.33
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obtained for six freshman cohorts entering between 2007 and 2012. Graduation 
rates represent the percentage of full-time, first-time, bachelor’s degree-seeking 
students who completed their program at their starting institution within six 
years, minus exclusions (e.g., death, military service, Peace Corps service). Racial 
and ethnic categories in IPEDS are currently defined as American Indian or 
Alaska Native; Asian; Black or African American; Hispanic; Native Hawaiian or 
Other Pacific Islander; White; Two or more races; race/ethnicity unknown; and 
nonresident alien. In addition to graduation rates reflecting all students, three 
racial and ethnic categories were used in this study: Black/African American; 
Hispanic/Latinx; and White. The graduation rates of students in other racial and 
ethnic groups were not examined separately due to small cohort sizes across data 
years or a limited number of institutions with students in a particular group.

State appropriations. The key predictor of interest is total state appropriations, 
which includes funding for current operating expenses and excludes funding for 
particular projects and programs as well as funding earmarked for purchasing, 
developing, or improving capital assets (e.g., buildings, equipment, land).

Institutional type moderators. Institutional type moderators were based on 
Carnegie classification, subsidy reliance, and minority-serving status. The 2018 
Carnegie classification was operationalized as research (high or very high), 
baccalaureate, or master’s and doctoral non-research (the reference category). 
The institution’s initial level of subsidy reliance in 2007 was defined by total 
appropriations as a percentage of educational expenditures (total spending on 
instruction, academic support, and student services), which was dummy-coded 
as low subsidy reliance (0 – 54 percent, reference category), medium subsidy 
reliance (55 percent - 68 percent), and high subsidy reliance (69 percent and 
above). These cutoffs correspond approximately with the 33rd and 67th percentiles 
in the subsidy reliance distribution. Institutions with low subsidy reliance had 
higher average graduation rates (51.96 vs. 45.14), higher SAT 25th percentile 
scores (923.50 vs. 868.54), and higher total log educational expenditures (18.72 
vs. 18.15) than did institutions with high subsidy reliance.

Minority-serving status related to the underrepresented student subgroups in 
this study (Black and Latinx students) was represented by dichotomous variables 

Subsidy Reliance: Medium 0.33 0.33
Subsidy Reliance: High 0.34 0.34
Focal Predictor
State Appropriations (log) 17.91 0.98 17.82 1.00

Table 1 (continued)
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(0 = no; 1= yes) for Historically Black Colleges and Universities (HBCUs) and 
Hispanic-Serving Institutions (HSIs). While an HBCU is defined in the Higher 
Education Act of 1965 by a mission to educate Black students (U.S. Department 
of Education 2022a), HSIs are defined according to several non-mission criteria 
with the most prominent being that (a) at least 25 percent of the institution’s 
undergraduate FTE student enrollment is Hispanic and (b) at least 50 percent of 
the Hispanic students have a low income (U.S. Department of Education 2022b). 
Accordingly, HSIs differ in the degree to which they are intentionally engaged 
in serving Latinx students (Garcia 2017; Garcia, Nunez, and Sansone 2019). 
Similar to past analyses (e.g., Stearns, Watanabe, and Snyder 2002), the current 
study errs on the side of inclusivity by employing only the enrollment threshold 
criterion. Specifically, an institution was classified as being an HSI if at least 25 
percent of its FTE undergraduate enrollment was Hispanic in 2007. 

Control variables. Several control variables were created to minimize 
confounding influences in relation to structural attributes, student demographics, 
and college costs. Variables related to structural attributes and institutional type 
included the admissions rate, ACT/SAT scores, total enrollment, undergraduate-
graduate student mix, and subsidy reliance. The admissions rate refers to the 
percentage of applicants who were admitted.2 The institution’s 25th percentile 
SAT test score (math plus verbal) for first-time, degree/certificate-seeking 
undergraduate students served as a proxy for the average academic preparedness 
of students. ACT scores were converted to SAT scores for institutions that have 
a relatively low proportion of students who submit SAT scores (e.g., ACT 2012). 
Institutions that systematically omit SAT/ACT scores for every panel year due to 
an open admission policy were imputed with the minimum SAT score.

