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States support higher education affordability by providing direct funding to higher 

education institutions (i.e., state appropriations) and students (i.e., financial aid).  

However, research examining the effectiveness of these state expenditures on higher 

education – and which types students receive the greatest benefit from these expenditures 

– is sparse.  In this study, I examine the relationship between state higher education 

student financial aid policy and institutional pricing behaviors, focusing on pricing 

differences across student need and academic ability.  Drawing on concepts from the 

principal-agent framework, resource dependence theory, and previous research on this 

state-institution relationship (i.e., Doyle, Delaney, & Naughton, 2009), I hypothesize that 
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institutional pricing behaviors respond to changes in state aid in one of three ways: 

comply with, compensate for, or absorb state financial aid expenditures.  Using a 

combination of state-, institutional-, and student-level data for the academic years 2003-

04, 2007-08, and 2011-12, I examine the interactive effects of state financial aid 

expenditures and student characteristics on institutional pricing behaviors.  In addition, I 

explore the possibility that the direction and magnitude of these interactive effects differ 

depending on the degree of institutional dependence on state appropriations. 

I find that institutions respond to changes in state need-based and non-need-based 

student financial aid expenditures in systematic ways.  Findings indicate that institutional 

aid and net price shift toward alignment with changes in state need- and non-need-based 

aid expenditures.  Moreover, in the analyses that examined differences by institutional 

appropriation dependence, results suggest that less appropriation dependent institutions 

are most responsive to state financial aid changes.  As public higher education tuition 

levels continue to rise (Baum, 2013) and affordability among the neediest students 

declines (Burd, 2014), state higher education finances will continue play central role in 

the future of higher education access and student success.  Findings from this study 

highlight the importance of continued state investment in need-based student financial aid 

to promote higher education affordability. 
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Chapter One: Introduction 

In the United States, higher education has become a central part of nation-wide 

strategies to ignite economic growth and boost international competitiveness.  As new 

jobs in expanding industries place a growing emphasis on employee skills and education, 

the value of a postsecondary education continues to increase (Carnevale, Smith, & Strohl, 

2013).  Moreover, at the current rates of job growth and educational attainment, demand 

for college-educated employees is expected to exceed higher education production by 

five million positions by the year 2020 (Carnevale et al., 2013).  In addition, the U.S. has 

not kept pace with global competition in college completion.  In 2014, the U.S. ranked 

third in the world in postsecondary degree production for adults aged 55 to 64 among 

Organization for Economic Cooperation and Development (OECD) countries but ranked 

eleventh in degree production for young adults, aged 25 to 34 (Kena et al., 2016).  For 

these reasons, increasing higher education completion rates has become a primary focus 

of government leaders and policy-makers across the nation (Russell, 2011). 

 Affordability is a key factor that influences higher education completion rates (W. 

G. Bowen, Chingos, & McPherson, 2009).  Specifically, increases in aid and decreases in 

tuition are associated with greater postsecondary access, expanded choice of attendance 

(Heller, 1997; J. Kim, 2010; Leslie & Brinkman, 1987), and higher student persistence 

and completion rates (Alon, 2007; Bettinger, 2004; R. Chen & St. John, 2011; Singell, 

2004).  For example, in their foundational meta-analysis of student price response, Leslie 

and Brinkman (1987) estimated that a $100 price increase, in 1982-83 dollars, was 

associated with a 0.75 percentage point decrease in student enrollments.  Similarly, in a 
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study of University of Oregon applicants, Singell (2004) found that likelihood of student 

retention increases by two to five percent as need-based aid increases by $1000.  These 

significant effects of price and aid policies on student enrollment decisions and 

persistence highlight the important role affordability plays in the attainment of individual, 

state, and national higher education completion goals. 

Although affordability is central to higher education attainment goals, the listed 

tuition price of a postsecondary education has increased dramatically.  Over a 30-year 

period (1983-83 to 2013-14), listed tuition in the public four-year sector increased by a 

larger percentage than that of any other sector, an increase of 231 percent, compared to 

164 percent in the public two-year sector and 153 percent in the private four-year sector 

(Baum, 2013). 

In part, decreases in state higher education funding have increased institutional 

dependence on tuition revenues, causing list price to increase.  Large negative shifts in 

the states’ economic health have led to reductions in state and local higher education 

appropriations per FTE student (Desrochers & Hurlburt, 2014).  Relative to state 

expenditures in other areas, state appropriations to postsecondary education fluctuate 

greatly with changes in states’ economic health (Delaney & Doyle, 2011).  As Fowles 

(2013) explains, “higher education is often the first category of state discretionary 

spending to receive cuts during times of financial stress because, unlike most public 

bureaucratic organizations, higher education is to some extent capable of generating its 

own revenue through tuition” (p. 4).  As a result, when subsidies fail to cover institutional 
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costs, public institutions have been incentivized to reduce budgetary shortfalls through 

tuition and fee increases (Desrochers & Hurlburt, 2014; Winston, 1999). 

At the same time, the way in which net price (i.e., the amount a student pays after 

deducting all financial aid from the list price) is calculated can also complicate efforts to 

maintain affordability (Bettinger & Williams, 2013; Doyle et al., 2009).  Federal aid, 

state aid, and, last of all, institutional aid (i.e., tuition discounts) are all deducted from the 

list price to determine a student’s net price.  This can be problematic because institutions 

can anticipate the amount of federal and state aid that applicants will receive before they 

decide how to distribute their own aid dollars.  As a result, these institutions may utilize 

pricing strategies that redistribute resources in ways that undermine federal and state 

intentions and goals, such as increasing postsecondary attendance and completion rates 

among underrepresented minority and lower- and middle-income students (Bennett, 

1987; Burd, 2013, 2014; Heller, 2013). 

States have a particular interest in overseeing institutional pricing behaviors.  

Indeed, the largest share revenues for public four-year colleges and universities come 

from the states through appropriations.  These appropriations help offset institutional 

instructional costs and incentivize institutions to keep tuition and fees low, particularly 

among resident students (Desrochers & Hurlburt, 2014; Fowles, 2013; Jaquette & Curs, 

2015).  However, public four-year institutions may pursue priorities that deviate from 

states’ priorities.  For example, research suggests that some institutions increase their 

non-resident enrollments to enhance their tuition revenues (Jaquette & Curs, 2015) and 

prestige (Rizzo & Ehrenberg, 2004).  Efforts to increase non-resident enrollments may 
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include increased institutional aid packages to non-resident students instead of low-

income and minority resident students (N. W. Hillman, 2010).   Moreover, as competition 

between institutions has grown, institutional priorities to increase revenues and prestige 

have gained growing importance at many institutions (N. W. Hillman, 2012). 

This priority shift favoring revenue generation and prestige poses an affordability 

problem for low-income students.  For example, a recent study on 598 public four-year 

institutions across the nation found evidence of an increasing financial burden placed on 

low-income students (Burd, 2014).  Specifically, 39 percent of the institutions charged 

their lowest income students (i.e., household income of $30,000 or less) an average net 

price greater than $10,000 in the 2011-12 academic year, a marked increase from the 

previous year.  At the same time, the study found that many public institutions were 

increasingly redistributing institutional financial aid dollars and enrollment slots in favor 

of high-ability and high-income students (Burd, 2014). 

As listed tuition and fees increase, institutional priority shifts that benefit high-

ability and wealthy students may reduce higher education access, choice, and completion 

rates among low-income students.  Numerous studies indicate low-income students are 

more responsive to price changes than are their high-income peers (Goldrick-Rab, Harris, 

& Trostel, 2009; J. Kim, 2010; Leslie & Brinkman, 1987).  In addition, price 

responsiveness varies depending on the pricing strategies institutions implement.  St. 

John (1990) found that although high-income students were not sensitive to the type of 

aid awarded, low-income students were more responsive to increases in grant aid than 
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they were to increases in “self-help” forms of aid, such as loans and work study 

(McPherson & Schapiro, 1998). 

The aforementioned studies demonstrate the importance of affordability in 

supporting student access and persistence and for reducing degree attainment gaps across 

student socio-economic status.  For individuals born between 1979 and 1982, college 

completion among the highest income quartile was 54 percent, considerably higher than 

the 32 percent among the second-highest income quartile, 21 percent among the third 

highest, and 9 percent college completions among the lowest income quartile (Bailey & 

Dynarski, 2011).  As a result, institutional pricing strategies that seek to increase 

institutional revenues and prestige – and ignore low-income students – have significant 

implications for equity of opportunity and educational achievement. 

Low-income students are central to state and national postsecondary education 

agendas.  As the Western Interstate Commission for Higher Education (2003) explains: 

The rapidly changing demographic makeup of our population, projected growth in 

higher education enrollments, stagnant state economies, and increasing turnover 

among policymakers all point to the need to rethink how we finance higher 

education and how we ensure that the most economically challenged among us do 

not experience decreased access and choice options for postsecondary education. 

(p. 1) 

With the current national focus on increasing baccalaureate degree completions 

(Carnevale et al., 2013; Western Interstate Commission for Higher Education, 2003), 

coordination of state policies and institutional pricing behaviors to maintain, or improve, 
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higher education affordability and increase low-income student access and success (i.e., 

persistence and degree completion) is essential. 

Purpose of the Research 

Although increased affordability for low-income students is a foundational part of 

national and state higher education attainment agendas, there is a paucity of research on 

the degree to which state expenditures influence this outcome.  To date, only Doyle et al. 

(2009) have examined the relationship between state funding policy and institutional 

pricing behaviors with a consideration of differences between students.  However, their 

models did little to account for state and institutional differences.  Thus, a greater 

understanding of the interaction between state higher education policy and institutional 

behavior may help inform state policy efforts to increase higher education affordability – 

and, in turn, enrollment and completions – among low-income students.  In particular, it 

may give legislators the means to enact policies that incentivize institutions to pursue 

state affordability priorities. 

The purpose of this investigation is to study the degree to which changes in state 

higher education expenditures incentivize institutions to increase affordability for low-

income and/or high-achieving students.  In addition, this study examines how this 

dynamic relationship varies at institutions with different levels of dependence on state 

appropriations.  Specifically, I look at the relationship between state need-based and non-

need-based aid expenditures per full-time equivalent (FTE) enrollment, and the amount 

of institutional aid received and net price paid by students with different levels of 

household incomes and academic achievement.  I also test this relationship on separate 
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sub-samples of students at institutions with high dependence on state appropriations and 

students at institutions with low appropriation dependence. 

Significance of the Study 

This analysis contributes to the literature on state higher education policies and 

affordability by exploring the ways in which institutional pricing behaviors respond to 

changes in state student aid expenditures.  It investigates institutional redistributive 

policies and tests if institutional pricing behaviors undermine the intent of state policies.  

In addition, it explores the degree to which institutional dependence on state 

appropriations influences the alignment of institutional pricing behaviors with state and 

institutional affordability goals. 

This research can inform state higher education policy by identifying if certain 

state and institutional contexts lead to institutional decisions that may place a greater 

financial burden on the neediest students.  With this information, states can implement 

higher education financing policies with a better understanding of how these policies 

affect diverse student populations.  Moreover, the results will show the degree to which 

low-income and high-ability students benefit from changes in state financial aid 

expenditures.  This information can help guide state and institutional leaders as they work 

to find a balance of incentives and priorities that promote student access and success 

through greater affordability.  In particular, this research will help identify state-level 

policies that incentivize, or fail to incentivize, institutions to engage in pricing behaviors 

that promote greater affordability to low-income and high-ability students. 
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Other researchers have investigated the coordination of aid policy between 

institutions and states (Doyle et al., 2009; B. T. Long, 2004; Lowry, 2001).  However, 

these studies either focus on student-level or state-level data.  As a result, these studies 

fail to account for key institutional differences and the various constraints and priorities 

that motivate institutional pricing policies.  In addition, the emphasis on either student-

level or state-level factors leaves a gap in our understanding of the process through which 

higher education affordability is determined.  Student-level studies provide insights into 

institutional priorities and the unequal social outcomes the pursuit of these priorities may 

lead to (Doyle, 2010; Goldrick-Rab et al., 2009; N. W. Hillman, 2010), but without the 

state-level components, they cannot identify external forces that shape institutional 

pricing behaviors.  Alternately, state-level studies do identify external forces that 

incentivize institutional pricing behaviors, but they explain little about the results of these 

forces on higher education affordability and differences in affordability across various 

student populations.  This investigation accounts for the multi-level relationship between 

states, institutions, and students and introduces a comprehensive analysis of higher 

education affordability and the state and institutional factors that influence the 

distribution of price across students. 

Research Questions 

 This study examines the relationship between state higher education student aid 

expenditures and institutional price differentiation across different types of students and 

the degree to which these relationships differ when institutional reliance on state support 
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vary.  I begin by exploring the overall effect of state higher education student aid 

expenditures on affordability for different types of students. 

1. Controlling for time-invariant state differences, to what extent do institutional 

pricing strategies favor affordability to different populations of students (i.e., low-

income and high-achieving) as state expenditures on need-based and non-need-

based aid vary? 

I then consider differences in these institutional pricing behaviors when institutional 

dependence on state support varies. 

2. To what extent does the type of state financial aid expenditures (need- and non-

need-based) incentivize institutional pricing behaviors that favor different 

populations of students (i.e., low-income or high-achieving) as institutional 

reliance on state appropriations varies? 

Dissertation Overview 

 In this study, I examine the relationship between state higher education financial 

aid policy and institutional pricing behaviors, focusing on differences across student need 

and academic ability.  In the following chapter, Chapter Two, I introduce the theoretical 

perspectives that frame the study, review key literature and research on higher education 

finance and institutional pricing behaviors, and discuss my hypotheses.  In particular, I 

explain the state-institutional relationship within the principal-agent framework and 

discuss how resource dependence can shape institutional behaviors.  I synthesize research 

on the state-, institutional-, and student-level factors that influence state tuition and aid 

practices, noting the limited between-level connections analyzed in most of the studies. 
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Chapter Three presents my data, variables, and analytical approach.  Specifically, 

I use three years of data on a total sample of 64,050 public four-year undergraduates to 

examine the influence of separate state financial aid expenditures and student need and 

ability on the amount of institutional aid students received and the net price they paid.  I 

analyze the data using three different estimation approaches and include state fixed 

effects to reduce omitted variable bias due to time-invariant, between-state differences.  

Interactions between state financial aid expenditures and student characteristics comprise 

the focus of the analysis, indicating institutional responsiveness to student need and 

ability as state expenditures on need- and non-need-based aid changed.  In addition, the 

analysis also examines the interactive effect of institutional dependence on state 

appropriations. 

The results and main findings are presented in Chapter Four.  The results indicate 

that institutional pricing behaviors respond to changes in state financial aid expenditures 

in a systematic way.  For example, as states increase need-based aid expenditures, 

institutional aid and net price become more responsive to student need and less 

responsive to academic ability.  Findings on the influence of appropriation dependence 

are weaker but suggest significant differences in pricing behaviors between institutions.  

In Chapter Five, I provide a deeper discussion of the findings, connecting them to theory, 

my hypotheses, and the broader context.  I also consider the main implications of the 

findings, describe the limitations, and highlight opportunities for future research. 
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Chapter Two: Review of Theory and Literature 

 Agency and resource dependency theories provide useful frames to explore the 

state-institutional relationship and its effect on higher education affordability.  More 

specifically, the principal-agent model helps clarify why different state higher education 

expenditures may be more (or less) effective at promoting affordability to some 

populations of students (e.g., high-ability students) but not to other populations (e.g., low-

income students).  Resource dependency theory provides an explanation for why one 

would expect the effects of changes in state higher education financing policy on 

institutional pricing behavior to vary across institutions.  In this chapter, I review the 

theory and literature that inform my proposed research and shed light upon the complex 

relationships between state policy, institutional priorities and behaviors, and higher 

education affordability for different types of students. 

The chapter has five parts.  I begin with an introduction to agency theory and 

explain how concepts from resource dependence theory compliment those from the 

principal-agent model in the unique case of higher education.  With examples from the 

literature, I then consider the application of the principal-agent model to the specific 

problem of higher education affordability.  The second part discusses the roles of 

information asymmetries and moral hazard in the principal-agent model and the 

institution-level aspects (i.e., priorities and behaviors) that contribute to a principal-agent 

problem between states and institutions with regard to higher education affordability.  In 

the third part, I focus on the principal’s (i.e., state governments) use of contracts, the 

incentives and constraints that may motivate institutional compliance, and the role of 
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resource dependence in shaping institutional behaviors.  In the fourth part, I summarize 

the key aspects of agency and resource dependence theories, discuss lessons from the 

literature on the factors that influence institutional pricing behaviors, and identify gaps in 

the research.  Finally, based on the theory, previous research, and my research questions, 

I introduce my hypotheses. 

Agency Theory, the Principal-Agent Model, and Resource Dependence 

 One cannot fully understand organizational behavior without an examination of 

the context in which the behavior occurs (Pfeffer & Salancik, 2003).  This includes both 

the internal as well as the external factors that motivate and constrain organizational 

choices.  Agency Theory and Resource Dependence Theory both emphasize the context 

in which organizational behaviors occur with a focus on how the relationship between the 

organization and external forces shapes these behaviors.  In this section, I discuss both 

theories, apply the principal-agent model to the problem of higher education 

affordability, discuss the limitations of this model, and describe the ways in which 

elements of Resource Dependence theory can compensate for these limitations. 

 Agency theory and the principal-agent problem.  Agency theory 

conceptualizes the exchange between two or more actors who form a relationship to 

advance their interests.  In particular, the principal-agent model estimates how much 

benefit one actor, the “principal,” obtains when he/she initiates a relationship, or 

“contract,” with another actor, the “agent,” to act on the principal’s behalf (Bertelli, 2012; 

Moe, 1984).  In this model, the principal lacks the knowledge and/or resources to attain 

some desired outcome, so the principal contracts the agent, assumed to have the sufficient 
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knowledge and resources, to behave in ways that produce outcomes in agreement with 

the principal’s priorities (Bertelli, 2012).  However, the contract does not always 

maximize the production of the principal’s goals.  This occurs because the “agent has his 

own interests at heart, and is induced to pursue the principal’s objectives only to the 

extent that the incentive structure imposed in their contract renders such behavior 

advantageous” (Moe, 1984, p. 756).  Thus, failure by the principal to incentivize agents 

to adopt preferred behaviors may result in unintended consequences that undermine the 

intent of the contract. 

 Early scholarship on the principal-agent problem addressed incentive and 

informational problems in private businesses (Smith, 1991) and government 

bureaucracies (Weber, 1946), but the first formal application and development of the 

principal-agent model occurred in the 1970s.  It has since been used to explain behaviors 

within for-profit firms, governments, and the nonprofit sector (Lane, 2012).  In the case 

of higher education, principal-agent relationships exist between states and institutions, 

colleges and faculty, students and institutions, and many other combinations that involve 

explicit or implicit contracts between two or more actors (Lane, 2012). 

Although the key concepts focused on depend on the area of study, Miller (2005) 

identifies six core assumptions representative of the canonical principal-agent model: 1) 

the principal’s payoff is dependent on the agent’s actions; 2) due to information 

asymmetry between the principal and agent, it is difficult (or impossible) for the principal 

to have perfect knowledge of the agent’s actions; 3) the principal and agent have 

asymmetrical priorities; 4) the principal initiates the contract based on unified and 
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coherent priorities; 5) based on a common understanding of the contract and both parties’ 

priorities, the principal will develop an incentive structure that maximizes payoff given 

the cost of the incentive; and 6) the principal has the ultimate bargaining power and sole 

authority to cancel the contract. 

Resource dependence theory.  Although, its initial development originated from 

Jeff Pfeffer’s dissertation and subsequent publications on power relations between 

organizations (G. F. Davis & Cobb, 2010), the formal articulation of resource dependence 

theory is credited to Pfeffer’s later co-authored work, The External Control of 

Organizations (Pfeffer & Salancik, 1978).  Situated within the larger context 

organizational theory, resource dependence was introduced as an alternative to economic 

theories previously used to explain internal organizational behaviors as well as power 

relations between organizations and external forces (Pfeffer & Salancik, 1978, 2003).  

Since its emergence, it has become a popular and influential theory in the organizational 

behavior and strategic management literature (G. F. Davis & Cobb, 2010; A. J. Hillman, 

Withers, & Collins, 2009).  G. F. Davis and Cobb (2010) estimated that, over a 30-year 

period, The External Control of Organizations had been cited over 3,000 times, with the 

majority of citations associated with management and other business fields.  In particular, 

it has been used to explain organizational efforts to reduce dependence through specific 

tactics, such as mergers and vertical integration, joint ventures, boards of directors, 

political action, and executive succession (A. J. Hillman et al., 2009).   

Although resource dependence has been studied most in business and 

management, it has also been applied to research in political science and public policy, 
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sociology, healthcare, and education (G. F. Davis & Cobb, 2010).  This is because the 

underlying emphasis of the theory is relevant to general organizational behavior.  For 

example, Davis and Cobb identify three core ideas that embody resource dependence 

theory: “(1) social context matters; (2) organizations have strategies to enhance their 

autonomy and pursue interests; and (3) power (not just rationality or efficiency) is 

important for understanding internal and external actions of organizations” (G. F. Davis 

& Cobb, 2010, p. 23).  From this perspective, resource dependence theory is a useful lens 

to examine any organization – from businesses to schools – and gain a greater 

understanding of organizational behavior. 

Of particular relevance to this study, resource dependence theory can help explain 

differences in organizational behavior resulting from the distribution of organizational 

resources from different sources.  Like the principal-agent model, it treats organizations 

as self-interested agents that engage in exchanges with other organizations for the benefit 

of both involved parties.  However, resource dependence theory emphasizes 

organizational autonomy (of the agent) and the control of power through dependence (G. 

F. Davis & Cobb, 2010; Pfeffer & Salancik, 2003).  To the organization, greater 

dependence on an external source reduces organizational autonomy and, thus, power (G. 

F. Davis & Cobb, 2010; Pfeffer & Salancik, 2003).  In other words, the greater control an 

external source has over an organization’s resources, the less power the organization has 

to resist the external source’s demands.  As a result, an organization’s main goal is to 

engage in strategic exchanges that reduce its dependence on external forces. 



 16 

Higher education affordability from a principal-agent and resource 

dependence perspective.  Many of the core concepts of the principal-agent model are 

relevant to higher education.  States can be viewed as principals that contract with public 

colleges and universities to fulfill numerous state objectives.  For example, states contract 

with institutions to help promote economic growth by producing an educated and skilled 

workforce and generating new knowledge through research, reduce economic and social 

inequalities by providing educational access to all income and racial groups, and develop 

well-rounded and responsible citizens (Bloom, Hartley, & Rosovsky, 2007).  Of 

particular relevance to the present study, states contract with public institutions to educate 

residents at an efficient cost to both students and the states (Lowry, 2001).  Nevertheless, 

states do not have enough information or the tools to make sure institutions are 

containing costs and keeping the price of higher education as low as possible. 

To help reduce inefficiencies, states use financial resources and structural 

oversight to incentivize institutions to align their behaviors with state objectives (Doyle, 

2012).  For example, public institutions benefit from state funds in the form of direct 

appropriations and student financial aid.  Particularly, states provide this support to 

increase higher education affordability – with the goal of improved access and 

completions – among targeted groups of students (e.g., state residents and those with high 

financial need or high ability).  In addition, some states have centralized higher education 

coordinating boards, which can restrict individual institutional autonomy and incentivize 
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behaviors that align with state priorities (Western Interstate Commission for Higher 

Education, 2003).
1
  

Nevertheless, in the state-institutional relationship, some of the canonical 

assumptions of the principal-agent model are not tenable.  In particular, state priorities 

are neither unified nor coherent.  State priorities are determined by and communicated to 

institutions through many collective principals (i.e., principals comprised of multiple 

individuals or groups), including governing boards, the legislature, and the governor 

(Lane, 2012).  Moreover, institutions also have principal-agent relationships with non-

government agencies, such as students and industry.  These factors (i.e., collective 

principals and multiple principals) complicate the principal-agent problem because 

institutions must choose between multiple, and sometimes conflicting, contractual 

demands (Lane, 2012).  In addition, states do not have the ultimate power to cancel a 

contract with public institutions.  As Lane (2012) explains, “most public universities are 

agents of the state government that charters and funds them, and it is reasonable to 

assume that leaving or ending the contract is not a feasible option for either entity” (p. 

281).  Thus, states hold somewhat less power in their relationships with institutions than 

the canonical model assumes. 

With respect to the relationship between states and the behavior of public 

institutions of higher education, resource dependence theory compliments the principal-

agent model.  From a resource dependence perspective, autonomy is greatly constrained 

when an organization is dependent on a single provider of resources.  As G. F. Davis and 

                                                 
1
 Alternatively, recent research indicates that, in certain contexts, coordinating boards can act as 

intermediaries on behalf of institutional interests (see, e.g., Tandberg, 2013). 
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Cobb (2010) explain, “if dependence comes from relying on a sole-source supplier, then 

an obvious solution is to find and maintain alternatives” (p. 24).  By reducing resource 

dependence on a single source, organizations gain greater autonomy to pursue their own 

interests.  Thus, resource dependence theory provides particular insight into 

organizational behavior when an agent contracts with collective principals or multiple 

principals with competing priorities, as is the case in public higher education. 

Based on the expectation that organizational behavior is shaped by the availability 

of resources, institutional pricing behavior should change as the distribution of 

institutional revenues from different sources shifts.  Fowles (2013) found evidence of 

resource dependence influencing institutional spending patterns in his analysis of public 

four-year institutions.  As the share of institutional revenues from tuition increased, 

institutional education and related expenditures (i.e., expenditures that directly benefit 

students, the suppliers of tuition revenues) also increased (Fowles, 2013).  Alternatively, 

resource dependence theory suggests that institutional pricing behaviors will be less 

aligned with state priorities as the share of institutional revenues from state 

appropriations decreases.  For example, when share of revenues from appropriations are 

low, institutional pricing behaviors will potentially be less responsive to state goals to 

reduce tuition levels. 

Agency Problems: Using Pricing Strategy to Pursue Institutional Priorities 

In the agency literature, Miller’s (2005) second and third core assumptions, 

asymmetrical information and asymmetrical priorities, are the primary source of agency 

problems (Bertelli, 2012; Eisenhardt, 1989; Moe, 1984).  That is, since states cannot have 
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complete knowledge of institutional behaviors or resources (e.g., finances, structural 

capacity, and quality of student inputs), they must trust, to some extent, that institutions 

are behaving in agreement with the contract (Lane, 2012).  This is because, without 

complete information, states cannot completely verify institutional efforts to comply with 

state goals, granting institutions flexibility to pursue priorities other than those intended 

by the contract.  Thus, when institutional interests do not align with those of the state, the 

contract will fail to maximize state affordability goals. 

