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Abstracts

The intersection of operations management and nonprofit studies creates valuable

opportunities where similarities and differences between the for-profit and nonprofit

sectors can be leveraged for both scientific and operational advances. This dissertation

lies at this intersection, focusing on applying the theories and tools of operations

and supply chain management in the nonprofit sector. With the nonprofit sector

expanding and becoming more influential, it may be surprising that there is relatively

little research, especially analytical research, involving nonprofit operations. Thus,

the research described here represents some of the first efforts of what will hopefully

be an emerging area within both disciplines.

Since addressing the needs of underrepresented, underserved, and vulnerable pop-

ulations is the central goal of many charitable nonprofit organizations, it is naturally

intertwined with community-based operations research. Chapter 2, Operations Man-

agement in Community-Based Nonprofit Organizations, provides an overview of lit-

erature, potential research, and opportunities for applications from this perspective.

Furthermore, this chapter gives a high-level outline of this dissertation by uncoupling

nonprofit supply-side, production, and demand-side.

In Chapter 3, Efficient Funding: Auditing in the Nonprofit Sector, we take a

theoretical perspective of the relationship between funders and nonprofits and study

the role of contracts in managing inefficiencies and nonprofit sector performance.

In routinely scrutinizing nonprofit reports in efforts to deduce whether a nonprofit

organization is efficient, funders may believe that they are, in fact, giving responsibly.

However, we find that these nonprofit reports are unreliable, revealing that common

funding methods do not facilitate efficient allocation of funds. In response, we develop
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audit contracts that put funders in a position to enact change, benefitting funders,

the population of nonprofits, and the sector as a whole. Indeed, our conclusions

indicate that nonprofits may want to work with funders to increase the use of auditing,

consequently increasing efficiency and impacting society as a whole.

Proceeding from this look at the nonprofit funding or supply-side, Chapters 4

through 7 examine the consumer- and production-sides by looking at local public

health collaboration. Local public health departments are embedded in communi-

ties of potential partners where collaborative relationships form network links and,

consequently, mobilize resources. While resources, information, and beneficiaries can

flow into a local health department, they can also flow out. As such, community-

based collaboration decisions become tactical operations decisions implying that lo-

cal health departments can approach collaboration with specific strategies in mind,

including revenue generation. From both chapters, we conclude that just as scholars

must expand their concept of collaboration to incorporate setting, partners, activi-

ties, and combinations of these, practitioners must also ask “Who,” “With whom,”

and “How?” when approaching their own collaboration portfolios. In thinking about

collaboration strategically, local health department practitioners should begin strate-

gizing with the question of “Why collaborate?” Here we offer revenue generation as a

viable answer. However, we also conclude that “Who?,” “With whom?,” and “How?”

are critical questions for getting the most from local health department collaboration

portfolios in practice and genuinely understanding collaboration in future research.

Ultimately, such research and practice focused on strategic collaboration may well

help local health departments to leverage additional resources and better meet the

needs of their communities.

While operations management has not historically been applied to the nonprofit

sector, traditional operations management models and solutions cannot simply be

cut and paste. Thus, the sector is ripe with opportunity for operations management

research and application; this dissertation represents some of the first fruits. Such

research can result in more efficient supply chains and improved decision making for

all nonprofit organizations with the most important effect of changed lives.

v
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Chapter 1

Introduction

Nonprofit organizations (NPOs) are not only a critical and integral part of daily

life in their social contributions, they are also an important and growing sector of

our national economy. Such institutions are so pervasive, that in fact most people

interact with at least one nonprofit organization on a daily basis. These range from

professional organizations to local hospitals to educational institutions. Everyone in

society benefits from the services provided by nonprofits either directly or indirectly.

This dissertation is a manuscript-style dissertation (consistent with the field), fo-

cusing on applying the theories and tools of operations and supply chain management

in the nonprofit sector. With the nonprofit sector expanding and becoming a more

influential part of life and economy, it may be surprising that there is relatively lit-

tle research, especially analytical research, involving nonprofit operations. Thus, the

research described here represents some of the first efforts of what will, hopefully, be

an emerging area within both disciplines. This sector is ripe with unexplored oppor-

tunity for supply chain management research and application that can result in more

efficient supply chains and improved decision making for all nonprofit organizations

with the most important effect of changed lives.