Total enrollment was indexed by the full-time equivalent student enrollment 
(undergraduate and graduate). Undergraduate-graduate student mix is defined 
as the percentage of graduate students on campus. Since the degree of subsidy 
reliance can change significantly over time, a continuous indicator was defined 
by state appropriations revenue as a percentage of total educational expenditures. 

Student demographic variables included gender, race/ethnicity, socioeconomic 
status, and non-traditionality. Gender and race/ethnicity data pertained directly 
to the degree/certificate-seeking cohorts. Gender was defined by the percentage 
of female students, which was calculated for each racial/ethnic group. The 
percentage of underrepresented students includes American Indian, Black, 
and Latinx students. The percentage of full-time, first-time, degree-seeking 
undergraduate students receiving federal grant aid served as a proxy for the 
socioeconomic status of students. The presence of non-traditional students was 

2. Some researchers have also used the admissions yield rate as a predictor, though preliminary 
analyses indicated it did not improve model fit.
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defined by (a) the percentage of undergraduate students aged 25 and older and 
(b) the percentage of first-time students who delayed enrollment, that is, did not 
graduate from high school within the previous 12 months. 

Finally, variables related to college costs included published in-state tuition and 
fees as well as the average student loan debt, the average federal grant amount, 
the average state grant amount, and the average institutional grant amount for 
first-time, full-time students.

Data Analysis
Maximum likelihood hybrid regression with Huber-White robust standard 
errors was used to estimate the direct effect of state appropriations on six-year 
graduation rates for all students and students within selected racial and ethnic 
groups. Although the standard linear mixed model could be used, fixed effects 
regression models—when properly specified—are more effective in reducing 
omitted variable bias, thereby improving confidence in causal estimation 
(Schneider et al. 2017). However, whereas a standard fixed effects model using 
a comprehensive set of dummy variables representing institutions eliminates 
heterogeneity bias, it does not allow modeling of time-invariant factors, such 
as institutional type. The current study thus employs so-called within-between 
or hybrid regression (see Allison 2009; Bell and Jones 2015; Bell, Fairbrother, 
and Jones 2019), which provides the same within-effect results as standard 
fixed effects regression while also showing how time-invariant factors such as 
institutional type are associated with a dependent variable (e.g., graduation 
rates). Akin to the shortcomings of standard fixed effects models, however, 
hybrid regression models are nonetheless susceptible to providing biased causal 
estimates to the extent that relevant time-variant variables are omitted.

In the hybrid regression model, the within-institution effects of state 
appropriations indicate the extent to which within-institution change in state 
appropriations is associated with within-institution change in graduation rates. 
The within-institution effect of state appropriations is also hypothesized to vary 
significantly across institutions, and thus both fixed and random slope models 
are tested. As depicted below, three types of hybrid models (a, b, c) include time-
invariant structural attributes (e.g., institutional type), institutional means, and 
deviations from institutional means. The third type of model (c) also includes 
interactions between state appropriations and institutional type variables. 
(a) yit = β0 + β1W(xit − i) + β2B i + γzi + u0i + ϵit
(b) yit = β0 + β1W(xit − i) + β2Bi + γzi + u0i + u1i(xit − i) + ϵit
(c) yit = β0 + β1W(xit − i) + β2Bi + γzi + β3(State Appropriationsit X Institutional Type) 

+ u0i + u1i(xit − i) + ϵit
The equations show institutions i = 1,…, n (level 2) that are measured at 
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times t = 1,…, T (level 1). Here yit is the dependent variable, xit is a time-varying 
(level 1) independent variable, and zi is a time-invariant (level 2) independent 
variable. The variable xit is divided into two, with each part having a separate 
effect. Thus, β1W represents the average within effect of xit, while β2B represents 
the average between effect of xit. The γ parameter represents the between effect 
of the time-invariant variable zi. β3 represents the effect of state appropriations (a 
time-varying (level-1) independent variable) for each institutional type (a time-
invariant (level 2) independent variable). The random part of the models includes 
terms at level 2: a random effect (u0i) attached to the institution-level intercept 
and a random effect (u1i) attached to the within slope for state appropriations. 
Variables representing the panel year, t, and state location, s, were modeled as 
fixed slopes using dummy variables. Finally, all models include a random error 
term ϵit. 