Informational asymmetries and moral hazard.  Informational asymmetries 

produce two types of agency problems: adverse selection and moral hazard (Bertelli, 

2012; Eisenhardt, 1989; Lane, 2012).  Adverse selection results from the principal’s 

inability to verify the capacity of the agent to maximize the principal’s payoff (Lane, 

2012).  Although adverse selection is often discussed in terms of selection between 

potential agents, the central issue is a misrepresentation of information (Bertelli, 2012).  

Moral hazard is the risk that the agent will engage in behaviors that go against the 

principal’s interests (Bertelli, 2012).  For example, states do not have precise information 

about institutional efforts to keep institutional costs (e.g., faculty and administrative 

salaries) low and to, in turn, fulfill the state objective to maintain an affordable price of 

attendance.  As a result, there is a risk that institutions will divert funds that could be used 

to increase affordability (i.e., lower tuition and fees and higher aid expenditures) toward 

other priorities.  One concern is that colleges are sacrificing affordability to pursue 

prestige, with increased faculty salaries to attract star faculty researchers, or increase 
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future revenues, with state-of-the-art facilities and additional non-academic services to 

attract high-paying students and donors (Bennett & Wilezol, 2013; Selingo, 2013). 

Agency problems related to institutional costs are a particular problem in higher 

education because it is difficult to draw the line between sufficient and excessive 

spending.  Institutional costs have increased over time.  In 2006, institutions spent an 

average of $26,451 on education and general activities per FTE student at public research 

institutions, $14,293 at public masters institutions, and $15,045 at public bachelors 

institutions.
2
  By 2011, these average expenditures increased to $28,339, $15,349, and 

$15,776, respectively (Desrochers & Hurlburt, 2014). 

However, scholars disagree as to why institutional costs have grown so much and 

continue to increase (Archibald & Feldman, 2010; Getz & Siegfried, 1991).  According 

to his Revenue Theory of Costs, H. R. Bowen (1980) argues that revenues, themselves, 

drive up institutional spending.  Specifically, he posits, “Each institution raises all the 

money it can.  Each institution spends all it raises” (H. R. Bowen, 1980, p. 20), and, as a 

result, institutional expenditures are only bounded by revenue capacity.  Similarly, some 

propose that institutional self-interest to maximize prestige and revenues drive up costs 

(Archibald & Feldman, 2010; Vedder, 2004).  Others contend that colleges and 

universities costs are driven by external forces like “cost disease,” where highly educated 

labor (i.e., faculty) costs increase over time, while labor productivity remains constant 

(Archibald & Feldman, 2010; Ehrenberg, 2000).  Given these diverse justifications and 

explanations for changes in college costs, it is difficult for states to verify what is an 

                                                 
2
 Adjusted for inflation using 2011 CPI deflator 
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appropriate level of cost for fulfilling their educational goals – and this is assuming that 

these goals (e.g., contained costs, increased affordability, expanded access, improved 

quality, and increased graduation rates) do not undermine one-another.
3
  As a result, 

institutions may shirk their responsibility to restrict institutional costs and student price 

and, instead, pursue their own agendas (e.g., maximize prestige, craft a class, improve 

facilities and services, and attract more revenues). 

Another informational asymmetry problem arises from institutional pricing 

practices.  Although institutional list price and mandatory fees are publicly reported, 

institutions do not report complete information about their tuition discounting and 

financial aid practices and the students favored by these practices. This is problematic 

because the list price of tuition is not the same as the average net price (i.e., list price 

minus all sources of aid), and the average net price that institutions are mandated to 

report to IPEDS only represents a subsample of students and hides the variance in net 

price across different populations of students (L. J. Turner, 2014).  Since institutions use 

institutional aid to manage enrollment and pursue a variety of priorities (McPherson & 

Schapiro, 1998), and it is still unclear how institutions distribute this aid, institutional 

pricing practices may not support state affordability priorities. 

Research on institutional pricing practices.  Higher education tuition and 

finance practices date back to the establishment of colleges and universities in the United 

States (Thelin, 2011).  These colleges and universities, similar to other levels of early 

U.S. education, charged tuition for their services, and some lower income students 

                                                 
3
 For example, expanded enrollments mean greater enrollments of students who are less academically 

prepared and are less likely to complete degrees (Bound, Lovenheim, & Turner, 2010; Martin, 2002). 
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received financial assistance from institutions and private sources to reduce these costs 

(Thelin, 2011; Wilkinson, 2005).  However, strategic institutional pricing practices, 

where institutions leverage tuition and aid to maximize an assortment of priorities, are a 

relatively recent development (McPherson & Schapiro, 1998).  These strategies involve 

decisions about what published tuition and fees to charge, how much money to spend on 

aid, how to package aid offers (e.g., grants and/or loans), and which students receive 

different types of aid packages (McPherson & Schapiro, 1998). 

In particular, contemporary institutions, public and private, engage in some 

degree of price differentiation, tuition cross-subsidization, and differential aid packaging 

(Cheslock, 2006; DesJardins & Bell, 2006).  Each of these practices influences the net 

price students pay (i.e., the difference between price of attendance and financial aid).  

Price differentiation takes advantage of individual student price elasticity of demand for 

higher education (i.e., sensitivity to changes in price) to charge each student the 

maximum amount he or she is able – or willing – to pay (DesJardins & Bell, 2006).  This 

practice enables institutions to maximize tuition revenues, given institutional priorities 

with regard to the size and composition of student enrollments. 

Tuition cross-subsidization compliments price differentiation practices and often 

promotes a high-tuition, high-aid pricing strategy (Cheslock, 2006).  Institutions that 

utilize this strategy increase the listed price of attendance (i.e., list price) and offset this 

price increase with tuition discounts to students with particular attributes, such as ability 

or financial need (Cheslock, 2006).  As a result, the additional revenue that institutions 

generate from full-price students cross-subsidizes the tuition discounts institutions offer 
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to other students.  A particular form of cross-subsidization, the “Robin Hood” strategy, 

uses the increased tuition revenues to aid students with the greatest need (Hossler, 2000; 

Rose & Sorensen, 1992). 

Differential aid packaging is another common pricing strategy among institutions 

of higher education.  It involves the strategic combination of grants, loans, and student 

employment offers in ways that ultimately promote institutional enrollment and budget 

priorities (McPherson & Schapiro, 1998).  In practice, this translates into packages that 

may meet students’ immediate financial need but decrease institutional scholarship grants 

and increase the expectation that students rely on greater amounts of external self-help 

aid (i.e., loans and work) as relative student academic achievement decreases (McPherson 

& Schapiro, 1998; Wilkinson, 2005). 

 The use of each of these pricing strategies is associated with differential outcomes 

for different types of students.  For example, numerous studies indicate that the decisions 

to enroll and re-enroll in postsecondary education among low-income and 

underrepresented minority students are more responsive to price changes than are those 

of their high-income and White peers (Goldrick-Rab et al., 2009; J. Kim, 2010; Leslie & 

Brinkman, 1987).  In addition, research suggests that price responsiveness varies 

depending on the pricing strategies institutions implement.  In particular, St. John’s 

(1990) research on a national sample of college-aged students suggests that the 

enrollment decisions of applicants are significantly more sensitive to a change in any 

form of aid than they are to an equal change in tuition.  Moreover, St. John (1990) found 

that although high-income students were not sensitive to the type of aid awarded, low-
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income students were more responsive to increases in grant aid than they were to 

increases in self-help aid.  These studies demonstrate the importance of affordability in 

supporting student access, persistence, and degree attainment, particularly among low-

income and underserved populations.  They suggest that institutional pricing strategies 

that increase institutional revenues and prestige, and ignore underserved populations, 

have significant implications for equity of opportunity and academic achievement. 

 Research also demonstrates the influence of institutional pricing strategies on 

institutional enrollment management and revenue maximization efforts.  In particular, 

they highlight the limits of tuition discounts and cross-subsidization.  One such study on 

four-year public institutions indicates that an increase in list price to cross-subsidize 

tuition discounts can increase net tuition revenues (i.e., total tuition revenues minus 

tuition discount expenditures) but that these revenues begin to decrease when discounts 

rates exceed 13 percent (N. W. Hillman, 2012).  These results support the research of St. 

John (1994) and Curs and Singell (2010), which note that tuition discounts can mitigate 

tuition increases but that this strategy has limited sustainability as tuition continues to 

increase and necessary expenditures on tuition discounts to maintain enrollment goals 

also increase.  Similarly, Martin (2002) demonstrates that tuition cross-subsidization 

practices can result in either a decrease in net tuition revenues or a decrease in average 

student academic quality.  Together, these studies emphasize the tradeoffs institutions 

face when they pursue specific priorities.  Indeed, institutions must be cautious as they 

pursue their various priorities and make tough decisions “between doing good and doing 
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well” (Winston, 1999, p. 31).  As these studies demonstrate, too great a focus on one 

priority can significantly hinder the pursuit of other priorities. 

Research on institutional priorities.  Although there are many ways in which 

institutional pricing behaviors can undermine state priorities, the likelihood that this kind 

of agency problem will arise depends on the priorities institutions pursue.  At a basic 

level, institutional priorities can be understood within the “two-good framework” 

(Weisbrod, Ballou, & Asch, 2008).  That is, colleges and universities are two-good firms 

that produce revenue goods and mission goods.
4
  In addition, institutions perform two 

fundamental actions: those that raise money and those that spend money.  Although some 

actions produce both revenue and mission goods, these two priorities do not always 

overlap.  High-tuition, high-aid pricing policies are a common example of the two goods 

that institutions produce: institutions raise tuition prices to increase net tuition revenues 

and then spend these increased revenues on tuition discounts to advance institutional 

mission.  The particular missions that tuition discounts advance vary, but they are broadly 

associated with the mission of crafting a class of students with attractive attributes (e.g., 

student body diversity and academic ability) [N. W. Hillman, 2012]. 

In the higher education affordability literature, researchers use the distribution of 

aid and net price across students to explain the priorities institutions pursue as they craft a 

class (Doyle, 2010; N. W. Hillman, 2010; Rose & Sorensen, 1992).  In particular, 

research suggests that efforts to maintain affordability for low-income students remain an 

                                                 
4 Revenue goods are products intended generate revenues (e.g., state-of-the-art facilities and MBA 
programs), while mission goods are products that may cost more than they generate but fulfill the 
institution’s mission (e.g., remedial education and foreign language programs). 
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institutional priority but that efforts to increase the enrollment of high-ability students 

have more recently become a greater priority (Doyle, 2010; N. W. Hillman, 2010; Rose 

& Sorensen, 1992). 

Early work on this subject provides evidence of cross-subsidization practices and 

their effect on affordability in the private sector of higher education (Rose & Sorensen, 

1992).  Using cross-sectional data from the College Examination Board’s American 

Survey of Colleges and Higher Education General Information Survey (HEGIS), one 

study identifies a positive association between list tuition price and tuition discounts.  

However, these tuition increases are also associated with an increase in net price for low-

income students, which suggest that cross-subsidization practices do not benefit low-

income students.  Although this study is dated, only looks at one year of data, and omits 

public institutions, it still makes significant contributions to the literature.  In particular, 

Rose and Sorensen (1992) use a unique measure of cross-subsidization that examines the 

relationship between list tuition, discount, and net price across student income levels. 

Alternately, the characteristics of students who receive tuition discounts and the 

size of discounts these students receive also indicate institutional enrollment priorities.  

N. W. Hillman (2010) takes this approach in his analysis of data from the 2004 National 

Postsecondary Student Aid Study (NPSAS).  He analyzes a series of binary logistic 

regressions to determine the likelihood of aid receipt and descriptive statistics on the size 

of institutional aid packages across student characteristics.  He finds evidence of efforts 

to enroll a diverse student population.  Low-income students, minority students, and non-

resident students are significantly more likely than high-income, White, and resident 
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students to receive tuition discounts.  However, the results also indicate institutional 

efforts to increase revenues and/or prestige.  Among those who receive aid, low-income 

student average tuition discount rates were equal to or smaller than those of high-income 

students, and Hispanic students received smaller average tuition discounts than did their 

White counterparts.   

Similar to the research of Rose and Sorensen (1992), a limitation to Hillman’s 

(2010) research is the use of cross-sectional data.  Thus, time-specific changes in higher 

education demand and institutional finances may have had an unmeasured effect on 

institutional pricing strategies (Bettinger & Williams, 2013).  Doyle’s (2010) research on 

institutional priority changes over time contextualizes N. W. Hillman (2010) and Rose 

and Sorensen’s (1992) findings.  Looking at the effect of student socioeconomic status 

and academic ability on the size of tuition discount received, Doyle (2010) conducts a 

Tobit model analysis on public and private four-year students  using  data from the 

NPSAS 1993, 1996, 1999, and 2004 survey years.  His analyses show that public non-

doctoral institutions and private institutions grew less responsive to student need and 

more responsive to student ability between 1993 and 2004. 

According to this research, institutional pricing strategies provide clear indicators 

of institutional priorities (Doyle, 2010).  In particular, cross-subsidization and tuition 

discounting practices and, in turn, the institutions who engage in these practices do 

prioritize aid to underrepresented students, but, nevertheless, favor student ability (i.e., 

prestige) over student need (i.e., access). This growing importance of prestige and 

revenue in institutional agendas can undermine state higher education affordability 
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efforts.  However, the degree to which shifting institutional priorities impede state efforts 

will depend on the specifications of the contract between states and their institutions, the 

incentives states provide, and the constraints states impose. 

Contracts, Incentives, and Constraints 

 The nature of the contract between states and institutions influences the degree to 

which state and institutional priorities align.  In the principal-agent relationship, there are 

two types of contracts, outcome contracts and behavior contracts (Eisenhardt, 1989; 

Lane, 2012).  Outcome contracts are the most straightforward, as the fulfillment of the 

contract is based on a specific outcome that represents the principal’s priority.  However, 

when the principal’s priority is not easily measured or quantified, the principal may 

instead contract an agent to perform a particular action that results in the desired outcome 

(Eisenhardt, 1989).  Higher education affordability is a complex outcome to measure, as 

it varies across student, institutional, and state contexts.  Thus, affordability is pursued 

through behavior contracts with incentives that tend to focus on published tuition and 

fees and total institutional aid expenditures. 

 In the principal-agent model, incentives are offered to the agent to fulfill certain 

behaviors or outcomes that align with the principal’s priorities (Eisenhardt, 1989; Lane, 

2012).  For example, a state may promise to provide sufficient additional higher 

education funding if its institutions do not increase tuition.  However, incentives are only 

effective insofar as they 1) appeal to the agent’s interests (Lane, 2012) and 2) link the 

behavior or outcome to the principal’s priorities (Eisenhardt, 1989).  In the example of 

state higher education funding and tuition increases, the amount of additional funding 
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that the state deems “sufficient” may be far lower than the alternative additional revenues 

an institution could generate from a tuition increase.  If the institution’s only priority 

were to increase revenues, the state’s incentive would fail to induce institutional 

cooperation.  Likewise, if the state’s main priority were affordability to low-income 

students, incentives to maintain current listed tuition levels would not necessarily 

translate to a maintained, or lower, net price for this sub-population of students.  Thus, 

the proper alignment of state priority, incentive structures, and institutional interests can 

help improve contract fulfillment. 

 Beyond the provision of incentives to induce compliance, principals can utilize a 

variety of mechanisms that constrain an agent’s behaviors.  In the state-institutional 

relationship, these mechanisms involve both priority-specific policies that prohibit 

specific actions (M. M. Kim & Ko, 2015), as well as structural oversight (Lowry, 2001), 

which can limit institutional autonomy.  For example, centralized governance and trustee 

selection are structural oversight mechanisms that can constrain institutional autonomy 

and increase government and public influence over institutional budgetary and tuition 

decisions (Carlson, 2013; Lowry, 2001).  In addition, highly centralized governance 

structures, such as statewide higher education coordinating boards, can act as a “means of 

expanding elected officials’ capacity to supervise” (Lowry, 2001, p. 6), which reduces 

informational asymmetries and encourages institutional compliance (Eisenhardt, 1989). 

However, coordinated higher education governance, while restricting individual 

institutional autonomy, may also act as an advocate for the interests of higher education 

institutions.  In his article on the conditioning effect of governing boards, Tandberg 



 30 

(2013) found that consolidated governing boards can reduce the influence of higher 

education interest groups, resulting in reduced financial support for higher education.  

Alternatively, he also found that consolidated governing boards enhanced the effect of 

legislative professionalism and legislative party composition, further increasing support 

for higher education when professionalism was high and when there was high democratic 

representation in the legislature. 

 The degree of institutional dependence on state resources also explains 

institutional responsiveness to state incentives and constraints.  Organizations highly 

dependent on a single source for resources have less individual autonomy (G. F. Davis & 

Cobb, 2010; Pfeffer & Salancik, 2003).  As organizations accumulate greater resources 

from diverse providers and dependence on the initial source diminishes, the organizations 

have greater power to resist incentives and constraints placed by the initial source.  For 

public higher education, this suggests that institutions with greater revenues from non-

state sources will be less responsive to state objectives (Fowles, 2013). 

Research on institutional responsiveness to state incentives and constraints.  

As resource dependence theory suggests, one of the primary ways in which states 

influence institutional behaviors is through the provision of financial resources.  Indeed, 

until recently, state and local appropriations comprised the largest share of public higher 

education revenues.  In the 2007-08 academic year, institutional revenues from state and 

local appropriations comprised 37% of revenues at public doctoral institutions (with 

federal appropriations and grants and contracts comprising the second largest share of 

revenues at 33%) and 47% of revenues at public master’s and bachelor’s institutions (Ma, 
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Baum, Pender, & Bell, 2015).  However, the influence of state appropriations on 

institutional behavior varies across institutions, as some institutions are more dependent 

on this source of revenues than are others.  For example, Fowles (2013) conducted a 

panel analysis of the spending patterns of public four-year institutions and found that 

changes in institutional expenditures reflected the shifting source of institutional 

revenues.  Specifically, as tuition revenues comprised a growing share of total 

institutional revenues, institutions increased expenditures on students.  Although 

institutional responsiveness to state priorities may vary, there remains a strong negative 

relationship between the state appropriations and institutional prices
5
 (Cunningham, 

Wellman, Clinedinst, Merisotis, & Carroll, 2001; Koshal & Koshal, 2000; Rizzo & 

Ehrenberg, 2004). 

Beyond the provision of direct appropriations to institutions to offset educational 

costs, states utilize several strategies to constrain higher education prices.  For example, 

based on a survey in 2013 of state fiscal officers from each of the fifty states, Carlson 

(2013) found some that states reported that they incentivized tuition setting behavior by 

linking state financial aid programs to tuition rates.  Conversely, some states also 

reported the use of penalties, such as threats of increased legislative scrutiny and 

involvement, to incentivize institutions to curb tuition increases (Carlson, 2013).  In their 

multilevel study on state policies that influence changes in published tuition at public 4-

year institutions, M. M. Kim and Ko (2015) found that states with these types tuition-

setting incentives and penalties witnessed significantly smaller increases in tuition and 

                                                 
5
 Researchers often note, however, that the relationship is endogenous, with the value of both variables 

dependent on each other (See, e.g., Koshal & Koshal, 2000). 
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fees between the 1996-97 and 2006-07 academic years than did states without incentive 

policies.  Likewise, Doyle et al. (2009) found a significant coordination between state 

financial aid policy and institutional aid, where institutions in states that spent more on 

merit aid were more responsive to student academic ability and less responsive to student 

need. 

Nevertheless, some scholars suggest that not all higher education financing 

policies incentivize institutions to prioritize affordability.  These scholars posit that state 

(and federal) policies that link financial aid awards to amount of student need may 

undermine the priorities they are trying to promote (Bennett, 1987; Bennett & Wilezol, 

2013; Heller, 2013; B. T. Long, 2004).  In particular, research on this subject tests the so-

called Bennett Hypothesis, which argues that these types of aid policies incentivize 

institutions to raise tuition, capture the additional revenues, and redistribute these 

revenues in the pursuit of other priorities (Bennett, 1987; Bennett & Wilezol, 2013).  

Although several studies have examined this relationship, with a focus on aid programs 

like the Georgia HOPE scholarship (B. T. Long, 2004) and the Federal Pell Grant 

(Archibald & Feldman, 2010; Li, 1999; Singell & Stone, 2007), results across studies are 

inconsistent, with some findings in support of aid-capturing behavior and others reporting 

non-significant results (Heller, 2013).  This disagreement across studies is likely a result 

of a fundamental limitation in the methodology used.  For example, in his meta-analysis 

of the effect of the Pell Grant on tuition, Heller (2013) notes that the studies were unable 

to account for omitted variable bias that makes the relationship between changes in Pell 

grants endogenous to institutional pricing changes. 
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However, developments in econometric methodology have advanced research on 

the federal-institutional finance relationship.  This research uses instrumental variable 

and regression discontinuity/regression kink techniques to link increases in federal aid to 

institutional pricing behavior (L. J. Turner, 2013; N. Turner, 2012).  For example, 

Nicholas Turner (2012) used an instrumental variable to address the endogeneity between 

changes in student tax incentives and institutional aid policy.  He reports that institutions 

offset the financial benefit individual tax rebates for educational expenditures by 

decreasing aid expenditures.  Lesley Turner (2013) found a similar pattern when she used 

regression discontinuity and regression kink designs to leverage program eligibility cutoff 

points and measure the effect of changes in Pell generosity on institutional aid 

distribution across students. Lesley Turner’s (2013) research indicates that increases in 

Pell awards result in decreases in institutional aid as student need increases.  Despite the 

predominant focus on federal aid programs, these studies highlight the importance of 

careful incentive policy selection, as an insufficient consideration of institutional 

priorities can produce adverse outcomes. 

 Researchers have also investigated the constraining influence of state higher 

education oversight on institutional pricing behaviors.  For example, in his analysis on 

state control and public university tuition and fee revenues, Lowry (2001) found that 

institutions in states with centralized higher education governance structures and states 

where the public and elected officials selected governing board trustees had significantly 

lower net revenues than did institutions in states with no such oversight structures and 

practices.  Other studies have also found that centralized higher education governance 
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structures were significantly associated with lower average tuition (Calhoun & 

Kamerschen, 2010; Hearn, Griswold, & Marine, 1996) and lower reliance on tuition 

revenues (Toma, 1990).  The constraining effect of structural oversight mechanisms is 

also supported by the research of M. M. Kim and Ko (2015).  They found that average 

tuition increases over a ten-year period were significantly larger in states where 

institutions, as opposed to the government or a centralized governing body, had tuition-

setting authority (M. M. Kim & Ko, 2015). 

 Finally, states can implement specific policies to constrain particular institutional 

pricing behaviors.  These state policies include tuition freezes, caps placed on percentage 

of tuition increased each year, and agreements that allowed institutions to increase tuition 

as long as they increased institutional aid expenditures as well (Carlson, 2013).  M. M. 

Kim and Ko (2015) test the effectiveness of these tuition-setting policies in their 

multilevel regression analysis of the change in institutional tuition and fees between 1997 

and 2006 at 540 public four-year college and universities spread across all 50 states.  

Their results indicate a significant negative relationship between the existence of a 

tuition-capping, or freezing, policy and the magnitude of tuition increases.  Likewise, 

policies that linked tuition and institutional aid increases were also associated with 

smaller tuition increases (M. M. Kim & Ko, 2015). 

Connections and Gaps 

 Framed within the principal-agent model, the issue of higher education 

affordability is an agency problem that results from informational asymmetries and 

divergent priorities between states and public institutions of higher education.  States 
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desire affordable postsecondary access (Lowry, 2001), while institutions, faced with 

financial pressures and competition for resources, are increasingly prioritizing activities 

that generate revenue and prestige (Doyle, 2010).  Nevertheless, state higher education 

policies, such as those that increase institutional revenues when institutions keep tuition 

low or increase institutional aid to low income students, can help motivate state-

institutional priority alignments and constrain institutional opportunistic behaviors 

(Eisenhardt, 1989; M. M. Kim & Ko, 2015). 

 Although previous research identifies key factors that affect some aspects of 

higher education affordability, there is a disconnect between scholarship that explains the 

distribution of institutional prices and aid across different groups of students and the 

literature that explains the relationship between state policies and institutional pricing 

behaviors.  The former group of research focuses on the direct relationship between 

institutions and students with little regard for federal and state incentives.  In the latter 

case, many of the studies that account for state policy only take into consideration listed 

in-state undergraduate tuition and fees (M. M. Kim & Ko, 2015) or aggregated tuition, 

revenues, and expenditures (Doyle, 2012; B. T. Long, 2004; Lowry, 2001).  These 

measures fail to account for the differentiated prices students pay due to need, ability, or 

other characteristics. 

 Research on the differential effects of state policies are necessary because states 

employ diverse policies to promote their higher education affordability goals, and these 

policies often target different populations of students.  For example, some states rely on 

policies that restrict tuition increases for all resident students, while other states 



 36 

emphasize increased institutional aid, perhaps paired with tuition increases, to ensure 

continued affordability among lower-income students (Carlson, 2013; M. M. Kim & Ko, 

2015).  Depending on the policy design, institutions will have varied degrees of 

autonomy to use their pricing policies to pursue their own priorities (e.g. prestige) and 

target specific populations of students (e.g., high-ability students).   

In his overview of agency theory and higher education, Lane (2012) discusses the 

problem of slippage, where, due to multiple layers of principals and agents or the 

presence of multiple principals, the priorities of the principal are unclear.  This kind of 

slippage is likely to take place in the state-institutional relationship, where multiple 

principals at different levels of authority (e.g., governors, legislators, and higher 

education governing bodies) develop and oversee state higher education policies.  The 

problem of slippage is further complicated by the degree to which institutions depend on 

resources from the state. 

 Preliminary exploratory analyses run on NPSAS 2004 and 2012 data (see Table 

2.1 and Table 2.2) show that changes in different state spending policies are associated 

with vastly different mean changes in affordability between students by income and 

academic ability.  According to Table 2.1, students from the lowest income group 

experienced increases in institutional aid awards as states increased expenditures on 

need-based aid, but the percent of institutional aid increased was nearly zero in states 

with the largest increases in need-based aid ($0.19) compared to states with smaller 

increases or decreases in need-based aid ($45, an 8.7% increase from 2004).  Meanwhile, 

the highest income students experienced the largest increase in institutional aid ($483.13 
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or 95.8%) across all income groups in states with larger increases in need-based aid 

expenditures.  All income groups experienced increases in average net price, and these 

increases were smaller for lower-income students than for higher-income students.  