The research presented in this dissertation lies at the intersection of fields, specif-

ically operations management (OM) and nonprofit and philanthropic studies. Figure

1.1 details points of both disciplines. Operations management is an interdisciplinary

1
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4

• Mathematical Modeling 
• Systems Perspective
• Complex Problems
• Improved Decision Making
• Efficient Production and Operations
• Performance Measurement
• Risk Management 

• Addressing Social Problems
• 1.5M NPs, $1.4T Revenue, 

7% GDP, 10% Workforce
• Multiple Objectives and 

Stakeholders
• Inherent Supply, Production, 

and Demand Risks
• Supply-Demand Interaction

Operations
Management

Nonprofit
Studies

• Addressing Complex Social Problems 
• Risk Management of Supply, Production, and Demand Risks
• Improved Decision Making, Operations, Efficiency, and 

Performance Measurement under Multiple Objectives
• Systems-Level Study to Improve Management of Interrelated and 

Interdependent Systems

Figure 1.1: Intersection of Fields: Operations Management and Nonprofit Studies

field encompassing engineering, business, applied mathematics, economics, and statis-

tics. It focuses on improved decision making and efficient processes for complex prob-

lems and systems. Operations management is a field grounded in theory. Researchers

in this area develop generalized yet applicable mathematical models to describe sys-

tems of people, items, information, resources, etc. These models are used not only to

understand these systems, but also to improve practices, decision making, and design

as well as eliminate system inefficiencies.

Operations management has not traditionally been applied to the nonprofit sector,

especially outside of the humanitarian/disaster relief area. However, this intersection

creates valuable opportunities where similarities and differences between the for-profit

and nonprofit sectors can be leveraged for both scientific and operational advances in

both sectors, as further exhibited in Figure 1.1. While models and solutions cannot

simply be cut and paste, there can be cross-sectoral learning with significant societal

impact.
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Chapter 2, Operations Management in Community-Based Nonprofit Organiza-

tions, approaches this intersection from the perspective of community-based oper-

ations research. Since addressing the needs of underrepresented, underserved, and

vulnerable populations at a local level is the central goal of many charitable nonprofit

organizations, it is naturally intertwined with community-based operations research.

Through promoting and creating positive change, such nonprofits serve an integral

role in their communities and impact individual lives. This chapter provides an

overview of relevant literature, discusses potential research, and explores opportu-

nities for applications centered on community-based nonprofits. Furthermore, this

chapter also gives a high-level outline of this dissertation by uncoupling the supply-

side (inputs), production, and demand-side (consumers, beneficiaries, etc.).

In Chapter 3, Efficient Funding: Auditing in the Nonprofit Sector, we take a

theoretical perspective of the relationship between funders and nonprofits and study

the role of contracts in managing inefficiencies and sector performance. For funders

there is an increasing and pressing need to give responsibly and to ensure that society

reaps the most social benefit for their money while also developing the nonprofit

sector as a whole. In routinely scrutinizing nonprofit reports in efforts to deduce

whether a nonprofit organization is efficient, funders may believe that they are, in

fact, giving responsibly. In this chapter, however, we find that these nonprofit reports

are unreliable, supporting a myriad of empirical research and revealing that common

funding methods do not facilitate efficient allocation of funds. In response, we develop

audit contracts that put funders in a position to enact change. Auditing, perhaps

obviously, supports funders; however, we find that it also benefits the population

of nonprofits. Moreover, auditing results in improved efficiency for the nonprofit

sector overall. Indeed, our conclusions indicate that nonprofits may want to work

with funders to increase the use of auditing, consequently increasing efficiency for the

sector overall and impacting society as a whole.

While Chapter 3 looks at nonprofit funding or the supply-side, Chapters 4 through

7 examine the consumer-side and production-side looking at local public health collab-

oration. Local public health departments are embedded in communities of potential
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partners, creating a network of resources, information and beneficiaries. It is collab-

orative relationships that form the links of this network, and, consequently, mobilize

resources. While resources, information, and beneficiaries can flow into a local health

department, they can also flow out. As such, community-based collaboration deci-

sions become tactical operations decisions implying that local health departments

can approach collaboration with specific strategies in mind, including revenue gen-

eration. Considering collaboration as a strategic lever for mobilizing resources and

generating revenue for local health departments, it is critical to understand the lo-

cal health department landscape of collaboration and revenues. Chapter 5 draws an

empirical portrait of local health department revenues (expenditure as proxy) and

collaboration, critically surveying how these factors changed between 2005 and 2008

and motivating additional research to investigate potential relationships. Then Chap-

ter 6 aims to quantitatively evaluate the relationship between revenues and different

collaboration factors and patterns, allowing these relationships to vary based on local

health department urbanization. Both chapters use data from the National Associa-

tion for City and County Health Officials (NACCHO) 2005 and 2008 National Profile

of Local Health Departments Surveys.