The Akaike Information Criterion (AIC) was used to assess improvements in 
model fit. Preliminary analyses showed that AIC values were relatively high in 
the Black and Latinx cohort models due to variability in the number of students 
in the cohort. Accordingly, samples were restricted to institutions with a cohort 
of at least five students of the race/ethnicity in question for all six panel years.

The effect sizes were estimated in terms of the expected percentage point 
increase in graduation rates within institutions if appropriations were to increase 
by ten percent, which was calculated as the product of the coefficient for state 
appropriations and LN(1.1). The regression models hold tuition constant, and 
thus the increase in state appropriations is assumed to enhance total revenue 
rather than offset tuition. In addition, the effect sizes were used to conduct a 
simulation of the number of additional completions that would have resulted 
from the 2012 first-time, full-time, bachelor’s degree-seeking cohort at public 
four-year institutions nationwide.

Assumptions, Transformations, and Missing Data
The current study employs maximum likelihood estimation, which yields 
unbiased estimates in multilevel modeling that are comparable to those using 
Bayesian Markov Chain Monte Carlo, though both analytical approaches may 
yield biased variance estimates at the upper level with small samples (Browne 
and Draper 2006; Shor et al. 2007; Elff et al. 2021). Although multilevel models 
perform well even when normality assumptions are violated (see Maas and Hox 
2003; Beck and Katz 2007; Elff et al. 2021), several variables were transformed 
to minimize deviations from normality and reduce the influence of outliers. A 
square root transformation was used for the percentage of students over the 
age of 25 to correct moderate positive skewness. A logarithmic transformation 
was used to correct positive skewness for total enrollment, the percentage of 
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graduate students, the percentage of students not enrolling within 12 months 
of high school graduation, tuition and fees, the average Pell grant, the average 
state grant, the average institutional grant, and state appropriations. Extreme 
multivariate outliers identified through standardized residuals, Cook’s D, 
and Mahalanobis distance were deleted to ensure more stable solutions. A 
subsequent inspection of residual plots did not reveal significant deviations from 
normality, homoscedasticity, and linearity assumptions. Finally, the potential for 
multicollinearity was checked using the variance inflation factor (VIF), which 
indicated relatively low levels of multicollinearity. For example, the VIF for the 
state appropriations within-effect was less than 2.5 for all models. Finally, the 
presence of missing data was most significant though not problematic for the 
admissions rate (1.8 percent) and the 25th percentile SAT scores (2.1 percent), 
which totaled to 2.2 percent of all cases with missing data. Given the low rate 
of missingness, multiple imputation was not applied. Moreover, all available 
data points were included in the analyses: the deletion of missing cases in any 
particular year did not affect data in other years for a particular institution. The 
final sample size ranged from 2,112 to 2,434 cases.

results
The first section below presents the results of models predicting six-year 
graduation rates for all students, Black students, Latinx students, and White 
students. The second section extends the first analysis by adding a random slope 
for appropriations to assess variability in the effect of appropriations across 
institutions. The third section summarizes the results of interaction models that 
test the extent to which institutional type variables—Carnegie Classification, 
minority-serving status, and subsidy reliance—moderate the relationship 
between appropriations and graduation rates. 

Within Effect of State Appropriations
The first analysis seeks to determine whether there is evidence of an effect of 
state appropriations on six-year graduation rates within institutions. As seen 
in Table 2, the addition of the state appropriations variable enhanced model fit 
relative to the base model containing all control and institutional type covariates 
(ΔAIC = 21.07 to 52.97). Specifically, there was a positive association between 
state appropriations and six-year graduation rates, though the effects varied 
across models: all students of any race (b = 6.13), Black students (b = 10.20), 
Latinx students (b = 8.72), and White students (b = 6.22). The effect sizes can be 
conceptualized in terms of the expected percentage point increase in graduation 
rates within institutions if appropriations were to increase by ten percent and 
tuition were held constant: all students of any race (.58 percentage points), Black 
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students (.97 percentage points), Latinx students (.83 percentage points), and 
White students (.59 percentage points).3 

Table 2 also shows that institutional type was variously associated with 
graduation rates in all models. For example, bachelor’s institutions consistently 
had higher expected graduation rates relative to master’s universities (b = 2.62 to 
5.45). Institutions that were designated as HBCUs had higher graduation rates 
for all students (b = 3.77) and Black students (b = 10.10), whereas institutions 
designated as HSIs had higher graduation rates in all models (b = 3.13 to 6.52).4 
Finally, the institution’s initial level of subsidy reliance at the beginning of the 
panel period was not directly associated graduation rates in most cases, while 
controlling for other variables such as change in subsidy reliance over time. 
The one exception was observed among White students, wherein a high level of 
subsidy reliance was negatively associated with graduation rates relative to low 
subsidy reliance (b = -2.66).