Nevertheless, the decrease in institutional aid to the lowest-income students indicate that 

institutions, particularly in states with the largest increases in need-based aid, were 

potentially redistributing resources away from the lowest income students and 

undermining state affordability efforts among this population. 

Table 2.1.  

Changes in State Need Aid and Affordability across Students 

Outcome Student Characteristic 

Above Median 

Aid Change % change 

Below Median 

Aid Change % change 

Inst. Aid Income: $0-30,000 0.19 0.0% 44.78 8.7% 

 

Income: $30,001-

45,000 
285.91 40.2% 28.11 4.5% 

 

Income: $45,001-

75,000 
210.96 34.8% 275.71 45.0% 

 

Income: $75,000-

100,000 
145.32 23.0% 77.36 11.0% 

 

Income: Above 

$100,000 
483.13 95.8% 91.37 12.3% 

 

ACT>22 180.18 33.2% 109.57 24.5% 

 

ACT<=22 -369.34 -45.2% -395.97 -32.6% 

Net Price Income: $0-30,000 391.85 21.7% 275.20 14.7% 

 

Income: $30,001-

45,000 
945.90 35.6% 315.45 11.4% 

 

Income: $45,001-

75,000 
1120.79 31.9% 961.26 25.0% 

 

Income: $75,000-

100,000 
1822.09 41.9% 1749.27 37.5% 

 

Income: Above 

$100,000 
2519.34 48.1% 1946.56 34.7% 

 

ACT>22 798.72 25.1% 480.02 13.6% 

 

ACT<=22 380.76 9.4% -218.49 -4.7% 

Sources. NPSAS 2003-04 & 2011-12 and IPEDS and NASSGAP Annual Survey 2004 & 2012. 

Note. Median change in need-based aid per FTE was $16.81 between 2004 and 2012 (2011 inflation-

adjusted dollars).  Weighted sample means. 
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Table 2.2. 

Changes in State Non-Need Aid and Affordability across Students 

Outcome Student Characteristic 

Above Median 

Aid Change % change 

Below Median 

Aid Change % change 

Inst. Aid Income: $0-30,000 25.87 5.9% 24.83 2.5% 

 

Income: $30,001-

45,000 
90.60 19.0% 246.69 27.8% 

 

Income: $45,001-

75,000 
135.51 28.3% 416.58 54.4% 

 

Income: $75,000-

100,000 
51.59 9.6% 216.64 26.7% 

 

Income: Above 

$100,000 
224.50 48.8% 378.75 48.9% 

 

ACT>22 82.74 22.7% 212.69 32.4% 

 

ACT<=22 -213.7 -25.2% -181.65 -12.4% 

Net Price Income: $0-30,000 157.22 9.4% 24.38 1.2% 

 

Income: $30,001-

45,000 
133.19 5.6% 747.85 24.0% 

 

Income: $45,001-

75,000 
838.87 26.6% 1440.61 33.6% 

 

Income: $75,000-

100,000 
1029.07 24.6% 2853.48 58.7% 

 

Income: Above 

$100,000 
1408.37 29.7% 3268.28 53.5% 

 

ACT>22 379.36 13.2% 1092.62 28.3% 

 

ACT<=22 -217.40 -5.8% 830.75 17.1% 

Sources. NPSAS 2003-04 & 2011-12 and IPEDS and NASSGAP Annual Survey 2004 & 2012. 

Note. Median change in non-need-based aid per FTE was $56.57 between 2004 and 2012 (2011 inflation-

adjusted dollars).  Weighted sample means. 

 

With the exception of the lowest income group, students in states that increased 

non-need-based aid expenditures experienced smaller average increases in net price than 

did students in states that decreased non-need-aid expenditures.  Particularly, in states 

with lower increases and decreases in non-need-based aid expenditures, the net price paid 

by higher income students appears to increase the most.  Among students with household 

incomes above $100,000, net price increased by $3,268.28, which is $1,859.91 higher 

than in states with larger increases in non-need-based aid.  By contrast, among the lowest 

income group, the average net price increase in states that increased non-need-based aid 
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was $132.84 more than the average net price increase in states that decreased non-need-

based aid expenditures.  These results show that the effects of changes in state aid 

expenditures are not uniform across different types of students.  The variability across 

groups also suggest that other factors, such as institutional differences, may influence the 

degree to which state expenditures benefit targeted populations of students. 

Although Doyle et al. (2009) examine the differential association of state policy 

with affordability across different types of students, the results of their work provide a 

limited understanding of the state-institutional relationship. Specifically, their research 

only focuses on state financial aid and excludes an examination of other state-level 

factors that influence higher education affordability.  Moreover, aside from controlling 

for institution type (i.e., a binary categorization for research university), the work of 

Doyle et al. (2009), does not consider the mediating effect of institutional dependence on 

state support.  This is important because some institutions are more dependent on 

revenues from state appropriations and, as a result, more responsive to state incentives.  

Thus, one would expect the degree of alignment between state policy and institutional 

behavior to vary across institutions within a state.  Finally, their analyses only look at 

cross-sectional differences between states.  These cross-sectional analyses cannot answer 

whether changes in state aid expenditures are associated with changes in institutional 

pricing behaviors over time. 

Hypotheses 

To answer my first research question regarding the relationship between state 

financial aid expenditures and the distribution of institutional aid and net price across 
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students, I proposed three competing hypotheses of institutional pricing behavior: 

compensate, comply, and absorb.  These hypotheses extend from the foundational work 

of Doyle et al. (2009) on institutional pricing response to state aid expenditures.  In their 

study, they hypothesized that institutions would use their aid to compensate for state aid 

policy.  Specifically, they expected that, in states with large need-based aid programs, 

students with high ability would receive larger institutional aid awards while low-income 

students would receive smaller institutional aid awards.  In addition, in states with large 

merit-based aid programs, students with high need would benefit most from institutional 

aid, and students with high ability would benefit less.  Alternatively, they also put forth 

the counter proposal that institutions could use their aid to comply with state aid policy.  

In this counter-hypothesis, the primary beneficiaries of state aid would also be the 

primary beneficiaries of institutional aid as well, and institutional aid awards would be 

less sensitive to student characteristics not emphasized by state aid expenditures. 

In this study, I tested these two hypotheses and proposed an additional competing 

hypothesis of institutional pricing response to state aid policy, that institutions absorb 

state aid.  The new hypothesis, absorb, echoes the spirit of the Bennett Hypothesis 

(Bennett, 1987; Bennett & Wilezol, 2013) and considers the possibility that institutions 

use their pricing strategies to capture state aid expenditures and redirect these revenues to 

fund other priorities.  Similar to the compensate hypothesis, the absorb hypothesis 

predicts that that institutional aid expenditures will be less responsive to student need (or 

ability) when state expenditures favoring student need (or ability) are higher.  Unlike the 

compensate hypothesis, however, the absorb hypothesis does not predict that institutional 
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aid will be more sensitive to state aid policy.  Instead, it predicts that institutions would 

decrease institutional aid to the intended beneficiaries of the state aid policy and utilize 

the captured funds for other institutional expenditures. 

In addition, I considered the extension of these hypothesis to student net price. 

Table 2.3 depicts the expected interaction effect between state aid policy and student 

income and ability on institutional aid received and net price paid under each competing 

hypothesis. 

Table 2.3. 

Hypothesized Responses to Changes in State Aid 

 Institutional Aid Net Price 

 Income Ability Income Ability 

Comply     

  Need Aid - - + + 

  Non-Need Aid + + - - 

Compensate     

  Need Aid + + -/0 - 

  Non-Need Aid - - + -/0 

Absorb     

  Need Aid + 0 -/0 0 

  Non-Need Aid 0 - 0 -/0 

 

In reference to the second research question, which focuses on differences by 

institutional dependence on state appropriations, I expected institutions with varying 

dependence on state financial support to have different pricing responses to state student 

financial aid expenditures.  This expectation was grounded in resource dependence 

theory, which predicts that institutional behaviors will cater to the preferences of those 

providing the majority of their resources (Fowles, 2013).  Thus, I hypothesized the 

pricing behaviors of institutions with a larger share of revenues from state appropriations 

would be more aligned with state preferences than the pricing behaviors of institutions 
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that are less dependent on state appropriations.  Specifically, pricing behaviors at 

institutions with high dependence on state appropriations would comply with state aid 

expenditures while institutions with low dependence on state appropriations would 

exhibit compensate or absorb pricing behaviors.  Institutions less dependent on state 

financial support would have less incentive to pursue state affordability priorities and 

greater incentive to capture state financial aid dollars and redirect the captured funds in 

the interests of other stakeholders. 
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Chapter Three: Methods 

 This study utilized time-series, cross-sectional data (i.e., three separate years of 

data with state-, institutional-, and individual-level information) to explain the interactive 

effects between state incentive structures and public college and university priorities on 

higher education affordability across different groups of students.  Like Doyle et al. 

(2009), I used student-level data to analyze the interaction between state aid expenditures 

and student need and ability.  However, unlike Doyle et al. (2009), my analyses 

employed an econometric fixed-effects modeling approach to analyze information from 

multiple years at once instead of focusing on each year of data separately. 

When cross-sections of data are analyzed together, a problem with a standard 

pooled Ordinary Least Squares (OLS) approach is the assumption of independence of 

errors across observations (Rabe-Hesketh & Skrondal, 2012).  In this analysis, 

individuals within same state shared commonalities associated with their state, a violation 

of the independence of errors assumption.  In a similar fashion, there were unobserved 

state-specific factors that are shared between observations over time.  Failure to account 

for this nested nature of the data could have biased the estimated standard errors and 

increased the likelihood of a false rejection of the null hypothesis (Raudenbush & Bryk, 

2002).  One solution to this problem is to collapse all data to the highest level and 

proceed with an OLS regression.  However, a purely state-level analysis would not allow 

me to examine differences across institutional priorities or student characteristics. 

Econometric fixed effects enabled me to account for the commonalities within 

groups of observations while analyzing individual-level variance (Gelman & Hill, 2007; 
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Rabe-Hesketh & Skrondal, 2012; Snijders & Bosker, 2012).  In their study, Doyle et al. 

(2009) also used state fixed effects to account for between state differences.  In particular, 

the researchers did this to adjust for an under-estimation of the total variance due to 

common characteristics shared by individuals within the same state.  However, the 

researchers still analyzed the data as separate year cross-sections, so the inclusion of state 

fixed effects absorbed the variance in state aid expenditures (i.e., students in the same 

state have the same values for state aid expenditures).  One limitation to the analysis of 

cross-sections, even when state fixed-effects are included, is the risk of omitted variable 

bias.  For this reason, I pooled the data from three years and ran the analysis with fixed 

effects.
6
 

When applied to time-series, cross-sectional data, fixed effects control for the 

time-invariant characteristics of states over time, which reduces omitted variable bias at 

the group level and improves the strength of causal inference (Kennedy, 2008; Snijders & 

Bosker, 2012).  As a result, the inclusion of state fixed effects based estimates on changes 

within each state, and the estimates were less biased by between-state differences such as 

geographic region or state history.  In addition to the state fixed effects,
7
 I also included 

year fixed effects to account for time-specific trends (e.g., the Great Recession) and used 

                                                 
6
 Preliminary analyses on cross-sections were also examined but are not reported in the results.  The 

analyses produced overall patterns that were similar to the pooled analyses, though less consistent between 

years. 
7
 Measured as dummy variables for each state. I selected Virginia as the baseline state because total state 

aid expenditures per student were, on average, near the middle of the distribution across states, and need-

based and non-need-based aid expenditures in the state were pretty evenly divided (see Figure 3.1). 
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the robust estimator of the variance.
8
 In the next section, I describe the data structure and 

sample, the variables and sources, and the statistical models used. 

Data Structure and Sample 

 The data were comprised of student-, institutional-, and state-level information 

measured in the 2003-04, 2007-08, and 2011-12 academic years.  I restricted the sample 

to undergraduate students at public four-year institutions
9
 within the 50 U.S. states who 

attended only one postsecondary institution in the survey year.  This yielded a sample of 

approximately 64,050
10

 (see Table 3.1 for mean frequencies within states).  Some states, 

such as California, which have many public four-year institutions, had larger samples of 

students and institutions
11

 (e.g., more than 2,500 students and closer to 30 institutions in 

California in 2008).  Alternatively, for some years, some states were comprised of 

smaller samples of students who all attended the same institution (e.g., Vermont, with a 

sample of nearly 20 students, in 2007-08).
12

 

                                                 
8
 That is, I used the Huber and White, or sandwich, estimator to relax the assumption that the errors are 

identically distributed.  In addition, Stata automatically applies this estimator when sampling weights are 

specified (i.e., pweights). 
9
 Bachelors (General), Bachelors (Liberal Arts), Masters II, Masters I, Research/Doctoral (Intensive), and 

Research/Doctoral (Extensive) institutions as identified by Carnegie classification were included in the 

sample.  Bachelors/Associates, Associates, Tribal, Specialized (e.g., Law or Medical), and unclassified 

institutions were excluded from analysis unless included as part of a system-aggregated case (see Footnote 

11). 
10

 In compliance with the restricted use data license for NPSAS data, all unweighted counts were rounded 

to the nearest ten. 
11

 Data for some institutions had to be aggregated due to reporting of important financial and student aid 

data at the system level.  When this happened, continuous variables were aggregated for the system and 

categorical variables took on the value of the “flagship” institution for that system (see Jaquette & Parra, 

2014, for more information on parent-child reporting). 
12

 Some states only had student data for two of the three years.  Missing states were New Hampshire in 

2004 and Hawaii and Wyoming in 2012. 
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Table 3.1. 

Sample Size within States 

 2003-04 2007-08 2011-12 

Sub-Population Mean Count (SD) Mean Count (SD) Mean Count (SD) 

Institutions 5.06 

(4.46) 

6.88 

(5.54) 

5.67 

(4.14) 

Students 369.45 

(284.60) 

625.90 

(585.17) 

305.25 

(260.52) 
Source. NPSAS 2004, 2008, & 2012. 

 

Dependent Variables 

 The primary interest of this study is the influence of state expenditure patterns on 

institutional cross-subsidization across students.  To capture this, the dependent variables 

I examined were institutional effort to increase affordability to individual students, 

measured as institutional aid, and student affordability, measured as net price. 

Institutional aid was measured as the total amount of institutional grants (or 

tuition discounts) a student received.
13

  Alternatively, net price was operationalized as the 

list price (i.e., listed tuition and fees) minus the total amount of federal, state, local, and 

institutional grant and scholarship aid dollars a student receives.  This measure was 

included to show differences in the overall effect of state expenditures and institutional 

priorities on the ultimate price different students pay.  I included both of these measures 

to get a more detailed understanding of institutional cross-subsidization practices.  For 

example, the data could show that increases in state spending reduce the overall net price 

a particular group of students pays, especially if institutions did not increase tuition.  

However, institutions could see the increased public expenditures as an opportunity to 

                                                 
13

 Following the logic of Doyle et al. (2009), I subtracted institutional athletic aid awards from total 

institutional aid because my focus was on student need and merit, and it added unexplained variance to the 

analysis since I did not control for student athletic ability. 
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capture revenues for other priorities, and the actual amount of institutional aid the group 

of students receives would not change or would even decrease. 

Data for these two dependent variables – as well as for all of the other student-

level variables – came from the 2004, 2008, and 2012 National Postsecondary Student 

Aid Study (NPSAS).  NPSAS collected nationally- and sector-representative financial, 

educational, and personal information on postsecondary students across all sectors and 

levels of higher education.  Specifically, subsamples of the data are representative by 

institutional control (i.e., public or private) and level (i.e., two-year or four-year).  This 

data source provided information on each student’s financial and racial background, 

academic performance, and enrollment behaviors, as well as detailed data on the 

amounts, types, and sources of financial assistance each student received (e.g., federal, 

state, institutional, and private grants and loans).  In addition, NPSAS also surveyed the 

institutions these students attended and provided institutional identifiers as well as 

information about the student population and tuition charges.  To ensure consistency over 

time, both dependent variables were adjusted to 2011 dollars using the consumer price 

index.  See Appendix A for a complete list of the dependent and independent variables 

and the data sources. 

Independent Variables 

This analysis included a series of variables capturing student- and institutional-

level characteristics and state-level spending variables.  My first research question asked 

about the extent to which institutional pricing strategies favor affordability to different 

populations of students (i.e., low-income and high achieving) as state expenditures on 
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need-based and non-need-based aid vary.  To answer this, I analyzed the relationship 

between state student financial aid expenditures and the institutional aid received and net 

price paid by different types of students.  Specifically, I examined differences in 

institutional aid awarded and net price paid across student income and ability.  Since no 

nationally representative data that measures average institutional aid or net price across 

student income or ability at the state or institutional level currently exists, my unit of 

analysis was the student.  For this reason, the relationship between state aid expenditures 

and affordability to different types of students was estimated by interacting state need- 

and non-need-based aid expenditures with student income and ability.  In a secondary set 

of analyses, I examined the interactions between state aid expenditures (need-based and 

non-need-based) and student characteristics, on separate samples of students, those at 

institutions that were more dependent on state appropriations and those at institutions that 

were less dependent.  This second set of analyses addressed my second research question 

about the moderating effect of resource dependence on the institutional pricing strategies 

used on different types of students when state aid expenditures varied. 

Student income and ability.  Income was a continuous variable measured as the 

natural log of either the adjusted gross income (AGI) of each independent student or AGI 

of the parents of each dependent student.
14

  Since some state expenditures target low-

income students (e.g., need-based student aid), the interactions between state aid 

expenditures and AGI helped explain whether low-income students financially benefitted 

                                                 
14

 Values are adjusted to 2011 dollars using the Consumer Price Index deflator. 
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from the state expenditures more (or less) than higher-income students in terms of greater 

affordability. 

I used ACT composite score – or ACT-adjusted SAT score when no ACT score 

was reported – as a proxy for student academic ability.  It ranges from 1 to 36, with a 

higher score associated with greater academic ability.  Although college admissions test 

scores, such as the ACT and SAT, are not direct measures of student academic ability, 

they are associated with postsecondary academic performance, such as GPA (Coyle & 

Pillow, 2008), and have been used in similar research to signal student academic ability 

(Doyle et al., 2009).  Thus, student ability was measured as each student’s total ACT 

score or ACT-converted combined SAT score. 

Institutional dependence on state appropriations.  Dependence on state 

appropriations was measured as the share of total institutional revenues that came from 

state appropriations.  This variable was created using institutional state appropriations 

and total revenue data from the Integrated Postsecondary Education Data System 

(IPEDS) Finance Survey.  Since institutional pricing decisions are determined prior to the 

start of the academic year, I used data from the academic years prior to those in which the 

dependent variables were collected (i.e., 2002-03, 2006-07, and 2010-11 academic years).  

According to the principal-agent framework, incentives are an important tool used to 

promote agent compliance when the principal’s priorities are different from those of the 

agent (Eisenhardt, 1989).  However, if the agent does not find the incentive worth the 

cost of compliance, he or she will be less likely to purse the principal’s priorities (Miller, 

2005).  This idea is reinforced in the theory resource dependence, which explains that the 
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availability and source of resources an organization utilizes affects organizational 

behavior (G. F. Davis & Cobb, 2010; Fowles, 2013; Pfeffer & Salancik, 2003).  In other 

words, organizations will adjust their behaviors to favor the priorities of the external 

constituents that provide the majority of their resources.  Thus, I hypothesized, 

institutions that were more dependent on state appropriations would be more likely to 

align their behavior with state priorities than those that were less dependent on this source 

of funds.  Appropriation dependence was treated as a control variable in the analyses.  To 

answer the second research question, this variable was then used to divide the sample 

(i.e., above and below the median value) and examine the influence of appropriation 

dependence on institutional pricing responses to changes in state aid expenditures. 

State financial aid expenditures.
15

  One approach states use to increase higher 

education affordability to specific populations of student is through financial aid 

programs.  Some of these programs base eligibility for financial aid on student financial 

need.  To examine the relationship between these need-based aid programs and 

affordability for undergraduate students, I included a variable for the total amount each 

state spent on need-based grant aid per undergraduate full-time equivalent (FTE) 

enrollment each year.  I focused on grant aid because it comprises the largest portion of 

state expenditures on financial aid (National Association of State Student Grant and Aid 

Programs, 2012).  Data for this variable came from the National Association of State 

Student Grant & Aid Programs (NASSGAP) Annual Survey for the 2003-04, 2007-08, 

                                                 
15

 All state expenditures variables were adjusted to 2011 dollars using the Consumer Price Index deflator. 
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and 2011-12 academic years.
 16

   According to the NASSGAP definition, state grant aid 

expenditures qualified as need-based if eligibility for the aid program involved some 

indicator of student need. 

The second state financial aid expenditure was state non-need-based aid, 

operationalized as total state expenditures on undergraduate non-need-based grant aid 

(i.e., aid programs without a need component) per undergraduate FTE enrollment.  This 

data was also provided by NASSGAP.  Instead of targeting aid toward students with 

financial need, the majority of these non-need-based aid programs based eligibility on 

some measure of student merit (e.g., a minimum GPA requirement).  For example, in the 

2010-11 academic year, exclusively merit-based aid comprised around two-thirds of all 

non-need-based aid (National Association of State Student Grant and Aid Programs, 

2012). 

Need-based and non-need-based aid expenditure policies varied widely between 

states.  Figure 3.1, which depicts average aid dollars spent on each type of aid per FTE 

enrollment in the state, demonstrates this variability.  Some states, such as Arizona and 

Hawaii, spent comparatively little on financial aid to students between the 2003-04 and 

2011-12 academic years while others, such as Georgia and South Carolina, had very 

generous aid programs.  Likewise, the emphasis of state aid programs was quite diverse.  

States like California and Pennsylvania provided financial aid based almost exclusively 

on some aspect student need.  On the other side of the spectrum was Georgia, which, 

while offering generous amounts of financial aid, did not consider financial need at all. 

                                                 
16

 Alternative exploration using lags in state aid expenditures of one, two, and three years did not indicate 

stronger delayed responsiveness in institutional pricing behavior. 
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Figure 3.1. Average State Aid Expenditures per FTE by State 2003-04, 2007-08, 2011-

12. 

Note. Estimates derived using data from 2004, 2008, and 2012 NASSGAP Annual 

Surveys and NCES Digest of Education Statistics. 

Control Variables 

Every model included a series of individual-, institutional-, and state-level control 

variables.  At the individual level, I controlled for student race/ethnicity, residency status, 

enrollment status, and Pell Grant amount.  Each student-level measure was derived from 

the NPSAS datasets.  Race/ethnicity was a set of binary variables indicating if a student 

identified as Black, Hispanic, or Other (i.e., Asian, Native American, Pacific Islander, or 

multiple races), with White as the baseline group, represented as a zero for all other 

race/ethnicity indicators.  Residency status was a dichotomous variable, coded “1” if the 

student attends an institution within his/her state of residency and “0” if not.  It was 

important to control for residency status because the list price at public institutions is 
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significantly higher for non-resident students than that charged to resident students, and 

state financial aid awards are often restricted to resident students only.  Since the sample 

included both full-time and part-time students, I also controlled for student attendance 

status, coding full-time, full-year enrollment as “1” and all other enrollment patterns as 

“0.”  In many cases, enrollment status also influences the price of attendance, as well as 

eligibility for financial aid, and is correlated with student income and ability (X. Chen, 

2007; Hearn, 1992).  The last individual-level control I included was the amount of 

Federal Pell Grant aid received by each student, adjusted for inflation, to account for its 

possible influence on institutional pricing behavior, as some research suggests (See, e.g., 

Li, 1999; L. J. Turner, 2013). 

At the institutional-level, I controlled for institutional selectivity, the share of low 

income students at the school, Carnegie classification, and institutional grant aid 

expenditure per student.
17

  As with my measure of institutional dependence on state 

appropriations, data for these variables came from the 2002-03, 2006-07, and 2010-11 

academic years.  I controlled for institutional selectivity because many institutions use 

pricing strategies to enroll high-ability students.  Bolstering the academic profile of the 

entering class helps to improve institutional prestige (Winston, 1999).  In addition, high-

achieving students are more likely to persist, complete degrees, and graduate on time than 

do lower-achieving students (Pascarella, Terenzini, & Feldman, 2005).  To measure 

institutional selectivity, I used Barron’s classification of competitive institutions, which 

                                                 
17

 Unlike Doyle et al. (2009), I did not control for institutional list price.  Although list price is associated 

with institutional aid and net price (e.g., high-tuition, high-aid policies. See Cheslock, 2006), it was also 

highly correlated with state appropriations and institutional dependence on state appropriations.  If included 

in my analysis, it could have produced results that underestimated the influence of appropriation 

dependence on institutional pricing behavior. 
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was based on institutional selectivity,
18

 to identify institutions with a high emphasis on 

prestige (i.e., institutions classified as “Most Competitive,” “Highly Competitive,” or 

“Very Competitive”) and institutions with a low emphasis on prestige (i.e., classified as 

“Competitive,” “Less Competitive,” or “Noncompetitive”). 

An institution’s mission to improve access among lower-income students can also 

influence institutional pricing behavior.  For this reason, I controlled for the share of total 

undergraduate enrollments receiving Pell Grants within the institution.  The number of 

Pell recipients were extracted from the U.S. Department of Education financial aid 

reports and divided by the unduplicated 12-month undergraduate enrollment headcount 

reported in the National Center of Education Statistics (NCES) Digest of Education 

Statistics.  There are two limitations to this measure.  First, not all students who are 

eligible to receive Pell Grants actually receive this form of aid.  Second, this measure 

assumed that only institutional efforts to increase low-income student enrollments 

resulted in such increases.  In response to the first limitation, although Pell Grant receipt 

is not an exact measure of low-income status, it is commonly used for this purpose in the 

higher education literature (e.g., Ehrenberg, Zhang, & Levin, 2006; Griffith, 2011) and is 

a reliable estimate of lower- and middle-class student enrollments (Ehrenberg et al., 

2006).  To address the second limitation, I included a series of state-level controls to 

account for alternative factors that could affect institutional enrollment patterns. 

I included a series of dummy variables, based on the 2005 basic Carnegie 

classification, to control for institutional tier.  In previous research Doyle et al. (2009) 

                                                 
18 Specifically, competitiveness rankings were based on student grades and test scores and 
institutional acceptance rates. 



 55 

found a significant difference between research institutions and other four-year 

institutions in the amount of institutional aid awarded.  In my analyses, I included 

indicators for “Bachelors – General”, “Bachelors – Liberal Arts”, “Masters II”, “Masters 

I”, and “Research/Doctoral – Intensive” institutions, with “Research/Doctoral – 

Extensive” as the baseline group.  These data came from the IPEDS Institutional 

Characteristics Survey. 