In Chapter 5, while expenditure per capita rose between 2005 and 2008, changes in

the collaboration landscape were only captured through analysis by partners, activi-

ties, and partner-activity combinations. Similarly, analysis by combinations revealed

heterogeneous associations with expenditure per capita, which serves as a proxy for

revenue. Chapter 6 gives evidence that collaboration and revenues (expenditure per

capita) are related, and that collaboration portfolios can be managed strategically

to gain revenue for public health. Just as collaboration is multifaceted so is this

relationship across different models of collaboration, including the total number of

partnerships, number of partners by activity, and specific partners.

From both chapters, we conclude that just as scholars must expand their concept

of collaboration to incorporate setting, partners, activities, and combinations of these,

practitioners must also ask “Who,” “With whom,” and “How?” when approaching

their own collaboration portfolios. In thinking about collaboration strategically, local

health department practitioners should begin strategizing with the question of “Why
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collaborate?” Here we offer revenue generation as a viable answer. However, we

also conclude that “Who?,” “With whom?,” and “How?” are critical questions for

getting the most from local health department collaboration portfolios in practice

and genuinely understanding collaboration in future research. Moreover, the diverse

relationships found between revenue and collaboration models suggest that strategic

management of local health department collaboration portfolios is not straightforward

but of the upmost importance. We conclude that such strategic collaboration is

possible, particularly for the goal of revenue generation. Ultimately, such research and

practice focused on strategic collaboration may well help local health departments to

leverage additional resources and better meet the needs of their communities.

Finally, we conclude in Chapter 8. This chapter not only looks back at the findings

and conclusions of this dissertation research, but it also builds on these findings and

conclusions in looking ahead to future research.
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Chapter 2

Operations Management in

Community-Based Nonprofit

Organizations

2.1. Introduction

Nonprofit organizations are a vital and integral part of our society and serve as both a

social and economic force in communities of every shape and size. Today perceptions

point to a large and still growing awareness of community needs and responsive efforts.

A 2010 poll revealed that involvement in community causes is important to individu-

als, especially as it relates to helping underrepresented, underserved, and vulnerable

populations, which is indicative of the larger movement toward community-based ac-

tion in the nonprofit sector (Berland 2010). Now more than ever, operations research

has an opportunity and, perhaps, a responsibility to participate in solutions; solving

problems, meeting needs, and advocating for the disadvantaged at the local level,

operations researchers can leverage unique skills in the context of community-based

nonprofit organizations.

To define nonprofit organizations precisely and legally, one can look under section

501 of the United States Internal Revenue Code where over 27 categories of trusts

6
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and corporations are exempt from paying taxes on their revenues. This code fur-

ther specifies “charitable” organizations within section 501(c)(3). In order to qualify

for 501(c)(3) status, an organization must have a “charitable” purpose, cannot be

political, and cannot benefit private shareholders or individuals.

Nonprofits provide social, leadership, and expressive opportunities, thereby influ-

encing the depth and connectedness of communities. Their associational properties

give even underrepresented community populations a voice and help individuals shape

community policies and directions. Furthermore, these organizations provide services

to underserved and vulnerable individuals who would otherwise not receive them, in

many cases partnering with the government. Nonprofits also provide public goods

for which no individual directly pays but from which all can reap benefits, such as

cleaner air. All in all, community members benefit from the goods and services that

nonprofits provide either directly or indirectly.