Appropriations Random Slope
While state appropriation levels have a positive effect on graduation rates on 
average, it is also possible that the effect varies by institution. The second analysis 
thus builds upon the hybrid model by adding a random intercept and slope for 
appropriations. As depicted in Table 3, model fit was enhanced by adding the 
random slope to the models for all students, Black students, and White students 
(ΔAIC = 13.36 to 40.20) but not for Latinx students (ΔAIC = 1.65). The point 
estimates for state appropriations retained statistical significance and varied by 
model: all students of any race (b = 6.53), Black students (b = 11.97), Latinx 
students (b = 9.20), and White students (b = 5.39). Covariance estimates for 
the appropriations slope ranged from 159.50 for all students to 265.85 for 
White students and 359.66 for Black students. The magnitude of variability can 
be expressed in 68 percent confidence intervals for the estimates of the state 
appropriations slope coefficient: all students (b = -6.09 to 19.15), Black students 
(b = -6.99 to 30.93), and White students (b = -10.91 to 21.69). Stated differently, 
for any particular institution, a ten percent increase in appropriations would be 
associated with a percentage point change in graduation rates of -.58 to 1.83 for 
all students, -.67 to 2.95 for Black students, .88 for Latinx students, and -1.04 to 
2.07 for White students.

3. As a point of reference, these percentage point increases are equivalent to small percent 
increases from mean graduation rates for each group: all students (1.20 percent); Black students 
(2.59 percent); Latinx students (1.91 percent); and White students (1.17 percent).

4. A sensitivity analysis showed that the positive effects of HSI status and HBCU status were 
due to suppression. Specifically, the HSI and HBCU status are negatively correlated with gradu-
ation rates when omitting controls for the percentage of Pell recipients and underrepresented 
students.
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Institutional Type Moderation
Institutional type defined by Carnegie classification, minority-serving status, and 
subsidy reliance may be a source of variation in the effect of state appropriations. 
In order to determine whether institutional type moderates the effect of 
appropriations, four moderation models were tested by adding interaction 
terms to the base random slope models. In the first set of moderation models, 
the interaction term for bachelor’s institution and appropriations was not 
statistically significant: all students of any race (b = 1.38, p > .10), Black students 
(b = -16.76, p > .10), Latinx students (b = 10.63, p > .10), and White students (b 
= -1.76, p > .10). In addition, the interaction term for research institution and 
appropriations was not statistically significant: all students of any race (b = -.12, 
p > .10), Black students (b = -1.38, p > .10), Latinx students (b = -2.34, p > .10), 
and White students (b = 1.48, p > .10). 

Regarding minority-serving status, the Latinx student model yielded a non-
significant HSI interaction (b = -2.26, p > .10). However, the HBCU interaction 
term was statistically significant and improved the predictive power of the Black 
cohort model (ΔAIC = 8.97). Specifically, the within-effect of state appropriations 
on Black cohort graduation rates (b = 10.96, p < .01) was larger at HBCUs (b 
= 16.27, p < .05) than at other institutions. Accordingly, a 10 percent increase 
in appropriations is associated with a 1.55 greater percentage point increase in 
graduation rates of Black students at HBCUs.