Institutional grants per student were measured as total institutional expenditures 

on scholarships and fellowships – minus reported expenditures operations, maintenance, 

and interest – divided by undergraduate unduplicated 12-month enrollment.  This variable 

helped to control for tuition discount capacity at each institution, which was expected to 

be positively associated with differences in the amount of institutional aid received 

between institutions and, in turn, negatively associated with differences in the net price 

students pay.  Data on institutional scholarship and fellowship expenditures came from 

the IPEDS Institutional Finance Survey, while enrollments were obtained from the 

IPEDS Institutional Enrollments Survey. 

 Finally, I included a series of state-level control variables.  I controlled for state 

appropriations to higher education.  State appropriations to higher education are a broad 

tool used to subsidize higher education costs to educate students, especially resident 

students.  Thus, they have a strong influence on institutional list price and average net 

price (Cunningham et al., 2001; Curs & Singell, 2010; Koshal & Koshal, 2000).  In this 

study, state appropriations were measured as the total state expenditures appropriated to 

higher education (minus need-based and non-need-based aid expenditures) per 
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undergraduate FTE student enrollment in the states.  State appropriations data were 

obtained from Illinois State’s Grapevine System, which compiles quantitative data on 

state fiscal support for higher education.  Student FTE enrollment data were extracted 

from the NCES Digest of Education Statistics. 

Although the state fixed effects control for time-invariant differences between 

states (e.g., higher education oversight structure), there are also several factors that 

influence an institution’s applicant pool, and, as a result, institutional enrollment and 

pricing strategies.  To account for this, I controlled for state economic characteristics, 

racial composition, and higher education competition.  Since I was interested in 

institutional responses to state higher education expenditures, these state-level control 

variables were measured at the start of the academic year for the student-level variables 

(e.g., 2011 state aid expenditures were paired with 2011-12 student net price).  I did this 

because I expected institutional pricing behaviors (i.e., tuition-setting and aid awards) to 

be dependent on factors that occurred prior to the start of the academic year. 

The specific economic variables I controlled for were state income per capita and 

state income inequality.  The U.S. Census Bureau Regional Economic Information 

System provided data on personal income per capita by state, and the income inequality 

data were obtained from Mark W. Frank’s (2009) U.S. State-Level Income Inequality 

Data.  I included income per capita because state wealth could influence the demand for 

higher education.  Inequality was measured by the state Gini coefficient, which indicates 

the level of income inequality within a state.  This measure ranges from zero to one, with 
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zero representing perfect income equality.  Income inequality was included because it 

may influence institutional enrollment profiles across students’ income levels. 

For a similar reason, I controlled for state racial demographics, which were 

obtained from the U.S. Census Bureau Population Estimates.  If a minority group became 

a larger share of the population in a state, that group may also grow among higher 

education enrollments and influence state and institutional affordability efforts.  Racial 

composition was represented as the percentage of citizens who are Black or Hispanic.  

The percentage of undergraduates enrolled at private institutions, derived from the NCES 

Digest of Education Statistics, was used to measure higher education competition within 

the state.  Institutions in states with a strong private sector in higher education could have 

faced greater pressure to compete and adjusted their tuition and discounts to continue to 

attract students (Becker & Toutkoushian, 2013). 

Statistical Model Specifications 

 Like Doyle et al. (2009), I first ran preliminary analyses on the data for each year 

separately.  To help reduce omitted variable bias at the state level, however, my primary 

analyses utilized the complete data set, pooling all three years of data, adding state and 

year fixed effects, and using the NPSAS sample weights with robust standard errors 

adjustments. 
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Figure 3.2. Distribution of Institutional Aid Dollars Received by Sample. 

Three modeling approaches.  Due to the particular distribution of my dependent 

variables, I used three different approaches to modeling the data: OLS regression, Tobit 

regression, and Lognormal Tobit regression.  Specifically, institutional aid and net price 

were both censored at zero, which could have biased estimates calculated using OLS 

regression.  Nearly 75 percent of the students in my sample reported receiving no 

institutional aid and almost 25 percent reported paying a net price of zero
19

 (see, e.g., 

Figure 3.2 depicting the distributions of institutional aid).  A potential problem with using 

OLS estimation in this situation is that OLS treats the students with zeros as equal, which 

leads to an inconsistent estimation of the parameters (J. S. Long, 1997).  Within these 

                                                 
19

 NPSAS replaced all negative values for net price (i.e., total aid received exceeded tuition and fees) with 

zero. 
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zeros exist a range of students, some with characteristics more similar to those who 

received institutional aid and some with characteristics less similar.  However, since the 

data were censored at zero (e.g., those least deserving of institutional aid do not get 

negative aid), the latent prediction of how much institutional aid a student would receive 

given his/her characteristics (e.g., need and ability), would be inconsistently measured by 

OLS.  In my analyses, OLS may have biased the estimates downward. 

For this reason, in addition to estimating results using OLS, I also used Tobit 

estimation, an approach often used to model censored data.
20

  The benefit of the Tobit 

estimation approach is that it considered the amount of institutional aid awarded (or net 

price paid) and the likelihood of receiving institutional aid (or paying any tuition and 

fees).  Specifically, the dependent variable is defined as (J. S. Long, 1997): 

(3.1) 

    
  

                  
   

                                   
   

  

With the assumption that errors are normally distributed and homoskedastic
21

 the 

estimating equation is: 

(3.2) 

                 
 

 
  

      

 
 

          

      
    

 
 

        

 

where    is the amount of institutional aid a student receives,    is a vector of 

explanatory variables with coefficients  ,   is the standard deviation of the normal 

                                                 
20

 Doyle et al. (2009) use Tobit in their analysis of institutional aid using NPSAS data. 
21

 Violations of these distributional assumptions produce inconsistent estimates of the parameters.   
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distribution,   is the probability density function (p.d.f.), and   is the cumulative density 

function (c.d.f).  

Although Tobit regression is effective at modeling censored data, it is not robust 

to violations in the assumption of normally distributed errors, and estimates produced 

using Tobit can be substantially influenced when these assumptions are not tenable.  To 

help reduce potential violations of the normality assumption, my third estimation 

approach used Tobit regression with lognormal transformed dependent variables.  As 

recommended by Cameron and Trivedi (2010), the natural log transformation helps 

normalize the distributions of these variables.  In the Tobit regressions where institutional 

aid and net price were transformed in this way, the model coefficients were interpreted as 

percentages instead of dollar amounts. 

 Weighting.  To ensure the survey data reflected the characteristics of the national 

population of postsecondary students, NPSAS calculated complex weights to apply to the 

raw data.  These weights adjusted for selection bias among institutions and students 

surveyed, multiplicity, nonresponse, and stratified sampling.  I used the included weights 

from the NPSAS data files, along with specifying the robust variance adjustment, to 

maintain national representativeness within my sample.  It should be noted, however, that 

my sample was qualitatively different from the subsample for which the weights were 

originally developed (e.g., I exclude students from four-year associates and specialized 

institutions and students who attended more than one institution).  Nevertheless, 

exploratory analyses using my sample with and without applying the weights did not 

produce major differences in the results. 
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 Multiple imputation.  In my sample, nearly 19 percent of the students were 

missing ACT and SAT scores.  This was because either they did not take these tests or 

they were over 30 years old, and the NPSAS surveys did not request these scores for 

individuals over 30.  To take advantage of the full amount of data within my sample, I 

used multiple imputation in Stata (i.e., the mi suite) to impute derived ACT values for 

students missing both ACT and SAT scores.  Imputation utilized all model variables, as 

well as survey-year grade point average and type of high school degree attained (e.g., 

diploma, GED, or no diploma or certificate), to impute missing ACT scores.
22

 

 Modeling steps.  For each outcome and analytical approach, my analyses were 

divided into three steps: 

1) A baseline model of differences in institutional aid and net price across state 

expenditures, institutional appropriation dependence, and student characteristics; 

2) A set of two-way interaction models between the state-level independent 

variables (i.e., state need-based and non-need-based aid expenditures) and student-level 

independent variables (i.e., student income and ACT score); 

3) A set of the two-way interaction models applied to separate samples of 

students, divided into students at institutions that were more dependent on state 

appropriations and those at institutions that were less dependent on state appropriations. 

                                                 
22 I generated five imputed data sets. Multiple imputation incorporates random error into the 
imputation process, so imputed values for each data set were slightly different.  Final results 
generated using multiply imputed data were based on the average results from analyses run on each 
imputed data set. 
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The first step of analyses utilized an unconditional model that was comprised of 

all state-, institutional-, and student-level variables.  The analytical approach was 

represented as: 

(3.3) 

                                                               

                       . 

It measured each outcome       (i.e., institutional aid or net price for a student i at 

institution j within state k in year t) as a function of need-aid (      ) and non-need-aid 

(        ) expenditures; individual income (       ) and ability (       ); a series of 

state (   ), institutional (    ), and individual (     ) controls; terms to account for state 

time-invariant unobservables (             ) and year-specific unobservables 

(             ); and a random error term     . 

This baseline model estimated the differences in average institutional aid and net 

price across different groups of students, controlling for state aid expenditures and other 

state, institutional, and student aspects.  It estimated, for example, if the average size of 

institutional aid receipt was higher for lower-income students than it was for higher-

income students (i.e., a significant negative coefficient for         in the institutional aid 

model). 

Alternatively, the coefficients for need-based aid expenditures and non-need-

based aid expenditures estimated the relationship between each state expenditure and 

average institutional aid and net price net other covariates.  Thus, a significantly negative 

coefficient for state need-aid (      ) in the net price unconditional model would 
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indicate that increases in need-aid expenditures were associated with decreases in average 

net price for students.  This unconditional model did not answer my research questions, 

but it did provide a baseline understanding of the broad relationships at play and a 

foundation that the subsequent analyses built upon. 

 The second step of analyses examined the effect of state aid expenditures on the 

distribution of institutional aid and net price across student income and ability.  

Specifically, I added interactions between state aid and these two student characteristics.  

In total, the second step included four interaction terms: state need-based aid interacted 

with student income, state need-based aid interacted with student ability, state non-need-

based aid interacted with student income, and state non-need-based aid interacted with 

student ability. 

(3.4) 

                                                            

                                                         

                                 . 

 This second step of analyses examined my first research question and tested my 

hypotheses about institutional pricing responses to state aid expenditures.  For 

institutional aid, a significant negative interaction between state need-based aid 

expenditures and both individual income and ability would support the comply 

hypothesis.  As individual income and ability increased, the effect of higher state need-

based aid on institutional aid awarded would approach zero or a negative value (if the 

coefficient for need-based aid is positive) or become more negative (if the coefficient for 
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need-based aid is already negative).  Likewise, a significant positive interaction between 

state non-need-based aid and both student income and ability would also support the 

comply hypothesis. 

A significant positive interaction between state need-based aid and student ability 

or between state non-need-based aid and student income in the institutional aid analyses 

would support one of the other two hypotheses.  A significant positive interaction 

between state need-based aid and student income or negative interaction between state 

non-need-based aid and student ability would support the compensate hypothesis, that 

reduced institutional aid to one type of student was redistributed to fund aid for another 

type of student.  On the other hand, a non-significant interaction between state need-

based aid and student income or between state merit-based aid and student ability would 

support the absorb hypothesis. 

For the net price analyses, the comply hypothesis would predict a significant 

positive interaction between state need aid and both student characteristics and a 

significant negative interaction between state non-need aid and both student 

characteristics.  The compensate hypothesis would predict the opposite results: a 

significant negative interaction between state need aid and student ability and a 

significant positive interaction between non-need aid and student need.  Finally, non-

significant results for all four interactions would support the absorb hypothesis, 

indicating that institutions absorb higher state aid expenditures and keep net price the 

same for all students. 
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 The final step of analyses addressed my second research question about the 

influence of institutional dependence on state support on the interaction between state aid 

expenditures and student characteristics.  In this step, I divided the sample between 

students at institutions with a dependence on state appropriations at or above the median 

sample value for this variable and students at institutions with a dependence on state 

appropriations below the median sample value.  Then, I applied equation 3.4 to each 

sample and compared results between samples. 

 Based on resource dependence theory, I predicted the interactions between state 

aid expenditures and student characteristics would differ in their influence on institutional 

aid and net price as appropriation reliance varied.  In particular, at institutions that were 

highly dependent on state appropriations, I expected a more negative interaction effect 

between state need-based aid and student income and a more positive interaction effect 

between state non-need-based aid and student ability on institutional aid.  Likewise, I 

expected a more negative interaction effect between state need aid and student income 

and a more positive interaction effect between state non-need aid and student ability on 

net price.  Alternatively, at institutions that were less dependent on state appropriations, I 

expected a more positive interaction effect between state need-based aid and student 

ability and a more negative interaction effect between state non-need-based aid and 

student income on institutional aid. 

Limitations 

 The nature of the data available limited the study in two ways.  First, while the 

data were representative at the national level and within the public four-year sector, the 
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data were not representative by state.  This could be problematic if my independent 

variables were somehow associated with the sampling of students within each state.  For 

example, I would have a problem if increased appropriations within a state caused 

disproportionately more low-income students to participate in the NPSAS survey.  To 

check for this, I individually regressed state-averaged student income and ability values 

on each of my state aid expenditure variables for each separate year.  In all but one 

regression, I found little evidence of an association between my state aid variables and 

the composition of students sampled within each state.  The significant positive 

relationship between need-based aid expenditure and average income in one year have 

been the result of differences in wealth between states and not of a sampling problem.  

For this reason, I then re-ran the regressions with the addition of a control variable to 

account for state personal income per capita.  Once I added the control variable, all 

relationships between state aid and state- averaged sample income and ability within each 

year were non-significant. 

 A second limitation with my analysis of the NPSAS data was that the data were 

only representative of students who already attend a postsecondary institution.  This was 

problematic because a student’s decision to enroll at a particular institution, or enroll at 

any institution, may have depended on the amount of financial aid he/she was offered and 

his/her expected net price.  Moreover, the enrollment decisions of lower-income and 

underrepresented minority students tend to be most responsive to price (J. Kim, 2010).  

Since I did not know how much aid institutions had offered to students who did not 

attend their institution and the net prices these students would have paid, my outcome 
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measures were somewhat imprecise measures of institutional efforts to attract specific 

types of students (i.e., low-income, underrepresented minority, and high-ability students).  

Nevertheless, there was no other nationally representative data source available that 

allowed the examination of affordability for different student income and racial groups 

over multiple years. 

 The sample weights posed another challenge to my analysis.  As mentioned 

previously, my analysis utilized a sub-sample of the data for which NPSAS computed 

sample weights.  By excluding students at associates and specialized institutions and 

students that attended multiple institutions in the survey year, some of the characteristics 

of my sample differed from those of the complete public four-year undergraduate sample.  

Exploratory analyses found that the inclusion or exclusion of the weights had little 

influence on the substantive results. 

In addition, my analytical approach also introduced some limitations.  In 

particular, while my use of fixed effects helped control for unobserved differences 

between states, it precluded me from examining potentially interesting variance between 

states, such as structural oversight and coordination.  Although these factors have been 

found to have a relationship with institutional pricing behaviors (Doyle, 2012), there was 

not enough variance within state (i.e., they do not change much over time) to include in 

the model when state fixed effects were included.  In future research, I may explore these 

types of differences between states by running my models on subsets of the data (e.g., 

subsets organized by state oversight structure). 
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Likewise, my analysis did not capture relative shifts between state financial aid 

expenditures.  For example, it did not measure differences in affordability between states 

that prioritized need-based aid over non-need-based aid.  Data from the NASSGAP 

surveys indicated that state policy seemed to be shifting in favor of non-need-based 

student aid during my period of analysis.  However, it did not look like states were using 

one type of aid to substitute for the other.  Table 3.2 depicts changes in state total, need-

based, and non-need-based aid per student, averaged across states that decreased total aid 

expenditures, kept aid expenditures stable (i.e., +/- 5% change from the base year), and 

increased total aid expenditures.  In states where total aid increased, both average need- 

and non-need-based aid increased, with the largest growth in non-need-based aid.  

Likewise, in states where total aid decreased, both need- and non-need-based aid 

decreased, with the largest average cuts to need-based aid.  By looking at changes over 

Table 3.2. 

Average Change in State Aid Expenditures 2004-2012 

 

 

States that Cut Total 

Aid by 5%+ 

(n=13) 

States with Stable 

Total Aid  

(n=2) 

States that Grew 

Total Aid by 

5%+ (n=35) 

Δ Total Aid -141.7 -17.9 339.7 

 

(126.7) (32.8) (337.1) 

Δ Need Aid -109.2 8.0 71.1 

 

(88.8) (157.5) (152.2) 

Δ Non-Need Aid -32.5 -25.9 268.6 

 

(100.4) (190.4) (341.6) 

Sources. NASSGAP Annual Surveys and IPEDS Institutional Finance Surveys, 2002-03 

and 2010-11. 

Note. Values represent average 2011 CPI-adjusted dollar change in per-student 

expenditure from the 2002-03 academic year. SD in parentheses. 
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time, my analyses showed how the changing importance of each state aid expenditure, by 

itself, influenced differences in affordability between different groups of students. 

   



 70 

Chapter Four: Results 

 Although the purpose of state aid is to improve higher education affordability for 

particular groups of students, little is known about institutional responses to changes in 

state student financial aid policy and how this influences the actual price paid by different 

types of students.  This chapter presents an analysis of the relationship between state aid 

expenditures and institutional pricing behavior, focusing on how it affects different types 

of students and how institutional pricing behavior varies by dependence on state 

appropriations.  In this chapter, I focus on identifying the significant relationships and 

overarching themes in the results, while the substantive explanation and interpretation of 

the findings are discussed in greater depth and connected to the broader context in 

Chapter Five. 

The chapter begins with a descriptive overview of the sample, reporting mean 

values and standard deviations for the dependent and independent variables.  The second 

section describes the results from the analyses of institutional aid, first examining 

whether institutional aid awards comply with, compensate for, or absorb state aid 

expenditures and then exploring differences by institutional dependence on state 

appropriations.  The findings from the analysis of net price are presented in the third 

section.  Finally, I summarize the results, connecting common themes across the 

analyses. 

Descriptive Statistics 

 Weighted descriptive statistics for institutional aid and net price, along with their 

lognormal counterparts, and all other variables included in my analyses are presented in 
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Table 4.1.  This table includes the mean values and standard deviations for the entire 

sample and individual samples within each year.  Across the years, average institutional 

aid awards increased from $864.23 in 2003-04 to $1,020.71 in 2011-12.  However, 

average net price paid by students increased by a much larger amount, increasing by 

more than a third between 2003-04 and 2011-12. 

 During this period, it appears that institutions increased tuition revenues to offset 

decreasing state appropriations support.  For example, the average share of revenues from 

state appropriations among institutions attended by students in my sample decreased by 

approximately five percentage points between each panel year.  At the same time, 

average state appropriations expenditures per full-time equivalent (FTE) enrollment 

across students in my sample decreased from $5,717.91 in 2003-04, to $5,538.76 in 

2007-08, and, finally, plummeted to $4,271.58 in 2011-12. 

Both average need-based and non-need-based state aid expenditures per FTE 

enrollment among students in the sample increased during the period studied.  However, 

the average increases in state aid were small compared to the large average decrease in 

state appropriations funding.  Average state need-based aid expenditures for my sample 

experienced only a little growth, increasing by nearly $55 per student between the first 

two periods and then decreasing by $18 dollars between the second and third periods.  On 

the other hand, average non-need-based aid per FTE over doubled, growing from $152 in 

2003-04 to $343 by 2011-12. 
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Table 4.1. 

Weighted Descriptive Statistics 

 

Total  (N=64,050) 2004  (N=18,103) 2008  (N=31,295) 2012  (N=14,652) 

 

Mean S.D. Mean S.D. Mean S.D. Mean S.D. 

Student 

        
Institutional Aid 964.31 2835.11 864.11 2593.90 1005.99 2898.80 1020.71 2989.19 

ln Inst. Aid 1.86 3.35 1.79 3.28 1.91 3.39 1.86 3.37 

Net Price 4017.71 4806.51 3396.59 3994.83 3978.44 4611.39 4655.61 5568.03 

ln Net Price 6.27 3.54 6.14 3.49 6.25 3.56 6.41 3.56 

ln AGI 3.72 1.22 3.76 1.17 3.79 1.19 3.62 1.29 

ACT Score 22.32 4.47 22.45 4.39 22.24 4.51 22.31 4.49 

Black 0.12 0.32 0.10 0.30 0.12 0.33 0.13 0.33 

Hispanic 0.10 0.30 0.08 0.28 0.10 0.30 0.12 0.33 

White 0.67 0.47 0.71 0.46 0.68 0.47 0.63 0.48 

Other Race 0.04 0.20 0.05 0.21 0.04 0.19 0.04 0.20 

State Resident 0.89 0.31 0.90 0.30 0.90 0.30 0.87 0.34 

Full-Time 0.58 0.49 0.59 0.49 0.58 0.49 0.58 0.49 

Pell Amount 1027.61 1817.30 829.12 1613.42 798.91 1546.87 1440.77 2144.79 

Institutional 

        
High Prestige 0.30 0.46 0.21 0.41 0.35 0.48 0.32 0.47 

% Pell Recipients 26.93 11.72 24.68 10.06 22.52 11.17 33.39 10.91 

Approp. Depend. 29.97 11.60 35.51 10.53 30.06 11.79 24.54 9.71 

Res/Doctoral-

Extensive 0.40 0.49 0.38 0.49 0.41 0.49 0.40 0.49 

Res/ Doctoral-

Intensive 0.14 0.35 0.14 0.34 0.15 0.36 0.15 0.36 

Masters 1 0.39 0.49 0.41 0.49 0.38 0.48 0.39 0.49 

Masters 2 0.02 0.15 0.02 0.14 0.02 0.13 0.03 0.17 

Liberal Arts 0.01 0.10 0.01 0.08 0.01 0.11 0.01 0.10 

Bachelors-Gen. 0.03 0.18 0.05 0.21 0.03 0.16 0.03 0.17 

Aid per Student 1121.68 802.07 956.00 718.17 995.95 699.01 1403.44 891.73 

State 

        
Need Aid per FTE 391.25 290.33 364.46 284.20 418.65 304.51 390.59 279.50 

Non-Need per FTE 231.54 378.79 152.44 289.02 195.75 346.58 342.59 452.12 

Approp. per FTE 5165.84 1758.76 5717.86 1456.57 5538.76 1858.98 4271.58 1565.91 

Income /Capita 40971.60 5765.24 39151.19 5163.28 42133.87 5759.24 41604.10 5895.16 

% Minority Pop. 25.98 12.83 23.96 12.34 26.02 12.62 27.89 13.19 

Gini Inequality 0.61 0.04 0.59 0.03 0.62 0.03 0.63 0.04 

% Private Sector 26.60 11.99 24.64 11.33 27.14 12.24 27.98 12.12 

Source. See Appendix A. 

Note. Dollar amounts adjusted using 2011 CPI.  ACT estimates represent un-imputed sample: N=11,034 

(2004), 26,737 (2008), and 12,798 (2012). 
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These descriptive statistics are consistent with the context of the time period 

studied.  Individuals, institutions, and states experienced financial strain from the 

financial collapse of 2008 and the Great Recession that followed.  Average student 

income increased between 2003-04 and 2007-08, but dropped below the 2003-04 value 

after the Recession.  Likewise, in response to the growing financial uncertainty, states 

reduced their higher education budgets, causing many public institutions to increase 

tuition revenues to help offset reduced state support (Delaney & Doyle, 2011).  In the 

following sections, I report the findings from my analysis on how institutional pricing 

behaviors responded to the modest growth in state need- and non-need-based aid during 

this period of growing financial pressure. 

Institutional Aid Results 

 Before interpreting the results, I begin with a comparison between the three 

modeling approaches.  I then discuss results from each modeling step, briefly connecting 

the main findings to my research questions and hypotheses. 

 Differences between modeling approaches.  I used three different modeling 

approaches to examine the relationship between state aid expenditures, student 

characteristics, and institutional aid awards.  Since the amount of institutional aid 

received by a large portion of my sample was zero, Ordinary Least Squares (OLS) results 

would be biased downward.  To improve estimation, I used Tobit as an alternative 

modeling approach, which models both the binary (i.e., receipt versus non-receipt) and 

the linear (i.e., amount of aid received) dimensions of the data.  Since Tobit estimation is 

not robust to distributional violations, however, the third modeling approach I employed 
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involved a lognormal transformation of the institutional aid variable before rerunning the 

Tobit. 

Initial exploratory analyses
23

 indicated that the Tobit and Lognormal Tobit 

models fit the data a little better than the OLS model.  Overall, correlations between the 

predicted
24

 and observed values for institutional aid were small, but the correlations for 

the Tobit-based estimates were larger than those for the OLS estimates.  In particular, the 

correlation between the predicted values generated using OLS and the observed 

institutional aid values was 0.33, while the correlations between the Tobit and Lognormal 

Tobit predicted values and those observed in the data were 0.34 and 0.37, respectively. 

As expected, the estimated relationships between each covariate and institutional aid 

were often smaller with the OLS approach than with the Tobit approach (see, e.g., Table 

4.2).  A comparison of the standardized beta coefficients
25

 between the OLS, Tobit, and 

Lognormal Tobit modeling approaches also tended to show smaller relationships with the 

OLS modeling approach.  This suggests that the OLS results were biased toward zero by 

the large share of students who did not receive institutional aid. 

                                                 
23 Exploratory analysis using data before multiple imputation to obtain predicted values for each 
modeling approach. 
24

 Used latent prediction for Tobit and Lognormal Tobit models, represented in Stata as ystar(0), where 0 

indicated the lower level of censorship in the data. 
25 Denoted as β in Table 4.2 and representing the average standardized regression coefficients (with both 
the x- and y-variables represented in standard deviations) across the five imputed data sets. 
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Table 4.2. 