Beyond these social contributions, the nonprofit sector’s economic impact should

not be underestimated. In 2009, the IRS registered a growing number of 1.5 million

nonprofits, which reported $1.4 billion in revenue and held $2.6 billion in assets. In

2008, the output of nonprofits serving households generated 5% of the 2008 United

States gross domestic product, and, in terms of employment, it was estimated that

10% of the United States workforce is employed in the nonprofit sector (Sherlock

and Gravelle 2009). Within communities, these economic contributions are even

more significant and consequential. For example, Michigan cites the nonprofit sector

as critical to the state’s future, where 47,000 nonprofits generate $108 million of

economic activity annually (Public Sector Consultants 2009).

Operations research has many opportunities for application in the nonprofit sec-

tor. Similarities between community-based nonprofits and our traditional for-profit

settings can be leveraged to create innovative models with new impact, improving

decision making and operations for the nonprofit sector even at the local level. Yet

the notable differences indicate complexities far beyond simply cutting and pasting

our traditional for-profit solutions and, thus, result in provocative research questions.

As such, the nonprofit sector presents our field with an unfamiliar and fertile new

frontier for research. Managing and operating community-based nonprofits efficiently
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and effectively is necessary in addressing localized problems, especially those issues

facing underrepresented, underserved, and vulnerable populations. As such opera-

tions research in community-based nonprofit organizations is a natural extension of

community-based operations research – one that offers a wealth of opportunity to re-

searchers, practitioners, and the sector alike. As relevance of operations research will

vary across this diverse sector, the applications discussed in this chapter will be more

suitable for certain areas of the sector, such as service delivery, though the full range

of nonprofit expression is certainly invaluable. In the remainder of this chapter, many

of these areas will be further explored in the context of community-based nonprofits.

This chapter is organized from a operations supply chain perspective as illustrated

in Figure 2.1, that is, topics are organized according to supply, production, and

consumers. First, the supply-side or inputs of community-based nonprofits will be

examined; fundraising, profits, and foundations will be surveyed in Section 2.2. Next,

nonprofit production and activity, specifically the topics of objectives, centralization

and organizational form, and productivity, will be explored in Section 2.3. Lastly,

competition, collaboration, and performance measurement and evaluation will be

delved into in Section 2.4 in order to address consumer-side outputs and outcomes.

2.2. Supply-Side Challenges

Nonprofit supply is characterized by competition and uncertainty. As funding is

often viewed as the most critical nonprofit input, this section discusses operations

research in the context of nonprofit fundraising and commercial profits. It also looks

at the funding process from the perspective of funders and grantmakers by examining

fundraising competition and foundations.

2.2.1 Fundraising

Availability of resources is a one of the most critical issues in the nonprofit sector.

Nonprofits cannot raise capital by issuing stock. Loans to nonprofit organizations are

not backed by shareholder investments, leading to a high cost of debt for nonprofits
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2.2.2 Commercial Profits
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Figure 2.1: Nonprofit Operations and Chapter Organization

(Hansmann 1980). Yet, outside of these traditional for-profit capital raising methods,

nonprofits can garner donations, win grants, employ volunteers, charge fees, utilize

bonds, and accrue investment earnings (Steinberg 2006).

Donations

According to Hansmann (1980), nonprofit contributions are essentially a form of

voluntary price discrimination. For example, consider a museum that may charge for

admission. Such admission fees do not support the museum in its entirety; however,

the museum solicits donations as well. Such donations are a form of voluntary self

price discrimination where museum supporters contribute the value they place on the

museum beyond standard admission fees. In areas where fixed costs account for a

large fraction of total costs, such as performing arts, museums, and libraries, price

discrimination can be the key to organization survival.

On this point, McCardle, Rajaram, and Tang (2009) use a utility-based donor

model to analyze the behavior of nonprofit donations in the presence of publicized

tiered fundraising structures, which they show can generate larger donations. Building
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upon their model, the authors develop an Excel-based decision analysis tool combining

their theoretical findings with nonprofit experience, which empowers nonprofits to

utilize scenario analysis to select their best fundraising tiers. In fact, the authors

provide an illustrative example using publicly available data from St. Mark’s High

School in Wilmington, Delaware, a private Catholic school. In this example, the

authors estimate model parameters and demonstrate how the model can be used to

perform scenario analysis and evaluate different tier settings. The authors use their

model to compare the nine tiers implemented by St. Mark’s to the case of no tiers,

and estimate the nine-tier structure increased donations by $13,000. This work is an

example of academic rigor and theoretic modeling blended with practice-based utility

and function.