Finally, Table 4 shows that the addition of subsidy reliance interaction terms 
improved the fit of all models (ΔAIC = 11.42 to 19.78), though the statistical 
significance and magnitude of interaction effects varied across models. In the 
model for all students, the within-effect of state appropriations (b = 4.66) was larger 
at institutions characterized by high subsidy reliance (b = 8.48) than at institutions 
with low subsidy reliance, which is equivalent to a .81 greater percentage point 
increase in graduation rates with a 10 percent increase in appropriations. In the 
model for Black students, the within-effect of state appropriations (b = 6.44, p 
> .10) was larger at institutions characterized by medium subsidy reliance (b 
= 13.34) than at institutions with low subsidy reliance, which is equivalent to 
a 1.27 greater percentage point increase in graduation rates with a 10 percent 
increase in appropriations. In the model for Latinx students, the within-effect 
of state appropriations (b = 4.80, p > .10) was larger at institutions characterized 
by medium subsidy reliance (b = 12.96) and high subsidy reliance (b = 13.56) 
than at institutions with low subsidy reliance, which is equivalent to a respective 
1.24 and 1.29 greater percentage point increase in graduation rates with a 10 
percent increase in appropriations. The interaction term coefficients were not 
statistically significant in the model for White students (p > .10).
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Simulation of Additional Graduates
A simulation was conducted to estimate the additional completions that could 
have resulted from the 2012 first-time, full-time, bachelor’s degree-seeking 
cohort at public four-year institutions. The fixed slope estimates in the random 
slope models were used for all students (.62 percentage point increase), Black 
students (1.14 percentage point increase), Latinx students (.88 percentage point 
increase), and White students (.51 percentage point increase). The simulation 
assumes that other variables such as tuition revenue are held constant; increases 
in public funding are not offset by decreases in tuition revenue. Based on the 
total cohort models, a ten percent increase in state appropriations nationally 
could have yielded about 5,518 more graduates, with the largest gains expected in 
the Southern and Midwestern regions (see Table 5). Drawing upon the national 
sub-group model estimates, a ten percent increase in state appropriations could 
have yielded about 1,143 more Black graduates; 989 Latinx graduates; and 2,685 
White graduates. It is noteworthy that these simulations do not account for the 
potential effects of funding on part-time and non-first-time students.

discussion
Research on student outcomes in higher education has demonstrated that 
institutional resource levels can influence the cohort graduation rates of diverse 
students (Crisp et al. 2018). The purpose of the current study was to estimate the 
specific effect of state appropriations revenue on the six-year graduation rates 
of all students as well as Black, Latinx, and White student subgroups at public 
four-year institutions. This study extended past research by employing a hybrid 
regression model with six-year panel data that accounted for variation in the 
effect of state appropriations across institutions. The potential for confounding 
influences was also reduced by modeling variables related to institutional type, 
student demographics, tuition, and average financial aid. Overall, the results 
across models indicate that changes in state appropriations can indeed impact 
the graduation rates of students from underrepresented racial groups as well 
as White students. The magnitude of the impact, however, varies considerably 
across institutions, and it varies systematically by degree of subsidy reliance and 
HBCU status. Further consideration of these findings underscores important 
policy implications and directions for future research.

While controlling for a host of potentially confounding factors, the analyses of 
all students and particular racial and ethnic cohorts revealed a positive effect of 
state appropriations on six-year graduation rates. Specifically, the within-effects 
suggest that a ten percent increase in state appropriations would be associated 
with a .58 percentage point increase in graduation rates for all students. This 
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finding is consistent with past research on the effect of public funding on degree 
production (Bound et al. 2019; Monarrez, Hernandez, and Rainer 2021; Titus 
2009; Trostel 2012; Zhao 2018), cohort graduation rates (Heck et al. 2014; 
Zhang 2009), and the likelihood of bachelor’s degree completion (Chakrabarti, 
Gorton, and Lovenheim 2020) as well as the relationship between expenditures 
and graduation rates (Pike and Robbins 2020) and the effect of total finances on 
diverse cohort graduation rates (Crisp et al. 2018). Moreover, while the current 
study confirmed that state appropriations for institutions is critical for the 
graduation rates of students in all racial groups, the significance of funding may 
be greatest for underrepresented students. Whereas a ten percent increase in 
state appropriations would be associated with a .59 percentage point increase in 
graduation rates for White students, it would be associated with a .97 percentage 
point increase for Black students and a .83 percentage point increase for Latinx 
students. Notably, Monarrez, Hernandez, and Rainer (2021) reported a similar 
pattern of results in their analysis of state funding and degree production. State 
appropriations revenue may thus ultimately have a modest compensatory effect 
on the graduation rates of underrepresented students, who enter college with a 
lower average level of academic preparation than do White students (Flores et 
al. 2017). 