Baseline Model Results: Institutional Aid 

 

OLS Tobit Lognormal Tobit 

 

Coef. SE β Coef. SE β Coef. SE β 

State-Level 

  

 

  

 

  

 

Need Aid (00) -5.38 16.84 -0.006 -83.44 56.15 -0.031 -0.18*  0.08  -0.049 

Non-need Aid (00) -8.25 9.58 -0.011 -20.38 34.88 -0.010 -0.01  0.05  -0.005 

ln AGI 15.40 12.27 0.007 36.41 46.51 0.006 0.02  0.06  0.002 

ACT 72.14*** 4.00 0.113 276.71*** 13.59 0.157 0.35***  0.02  0.144 

Appropriations (00) 4.64 3.26 0.029 -13.94 12.17 -0.031 -0.04*  0.02  -0.058 

Income per Capita 

(000) -11.63 11.13 -0.024 -4.62 40.98 -0.003 0.00  0.06  0.000 

% Black/Hisp 19.85 20.34 0.090 -81.65 82.82 -0.133 -0.20  0.13  -0.241 

Gini 833.86 832.70 0.011 5304.71
†
 2976.69 0.026 7.82

†

  4.13  0.028 

Private Enrollment 9.07 7.02 0.038 23.80 23.04 0.036 0.02  0.03  0.018 

Institution-Level 

  

 

  

 

  

 

High Prestige 251.65*** 42.26 0.041 999.54*** 132.88 0.058 1.16***  0.18  0.049 

% Pell Enrollment -2.99
†
 1.73 -0.012 8.11 6.22 0.012 0.02*  0.01  0.020 

Approp Dependence 1.53 2.08 0.006 31.69*** 7.42 0.047 0.05***  0.01  0.054 

Carnegie Base: 

  Res. Doctoral-Ext. 

  

 

  

 

  

 

  Res. Doctoral-Int. -103.90* 52.24 -0.013 -1275.00*** 164.68 -0.057 -2.26***  0.21  -0.074 

  Masters 1 -284.92*** 41.67 -0.049 -1792.43*** 147.61 -0.111 -2.47***  0.19  -0.112 

  Masters 2 -347.94*** 75.65 -0.018 -3242.31*** 417.24 -0.061 -4.69***  0.57  -0.065 

  Bachelors-Liberal 

Arts 161.05 172.10 0.006 -297.94 510.05 -0.004 -1.20
†

  0.67  -0.011 

  Bachelors-General -179.18** 69.34 -0.012 -2506.06*** 324.16 -0.059 -4.12***  0.46  -0.070 

Grants per Student (00) 5.17* 2.54 0.015 2.04 7.55 0.002 0.00  0.01  -0.003 
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Student-Level 

  

 

  

 

  

 

Race Base: 

  White 

  

 

  

 

  

 

  Black 651.79*** 56.61 0.074 1674.62*** 175.79 0.069 1.26***  0.22  0.038 

  Hispanic 421.71*** 46.17 0.045 1629.21*** 157.61 0.063 2.04***  0.21  0.057 

  Other Race 171.54** 57.45 0.012 709.32** 215.77 0.018 0.88**  0.31  0.017 

Resident -1211.32*** 72.24 -0.133 -2621.20*** 176.24 -0.104 -1.65***  0.20  -0.048 

Full-Time, Full-Year 743.60*** 25.31 0.129 3673.93*** 114.71 0.230 4.90***  0.15  0.224 

Pell Amount (00) 11.99*** 0.98 0.077 65.96*** 3.06 0.153 0.10***  0.00  0.171 

Constant -1381.56* 685.72  -14336.88*** 2397.09  -16.42***  3.39   

Sigma      6950.89*** 86.45  9.60*** 0.04  

Avg. Adj. R2 0.0954 

 

 

  

 

  

 

Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. N=64050.  Estimates for state and year dummies excluded from the table.  The constant term 

represents the baseline state, Virginia, for the 2003-04 base year. 
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Nevertheless, estimates produced from the Tobit and Lognormal Tobit models 

should still be interpreted with caution, as both models of institutional aid violated the 

key Tobit assumptions of normality and homoskedasticity.  Following the approach 

suggested by Cameron and Trivedi (2010), I computed generalized residuals for the Tobit 

and Lognormal Tobit institutional aid models (with state-student interactions) and 

conducted Lagrange multiplier (LM) tests for nonnormaility and heteroskedasticity.  For 

both models, both assumptions tests produced statistically significant estimates (p<.001), 

indicating a rejection of the null hypotheses of normality and homoskedasticity. 

For this reason, I present the results from all three models in this section, noting common 

trends across modeling approaches and using the results from each approach to validate 

the main findings.  In addition, since both the Tobit and the Lognormal Tobit analyses 

violated the necessary distributional assumptions, unless otherwise specified, the results 

for institutional aid discussed in this section are interpreted based on the OLS estimates.  

These results tended to be more conservative than the Tobit results.
26

 

Baseline model results.  The results from my first step of analyses of institutional 

aid are presented in Table 4.2.
27

  Overall, the state, institutional, and individual variables 

only accounted for a small share of the variance in institutional aid awards, about 9.5 

percent.  Among the key independent variables analyzed in the baseline models, only 

                                                 
26

 Interpretation of Tobit estimates is similar to that of OLS estimates (e.g., all else held constant, a one-unit 

change in x is associated with a β unit change in y).  However, the interpretation of the reported Tobit 

coefficients is limited to the population of students who were predicted to receive aid.  In addition, the 

lognormal transformation of the dependent variable also changes the interpretation, where the coefficients 

represent percentages instead of dollar amounts. 
27

 The following variables were rescaled to $100 dollar increments (00) for the regression-based analyses 

(i.e., OLS, Tobit, and Lognormal Tobit): Student Pell Amount, Institutional Grants per Student, State Need- 

and Non-Need-Based Aid per FTE, and State Appropriations per FTE.  State Personal Income per Capita 

was also rescaled to $1,000 increments (000). 
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student academic ability was significantly associated with differences in institutional aid 

across all modeling approaches.  Specifically, each ACT point was associated with a $72 

increase in the amount of institutional aid received, p<.001.
28

  This is a relatively large 

effect when compared to $964, the average value of institutional aid in the sample.  

Interpreted differently, the standardized coefficient for ACT in the baseline OLS model 

associated a one standard deviation difference in ACT score with a tenth of a standard 

deviation difference in institutional aid received. 

Although not significantly different from zero, increases in state need- and non-

need-based aid expenditures per FTE enrollment were both associated with a decrease, 

while income was associated with an increase, in institutional aid awards across all three 

modeling approaches. 

 Several of my control variables were also significant predictors of the amount of 

institutional aid students received, particularly at the institutional level.  Students at 

prestigious institutions received significantly larger amounts institutional aid, 

approximately $252 more, than the amounts received by students at less prestigious 

institutions, p<.001.  Similarly, students at Research/Doctoral – Extensive institutions 

received significantly larger amounts of institutional aid than did students at 

Research/Doctoral – Intensive, Masters I and II, and Bachelors – General institutions. 

 At the student level, being White was associated with significantly lower 

institutional aid awards, suggesting that student diversity may have been an important 

                                                 
28

 More conservative estimates for each analysis, using institution-clustered standard errors, are reported in 

Appendix B.  Even in these more conservative models (Table B1), ACT score was a significant predictor of 

institutional aid (p<.001). 
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priority for public four-year institutions during this time.  Institutional aid received was 

$652 higher for Black students, $422 higher for Hispanic students, and $172 higher for 

other non-White students than the amount received by White students, p<.001.  

Institutional aid received by non-resident students was also higher than the amount 

received by residents by about $1,211, and full-time, full-year students received 

approximately $744 larger aid awards than did part-time students and students who only 

attended part of the year, p<.001.  In part, this is likely due to the large difference in 

tuition charges for in-state versus out-of-state and full-time versus part-time tuition status.  

Finally, contrary to the Bennett hypothesis,
29

 I found a small, yet significant, positive 

relationship between Federal grant aid and institutional aid, with each $100 in Pell 

awards associated with a $12 increase in institutional aid, p<.001. 

 State aid and student characteristic interaction model results.  With the 

addition of the four interaction terms between each state aid expenditure and student 

income and ability, model fit increased somewhat, explaining 9.7 percent of the variance 

in institutional aid.  The results from this model are presented in Table 4.3.  Although not 

always significant in every model, the results primarily support the comply hypothesis.  

Increases in state need-based aid were associated with larger institutional aid awards to 

lower-income students and a decrease in the positive relationship between student ability 

and the amount of institutional aid awarded.  Likewise, as state non-need-based aid 

increased, the relationship between student income and institutional aid grew positive 

(i.e., high-income students received more aid than did low-income students).

                                                 
29 The Bennett hypothesis posits that institutions increase prices to increase revenues in response to 
federal financial aid increases (Bennett, 1987; Heller, 2013). 
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Table 4.3. 

Interaction Model Results: Institutional Aid 

 

OLS Tobit Lognormal Tobit 

 

Coef. SE β Coef. SE Β Coef. SE Β 

Need Aid (00) 123.43*** 33.17 0.126 423.66*** 110.89 0.156 0.55*** 0.15 0.148 

Non-need Aid (00) -13.08 21.71 -0.017 -372.67*** 90.35 -0.179 -0.62*** 0.12 -0.218 

ln AGI -20.76 22.66 -0.009 -20.55 78.12 -0.003 -0.01 0.11 -0.001 

ACT 100.28*** 8.16 0.158 340.98*** 24.05 0.193 0.42*** 0.03 0.175 

NeedXlnAGI -0.10 3.47 0.000 -29.29* 13.13 -0.046 -0.05** 0.02 -0.061 

NeedXACT -5.80*** 1.31 -0.137 -17.61*** 4.31 -0.150 -0.02*** 0.01 -0.146 

NonneedXlnAGI 15.25*** 2.27 0.081 84.60*** 11.44 0.163 0.12*** 0.02 0.164 

NonneedXACT -2.32** 0.86 -0.071 1.68 3.55 0.019 0.01 0.00 0.062 

Constant -1771.60* 698.57  -15021.96*** 2424.43  -17.17*** 3.42  

Sigma      6940.21*** 86.55  9.58*** 0.04  

Avg. Adj. R2 0.0966 

 

 

  

 

  

 

Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. N=64050.  Estimates for state and year dummies excluded from the table.  The constant term 

represents the baseline state, Virginia, for the 2003-04 base year. 
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Although there consistently was a negative interaction between changes in state 

need-based aid expenditures and student income across all three models, the relationship 

was only significant in the Tobit and Lognormal Tobit model specifications.  In the 

regular Tobit model, each $100 in state need-based aid per FTE enhanced the negative 

effect of a ten percent increase in student income by an additional $3, p<.05.  Results for 

this interaction in the Tobit and Lognormal Tobit regression models provide weak 

support for the comply hypothesis.  In addition, considering that average institutional aid 

received by the sample was $964, the magnitude of this interaction was relatively small 

unless the difference in income was large (e.g., the negative effect would grow by $30 for 

a 100 percent increase in income).  In terms of standardized effects, a one standard 

deviation increase in need-based aid amplified the negative relationship between student 

income and institutional aid by 0.05 standard deviations in institutional aid for each 

standard deviation difference in student income.  Alternatively, the negative interaction 

between state need-based aid and student ability was statistically significant and 

relatively larger across all three modeling approaches.  For every $100 increase in state 

need-based aid per FTE, the positive influence of student ACT score decreased by $5.80, 

p<.001.  For example, the boost in institutional aid per ACT point decreased from 

$100.28 to $94.48 for every $100 of state need aid.
30

  The effect of the interaction with 

student ability was relatively large, with a standardized coefficient between -0.14 and -

0.15, compared to a value between 0 and -0.06 for the student income interaction, across 

the modeling approaches.  Together, these results suggest that when states increase 

                                                 
30 Based on a $0 change in state non-need-based student financial aid. 
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expenditures on need-based aid, institutions shift their own aid resources in favor of low-

income students. 

Across all three modeling approaches, there was a significant positive interaction 

between state non-need-based aid and student income.  This means that every $100 of 

state non-need-based aid was associated with a $1.53 reduction in the negative effect of a 

ten percent increase in student income on institutional aid, p<.001.  Moreover, given that 

the direct effect of a ten percent increase in income is a $2.08 decrease in institutional 

aid, the relationship between income and institutional aid would be positive if non-need-

based aid increased by $136 or more.
31

  Thus, as state expenditures on non-need-based 

aid increased, institutional aid to low-income students decreased.  Findings on the 

interaction between state non-need aid and student ability were mixed across the models.  

The OLS results indicated a significant negative relationship, suggesting that institutions 

decreased aid to high-ability students as state aid to these students increased (e.g., by 

$2.32 per ACT point for each $100 of non-need aid, p<.01).  The magnitude of the 

interaction effect of state non-need-based aid and student income was relatively stronger, 

with a standardized coefficient ranging from 0.08 to 0.16 across modeling approaches, 

when compared to the effect of the interaction with student ability, with a standardized 

coefficient ranging from -0.07 to 0.06.   These results support the absorb hypothesis, 

where institutions absorb increases in state non-need aid without redistributing 

institutional aid awards to low income students.  However, since the Tobit and 

                                                 
31 Based on a $0 change in state need-based student financial aid. 
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Lognormal Tobit results indicate a positive, though non-significant, interaction effect, 

this finding requires further investigation and validation. 

 Differences by institutional appropriation dependence.  In the third step of 

analyses, I split the samples into two groups: students at institutions with a high 

dependence on state appropriations and students at institutions with a lower dependence 

on state appropriations.  Using the median value of appropriation dependence as the 

cutoff point, I assigned students at institutions with dependence greater than 31.58 

percent to the high appropriation dependence sub-sample and students at institutions with 

dependence of 31.58 percent or lower to the low appropriation dependence sub-sample.  I 

then compared the interaction coefficients and standard errors between sub-samples to 

test my hypothesis that institutional aid awards would more closely resemble state aid 

expenditures at high-dependence institutions than they would at low-dependence 

institutions. 

 For most interactions, results for both the high and low appropriation dependence 

sub-samples exhibited similar compliance responses to changes in state aid, and there 

was no significant difference between sub-samples.  However, high and low 

appropriation dependent institutions had significantly different responses to increases in 

state need-based aid.  Contrary to my hypothesis, high appropriation dependent 

institutions were less responsive to changes in state need-based aid, while low 

appropriation dependent institutions increased aid to low-income students (see Table 4.4, 

Table 4.5, and Table 4.6). 
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Table 4.4. 

OLS Interaction Model Results by Appropriation Dependence: Institutional Aid 

 

High SE β Low SE β 

Need Aid (00) 143.70*** 40.04 0.195 227.47*** 60.17 0.191 

Non-need Aid (00) -3.87 26.47 -0.007 34.53 35.21 0.040 

ln AGI -88.61** 33.50 -0.047 40.68 30.76 0.015 

ACT 89.58*** 11.43 0.168 110.20*** 11.97 0.154 

Need X lnAGI 10.59* 4.70 0.059 -12.55*   5.35 -0.046 

Need X ACT -5.77*** 1.69 -0.174 -6.43**  2.18 -0.130 

Nonneed X lnAGI 18.29*** 3.05 0.122 14.51*** 3.38 0.067 

Nonneed X ACT -3.16** 1.11 -0.121 -1.31 1.30 -0.035 

Constant -4514.64** 1381.06 

 

2523.75 2043.29  

Avg. AR2 0.0984 

  

0.0967   

Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. High represents students at institutions with appropriation 

dependence greater than 31.58% (N=31450). Low represents students at institutions with appropriation 

dependence equal to or less than 31.58% (N=32600).  Sample sizes rounded to nearest ten per NPSAS 

license agreement. Estimates for controls and individual states and years excluded from the table.  The 

constant term represents the baseline state, Virginia, for the 2003-04 base year. 

 

Table 4.5. 

Tobit Interaction Model Results by Appropriation Dependence: Institutional Aid 

 

High SE β Low SE β 

Need Aid (00) 430.80** 165.46 0.192 1108.51*** 185.78 0.355 

Non-need Aid (00) -277.25* 123.78 -0.155 -290.06*   145.13 -0.127 

ln AGI -324.88** 113.21 -0.057 277.16*   107.94 0.040 

ACT 287.47*** 39.28 0.178 396.23*** 34.23 0.211 

Need X lnAGI 17.15 18.30 0.032 -81.79*** 19.36 -0.114 

Need X ACT -11.89
†
 6.27 -0.118 -26.96*** 6.78 -0.207 

Nonneed X lnAGI 94.71*** 15.26 0.209 82.61*** 17.19 0.146 

Nonneed X ACT -0.62 5.00 -0.008 5.60 5.55 0.057 

Constant -12749.71* 5261.80 

 

-1539.60 6461.38  

Sigma 6072.84*** 115.7 

 

7435.47*** 118.59  

Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. High represents students at institutions with appropriation 

dependence greater than 31.58% (N=31450). Low represents students at institutions with appropriation 

dependence equal to or less than 31.58% (N=32600).  Sample sizes rounded to nearest ten per NPSAS 

license agreement. Estimates for controls and individual states and years excluded from the table.  The 

constant term represents the baseline state, Virginia, for the 2003-04 base year. 



 

 85 

 

Table 4.6. 

Lognormal Tobit Interaction Model Results by Appropriation Dependence: Institutional 

Aid 

 

High SE β Low SE β 

Need Aid (00) 0.58* 0.64 0.161 1.45**  0.44 0.373 

Non-need Aid (00) -0.49* 0.34 -0.171 -0.56 0.34 -0.196 

ln AGI -0.43* 0.30 -0.046 0.35
†
    0.18 0.041 

ACT 0.39*** 0.08 0.151 0.47*** 0.06 0.199 

Need X lnAGI 0.00 0.07 0.002 -0.12***  0.04 -0.129 

Need X ACT -0.02
†
 0.02 -0.104 -0.03***  0.01 -0.213 

Nonneed X lnAGI 0.14*** 0.05 0.191 0.11***  0.04 0.158 

Nonneed X ACT 0.01 0.01 0.046 0.01
†
 0.01 0.098 

Constant -13.28 15.35 

 

0.62 8.48  

Sigma 9.77*** 0.21 

 

9.31*** 0.06  

Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. High represents students at institutions with appropriation 

dependence greater than 31.58% (N=31450). Low represents students at institutions with appropriation 

dependence equal to or less than 31.58% (N=32600).  Sample sizes rounded to nearest ten per NPSAS 

license agreement. Estimates for controls and individual states and years excluded from the table.  The 

constant term represents the baseline state, Virginia, for the 2003-04 base year. 

 

At low appropriation dependent institutions, for every $100 of state need-based 

student financial aid, the positive association between income and institutional aid 

decreased by $1.26 as income increased by ten percent, p<.05.  Thus, when state need aid 

per FTE enrollment was $324 or more, the relationship between income and institutional 

aid would become negative.
32

  This significant negative interaction effect was also 

present in the Tobit and Lognormal Tobit models. 

In addition, there was also a significant negative interaction between state need-

based aid and student ability for the low appropriation dependent sub-sample.  

                                                 
32 Based on a $0 change in state non-need-based student financial aid. 
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Specifically, the $110.20 increase in institutional aid associated with a single point 

increase in ACT score decreased by $6.43 for every $100 of state need aid, p<.001. 

Although I expected high appropriation dependent institutions to be the stronger 

responders to changes in state aid policy than low appropriation dependent institutions, 

my findings indicated the opposite effect.  Although only significant in the OLS results, 

there was a positive interaction between state need-based-aid and student income in the 

high appropriation dependent sub-sample.  In particular, the significant $8.86 decrease in 

institutional aid associated with a ten percent increase in income
33

 shrunk by $1.06 for 

every $100 of state need-based aid.  Substantively speaking, these changes are very small 

for a ten percent change in income, given the average institutional aid award of $964, but 

become more meaningful for larger changes in income (e.g., a 100 percent change).    

Computing 95% confidence intervals to compare coefficients, I found that the estimates 

for the interaction effect between state-need aid and student income was statistically 

different between the two sub-samples across all three modeling approaches.
 34

 

 For increases in state non-need-based aid, both high and low appropriation 

dependent institutions responded by decreasing institutional aid to low income students, 

with the magnitude of the interaction effect larger, although not significantly, at low 

appropriation dependent institutions.  This effect was significant across all three 

                                                 
33 Based on a $0 change in state non-need-based student financial aid. 
34 To check for the possible influence of outliers, I also re-ran the step three analyses on four sub-
samples: students at institutions with appropriation dependence 1) one standard deviation or more 
above the mean; 2) above the mean but by less than one standard deviation; 3) at or below the mean 
but by less than one standard deviation; 4) one standard deviation or more below the mean.  I found 
a similar pattern of significantly greater responsiveness among students at institutions with 
appropriation dependence at or within one standard deviation below the mean compared to 
students at institutions with appropriation dependence within one standard deviation above the 
mean. 
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modeling approaches, p<.01.  Results for the interaction between state non-need aid and 

student ability varied across modeling approaches, and results between sub-samples were 

non-significant.  Although the OLS results indicated a significant negative interaction at 

high appropriation dependent institution, neither the Tobit nor Lognormal Tobit reported 

significant interaction effects between non-need aid and ability for either sub-sample. 

Net Price Results 

 Similar to the structure used for reporting the institutional aid results, the 

presentation of the net price results is broken down into four sections, a comparison of 

the different modeling approaches followed by separate discussions of the findings from 

each of the three modeling steps. 

Differences between modeling approaches.  Unlike the institutional aid 

analysis, analyses on the unimputed data showed very little difference between modeling 

approaches in the analysis of net price.  Correlations between the predicted
35

 and 

observed values for net price were high for all modeling approaches (e.g., a correlation of 

.73 for the OLS approach), and correlations between the predicted values were close to 

one.
36

  Likewise, for most covariates, standardized regression coefficients for the OLS 

and Tobit modeling approaches were very similar.  Due to the natural log transformation 

of net price, the standardized regression coefficients for the Lognormal Tobit modeling 

approach were somewhat less consistent with those of the other two modeling 

approaches, but dominant themes in the results remain consistent (see Table 4.7).

                                                 
35

 Used latent prediction for Tobit and Lognormal Tobit models, represented in Stata as ystar(0), where 0 

indicated the lower level of censorship in the data. 
36

 The Lognormal Tobit results were correlated with the natural log of observed net price and an OLS on 

the natural log-transformation net price. 
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Table 4.7. 

Baseline Model Results: Institutional Aid 

 

OLS Tobit Lognormal Tobit 

 

Coef. SE β Coef. SE β Coef. SE β 

State-Level 

  

 

  

 

  

 

Need Aid (00) -74.42** 22.76 -0.045 -86.60** 27.54 -0.043 -0.03  0.02  -0.020 

Non-need Aid (00) -10.63 14.65 -0.008 -24.55 17.77 -0.016 -0.04**  0.01  -0.031 

ln AGI 170.89*** 17.35 0.043 163.23*** 21.85 0.034 0.02  0.02  0.006 

ACT -47.23*** 5.49 -0.044 -67.39*** 6.57 -0.052 -0.06***  0.00  -0.064 

Appropriations (00) -3.05 4.19 -0.011 -9.57
†
 5.20 -0.029 -0.02***  0.00  -0.061 

Income per Capita 

(000) -100.44*** 14.94 -0.120 -121.61*** 18.02 -0.120 -0.07***  0.01  -0.095 

% Black/Hisp 7.30 27.16 0.019 27.66 34.06 0.061 0.09**  0.03  0.249 

Gini 3596.99** 1107.03 0.029 3628.30** 1395.12 0.024 0.00  1.21  0.000 

Private Enrollment 33.25*** 8.53 0.083 38.91*** 10.29 0.080 0.01  0.01  0.028 

Institution-Level 

  

 

  

 

  

 

High Prestige 704.97*** 53.54 0.067 699.05*** 63.06 0.055 -0.03  0.05  -0.003 

% Pell Enrollment -9.26*** 2.24 -0.023 -11.35*** 2.88 -0.023 0.00  0.00  -0.001 

Approp Dependence -20.51*** 3.05 -0.050 -24.68*** 3.80 -0.049 -0.01*  0.00  -0.021 

Carnegie Base: 

  Res. Doctoral-Ext. 

  

 

  

 

  

 

  Res. Doctoral-Int. -490.88*** 56.99 -0.036 -478.26*** 70.24 -0.029 -0.01  0.06  -0.001 

  Masters 1 -808.28*** 52.24 -0.082 -945.77*** 63.57 -0.079 -0.30***  0.06  -0.032 

  Masters 2 -1531.00*** 173.74 -0.047 -1873.15*** 215.30 -0.048 -0.87***  0.16  -0.029 

  Bachelors-Liberal 

Arts -1458.03*** 180.09 -0.030 -1668.10*** 211.71 -0.028 -0.68***  0.18  -0.015 

  Bachelors-General -1122.54*** 103.22 -0.043 -1420.71*** 131.55 -0.045 -0.63***  0.11  -0.026 

Grants per Student (00) 34.98*** 3.79 0.058 38.85*** 4.35 0.053 0.01*  0.00  0.013 



 

  

8
9 

Student-Level 

  

 

  

 

  

 

Race Base: 

  White 

  

 

  

 

  

 

  Black -418.18*** 58.03 -0.028 -462.79*** 76.48 -0.026 -0.28**  0.07  -0.020 

  Hispanic -420.92*** 54.26 -0.027 -657.11*** 73.91 -0.034 -0.72***  0.07  -0.048 

  Other Race -260.94*** 78.64 -0.011 -371.70*** 100.69 -0.013 -0.36***  0.10  -0.016 

Resident -6557.98*** 117.93 -0.426 -6905.26*** 122.52 -0.370 -1.50***  0.09  -0.104 

Full-Time, Full-Year 2229.50*** 38.50 0.229 2361.58*** 46.25 0.200 0.54***  0.04  0.059 

Pell Amount (00) -86.12*** 1.07 -0.326 -147.63*** 1.66 -0.460 -0.15***  0.00  -0.588 

Constant 13100.98*** 1008.16  14554.26*** 1201.49  12.09***  2.34   

Sigma      3904.83*** 28.25  3.46*** 0.02  

Avg. Adj. R2 0.5153 

 

 

  

 

  

 

Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. N=64050.  Estimates for state and year dummies excluded from the table.  The constant term 

represents the baseline state, Virginia, for the 2003-04 base year. 
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As with the institutional aid analyses, I conducted Lagrange multiplier (LM) tests 

for nonnormaility and heteroskedasticity for the Tobit and Lognormal Tobit models of 

net price.  Once again, the test results indicated significant deviations from the null 

hypotheses of normality and homoskedasticity, p<.001.  Thus, since the results from all 

three approaches are similar, and OLS estimation is more robust to violations of the 

distributional assumptions, the results interpreted in this section for the net price analyses 

focus on the OLS modeling approach. 

 Baseline model results.  Results for the baseline models of net price are depicted 

in Table 4.7.  Model fit for the net price analyses were much stronger than the model fit 

for institutional aid.  The baseline model accounted for 51.5 percent of the variance in net 

price.  Moreover, nearly all of the covariates in the three models were significant 

predictors of student net price.  For every $100 increase in state need-based aid per 

student, the net price paid by students decreased by $74.42, p<.01.  Although these 

results did not indicate whether state need-based efforts were benefiting the intended 

recipients, they suggest that institutions may have adjusted their pricing behaviors to 

absorb approximately 25% of increases in state need-based aid. 