As the current study controlled for tuition rates and financial aid, the effect 
of state appropriations is most likely a function of investments in educational 
quality rather than changes in the price of enrollment (see Deming and Walters 
2018). Given a direct linkage with educational expenditures (Leslie et al. 2012), 
an increase in state appropriations revenue while holding tuition constant may 
enable institutions to maintain and improve educative conditions conducive 
to student engagement and timely degree completion, such as promoting 
instructional excellence, expanding highly effective programs, and strengthening 
academic and social support (Kuh et al. 2011). Conversely, in the absence of 
adequate revenue, institutions may inadvertently create structural barriers to 
student progress by limiting the number and availability of courses (Bahr et al. 
2015), allowing student-faculty ratios to become too high (Bound et al. 2010), 
and relying heavily on part-time and contingent faculty (Eagan and Jaeger 2008). 
Future research might profitably model such quality factors that presumably 
mediate the relationship between educational revenue and graduation rates. 

Although there was a positive effect of appropriations on average, most random 
slope models revealed substantial variation across institutions. Specifically, a ten 
percent increase in appropriations at any particular institution was associated 
with both negative and positive percentage point changes in graduation rates 
ranging from -1.04 to 2.95 for all students, Black students, and White students 
(the covariance estimate was not statistically significant in the Latinx student 
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model). Whereas the positive effect sizes indicate that the expected effect of state 
appropriations is much larger than average at some institutions, the negative 
effects suggest that graduation rates are expected to decrease at some institutions 
despite increases in state appropriations. This is consistent with past research 
showing that postsecondary institutions differ in their degree of efficiency 
(Toutkoushian 1999) and the extent to which they are effective in promoting 
timely graduation after accounting for differences in the quality of inputs and 
educational expenditures (Horn and Lee 2016). The upper bound estimates 
in particular are illustrative not only of the potential impact of public funding 
but also of its potential limits. Indeed, the college completion problematique 
involves campus practices as well as broader educational and social factors that 
are beyond the control of colleges and universities. For example, Flores et al.’s 
(2017) analysis of college completion gaps in Texas revealed that postsecondary 
factors such as expenditures per student accounted for only 35 percent of the 
variance for Black and Latinx students relative to White students, compared 
to precollege factors such as poverty and academic preparation that explained 
more than 60 percent of the variance.

In the final set of analyses, sources of systematic variation in the effect of state 
appropriations were identified in the degree of subsidy reliance and minority-
serving status but not Carnegie classification. Consistent with sub-group analyses 
of degree production (Monarrez, Hernandez, and Rainer 2021), the effect of 
state appropriations on graduation rates was generally larger at institutions with 
initially medium or high levels of subsidy reliance relative to those with low 
subsidy reliance. The degree of subsidy reliance presumably shapes the mix of 
budget cuts and tuition increases that institutions can pursue when faced with 
reductions in state funding, such that fluctuations in state appropriations have 
a much greater impact on instructional expenditures among institutions with 
relatively high subsidy reliance (see Bound et al. 2019). 

There was also some evidence that the subsidy moderation effect varies across 
racial groups. A ten percent increase in appropriations was associated with a .81 
greater percentage point increase in graduation rates for all students of any race 
at high subsidy-reliant institutions, compared to a 1.27 greater percentage point 
increase in the graduation rates of Black students at medium subsidy-reliant 
institutions and a 1.24 to 1.29 greater percentage point increase in graduation 
rates of Latinx students at medium- and high-subsidy reliant institutions. 
The smallest and non-significant point estimates for the subsidy moderation 
effect were observed in the model for White students. Overall, these findings 
provide support for Taylor and Cantwell’s (2019) contention that subsidy-reliant 
institutions would be most efficient in using additional state appropriations to 
increase completion rates, particularly for underrepresented students. 
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In the case of minority-serving status, following past institution-level research 
(Capers 2019; Pike and Robbins 2020; Richards and Awokoya 2012), expected 
graduation rates were higher for Black students (10.08 percentage points) and 
Latinx students (6.52 percentage points) at HBCUs and HSIs, respectively, than 
at other institutions. Such an “MSI advantage” may partly stem from a supportive 
and caring environment (Palmer and Gasman 2008; Williams et al. 2022), a 
sense of community on campus (Outcalt and Skewes-Cox 2002), and a more 
positive campus racial climate including less racial discrimination (Hurtado and 
Ruiz 2012), which has been negatively associated with persistence (Fischer 2007; 
Johnson et al. 2014). The effect of public funding on graduation rates, however, 
differed significantly only in the case of HBCUs. Whereas a similar effect of 
appropriations on the graduation rates of Latinx students is expected at HSI 
and non-HSI institutions, the effect of appropriations on the graduation rates 
of Black students was 2.48 times greater at HBCUs than at other institutions. 
Additional research could elucidate the basis of this interaction effect by 
focusing on specific institutional differences between HBCUs and non-HBCUs 
related to campus culture and the mission-driven origins of HBCUs, resource 
allocation, and campus practices for promoting timely degree completion for 
Black students. Future interaction analyses should also assess the moderating 
role of more refined HSI typologies that account for an institution’s degree of 
“servingness” rather than solely enrollment thresholds (see Garcia, Nunez, and 
Sansone 2019)