Both income and ability were also significant predictors of net price.  Each ten 

percent increase in income was associated with a $17 increase in net price, while a one-

point increase in ACT score was associated with a $47 decrease, p<.001.  The effects of 

student income were relatively small, given the average net price of $4017.  In terms of 

the standardized regression coefficients, a one standard deviation difference in ACT score 

was related to a -0.04 standard deviation difference in net price.  The significant negative 
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relationship between academic ability and net price was present in all three modeling 

approaches.  Net price also varied significantly by institutional dependence on state 

appropriations.  Each ten percentage point increase in dependence was associated with 

more than a $200 decrease in net price (p<.001), indicating that greater appropriation 

dependence helps to contain institutional prices. 

For the control variables, estimates for the OLS, Tobit, and Lognormal Tobit 

modeling approaches were consistent.  At the state level, increases in personal income 

per capita were associated with significant decreases in net price.  For example, all other 

variables held constant, net price decreased by $100 in the OLS model, $122 in the Tobit 

model, and 7 percent in the Lognormal Tobit model as personal income per capita 

increased by $1,000, p<.001.  Conversely, increases income inequality (i.e., Gini index) 

were related to significant net price increases.  Growing competition with private 

postsecondary institutions was also associated with significant increases in net price.  For 

each percentage point increase in the share students enrolling in private institutions, net 

price paid by students in my sample (i.e., public, four-year students) increased by $33.25.  

These results suggest that greater competition with the private sector has driven up prices 

in the public sector. 

 Institutional characteristics explained some of the largest differences in net price.  

As expected, net price was higher at high prestige institutions and differed significantly 

by Carnegie group, p<.001 for all variables.  Net price at Research/Doctoral – Extensive 

institutions was $491 higher than at Research/Doctoral – Intensive, $808 higher than at 

Masters I, $1,531 higher than at Masters II, $1,458 higher than at Bachelors – Liberal 
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Arts, and $1,123 higher than at Bachelors – General institutions.  Higher expenditures on 

institutional financial aid (per student) were associated with increased net price, 

supporting the research indicating that high-tuition, high-aid policies may decrease 

affordability (Burd, 2013).  As institutional aid per student increased by $100, net price 

increased by $35, p<.001. 

 All of the student level variables were significantly associated with net-price 

across all three modeling approaches.  Net price among White students was $418 higher 

than that among Black students, $421 higher than that among Hispanic students, and 

$261 higher than that among other non-White students.  On average, resident students 

paid a net price $6,558 lower than non-resident students, and full-time, full-year students 

paid $2,230 higher net prices than students with alternative enrollment behavior.  

Although Pell Grants were associated with lower net price, the relationship between Pell 

Grant amount and net price was less than 1:1 in the OLS model, where a $100 increase in 

Pell amount was associated with an $86 decrease in net price.  These results suggest that 

institutions may have adjusted their pricing behaviors to absorb Federal aid dollars. 

 State aid and student characteristic interaction model results. The addition of 

interaction effects to the baseline model improved model fit only slightly, accounting 

now for 51.7 percent of the variance in net price.  As with the second step analyses of 

institutional aid, the interaction model results for net price tended to support the comply 

hypothesis.  As state need-based aid increased, the strength of the positive relationship 

between student income and net price significantly grew, while strength of the negative 

relationship between student ability and net price significantly diminished (see Table 
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4.8).  In addition, as state non-need-based aid increased, the strength of the positive 

relationship between student income and net price significantly decreased, and the 

strength of the negative relationship between student ability and net price grew larger. 

 The interaction between state need-based aid per FTE enrollment and both student 

income and ability was negative.  In particular, the $13.80 increase in net price associated 

with a ten percent increase in income grew by $2.57 for every $100 of need aid per FTE 

spent by the state, p<.001. The standardized regression coefficient shows that this 

interaction effect is relatively small, representing 0.07 of a standard deviation in net price 

for a one standard deviation difference in need-based aid and student income.   

Meanwhile, the $62.09 decrease in net price for each increase in ACT point was reduced 

by $4.35 for the same change in state need-based aid, p<.01.  The standardized regression 

coefficient for this interaction term was also relatively small, representing about 0.06 of a 

standard deviation change in net price for a standard deviation difference in need aid and 

student ability.  These relationships were similar and statistically significant in the Tobit 

and Lognormal Tobit results as well, p<.001.  These results suggest that as states increase 

need-based student financial aid, student ability becomes a weaker influence on net price 

while the role of student income grows. 
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Table 4.8. 

Interaction Model Results: Net Price 

 

OLS Tobit Lognormal Tobit 

 

Coef. SE β Coef. SE β Coef. SE β 

Need Aid (00) -266.55*** 41.77 -0.161 -399.07*** 52.79 -0.198 -0.39***  0.05  -0.254 

Non-need Aid (00) 117.95** 39.64 0.093 187.63*** 48.23 0.122 0.23***  0.04  0.190 

ln AGI 137.97*** 29.23 0.035 114.89** 37.46 0.024 -0.02  0.02  -0.006 

ACT -62.09*** 9.41 -0.058 -91.38*** 11.42 -0.070 -0.09***  0.01  -0.092 

NeedXlnAGI 25.74*** 4.81 0.066 38.11*** 6.47 0.080 0.04***  0.01  0.105 

NeedXACT 4.35** 1.57 0.061 7.46*** 1.90 0.086 0.01***  0.00  0.146 

NonneedXlnAGI -27.83*** 3.94 -0.088 -40.61*** 5.06 -0.105 -0.04***  0.00  -0.142 

NonneedXACT -1.16 1.62 -0.021 -2.68 1.94 -0.040 -0.00***  0.00  -0.092 

Constant 

13340.34**

* 1016.94  14947.99*** 1211.98  12.59***  2.43   

Sigma      3896.26*** 28.45  3.44*** 0.02  

Avg. Adj. R2 0.5170 

 

 

  

 

  

 

Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. N=64050.  Estimates for state and year dummies excluded from the table.  The constant term 

represents the baseline state, Virginia, for the 2003-04 base year. 
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 Evidence supporting the compliance hypothesis was also present in the results for 

changes in state non-need-based aid, though it was not as strong as the evidence of 

compliance to changes in state need-based aid.  Across the all three modeling approaches, 

there was a significant negative interaction between state non-need-based aid per FTE 

and student income.  Specifically, the $13.80 increase in net price associated with a ten 

percent increase in income decreased by $2.78 for every $100 of state non-need-based 

aid, p<.001.  This indicates that institutional pricing behavior grew less responsive to 

student need as state non-need-based aid increased.  All three modeling approaches also 

estimated a negative interaction between state non-need aid and student ability, further 

support for the compliance hypothesis.  However, this interaction effect was only 

significant in the Lognormal Tobit model, with each $100 of state non-need aid further 

enhancing the nine percent decrease in net price associated with each ACT point by an 

additional half a percent, p<.001. 

 Differences by institutional appropriation dependence.  When the interaction 

models were applied to separate sub-samples of the data, spit by institutional dependence 

on state appropriations, the results tended to indicate greater compliance among low 

appropriation dependent institutions than among high appropriation dependent 

institutions (see Table 4.9, Table 4.10, and Table 4.11).  However, the indicator of model 

fit decreased when the sample was split by appropriation dependence, explaining 49.1 

percent of the variance in net price in the high-dependence sub-sample and 51.6 percent 

of the variance in net price in the low-dependence sub-sample.  This small decrease in 

model fit indicates that this third step of modeling did not improve upon the second step 



 

 96 

analyses.  Moreover, in a practical sense, the significant interaction effects for each sub-

sample were small compared to the average net price.  Nevertheless, significant 

differences between sub-samples did mirror findings in the institutional aid analyses, 

indicating a common theme in the results. 

 

Table 4.9. 

OLS Interaction Model Results by Appropriation Dependence: Institutional Aid 

 

High SE β Low SE β 

Need Aid (00) -248.42*** 46.53 -0.236 -381.80*** 80.40 -0.1845 

Non-need Aid (00) -4.54 51.67 -0.005 249.25*** 59.98 0.1649 

ln AGI 2.91 31.68 0.001 154.88*** 44.27 0.0338 

ACT -64.95*** 9.69 -0.085 -66.77*** 14.81 -0.0536 

Need X lnAGI 27.73*** 4.79 0.108 43.71*** 8.20 0.0920 

Need X ACT 5.74*** 1.61 0.121 4.64 2.92 0.0538 

Nonneed X lnAGI -14.64** 5.41 -0.069 -41.10*** 5.48 -0.1098 

Nonneed X ACT 1.08 2.25 0.029 -3.52 2.33 -0.0545 

Constant 14613.27*** 1867.80 

 

7756.23**  2516.52  

Avg. AR2 0.4911 

  

0.5156   

Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. High represents students at institutions with appropriation 

dependence greater than 31.58% (N=31450). Low represents students at institutions with appropriation 

dependence equal to or less than 31.58% (N=32600).  Sample sizes rounded to nearest ten per NPSAS 

license agreement. Estimates for controls and individual states and years excluded from the table.  The 

constant term represents the baseline state, Virginia, for the 2003-04 base year. 
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Table 4.10. 

Tobit Interaction Model Results by Appropriation Dependence: Net Price 

 

High SE β Low SE β 

Need Aid (00) -301.08*** 61.19 -0.218 -545.21*** 95.38 -0.227 

Non-need Aid (00) 43.34 62.02 0.039 311.24*** 70.00 0.177 

ln AGI 30.54 42.56 0.009 104.46
†
   54.69 0.020 

ACT -89.76*** 12.37 -0.090 -92.75*** 17.21 -0.064 

Need X lnAGI 25.79*** 6.76 0.077 61.76*** 10.52 0.112 

Need X ACT 7.87*** 2.07 0.127 8.13*   3.34 0.081 

Nonneed X lnAGI -25.45*** 6.80 -0.091 -52.69*** 6.88 -0.121 

Nonneed X ACT -0.49 2.64 -0.010 -5.96*   2.67 -0.079 

Constant 17627.08*** 2347.14 

 

9591.67**  2970.39  

Sigma 2817.34*** 35.48 

 

4451.89*** 38.91  

Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. High represents students at institutions with appropriation 

dependence greater than 31.58% (N=31450). Low represents students at institutions with appropriation 

dependence equal to or less than 31.58% (N=32600).  Sample sizes rounded to nearest ten per NPSAS 

license agreement. Estimates for controls and individual states and years excluded from the table.  The 

constant term represents the baseline state, Virginia, for the 2003-04 base year. 

 

Table 4.11. 

Lognormal Tobit Interaction Model Results by Appropriation Dependence: Net Price 

 

High SE β Low SE β 

Need Aid (00) -0.38*** 0.07 -0.241 -0.45*** 0.07 -0.294 

Non-need Aid (00) 0.21*** 0.06 0.168 0.22***  0.05 0.200 

ln AGI 0.07 0.05 0.017 -0.06 0.04 -0.017 

ACT -0.10*** 0.02 -0.091 -0.08*** 0.01 -0.089 

Need X lnAGI 0.02* 0.01 0.043 0.05***  0.01 0.136 

Need X ACT 0.01*** 0.00 0.149 0.01***  0.00 0.158 

Nonneed X lnAGI -0.05*** 0.01 -0.154 -0.04*** 0.01 -0.136 

Nonneed X ACT -0.01** 0.00 -0.109 -0.01***  0.00 -0.142 

Constant 18.95*** 2.55 

 

11.95***  2.16  

Sigma 3.47*** 0.03 

 

3.34*** 0.03  

Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. High represents students at institutions with appropriation 

dependence greater than 31.58% (N=31450). Low represents students at institutions with appropriation 

dependence equal to or less than 31.58% (N=32600).  Sample sizes rounded to nearest ten per NPSAS 

license agreement. Estimates for controls and individual states and years excluded from the table.  The 

constant term represents the baseline state, Virginia, for the 2003-04 base year. 
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 In the high appropriation dependent sub-sample, there was a positive interaction 

effect between state-need-based aid expenditures and student income in the OLS and 

regular Tobit modeling approaches, p<.001.  In particular, the $0.30 increase in net price 

associated with a ten percent increase in student income further increased by $2.77 for 

every $100 of state need-based aid per FTE.  In addition, for this sub-sample, there was a 

significantly positive interaction effect between state need aid and student ability across 

all modeling approaches, p<.01.  For example, each $100 of state need aid diminished the 

$64.95 decrease in net price associated with one ACT point by $5.74.  Consistent with 

the second step analyses, these results indicate a compliance pricing response to state 

need-based aid policy. 

 State need-based aid interaction results for the low appropriation dependent sub-

sample also support the compliance hypothesis.  With all three modeling approaches, 

there was a significant positive interaction between state need aid and student income.  

For example, for every $100 of state need aid, the positive relationship between income 

and net price (i.e., $15.49 per ten percent change in income) was increased by $4.37.  

There was also a negative interaction between state need aid and student ability, but it 

was only significant with the Tobit and Lognormal Tobit approaches, p<.05. 

 For the high appropriation dependent sub-sample, results indicated a significant 

negative effect of non-need aid on the relationship between student income and net price 

across all modeling approaches, p<.01.  Although a ten percent increase in student 

income was associated with a $0.29 increase in net price, this relationship reversed as 

non-need-based aid increased, decreasing net price per ten percent increase in income by 
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$1.46 for every $100 of state non-need-based aid.  Although both the Tobit and 

Lognormal Tobit results indicated a negative interaction between state non-need aid and 

student ability for the high dependence sub-sample, this finding was only marginally 

significant for the Lognormal Tobit results, p<.10, and non-significant for the other 

modeling approaches.  Thus, there was somewhat weak evidence of compliance with 

state non-need aid policy in the high dependence sub-sample. 

 Across all three modeling approaches, there was a statistically significant negative 

interaction between state non-need-based aid and student income, p<.001.  For example, 

the positive relationship between student income and net price (i.e., a $15.49 increase in 

net price for every ten percent increase in income) was reduced by $4.10 as state non-

need aid increased by $100.  Although all three modeling approaches reported a negative 

interaction between state non-need-based aid and student ability, this finding was only 

significant for the Tobit and Lognormal Tobit results, p<.05.  Together, these results 

indicate pricing behaviors in compliance with state non-need-based aid policy among low 

appropriation dependence institutions. 

A comparison of the confidence intervals for the interactions between state need- 

and non-need-based aid and student income in each sub-sample suggested that low 

appropriation dependent institutions were more responsive to changes in state aid.
37

  For 

the interaction between state need-based aid and student income, the difference between 

sub-samples was not significant for the OLS results but was statistically significant for 

                                                 
37 A comparison of alternative samples of students, focusing only on those at institutions with 
appropriation dependence within one standard deviation above and below the mean produced no 
significant differences between sub-samples. 
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the Tobit results (i.e., based on a 95% confidence interval) and marginally significant 

(i.e., based on a 90% confidence interval) for the Lognormal Tobit results.  For the 

interactions between state non-need aid and student income, the difference between sub-

samples in the OLS and regular Tobit results were both significant based on a 95% 

confidence interval.  Once again, these findings appear to counter my hypothesis that 

increased dependence on state appropriations promotes greater compliance with state aid 

policies, a finding that is further explored in Chapter Five. 

Summary 

 In this chapter, I presented and discussed the results from my analyses on 

institutional pricing behaviors.  Specifically, I compared results from three different 

analytical approaches (i.e., OLS, Tobit, and Lognormal Tobit), to examine differences in 

institutional aid and net price associated with changes in state aid expenditures and 

differences in student need and ability.  The results focused on three separate modeling 

steps: 1) a baseline model with all covariates, 2) an interactive model examining different 

relationships by state aid expenditures and student need and ability, and 3) the interactive 

models applied to sub-samples split by institutional dependence on state appropriations.  I 

discussed results for the institutional aid and net price analyses separately.  In this final 

section of the chapter, I compare results from the separate institutional aid and net price 

analyses and identify overarching themes. 

 One interesting difference between the institutional aid and net price analyses is 

the large difference in model fit.  In the OLS analyses, each step accounted for just below 

10 percent of the variance in institutional aid and between 49 percent and 52 percent of 
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the variance in net price.  That is, there was great deal of unexplained variance in 

institutional aid decisions.  One interpretation for this finding is that institutional aid is far 

less predictable and patterned than net price.  I explore this finding further in Chapter 

Five. 

 A comparison of results from the baseline institutional aid and net price analyses 

reveals two important patterns in institutional pricing policy.  First, institutions 

coordinated tuition and aid practices to increase affordability to students with particular 

characteristics.  This was evident from the inverse relationship between the results from 

the institutional aid and net price analyses.  Student ability, racial minority status, and 

Pell Grant receipt were all associated with larger institutional aid awards and lower net 

price.  For example, based on the OLS results, a one-point increase in ACT score was 

significantly associated with a $72 increase in institutional aid and a $47 decrease in net 

price.  Likewise, for every hundred Pell Grant dollars received, institutional aid increased 

by $12, and net price decreased by $86.  Although the total amount of aid received did 

not always correspond with an equal decrease in net price, these results suggest a 

somewhat coordinated pricing effort among institutions to increase affordability to high 

achieving, underrepresented minority, and lower income students. 

Among significant student-level variables, only residency and attendance status 

did not fit this pattern, with non-resident and full-time, full-year status associated with 

larger aid awards and higher net prices.  However, this is likely because list price within 

an institution does not vary by student ability, race, or need.  Meanwhile, at public 

institutions, list price does vary by residency and enrollment status (Lenth, 1993).  Thus, 
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facing a considerably higher list price, non-resident and full-year, full-time students 

appeared to receive larger institutional aid awards but still not receive enough aid to 

offset the higher list tuition level. 

The second important pattern observed in the baseline institutional aid and net 

price results has to do with institutional prestige and Carnegie Classification level.  In 

particular, the significant coefficients for these variables in both the institutional and net 

price analyses were congruent.  In the OLS baseline results, institutions with high 

prestige tended to award $252 more institutional aid per student than low prestige 

institutions, but the net price paid by students at high prestige institutions was $705 

higher than the amount paid by students at low prestige institutions.  Similarly, students 

at Research/Doctoral – Extensive institutions received significantly larger institutional 

aid awards than students at other types of institutions (i.e., Research/Doctoral – Intensive, 

Masters I and II, and Bachelors – General institutions), but the Research/Doctoral – 

Extensive students still paid significantly higher net prices.  This finding suggests that 

prestigious and higher-level institutions were more involved in high-tuition, high-aid 

pricing strategies, while less prestigious and lower level institutions employed lower-

tuition, lower-aid pricing strategies. 

 In general, coefficients for the interaction effects in the second step analyses for 

both institutional aid and net price supported the comply hypothesis.  As state need-based 

aid increased, the negative relationship between income and institutional aid grew 

stronger, though the interaction was non-significant in the OLS and Lognormal Tobit 

results, while the positive relationship between income and net price grew significantly 
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stronger.  Moreover, increases in state need-based aid significantly weakened the positive 

association between ACT score and institutional aid and the negative association between 

ACT score and net price. 

Results for the interactive effect between state non-need-based aid and student 

income also supported the comply hypothesis for both outcome variables.  Increases in 

state non-need-based aid significantly weakened the negative relationship between 

student income and institutional aid and the positive relationship between income and net 

price.  Although the relationship was only statistically significant in the Lognormal Tobit 

results, the negative interaction between state non-need aid and student ability in the net 

price analysis provided additional support for the comply hypothesis.  The negative 

interaction between state non-need-based aid and student ability in the institutional aid 

OLS analysis was the only estimate that significantly deviated from the rest of the second 

step results.  It indicated that increases in state non-need-based aid decreased institutional 

aid to high-ability students, suggesting that, perhaps, institutions absorbed increases in 

state non-need aid by reducing aid to both high-ability and high-need students.  

Nevertheless, this finding requires further investigation.  It was not consistent with the 

Tobit and Lognormal Tobit second-step analyses of institutional aid, which both 

indicated non-significant positive interactions between state non-need-based aid and 

student ability. 

 When applied to separate sub-samples, the interaction models provided further, 

though less consistent, support for the comply hypothesis.  In both the high and low 

appropriation dependent sub-samples, increased state need-based aid was significantly 
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associated with decreased institutional aid to high-ability students and a decreased net 

price paid by low-income students.  Likewise, increases in state non-need-based aid were 

associated with significant decreases in institutional aid and increases in net price for 

low-income students. 

However, for both the institutional aid and net price analyses, interactions with 

student income indicated significantly different changes in institutional pricing behaviors 

between the two sub-samples.  Specifically, changes in pricing behaviors at high 

appropriation dependent institutions were less compliant with changes in state aid 

policies.  When states increased need-based aid, low-dependence institutions significantly 

increased aid to low-income students, while high-dependence institutions, at least in the 

OLS results, significantly decreased aid to low-income students.  In addition, as states 

increased non-need-based aid expenditures, net price paid by low-income students 

increased for the low appropriation dependence institutions, while it decreased for low-

income students at high-dependence institutions.  These significant differences both 

suggest greater compliance responses within the low appropriation dependent sub-

sample. 

 I explore possible explanations and important implications for these findings in 

Chapter Five.  In addition, Chapter Five connects the results reported in this chapter to 

previous research and theory to answer my research questions and build upon what is 

known about institutional pricing responses to state higher education finance policy.  
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Chapter Five: Discussion and Implications 

 Affordability plays an important role in higher education access, persistence, and 

completion (Alon, 2007; Bettinger, 2004; W. G. Bowen et al., 2009; R. Chen & St. John, 

2011; Leslie & Brinkman, 1987; Singell, 2004).  As such, it is a central part of state 

higher education goals.  States support higher education affordability by providing direct 

funding to higher education institutions (i.e., state appropriations) and students (i.e., 

financial aid).  However, research examining the effectiveness of these state expenditures 

on higher education affordability – and which types students receive the greatest benefit 

from these expenditures – is sparse. 

 In this study, I examined the interactive effects of state financial aid expenditures 

and student characteristics on institutional pricing behaviors (i.e., institutional aid awards 

and net price).  In addition, I explored the possibility that the direction and magnitude of 

these interactive effects differ depending on the degree of institutional dependence on 

state appropriations.  I found that institutions responded to changes in state need-based 

and non-need-based student financial aid expenditures in systematic ways.  Most of the 

results indicated institutional aid and net price shifted in directions that aligned with 

changes in state need- and non-need-based aid expenditures.  Moreover, in the analyses 

that examined differences by institutional appropriation dependence, results suggested 

that less appropriation dependent institutions were most responsive to state financial aid 

changes. 

 This chapter offers a deeper discussion of these findings.  It begins with a review 

of the study, describing the problem and purpose, theoretical underpinnings and 
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hypotheses, and the data and methods used in the analyses.  The second section discusses 

the findings within the frame of the research questions, identifying support for 

hypotheses, providing explanations for unexpected results, and contextualizing the 

themes in relation to previous research.  The third section focuses on the implications of 

the study for practice and policy.  I conclude the chapter with a discussion of the 

limitations and steps for further research. 

Overview of the Study 

This study investigated institutional responsiveness to changes in state need-based 

and non-need-based financial aid, examining the degree to which institutional pricing 

behaviors shifted in favor of student need and/or academic ability.  It also examined the 

potential influence of institutional dependence on direct state resources, in the form of 

state higher education appropriations, on institutional pricing responsiveness to changes 

in state aid expenditures.  Thus, this study tested whether state higher education 

expenditures increased the alignment between institutional pricing behaviors and state 

affordability efforts or enabled institutions to cross-subsidize other institutional priorities, 

thus undermining state efforts. 

 I turned to the principal-agent framework to help explain institutional responses to 

changes in state financial aid expenditures.  According to this framework, principal-agent 

problems are likely when the principal and agent have divergent interests and 

informational asymmetries make it difficult for the principal to verify the agent’s 

productivity (Eisenhardt, 1989; Moe, 1984).  When principal-agent problems are present, 

the principal’s investment yields less efficient outcomes.  In the context of higher 
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education affordability, the disagreement between external (i.e., federal and state) 

affordability efforts and institutional pricing behaviors is a principal-agent problem.  For 

example, as expenditures on Federal Pell Grants increase to reduce the price of higher 

education among lower-income students, institutions continue to increase tuition prices 

(Heller, 2013; McPherson & Schapiro, 1998).  In the extreme case, the Bennett 

Hypothesis, argues that this relationship is causal, with institutions increasing their prices 

to capture increases in federal aid (Bennett, 1987; Heller, 2013). 

Guided by the principal-agent framework, I tested three competing hypotheses. 

Two were hypotheses proposed in a foundational study by Doyle et al. (2009) on 

institutional pricing response to changes in state financial aid.  In particular, the comply 

hypothesis proposed that institutional pricing behaviors would shift toward alignment 

with state financial aid efforts.  Alternatively, the compensate hypothesis suggested the 

opposite, that institutions redistribute institutional aid away from the beneficiaries of state 

aid (e.g., low-income students) and instead award institutional aid to students with other 

important characteristics (e.g., high achieving students).  This would result in a decrease 

in net price for students receiving larger institutional aid awards and a smaller decrease or 

no decrease in net price for the students with increases in institutional aid. In addition to 

these two hypotheses, I introduced a third one based on the Bennett hypothesis (Bennett, 

1987; Heller, 2013).  This third hypothesis, the absorb hypothesis, predicted that 

institutions would redistribute institutional aid away from the beneficiaries of state aid 

without increasing institutional aid to other types of students, resulting in a smaller 

decrease in net price or no change in net price for students who benefitted in increased 
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state financial aid. The last two hypotheses, compensate and absorb would indicate the 

presence of a principal-agent problem.   

Resource dependence theory also informed the study hypotheses.  Specifically, 

this theory explains institutional behaviors as a function of the availability of necessary 

resources and dependence on external agencies for these necessary resources (G. F. Davis 

& Cobb, 2010; Pfeffer & Salancik, 2003).  Based on this theory, I hypothesized that 

institutions that were more dependent on state resources (i.e., state appropriations 

comprised a larger share of institutional revenues) would be more responsive to state 

affordability priorities.  That is, I predicted that institutions with a higher dependence on 

state appropriations would be stronger compliers with changes in state financial aid than 

less dependent institutions. 

 To test each of these hypotheses, I constructed a time-series, cross-sectional data 

set for the 2003-04, 2007-08, and 2011-12 academic years.  The data consisted of a 

sample of 64,050 undergraduate students enrolled at public, four-year institutions within 

the 50 U.S. states, with student-level data obtained from the National Postsecondary 

Student Aid Study (NPSAS).  Controlling for a series of state, institutional, and student 

characteristics, I examined the influence of state need-based and non-need-based student 

financial aid, institutional dependence on state appropriations, and student income and 

academic ability on both the amount of institutional aid students received and the net 

prices students paid. 

 I used an economic fixed-effects modeling approach, including both state and 

year dummy variables to control for time-invariant state characteristics and year-specific 



 

109 

 

trends that might bias estimates of the effects of my key independent variables.  In 

addition, due to the large share of students who received no institutional aid – and, to a 

lesser extent, the share of students who paid no net price – I used three different modeling 

approaches to analyze the data: Ordinary Least Squares (OLS), Tobit, and Lognormal 

Tobit regression.  I did not rely on OLS results alone because the large share of students 

with institutional aid (or net price) values of zero downwardly biased the OLS estimates.  

Conversely, I did not rely on the Tobit (or even the more normalized Lognormal Tobit) 

results alone because the results were biased by significant violations of the necessary 

distributional assumptions.  Instead, I compared results from the three modeling 

approaches to help validate the significant findings. 

Discussion of the Findings 

 In Chapter Four, I identified several significant relationships and patterns across 

modeling approaches, modeling steps, and dependent variables.  In this section, I go into 

deeper discussion about some of the more relevant findings from Chapter Four and 

address how the second and third step results relate to my research questions, hypotheses, 

and the broader body of literature on state higher education expenditures and affordability 

for different types of students. 

 Model fit: Institutional aid versus net price.  One notable difference between 

the institutional aid and net price analyses was the considerably low average adjusted R
2
 

for the institutional aid models.  In all institutional aid OLS analyses,
38

 the models 

accounted for less than ten percent of the variance in institutional aid, while the amount 

                                                 
38 Tobit does not have an equivalent measure of the amount of variance explained in the dependent 
variable like the R2 in OLS. 
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of variance in net price explained by the same variables was five times that size.  Part of 

this is related to the downward bias of the OLS estimates due to the large number of 

students who received no institutional aid.  An exploratory analysis of model fit on only 

the students who received institutional aid indicated a significant improvement, with an 

average adjusted R
2
 of 0.1839 in the baseline model.  Nevertheless, these results still 

indicate that much of the variance in institutional aid awards remained unexplained by 

the model. 

Since I already accounted for key student characteristics (i.e., need, ability, race, 

residency, and enrollment status) and major differences between institutions (i.e., prestige 

and Carnegie type), these results suggest that some other factors or student attributes play 

a large role in institutional aid decisions.  As Curs (2008) suggests, “While financial aid 

administrators typically are able to observe the majority of these attributes, often some of 

these attributes may be unobservable to the researcher” (p. 13).  Perhaps some institutions 

awarded aid to students based on ambition or grit.  Others may select students for their 

strong community service backgrounds or involvement in other extracurricular activities.  

Another possible explanation for the unexplained variance is that institutional responses 

between states were not uniform.  Since state oversight structures and tuition-setting 

policies influence institutional list prices (Calhoun & Kamerschen, 2010; M. M. Kim & 

Ko, 2015; Lowry, 2001), they may also influence institutional pricing responsiveness to 

changes in state student financial aid.  Future research should explore this possibility 

further. 
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High-tuition, high-aid institutions.  Overall, I identified state, institutional, and 

student factors that directly explained differences in institutional aid and net price, but the 

institutional and individual differences were consistently robust predictors across 

modeling approaches and specifications.
39

  At the institution-level, institutional aid and 

net price varied significantly by Carnegie classification, with the highest institutional aid 

awards and net prices at Research/Doctoral institutions and lower aid and prices at 

Masters and Bachelors institutions.  High institutional prestige was also directly 

associated with higher institutional aid and higher net price.  However, this relationship 

was not significant for the Lognormal Tobit analysis of net price.  This finding is 

interesting because the literature discussing high-tuition, high-aid policies tend to focus 

on the coordination of federal and state higher education expenditures with institutional 

tuition levels or the implementation of state policies linking tuition increases to 

institutional aid increases (Griswold & Marine, 1996; Hearn et al., 1996; M. M. Kim & 

Ko, 2015).  This literature, however, does not examine which types of institutions tend to 

employ higher-tuition, higher-aid pricing strategies.  According to my results, this 

practice is more common among the more prestigious institutions and institutions in the 

higher Carnegie classification tiers (e.g., Research/Doctoral – Extensive and Intensive 

institutions). 

Beyond these initial observations, this study found patterns in the results that were 

relevant to my two research questions.  At the beginning of the study, I asked: 

                                                 
39 This includes when I ran the analyses with institution-clustered standard error specifications to 
adjust for dependence between observations (see Appendix B). 
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1. Controlling for time-invariant state differences, to what extent do institutional 

pricing strategies favor affordability to different populations of students (i.e., low-

income and high achieving) as state expenditures on need-based and non-need-

based aid vary? 

and 

2. To what extent does the type of state financial aid expenditures (need and non-

need-based) incentivize institutional pricing behaviors that favor different 

populations of students (i.e., low-income or high achieving) as institutional 

reliance on state appropriations varies? 

The results supported previous research indicating that institutional pricing 

behaviors shift in greater compliance with changes in state need-based and non-need-

based financial aid expenditures (Doyle et al., 2009).  Nevertheless, the magnitude of the 

effect was relatively small compared to the general trends in institutional pricing 

behaviors.  That is, changes in institutional pricing behaviors in response to changes in 

state financial aid expenditures were small, which limits the use of state aid as an 

incentive to align state and institutional affordability priorities.  In addition, the results 

provided some indication, albeit limited, that institutions least reliant on revenues from 

state appropriations were more responsive to changes in state aid. 

 State financial aid and institutional pricing behavior.   Interactions between 

state need-based and non-need-based financial aid expenditures and student 

characteristics in the analyses of institutional aid and net price enabled me to examine the 

degree to which institutional pricing behaviors responded to changes in state aid 
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expenditures.  In Table 5.1, I present my three competing hypotheses and the observed 

interaction results for the second step analyses.  I focus on the direction and the 

magnitude of the interaction terms alone because they indicate the degree to which 

institutional aid and net price priorities shift in response to changes in state student 

financial aid expenditures.  For example, a negative interaction between state need-based 

aid and income in the institutional aid analysis indicates that institutions respond to 

increases in state need-based aid by shifting the distribution of aid away from higher-

income students in favor of needy students. 

Table 5.1. 

Hypothesized and Observed Responses to Changes in State Aid: Full Sample 

 Institutional Aid Net Price 

 Income Ability Income Ability 

Hypotheses     

Comply     

  Need Aid - - + + 

  Non-Need Aid + + - - 

Compensate     

  Need Aid + + -/0 - 

  Non-Need Aid - - + -/0 

Absorb     

  Need Aid + 0 -/0 0 

  Non-Need Aid 0 - 0 -/0 

Results     

OLS     

  Need Aid -0.10 -5.80*** 25.74*** 4.35** 

  Non-Need Aid 15.25*** -2.32** -27.83*** -1.16 

Tobit     

  Need Aid -29.29* -17.61*** 38.11*** 7.46*** 

  Non-Need Aid 84.60*** 1.68 -40.61*** -2.68 

Lognormal Tobit     

  Need Aid -0.05 -0.02* 0.04*** 0.01*** 

  Non-Need Aid 0.12*** 0.01 -0.04*** -0.00*** 

Note. *** p<.001, ** p<.01, * p<.05 
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 Results from the second step analyses provided nearly consistent support for the 

comply hypothesis.  In the institutional aid models, the interactions between state need-

based aid and student income and ability were both negative, though the interaction with 

student income was not statistically significant, and the interaction between state non-

need aid and income was significantly positive.  For the OLS analysis of institutional aid, 

I found a significant negative interaction between state non-need-based aid and student 

ability.  Considering the significant positive relationship between non-need-based aid and 

student income, this would suggest an institutional response to state non-need-based aid 

increases more similar to that predicted under the absorb hypothesis.  However, this 

pattern was not evident in the Tobit and Lognormal Tobit analyses, so the evidence in 

support of the absorb hypothesis is weak.  Moreover, all the interaction coefficients in the 

net price models were consistent with the comply hypothesis, and nearly all were 

significant for the three analytical approaches.
40

 

In their cross-sectional analysis on institutional aid responses to differences in 

state need- and merit-based student aid expenditures, Doyle et al. (2009) also found 

evidence of institutional compliance.  Specifically, in all years and model specification, 

they found a significant positive interaction between state merit-based aid and student 

income.  For the year 2000 cross-section of data, they also found a significant positive 

interaction between state merit aid and student ability.  My study differs somewhat from 

that of Doyle et al. (2009) because I look at within-state changes in financial aid 

                                                 
40 When I clustered the errors by institution, some interaction effects lost statistical significance.  For 
the institutional aid analyses, this happened with the interactions between state need aid and income 
and state non-need aid and ability for all three modeling approaches.  For the net price analyses, this 
happened with both interactions with student ability in the OLS models and the interaction between 
state non-need aid and ability in the Tobit model. 
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expenditures instead of between-state differences.  One problem with analyzing between-

state differences is the possibility of failing to control for a state characteristic that 

explains both the difference in state aid expenditures and institutional aid awards (e.g., 

the presence a strong state higher education oversight agency).   My analyses helped 

reduce this problem by focusing on changes in state aid expenditures over time.  

Nevertheless, similar trends in the results from this study and that of Doyle et al. (2009) 

help substantiate the comply hypothesis. 

Within the principal-agent framework, compliance between state efforts and 

institutional behavior signals reduced principal-agent problems.  When states focused 

affordability efforts toward a particular type of student (e.g., low-income or high-ability), 

institutions shifted their pricing behavior to better support that student.  This suggests 

increased efficiency in state aid expenditures and a coordination of state and institutional 

priorities.  The principal-agent framework also provides insights as to why institutions 

tended to comply.  Specifically, the framework suggests that the effective use of 

oversight, incentives, and constraints may have helped reduce informational asymmetries 

and align divergent priorities (Eisenhardt, 1989; Lane, 2012). 

Effective higher education oversight structures, incentives, and constraints are 

some explanations for the observed support of the comply hypothesis.  For example, all 

states have higher education governance structures (i.e., consolidated governing board 

systems, coordinating boards, or planning agency systems).  Although the range of 

authority greatly varies by type of governance structure and state, these structures provide 

states with varying degrees of oversight over public higher education institutions 
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(Calhoun & Kamerschen, 2010).  In addition, states often have policies restrict 

institutional tuition-setting autonomy (Carlson, 2013).  For example, M. M. Kim and Ko 

(2015) studied the influence of state tuition-setting authority, ability to cap or freeze 

tuition, provision of incentives, and policies linking tuition increases to aid increases on 

tuition increases.  Some incentives included increased new aid programs that considered 

tuition levels to exacting penalties in the form of audits for non-compliance.   In the 

research, these factors have been use to explain tuition-setting practices (M. M. Kim & 

Ko, 2015; Lowry, 2001), so similar factors could also explain why institutional pricing 

behaviors shift toward compliance with changes in state aid policy. 

Likewise, resource dependence theory provides an additional explanation for 

institutional compliance.  That is, states provide financial support to public institutions of 

higher education in the form of direct state appropriations.  Although states might not be 

the central source of institutional revenues, they remain an important source and, as a 

result, retain some degree of power over the public institutions.  This resource 

dependence relationship was explored in the third step analyses, and the results are 

discussed in greater detail later in this chapter. 

 Although my results indicate institutional compliance with changes in state 

financial aid expenditures, it is important to consider the degree of institutional 

responsiveness.  Considering the average institutional aid amount of $964.31, the 

magnitude of institutional responsiveness was relatively small.  For example, for the OLS 

institutional aid model, the direct effect of ACT was a $100.28 increase in institutional 
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aid per ACT point,
41

 so the $5.80 decrease associated with a $100 increase in state need-

based financial aid is relatively small.  The interaction between state non-need-based aid 

and ACT is even smaller, increasing the $100.28 effect of each ACT point
42

 by $2.32 for 

every $100 of non-need aid.  Likewise, given the small direct effect of student income, 

most changes in state non-need-based aid kept the effect of income on institutional aid 

close to zero.  For a 100 percent increase in student income, institutional aid would: 

decrease by $5.51 if non-need-based aid increased by $100 per FTE enrollment, increase 

by $9.74 if non-need-based aid increased by $200, and increase by $24.99 if non-need-

based aid increased by $300. 

The magnitude of the net price results was more substantial for some interactions.  

Each $100 increase in state need-based aid added to the $137.97 direct effect of a 100 

percent increase in student income on net price by an additional $25.74.  State non-need-

based aid had the opposite effect, though similar in magnitude, on the relationship 

between student income and net price, decreasing the direct effect by $27.83 for every 

$100 increase in non-need aid. A $100 change in state need-based aid had a much smaller 

effect on the relationship between ACT and net price.  The direct effect of ACT, reducing 

net price by $62.09 per point, was diminished by $4.35 for every $100 increase in state 

need-based aid. 

Together, the results from the second step analyses of institutional aid and net 

price offer statistical support for the comply hypothesis.  However, the relatively small 

magnitude of institutional responsiveness limits the practical implication of this finding. 

                                                 
41 Based on a $0 change in state non-need-based student financial aid. 
42 Based on a $0 change in state need-based student financial aid. 
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 The role of appropriation dependence.  In response to the second research 

question, I examined institutional responsiveness to changes in state aid for two sub-

samples split by institutional dependence on state appropriations.  In addition to looking 

for trends supporting the comply, compensate, or absorb hypotheses, I compared the 

magnitude of the interaction effects and their standard errors to identify significant 

differences between the two sub-samples.  The significant interactions consistent across 

all three approaches, tended to support the comply hypothesis for both samples.  

However, contrary to my hypothesis of greater compliance among the high appropriation 

dependent sub-sample, significant differences suggested greater shifts toward compliance 

among less dependent institutions. 

Results for these analyses were not as consistent across OLS, Tobit, and 

Lognormal Tobit approaches as they were in the step two analyses (see Table 5.2).  

However, all of the interaction effects that were consistently significant across all three 

modeling approaches supported the comply hypothesis for both sub-samples.  That is, 

both the high and the low appropriation dependent sub-samples adjusted their pricing 

behaviors in directions that aligned with changes in state financial aid expenditures.  

Since both sub-samples responded to state financial aid in somewhat similar ways, I 

found few significant differences in the results for each sub-sample (i.e., bold coefficients 

in Table 5.2 indicate significant differences between samples). 
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Table 5.2. 

Hypothesized and Observed Responses to Changes in State Aid: Sub-Samples 

 Institutional Aid Net Price 

 Income Ability Income Ability 

Hypotheses     

Comply     

  Need Aid - - + + 

  Non-Need Aid + + - - 

Compensate     

  Need Aid + + -/0 - 

  Non-Need Aid - - + -/0 

Absorb     

  Need Aid + 0 -/0 0 

  Non-Need Aid 0 - 0 -/0 

OLS Results     

High Dependence     

  Need Aid 10.59* -5.77** 27.73*** 5.74*** 

  Non-Need Aid 18.29*** -3.16** -14.64** 1.08 

Low Dependence     

  Need Aid -12.55* -6.43** 43.71*** 4.64 

  Non-Need Aid 14.51*** -1.31 -41.10*** -3.52 

Tobit Results     

High Dependence     

  Need Aid 17.15 -11.89 25.79*** 7.87*** 

  Non-Need Aid 94.71*** -0.62 -25.45*** -0.49 

Low Dependence     

  Need Aid -81.79*** -26.96*** 61.76*** 8.13* 

  Non-Need Aid 82.61*** 5.60 -52.69*** -5.96* 

Lognormal Tobit Results    

High Dependence     

  Need Aid 0.00 -0.02 0.02 0.01** 

  Non-Need Aid 0.14** 0.01 -0.05*** -0.01 

Low Dependence     

  Need Aid -0.12** -0.03** 0.05** 0.01** 

  Non-Need Aid 0.11** 0.01 -0.04*** -0.01** 

Note. *** p<.001, ** p<.01, * p<.05.  Bold values represent marginally significant 

differences between sub-samples, p<.05. 

 

However, results for one of the interaction effects significantly and consistently 

differed between sub-samples in the OLS, Tobit, and Lognormal Tobit analyses.  
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Specifically, the low appropriation dependent sub-sample indicated a significant negative 

interaction between state need-based financial aid and student income, while the same 

interaction in with the high appropriation dependent sub-sample was significantly 

positive for the OLS analysis and non-significant in the Tobit and Lognormal Tobit 

results.  The negative interaction indicates that, as states increased aid based on need, 

institutional aid awards became more responsive to student need.  Meanwhile the positive 

interaction suggests a decrease in responsiveness to student need when states increased 

need-based aid.  This difference suggests that institutional aid policy at less-dependent 

institutions grew more compliant with changes in state aid while aid policy at more 

dependent institutions grew less compliant. 

 Results for the interaction between state need-based financial aid and student 

income in the net price analyses were also significantly different by sub-sample, but only 

for the Tobit results.  Both sub-samples showed significantly positive interactions, but the 

magnitude of the relationship in the low appropriation dependent sub-sample was larger 

than that of the high appropriation dependent sub-sample.  In the OLS and Tobit analyses 

of net price, I also found a significant difference for the interaction between state non-

need-based aid and student income.  The interaction effects were significantly negative 

for both sub-samples, but, again, the size of the relationship was largest for the low 

appropriation dependent sub-sample.  Although these significant differences between 

sub-samples indicated greater compliance behavior when appropriation dependence was 

low, the net price findings were not robust across all modeling approaches.  In addition, 

when I adjusted the errors for dependence within institutions (i.e., Appendix B), I found 
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no significant differences between sub-samples for any of the interactions.  Thus, the 

observed possible influence of appropriation dependence on institutional compliance with 

state financial aid efforts requires further analysis and validation. 

Even though the significant differences between the high and low appropriation 

dependent institutions were not robust to alternative approaches and more conservative 

estimates of the standard errors, the theme of greater responsiveness to changes in state 

aid expenditures for low appropriation dependent institutions warrants further discussion.  

In particular, this finding countered my hypothesis that high appropriation dependent 

institutions would be more responsive to state priorities.  A closer look at the direct effect 

of student income helps clarify part of this puzzle.  For the interaction between state 

need-based student financial aid and student income using the OLS approach, the direct 

effect of income on institutional aid was -88.61 for the high appropriation dependent 

institutions and 40.68 for the low appropriation dependent institutions.  That is, when 

state need-based aid did not change, a 100 percent increase in student income was 

associated with an $88.61 decrease in institutional aid at high appropriation dependent 

institutions and a $40.68 increase in institutional aid at low appropriation dependent 

institutions.  Thus, high appropriation dependent institutions already prioritized student 

need in aid decisions while low dependent institutions did not.  Figure 5.1 depicts 

changes in the effect of (logged) student income on institutional aid as state need-based 

aid increases for each sub-sample.  This figure demonstrates that the low appropriation 

dependent sub-sample responded to increasing state need aid by reducing the positive 

relationship between income and institutional aid.  It also shows, however, that high 
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appropriation dependent institutions were initially more responsive to student need and 

continued to reward need as state need-aid increased. 

 

Figure 5.1. Interaction Effect of Income on Institutional Aid by Appropriation 

Dependence. 

Note. State non-need-based aid held constant at $231.54. 

 This relationship suggests that high appropriation dependent institutions were 

already aligned with state affordability priorities prior to any changes in state need-based 

aid expenditures.   In contrast, low appropriation dependent institutions only began to 

shift the emphasis of institutional aid toward student need after state need-based aid 

increased.  Similarly, for the interaction between state non-need-based aid and student 

income in the net price model, high dependence institutions were already less responsive 

to student need than low appropriation dependent institutions prior to increases in state 

non-need-based aid.  Thus, the observed weaker compliance response to changes in state 

aid expenditures among high appropriation dependent institutions could have been 
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because high appropriation dependent institutions were already more compliant with state 

priorities prior to changes in state aid expenditures. 

 The interpretation that high-dependence institutions were initially aligned with 

state priorities introduces an important question about low-dependence institutions: what 

aspect about changes in state financial aid expenditures led institutions with lower 

dependence on state appropriations shift their pricing policies?  Was this because state 

aid was a signal of state affordability priorities and low-dependence institutions adjusted 

pricing behaviors out of submission to state authority?  Although they may receive larger 

revenues from non-state sources (e.g., tuition and research grants), these institutions still 

rely on state appropriations and/or financial aid funds.   Moreover, states use higher 

education governance structures and oversight mechanisms, tuition-setting restrictions, 

and financial incentives and penalties to influence the price of higher education (Carlson, 

2013; M. M. Kim & Ko, 2015; Lowry, 2001).  Thus, the compliance behavior among low 

appropriation dependent institutions may have been a result of these state efforts to 

reduce institutional price-setting authority.  

These findings, and the other significant differences between the sub-samples, 

provide weak evidence of greater compliance among low appropriation dependent 

institutions.  Nevertheless, they highlight the potential of state aid expenditures to redirect 

institutional pricing priorities, particularly when the states have less influence through 

direct institutional appropriations. 
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Implications  

 As public higher education tuition levels continue to rise (Baum, 2013) and 

affordability among the neediest students declines (Burd, 2014), state higher education 

finances play an important role in the future of higher education access and student 

success.  States are involved in making college affordable by offering student financial 

aid and subsidizing education costs in the form of institutional appropriations.  However, 

these state higher education expenditures can also influence higher education 

affordability indirectly.  For example, research indicates a negative relationship between 

state appropriations and tuition levels (Koshal & Koshal, 2000; Titus, Simone, & Gupta, 

2009).  In addition, Doyle et al. (2009) found support that institutions align their own aid 

policies with changes in state financial aid.  Building on the previous research, this study 

also found that institutional pricing behavior responded in compliance with changes in 

state financial aid expenditure policies. 

This has implications for state higher education affordability policy.  In particular, 

need-based and non-need-based financial aid expenditures are a potential tool states can 

use to influence institutional pricing behaviors.  If states want institutions to prioritize 

affordability to needy students, then increased state expenditures on need-based student 

aid may further support this objective.  In the baseline analyses, increases in state need-

based aid were associated with significant decreases in net price.
43

  Although non-

significant in the OLS and Lognormal Tobit analysis, increases in state need aid also 

appeared to enhance the negative relationship between student income and institutional 

                                                 
43 Non-significant in the Lognormal Tobit analysis. 
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aid.  Moreover, institutional responsiveness to changes in state need-based aid appeared 

to be stronger among institutions that were less dependent on state appropriations. 

In contrast, the findings indicate that when states increased non-need aid, 

institutions decreased focus on needy students and increased affordability based on 

student ability.  Based on results from this study, increased emphasis on state non-need-

based financial aid significantly decreased the amount of institutional aid received by 

low-income students and reduced net price differences between high- and low-income 

students.  Fortunately, state higher education finance trends indicate a recent shift in state 

student financial aid policies emphasizing student need over merit (Woodhouse, 2015).  

However, the findings are somewhat troubling, given the large-scale non-need-based aid 

programs, such as the Georgia HOPE Scholarship, still active in some states. 

Findings from the third step analyses offer insights about the role of 

appropriations in institutional pricing decisions.  Previous research indicates a negative, 

two-way relationship between state appropriations and tuition at public institutions of 

higher education (Koshal & Koshal, 2000; Titus et al., 2009).  That is, higher 

appropriations are associated with lower tuition levels.   However, according to resource 

dependence theory, the strength of the relationship between state appropriations and 

institutional pricing behavior varies by the degree to which institutions are dependent on 

state financial support.  Specifically, resource dependence theory suggests that greater 

institutional dependent on state resources produce greater compliance with state 

objectives.  Thus, I expected greater compliance responses to changes in state aid among 

more appropriation dependent institutions.  Results for institutional responses to changes 
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in state aid did not support, and in some situations even contradicted, this hypothesis.  In 

most cases, there were no significant differences in compliance responses between high 

and low appropriation dependent institutions.  For the few interaction effects that 

significantly differed by resource dependence, lower appropriation dependence was 

associated with a stronger compliance response to changes in state aid. 

Although coefficients for the interaction terms appeared to refute resource 

dependence theory, an examination sub-sample differences in the main effects of the 

interacted variables highlights an alternative role of resource dependence in institutional 

pricing behavior.  For interactions where the responses of high and low appropriation 

dependent samples significantly differed, high appropriation dependent institutions were 

already more aligned with state affordability priorities without changes in state financial 

aid.  These results did not hold under more conservative estimations of the standard 

errors.  However, the results suggest that high appropriation dependence improved 

alignment between state and institutional affordability priorities and that state aid 

expenditures helped to refocus the priorities of less appropriation dependent institutions 

toward alignment with those of the state. 

The small magnitude of the results regarding the effect of state aid expenditures 

reduces the strength of the implications for this study, but the interaction effects are not 

the only relevant results.  The low degree of variance in institutional aid explained by the 

model also has implications for policy.  This finding suggests a large effect of 

unmeasurable factors and randomness in institutional aid decisions.  That is, the primary 

characteristics used to award state financial aid are not the only characteristics that drive 
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institutional aid decisions.  This finding highlights another piece of the affordability 

puzzle, that states and institutions may lack a strong alignment in the criteria used to 

award student financial aid. 

Limitations 

 As discussed in Chapter Three, the quality of data available on institutional aid 

and pricing for different groups of students complicated the precision of the analyses.  

Specifically, the student-level data, though weighted to represent the national sample, 

were not representative within states or institutions.  However, an investigation into the 

relationship between survey participation and my key independent variables did not 

indicate that this non-representativeness would significantly bias the results.
 44

  In 

addition, the student-level data only reflected the observed institutional aid and net price 

amounts for students and the institutions in which they enrolled.  Accordingly, this did 

not include all of the possible alternatives for institutional aid and net price from which 

each student could have chosen (e.g., institutional aid offers to attend competing 

institutions).  Thus, the results from the analyses were based on the unrealistic 

assumption that all students had only one postsecondary enrollment option, the one 

observed in the data.  Unavoidably, this added some additional error to the estimates.  In 

addition, this may have weakened my findings related to the interactions between state 

need-based aid and student income.  For low-income students, higher need-based aid 

increases an individual’s financial ability to attend a higher-priced institution.  Assuming 

                                                 
44 After controlling for higher education participation trends (e.g., changes in low-income student 
enrollments linked to changes in state financial aid expenditures could be reflected in a similar 
change in low-income student survey participation). 
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higher tuition institutions offer larger student aid awards, as my results appeared to 

suggest, increased low-income student enrollments at higher-priced institutions would 

also produce an increase in the amount of institutional aid awarded.  Thus, increased state 

need-based financial aid would appear to cause institutions to be more responsive to 

student need when it may have been the case that needy students were simply more 

financially able to enroll at higher priced institutions which also offered them larger 

institutional aid awards.  Unfortunately, there is currently no multi-state student financial 

aid or net price data with detailed information on institutional financial aid options prior 

to enrollment to further explore this possibility. 