Several limitations are suggestive of future directions for research. First, the 
results cannot be necessarily generalized to other time periods and institutions 
beyond the sample, including special focus institutions and community colleges. 
Presumably, the effect of potential changes in state appropriations would be 
substantial for community colleges, which frequently have a very limited ability 
to compensate for lost public revenue by raising tuition rates. Second, the models 
were limited to the completion outcomes of first-time, full-time students, and thus 
inferences cannot be made about the effect of appropriations on the outcomes 
of transfer students, part-time students, continuing students, and students 
who didn’t enroll during the fall. Third, many institutions experienced relative 
stagnation in state appropriations during several years of the selected period, 
which might have led to an underestimation of within-effects. The inclusion 
of data years with greater requisite variance may improve effect estimation. 
Fourth, the present study controlled for state fixed effects rather than modeling 
state-level variables. Future research might consider the role of such factors as 
unemployment rates, workforce indicators, and state governance structures (e.g., 
Tandberg 2013; Toutkoushian and Hollis 1998). Finally, while the study provides 
estimates of the expected effect of an increase in appropriations on graduation 
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rates, it did not provide a full accounting of the costs and benefits needed to 
calculate a return on investment. State appropriations could enable and improve 
colleges and universities in a number of ways that are not captured by six-year 
graduation rates, such as higher-quality courses and student support services, 
better learning outcomes, lower time-to-degree, greater research productivity, 
and faster technology transfer, among others. Consequently, a marginal rate of 
return based solely on the estimates in the current study would likely be sorely 
underestimated. A cost-effectiveness analysis would also be useful in identifying 
various types of institutional interventions that are likely to yield the highest 
return on state appropriations. 

implications 
The findings indicate that changes in state appropriations can have modest 
but meaningful effects on whether students from diverse racial and ethnic 
backgrounds ultimately succeed in college. Moreover, past reductions in 
appropriations have likely thwarted progress towards state college attainment 
goals by limiting institutional effectiveness. Assuming that increases in public 
funding are not offset by decreases in tuition revenue, the simulation results 
indicated that a 10 percent increase in state appropriations nationally would 
have yielded about 5,500 more college graduates among students who entered 
public four-year institutions as first-time, full-time students in 2012. These 
hypothetical college graduates would have presumably benefited from greater 
job security and personal income, and state governments would have profited 
from greater tax revenues and public welfare savings, among other positive 
externalities of higher education (McMahon 2009; Trostel 2010). 

The current study underscores the potential role of state appropriations in 
fostering a high-quality learning environment rather than lowering tuition rates. 
Nonetheless, the affordability of enrollment should continue to be monitored 
and improved as it pertains to college access, persistence, and student loan debt 
(Baum 2020; Gross, Williams-Wyche, and Williams 2019). Need-based grant 
aid, for instance, is crucial for ensuring that students of modest means are able to 
afford college tuition, fees, and the associated cost of living, particularly without 
excessive loan borrowing (Baum 2020) and the necessity of working more than 
15 hours per week (Attewell, Heil, and Reisel 2011).5 And yet, the positive effects 

5. Whereas past research using student-level data has generally corroborated a positive effect of 
state, federal, and institutional grant aid (e.g., Hossler et al. 2009), the current analysis of institu-
tion-level data only revealed a positive effect of institutional grant aid. This pattern is consistent 
with the results of Pike and Robbins’s (2020) within-between model of six-year graduation rates 
for all students. However, a null effect of grant aid using average institution-level data should not 
be construed as the absence of an effect for underrepresented students on average. Indeed, caution 
should be exercised when interpreting the results of financial aid variables that represent average 
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of greater investments in state grant aid may be offset by declining institutional 
appropriations if the ability of campuses to promote student learning and 
timely degree completion is diminished. A reduction in the net price of 
college enrollment in the absence of high educational quality is tantamount to 
expanding college access without improving opportunities for student success 
(Taylor and Cantwell 2019). Policymakers must thus account for quality as well 
as affordability dimensions of higher education finance. 