In the attempt to reduce omitted variable bias due to unobserved state 

characteristics, my decision to use state fixed effects also restricted the scope of the 

analyses to the influence of state-level variables that changed over time.  One limitation 

that resulted from this decision is that the analyses did not investigate the relevant, 

though generally time-invariant, effects of higher education governance and oversight 

mechanisms.  Within the principal-agent framework, these state characteristics are 

important tools to help align institutional behaviors with state policy.  For example, the 

work of M. M. Kim and Ko (2015) highlighted the importance of statewide tuition-

constraining policies and institutional tuition-setting authority in higher education tuition 

pricing.    Other researchers noted the role of state higher education governance and 

oversight structures in constraining institutional pricing behaviors (Calhoun & 

Kamerschen, 2010; Lowry, 2007).  Moreover, in this study, higher education governance 

and oversight mechanisms may have caused institutions in different states to respond 
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differently to changes in state financial aid expenditures, which could account for part of 

the unexplained variance in the institutional aid analyses.  While these important factors 

deserve further investigation, the inclusion of the state fixed effects used in the present 

study are not appropriate for analyzing the influence of these time-invariant state 

characteristics. 

Finally, the non-normal distribution of the dependent variables in the analyses, 

particularly for institutional aid, introduced an additional limitation to this study.  Neither 

the OLS nor the Tobit and Lognormal Tobit approaches produced unbiased results.  Due 

to the large share of students with a value of zero in the dependent variables, estimates 

produced with OLS were downwardly biased (J. S. Long, 1997).  While the Tobit and 

Lognormal Tobit approaches adjusted the estimates to account for the censored data, they 

were biased by violations to the model distributional assumptions (Cameron & Trivedi, 

2010).  A smaller share of students reported paying a net price of zero than those who 

reported receiving no institutional aid.  In addition, the OLS and Tobit estimates in the 

net price analyses were very similar, indicating that the net price OLS results were not 

substantially biased. 

However, the institutional aid analyses still presented a problem, as the OLS and 

Tobit results were not as similar, and the Tobit and Lognormal Tobit models violated the 

distributional assumptions.
45

  Thus, all institutional aid results were subject to some 

degree of bias, which reduced their validity.  Nevertheless, common trends across the 

                                                 
45 Previous studies used Tobit regression to study institutional aid awards on similar samples using 
the same NPSAS data (Z. G. Davis, 2015; Doyle, 2010; Doyle et al., 2009; M. H. Kim, 2004), but none 
indicated testing for (and, thus finding) violated distributional assumptions. 
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results from the three approaches and between the institutional aid and net price results 

helped to support the major findings.  Although the institutional aid estimates related to 

the magnitude of the effects in the models may not have been precise, comparisons 

between approaches and analyses helped to substantiate the overall direction of the 

significant relationships observed and indicated potentially important relationships for 

further investigation. 

Further Research 

 This study provides insights into the ability of state financial efforts to influence 

student affordability and institutional pricing behaviors.  Results from this study indicated 

that institutional pricing behaviors were responsive to changes in state student financial 

aid policy.  As states spent more on needy students, institutional pricing behaviors shifted 

to better support needy students, and as states spent more on high-achieving students, 

institutional pricing behaviors also shifted focus toward student ability. 

 Nevertheless, the interaction effects between state aid and student characteristics 

were relatively small.  Part of this may have been due to the non-representativeness of the 

data and the complicated structure of the analysis, using the interaction between state- 

and student-level data to make inferences about institutional pricing behaviors.  Future 

analyses on institutional responsiveness to changes in state aid could benefit from state- 

or institutionally-representative student-level data or institutional-level financial aid and 

net price data disaggregated across student income and ability. 

This is not possible using current publically available sources for student- and 

institutional-level aid and pricing data.   In some years, the National Postsecondary 
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Student Aid Study (NPSAS) did oversample to provide representative data in some 

states, but the number of states with representative data was small (i.e., 12 states in 2004 

and 6 in 2008), and state representativeness was not consistent over time.  Likewise, in 

2009, the Integrated Postsecondary Education Data System (IPEDS) began reporting 

institution-averaged net price information disaggregated by student income.  However, 

the sample represented in this data is restricted to students who received federal, state, 

local government, and/or institutional grant aid.  As a result, lower-income students, who 

all qualified for Federal Pell Grant aid were well represented in this data, but the data did 

not account well for many higher-income students who did not qualify for Pell Grants 

and received none of the other forms of grant aid.  Until the limitations in these data 

sources are addressed, future research could narrow the focus to affordability data for 

individual states, systems, or institutions, assuming the researcher has access to this data 

(see, e.g., Curs, 2008). 

Research on institutional responses to changes in state financial aid could also 

benefit from an analysis of institutional admissions data.  As discussed in the previous 

section, the analysis is limited in the assumption that students only had one institutional 

aid and net price choice, which may have artificially influenced the observed effect of 

state need-based aid on the relationship between student income and institutional aid/net 

price.  Institutional admissions and aid offers could better indicate changes in institutional 

behaviors since they do not depend on where the student chose to enroll.  Unfortunately, 

this type of admissions data is not released to the public, so further research of this nature 
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would likely be restricted to an analysis of a single institution or system of institutions 

conducted from within the organization studied. 

In addition, there was some evidence that the degree of responsiveness to changes 

in state financial aid varied significantly between institutions.  Although this study 

focused on institutional dependence on state appropriations, future research could 

examine differences associated with other institutional characteristics.  For example, one 

could study differences between institutions with different missions (e.g., Carnegie 

Classification) or priorities (e.g., expenditure and enrollment priorities).  This line of 

research is useful to gain better understanding the effects of state financial aid policies 

and identify institutional contexts that improve and hinder the efficiency of these policies. 

Finally, the small, yet significant, interaction effects indicated that institutional 

pricing strategies were non-randomly related to state aid expenditures, but the reason 

behind this finding was not clear.  I suggested that the pricing behaviors of more 

appropriation dependent institutions were more closely aligned with state priorities and, 

thus, would require lower responsiveness to state aid changes to align pricing behaviors 

with state priorities.  In addition, I posited that initial pricing behaviors at less-dependent 

institutions may have been contrary to state priorities but that they shifted in response to 

changes in state financial aid efforts.  Future research should take a deeper look at the 

influence of higher education governance and institutional tuition-setting autonomy, 

asking if elements associated with greater institutional autonomy make institutions more 

compliant with changes in state financial aid expenditures.  For example, instead of 

splitting the sample by institutional appropriation dependence, research could examine 
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differences between institutions with and without tuition-setting authority, or the sample 

could be split by states with different governance structures or tuition-setting restrictions.  

Findings from this line of research could help states identify effective – and ineffective – 

structures and policies that help align state affordability efforts and institutional pricing 

behaviors. 

Conclusion 

 As states invest their budgets in public higher education through financial aid and 

direct institutional appropriations, it is important to understand the degree to which 

institutional pricing behaviors support or hinder these state higher education affordability 

efforts.  This study contributed to what is known about this state-institutional 

relationship.  It identified potential state-level factors that seemed to encourage greater 

priority alignment between states and institutions.  In particular, increases in state 

financial aid to low-income and high-ability students appeared to shift institutional 

pricing behaviors (i.e., institutional aid and net price) in ways that better supported 

affordability to these targeted student populations.  Likewise, although not as consistent 

in the results, higher institutional dependence on state appropriations also seemed to help 

align state and institutional affordability efforts. 
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APPENDIX A 

Definition, Measurement, and Sources of Analysis Variables 

Variable  Measure Sources 

Dependent Net Price Listed tuition and fees minus all grant 

aid received 

U.S. Department of Education, National Center for Education Statistics, 

2003/04, 2007/08, and 2011/12 National Postsecondary Student Aid Study. 

 Institutional 

Aid 

Institutional grant aid received 

excluding athletic scholarships 

U.S. Department of Education, National Center for Education Statistics, 

2003/04, 2007/08, and 2011/12 National Postsecondary Student Aid Study. 

Student-

Level 

Income Adjusted gross income of student (if 

independent) or student’s parents (if 

dependent) 

U.S. Department of Education, National Center for Education Statistics, 

2003/04, 2007/08, and 2011/12 National Postsecondary Student Aid Study. 

 Ability ACT (or converted SAT) Composite 

Score 

U.S. Department of Education, National Center for Education Statistics, 

2003/04, 2007/08, and 2011/12 National Postsecondary Student Aid Study. 

 Race/Ethnicity Dummy variables for Black, Hispanic, 

White, and Other race/ethnicity 

U.S. Department of Education, National Center for Education Statistics, 

2003/04, 2007/08, and 2011/12 National Postsecondary Student Aid Study. 

 Residency Dummy indicating residency status U.S. Department of Education, National Center for Education Statistics, 

2003/04, 2007/08, and 2011/12 National Postsecondary Student Aid Study. 

 Enrollment 

Status 

Dummy indicating full-time, full-year 

enrollment 

U.S. Department of Education, National Center for Education Statistics, 

2003/04, 2007/08, and 2011/12 National Postsecondary Student Aid Study. 

 Pell Grant Aid Amount of Pell Grant aid received U.S. Department of Education, National Center for Education Statistics, 

2003/04, 2007/08, and 2011/12 National Postsecondary Student Aid Study. 

Institutional

-Level 

Appropriation 

Dependence 

Share of revenues from appropriations U.S. Department of Education, National Center for Education Statistics. 

2003, 2007, and 2011 IPEDS Finance Survey. Retrieved from 

http://nces.ed.gov/ipeds/datacenter/DataFiles.aspx. 

 Carnegie Set of dummy variables for 2005 

Carnegie Basic classification: 

Research/Doctoral Extensive (baseline 

group), Research/Doctoral Intensive, 

Masters 1, Masters 2, Bachelors-

Liberal Arts, and Bachelors-General. 

U.S. Department of Education, National Center for Education Statistics. 

2003, 2007, and 2011 IPEDS Institutional Characteristics Survey. Retrieved 

from http://nces.ed.gov/ipeds/datacenter/DataFiles.aspx. 

 Selectivity Dummy indicating high rank within 

Barron’s competitiveness 

classification 

Barron’s Profiles of American Colleges (2002, 2006, and 2010). Hauppauge, 

NY: Barron’s Educational Series. 
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 Pell Percent Dummy indicating a high share of 

students who received Pell grants 

U.S. Department of Education, Office of Postsecondary Education. 2003, 

2007, and 2011 Distribution of Federal Pell Grant Program Funds by 

Institution.  Retrieved from 

http://www2.ed.gov/finaid/prof/resources/data/pell-institution.html. U.S. 

Department of Education, National Center for Education Statistics. 2003, 

2007, and 2011 IPEDS Enrollment Survey. Retrieved from 

http://nces.ed.gov/ipeds/datacenter/DataFiles.aspx. 

 Grants per 

Student 

Scholarships & fellowships 

expenditure (excluding operations, 

maintenance, and interest) divided by 

12-month unduplicated undergraduate 

enrollment 

U.S. Department of Education, National Center for Education Statistics. 

2003, 2007, and 2011 IPEDS Finance and Enrollments Surveys. Retrieved 

from http://nces.ed.gov/ipeds/datacenter/DataFiles.aspx. 

    

State-Level Need-Aid Total expenditures on need-based 

financial aid per FTE enrollment 

National Association of State Student Grant & Aid Programs (NASSGAP) 

Annual Survey: 2003-04, 2007-08, and 2011-12, 

http://www.nassgap.org/viewrepository.aspx?categoryID=3. Education 

Statistics (NCES) Digest of Education Statistics: 2004, 2008, and 2012, 

http://nces.ed.gov/programs/digest/index.asp.  

 Non-Need Aid Total expenditures on non-need-based 

financial aid per FTE enrollment 

National Association of State Student Grant & Aid Programs (NASSGAP) 

Annual Survey: 2003-04, 2007-08, and 2011-12, 

http://www.nassgap.org/viewrepository.aspx?categoryID=3. Education 

Statistics (NCES) Digest of Education Statistics: 2004, 2008, and 2012, 

http://nces.ed.gov/programs/digest/index.asp.  

 Appropriation Appropriations to higher education 

(minus tax-funded aid expenditures) 

per FTE enrollment 

Illinois State’s Grapevine System, http://www.coe.ilstu.edu/grapevine/; 

Postsecondary Education Opportunity, www.postsecondary.org.  Education 

Statistics (NCES) Digest of Education Statistics: 2004, 2008, and 2012, 

http://nces.ed.gov/programs/digest/index.asp. 

 Gini Gini coefficient for income inequality U.S. State-Level Income Inequality Data – Mark W. Frank, Six Measures of Income 

Inequality, http://www.shsu.edu/~eco_mwf/inequality.html 

 Income per 

Capita 

Personal income per capita U.S. Census Bureau, Regional Economic Information System: 2003, 2007, 

and 2011, 

http://www.bea.gov/iTable/iTable.cfm?ReqID=70&step=1&isuri=1&acrdn=

4#reqid=70&step=1&isuri=1 

 Percent Black/ 

Hispanic 

Share of state residents who are Black 

or Hispanic 

U.S. Bureau of the Census,  Population Estimates Program,  

http://www.census.gov/popest/data/historical/index.html 

 Private 

Enrollment 

Share of all undergraduate enrollments 

at private, non-profit institutions 

Education Statistics (NCES) Digest of Education Statistics: 2003, 2007, and 

2011, http://nces.ed.gov/programs/digest/index.asp 

http://www2.ed.gov/finaid/prof/resources/data/pell-institution.html
http://www.nassgap.org/viewrepository.aspx?categoryID=3
http://www.nassgap.org/viewrepository.aspx?categoryID=3
http://www.postsecondary.org/
http://www.shsu.edu/~eco_mwf/inequality.html
http://www.bea.gov/iTable/iTable.cfm?ReqID=70&step=1&isuri=1&acrdn=4#reqid=70&step=1&isuri=1
http://www.bea.gov/iTable/iTable.cfm?ReqID=70&step=1&isuri=1&acrdn=4#reqid=70&step=1&isuri=1
http://www.census.gov/popest/data/historical/index.html
http://nces.ed.gov/programs/digest/index.asp
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APPENDIX B 

Model Results with Institution-Clustered Standard Errors 

Table B1. 

Baseline Model Results (Clustered SE): Institutional Aid 

 

OLS Tobit Lognormal Tobit 

 

Coef. SE Coef. SE Coef. SE 

Need Aid (00) -5.38 39.12 -83.44 141.32 -0.18 0.19 

Non-need Aid (00) -8.25 18.69 -20.38 66.71 -0.01 0.09 

ln AGI 15.4 15.32 36.41 61.62 0.02 0.09 

ACT 72.14*** 7.01 276.71*** 21.68 0.35*** 0.02 

Appropriations (00) 4.64 6.94 -13.94 27.41 -0.04 0.04 

Income per Capita (000) -11.63 20.45 -4.62 104.58 0.00 0.15 

% Black/Hisp 19.85 31.34 -81.65 153.38 -0.20 0.24 

Gini 833.86 1495.14 5304.71 6779.19 7.82 9.96 

Private Enrollment 9.07 12.97 23.80 47.38 0.02 0.07 

High Prestige 251.65* 120.08 999.54** 374.61 1.16* 0.48 

% Pell Enrollment -2.99 3.28 8.11 14.20 0.02 0.02 

Approp Dependence 1.53 4.36 31.69* 15.64 0.05* 0.02 

Carnegie Base: 

  Research Doctoral-Ext. 

        Research Doctoral-Int. -103.90 179.40 -1275.00* 496.66 -2.26*** 0.57 

  Masters 1 -284.92* 127.80 -1792.43*** 391.83 -2.47*** 0.50 

  Masters 2 -347.94* 169.41 -3242.31*** 717.11 -4.69*** 0.93 

  Bachelors-Liberal Arts 161.05 566.30 -297.94 1731.53 -1.20 2.20 

  Bachelors-General -179.18 173.75 -2506.06** 805.40 -4.12*** 1.18 

Grants per Student (00) 5.17 4.72 2.04 17.11 0.00 0.03 

Race Base: 

  White 

        Black 651.79*** 81.71 1674.62*** 244.39 1.26*** 0.31 

  Hispanic 421.71*** 55.69 1629.21*** 208.08 2.04*** 0.28 

  Other Race 171.54** 53.90 709.32** 222.87 0.88** 0.33 

Resident -1211.32*** 107.96 -2621.2*** 281.92 -1.65*** 0.36 

Full-Time, Full-Year 743.60*** 46.83 3673.93*** 199.30 4.90*** 0.25 

Pell Amount (00) 11.99*** 1.76 65.96*** 4.92 0.10*** 0.01 

Constant -1381.57 1397.62 -14336.88** 4972.62 -16.42* 6.83 

Sigma     6950.89*** 194.26 9.60*** 0.14 

Avg. Adj. R2 0.0954 

     Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. N=64050.  Estimates for state and year dummies excluded 

from the table. 
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Table B2. 

Interaction Model Results (Clustered SE): Institutional Aid 

 

OLS Tobit Lognormal Tobit 

 

Coef. SE Coef. SE Coef. SE 

Need Aid (00) 123.43
†
 65.94 423.66 267.13 0.55 0.37 

Non-need Aid (00) -13.08 39.06 -372.67* 156.23 -0.62** 0.22 

ln AGI -20.76 32.70 -20.55 121.28 -0.01 0.17 

ACT 100.28*** 14.75 340.98*** 40.46 0.42*** 0.05 

NeedXlnAGI -0.10 5.72 -29.29 27.11 -0.05 0.04 

NeedXACT -5.80* 2.34 -17.61* 7.47 -0.02* 0.01 

NonneedXlnAGI 15.25*** 3.69 84.6*** 19.85 0.12*** 0.03 

NonneedXACT -2.32 1.41 1.68 5.23 0.01 0.01 

Constant -1771.61 1400.98 -15021.96** 4866.08 -17.17** 6.66 

Sigma     6940.21*** 194.48 9.58*** 0.14 

Avg. Adj. R2 0.0966 

     Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. N=64050.  Estimates for controls and individual states and 

years excluded from the table. 
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Table B3. 

Interaction Model Results by Appropriation Dependence (Clustered SE): Institutional Aid 

 

OLS Tobit Lognormal Tobit 

 

High SE Low SE High SE Low SE High SE Low SE 

Need Aid 

(00) 143.70* 64.78 227.47
†
 122.31 430.80 370.08 385.53 2.88 0.58 0.64 1.45** 0.44 

Non-need 

Aid (00) -3.87 42.63 34.53 63.48 -277.25 210.65 268.53*** -1.08 -0.49 0.34 -0.56 0.34 

ln AGI -88.61* 43.83 40.68 43.81 -324.88
†
 174.90 147.46*** 1.88 -0.43 0.30 0.35

†
 0.18 

ACT 89.58*** 14.59 110.2*** 22.45 287.47*** 50.23 57.64 6.87 0.39*** 0.08 0.47*** 0.06 

NeedXlnAGI 10.59 7.40 -12.55
†
 7.11 17.15 38.03 26.96*** -3.03 0.00 0.07 -0.12** 0.04 

NeedXACT -5.77* 2.30 -6.43
†
 3.76 -11.89 9.65 11.14*** -2.42 -0.02 0.02 -0.03** 0.01 

Nonneed X 

lnAGI 18.29*** 4.69 14.51** 5.52 94.71*** 27.13 28.01 2.95 0.14** 0.05 0.11** 0.04 

Nonneed X 

ACT -3.16* 1.50 -1.31 1.90 -0.62 6.40 8.06*** 0.69 0.01 0.01 0.01 0.01 

Cons. -4514.64* 1823.03 2523.75 3537.03 -12749.71 9289.58 11966.48*** -0.13 -13.28 15.35 0.62 15.36 

Sigma         6072.85*** 251.11 251.52 29.56 9.77*** 0.21 9.31*** 0.19 

Avg. Adj. R2 0.0984 

 

0.0967 

         Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. High represents students at institutions with appropriation dependence greater than 31.58% (N=31450). Low 

represents students at institutions with appropriation dependence equal to or less than 31.58% (N=32600).  Sample sizes rounded to nearest ten per NPSAS 

license agreement.  Estimates for controls and individual states and years excluded from the table. 
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Table B4. 

Baseline Model Results (Clustered SE): Net Price 

 

OLS Tobit Lognormal Tobit 

 

Coef. SE Coef. SE Coef. SE 

Need Aid (00) -74.42 55.22 -86.60 64.86 -0.03 0.04 

Non-need Aid (00) -10.63 34.08 -24.55 40.33 -0.04 0.02 

ln AGI 170.89*** 26.97 163.23*** 32.11 0.02 0.02 

ACT -47.23*** 7.67 -67.39*** 9.37 -0.06*** 0.01 

Appropriations (00) -3.05 8.50 -9.57 10.20 -0.02
†
 0.01 

Income per Capita (000) -100.44** 32.97 -121.61** 41.36 -0.07* 0.04 

% Black/Hisp 7.30 64.45 27.66 83.15 0.09 0.06 

Gini 3596.99 2453.16 3628.30 3061.93 0.00 2.24 

Private Enrollment 33.25
†
 18.52 38.91

†
 22.28 0.01 0.02 

High Prestige 704.97*** 153.58 699.05*** 176.69 -0.03 0.12 

% Pell Enrollment -9.26 7.51 -11.35 8.84 0.00 0.01 

Approp Dependence -20.51
†
 10.98 -24.68

†
 13.08 -0.01 0.01 

Carnegie Base: 

  Research Doctoral-Ext. 

        Research Doctoral-Int. -490.88** 172.97 -478.26* 208.34 -0.01 0.18 

  Masters 1 -808.28*** 176.39 -945.77*** 201.20 -0.30* 0.14 

  Masters 2 -1531.00* 731.28 -1873.15* 859.12 -0.87* 0.41 

  Bachelors-Liberal Arts -1458.03** 423.94 -1668.10** 487.31 -0.68 0.52 

  Bachelors-General -1122.54** 352.69 -1420.71*** 394.47 -0.63** 0.23 

Grants per Student (00) 34.98* 16.01 38.85* 16.69 0.01 0.01 

Race Base: 

  White 

        Black -418.18*** 82.29 -462.79*** 111.16 -0.28** 0.09 

  Hispanic -420.92*** 77.83 -657.11*** 111.89 -0.72*** 0.10 

  Other Race -260.94** 81.53 -371.70*** 104.15 -0.36** 0.10 

Resident -6557.98*** 413.81 -6905.26*** 425.28 -1.5*** 0.09 

Full-Time, Full-Year 2229.50*** 104.25 2361.58*** 114.90 0.54*** 0.06 

Pell Amount (00) -86.12*** 2.44 -147.63*** 3.70 -0.15*** 0.00 

Constant 13100.98*** 2207.70 14554.26*** 2883.07 12.09*** 2.34 

Sigma 

  

3904.83*** 134.95 3.46*** 0.05 

Avg. Adj. R2 0.5153 

     Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. N=64050.  Estimates for state and year dummies excluded 

from the table. 
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Table B5. 

Interaction Model Results (Clustered SE): Net Price 

 

OLS Tobit Lognormal Tobit 

 

Coef. SE Coef. SE Coef. SE 

Need Aid (00) -266.55** 95.04 -399.07*** 105.62 -0.39*** 0.08 

Non-need Aid (00) 117.95
†
 66.69 187.63* 82.05 0.23*** 0.06 

ln AGI 137.97* 64.77 114.89
†
 65.56 -0.02 0.06 

ACT -62.09** 17.69 -91.38*** 20.31 -0.09*** 0.01 

NeedXlnAGI 25.74* 11.47 38.11** 11.16 0.04** 0.01 

NeedXACT 4.35 3.03 7.46* 3.45 0.01*** 0.00 

NonneedXlnAGI -27.83*** 6.59 -40.61*** 7.16 -0.04*** 0.01 

NonneedXACT -1.16 2.47 -2.68 3.06 0.00* 0.00 

Constant 13340.34*** 2166.78 14947.99*** 2881.10 12.59*** 2.43 

Sigma 

  

3896.26*** 135.08 3.44*** 0.05 

Avg. Adj. R2 0.5170 

     Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. N=64050.  Estimates for controls and individual states and 

years excluded from the table. 
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Table B6. 

Interaction Model Results by Appropriation Dependence (Clustered SE): Net Price 

 

OLS Tobit Lognormal Tobit 

 

High SE Low SE High SE Low SE High SE Low SE 

Need Aid 

(00) -248.42* 97.18 -381.8* 150.21 -301.08* 124.43 -545.21** 169.86 -0.38** 0.12 -0.45*** 0.12 

Merit Aid 

(00) -4.54 85.13 249.25* 96.52 43.34 93.77 311.24** 114.25 0.21* 0.08 0.22** 0.07 

ln AGI 2.91 59.00 154.88
†
 84.25 30.54 55.09 104.46 93.05 0.07 0.07 -0.06 0.07 

ACT -64.95*** 13.59 -66.77** 24.35 -89.76*** 17.97 -92.75** 27.72 -0.1*** 0.02 -0.08*** 0.02 

NeedXlnAGI 27.73** 9.37 43.71** 14.33 25.79** 9.03 61.76*** 15.94 0.02 0.01 0.05** 0.01 

NeedXACT 5.74** 2.08 4.64 4.73 7.87** 2.69 8.13 5.26 0.01** 0.00 0.01** 0.00 

Nonneed X 

lnAGI -14.64
†
 8.06 -41.1*** 9.21 -25.45** 7.60 -52.69*** 10.67 -0.05*** 0.01 -0.04*** 0.01 

Nonneed X 

ACT 1.08 2.49 -3.52 3.12 -0.49 2.93 -5.96 3.76 -0.01
†
 0.00 -0.01** 0.00 

Cons. 14613.27** 5280.89 7756.23 6343.12 17627.08** 6337.35 9591.67 7345.61 18.95*** 4.71 11.95** 4.16 

Sigma         2817.35*** 139.81 4451.89*** 154.75 3.47*** 0.09 3.34*** 0.06 

Avg. Adj. R2 0.4911 

 

0.5156 

         Note. *** p<.001, ** p<.01, * p<.05, 
†
 p<.10. High represents students at institutions with appropriation dependence greater than 31.58% (N=31450). Low 

represents students at institutions with appropriation dependence equal to or less than 31.58% (N=32600).  Sample sizes rounded to nearest ten per NPSAS 

license agreement.  Estimates for controls and individual states and years excluded from the table. 

 

 