The direct effects of institutional type and interactions with appropriations 
raise some important questions for higher education finance. Particularly in the 
wake of the COVID-19 pandemic, a central policy challenge is to ensure that 
any reductions and stratification in state funding for higher education account 
for the differential ability of institutions to raise tuition revenue to compensate 
for lost appropriations as well as differences in the resource needs of institutions 
with students of varying academic backgrounds, social capital, and financial 
circumstances. Of concern in the current study are institutions that rely heavily 
on public subsidies for educational expenditures and enroll a relatively large share 
of students from diverse racial and ethnic backgrounds. Specifically, bachelor’s 
institutions, HBCUs, and HSIs frequently had higher predicted graduation 
rates than did other institutions, ranging from a three to ten percentage point 
difference. In addition, graduation rates at institutions characterized by higher 
levels of subsidy reliance and institutions designated as HBCUs are most sensitive 
to fluctuations in state appropriations. Severe funding cuts for such institutions 
could have a negative impact on a state’s progress toward meeting postsecondary 
attainment goals, particularly attainment equity for diverse populations.

Policymakers should also consider the role of federal funding for colleges 
and universities. While state governments must balance their budgets, the 
federal government does not. Constrained state budgets and higher education’s 
ability to generate alternative revenue (mainly from tuition) have caused higher 
education to be treated as the balance wheel of state budgets (Delaney and Doyle 
2011). A federal-state partnership could be developed for higher education to 
provide direct federal funding for institutions and incentivize additional state 
funding. Similarly, there have been calls for a Title I-type program that would 
provide federal funding for colleges and universities that serve large shares of 
low-income students (Cummings, et al. 2021). Such federal approaches have 
the potential to provide significantly more public funding for higher education. 
However, careful attention would need to be paid to program design and any 
potential negative externalities.

Finally, as noted above, institutions appear to differ in the extent to which 

financial aid amounts that are not specific to the racial/ethnic cohort in question or the degree to 
which aid is targeted by financial need or merit.
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additional state funding is ultimately converted into higher graduation rates, 
presumably owing largely to variation in institutional effectiveness and efficiency. 
The provision of robust public funding should thus be met with quality assurance 
efforts by institutional leaders to ensure that educational programs, policies, 
and services are in fact conducive to timely degree completion. Past research 
has indicated that a comprehensive student support system, for example, can 
influence the likelihood of persistence and degree completion (Tinto 2012), 
including advising, tutoring, and career counseling (Scrivener et al. 2015) 
as well as mental health services (Francis and Horn 2017). Moreover, a set of 
institutional quality indicators by race and ethnicity could help identify access 
gaps and convey to policymakers any funding needs for improving educational 
equity (e.g., Horn and Tandberg 2018). 

conclusion
Most states in the nation have articulated a commitment to improve college 
attainment rates over the next decade (Lumina Foundation 2019). The realization 
of state attainment goals will partly depend upon whether cohort completion 
rates can be improved among all students and especially among students in 
Black and Latinx populations, which are projected to increase considerably 
through 2060 (Johnson 2020). And yet, public colleges and universities are 
increasingly expected to do more with less, to improve student completion rates 
as direct appropriations decline and college costs rise. In contradistinction, 
this study demonstrates that state funding for public institutions should be 
bolstered, not weakened, to raise college completion rates. A reassessment 
of state appropriation levels is in particular need for under-resourced and 
minority-serving institutions that have experienced diminished financial health 
under performance-based funding models (Ortagus et al. 2020). Concomitantly, 
institutions might consider conducting a comprehensive quality audit to 
ensure that campus-based practices and policies add value to student learning 
outcomes and in fact promote timely completion among diverse student groups. 
The provision of adequate resources and their effective utilization will ultimately 
help ensure that public higher education minimizes the reproduction of racial 
inequalities and instead realizes its potential as an equalizer of economic and 
civic opportunity. 
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