Government Funding

In 1995, Salamon noted a still true trend in government funding, namely that “gov-

ernment has become the single most important source of income for most types of

nonprofit agencies, outdistancing private charity by roughly two to one.” This is es-

pecially true for nonprofit agencies that provide local services to underrepresented,

underserved, and vulnerable populations. The specific types of nonprofit assistance

provided by government include service contracts, in-kind donations, and grants. Ser-

vice contracts with government are further discussed from a collaboration perspective

in Section 2.4.2. Grants are touched on below and further discussed in Section 2.2.3.

Grants

Both governmental agencies and non-governmental foundations award grants, which

are another significant source of funding for many nonprofit organizations. Grant-

making is discussed further in Section 2.2.3 of this chapter.
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Fundraising Competition

Guised as fundraising, operations researchers may recognize the dynamics of supply-

side competition in the process of grant funding. These dynamics exacerbate con-

tention over the necessary income and arguably excessive expense associated with

fundraising. Cordes and Rooney (2004) wonder if greater competition for donations

actually increases the donation pool or merely redistributes it, the latter inducing

nonprofit fundraising expenditures that may be individually rational but collectively

wasteful.

Considering the significant portion of nonprofits’ resources being dedicated to rais-

ing and competing for funds, the issue of exactly how much social benefit is being lost

in this competition is certainly critical. Operations researchers bring the skills and ex-

pertise to analyze such supply-side competition where nonprofits posture to compete

for a fixed pool of resources. The areas of for-profit supply and capacity competi-

tion and centralized versus decentralized supply chains may provide a good base of

understanding. Several authors model game theoretic, competitive capacity alloca-

tion problems (Cachon and Larivere 1999a and 1999b, Dewan and Mendelson 1990,

Hartman and Dror 2005, Lippman and McCardle 1997, Mallik and Harker 2000). For

example, Cachon and Larivere (1999a, 1999b) look at for-profit supply-side competi-

tion where retailers compete for scarce supplier capacity but not for customers. The

basic setup of this research can be recast for the nonprofit fundraising competition

scenario where nonprofits serve as “retailers,” funding as “capacity,” and grantmak-

ers as “suppliers.” However, one cannot underestimate the care and prudence that

must be exercised as nonprofit models require more complexity and nuance than a

simple change of characters. For example, in using the Cachon and Larivere model

as a base, distinctive and diverse objective functions must be formulated for all par-

ties, potentially including reputational influences, risks, and numerous stakeholder

perspectives.

Future analysis of such competition may change how the funding process is viewed

and operated by those in the field and may help avoid social losses resulting from

supply-side competition. If the social benefit loss due to competition is found to be

substantial, an exploration into mechanisms and regulations that may be imposed to
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prevent this competitive waste would be valuable to the sector and most importantly

to those that it serves.

2.2.2 Commercial Profits

In light of such resource scarcity, nonprofit leaders are constantly searching for fi-

nancial sustainability. Since the late 1990s, this search has resulted in a surge of

commercialized nonprofit strategies aimed at making profit. Such enterprising en-

deavors, whether Little League run concession stands or women’s boutiques to ben-

efit local domestic violence shelters, each carry with them the danger of moving an

organization away from its central social mission. In fact, Foster and Bradach (2005)

quote that only 32% of profit seeking nonprofits surveyed did so for predominately

mission related reasons. Where Foster and Bradach are skeptical, Dees (1998) con-

tends that success is possible, and cites particular potential in earning income from

intended beneficiaries and third party payers with a vested interest. The disagree-

ment between these authors signals that many questions still loom regarding profits

in nonprofits. This section discusses such questions in the context of management

and decision making; however, such commercial profits also introduce competition

between nonprofits and for-profits, as is discussed further in Section 2.4.1.

Many nonprofits use a business model that blends commerce and philanthropy,

subsidizing charity services with fee services, such as nonprofit hospitals that use

fees from paying and insured customers to provide reduced cost or charity care to

the uninsured and underinsured. In such cases of nonprofits engaged in for-profit

ventures as a means to fund their mission, de Vericourt and Lobo (2009) investigate a

revenue management problem, namely how to allocate funds among investments that

serve revenue and mission customers. The organization’s objective is to maximize its

social benefit as measured by the number of mission-related customers served. The

authors find that the optimal allocation strategy is a threshold policy: Resources are

allocated to serving revenue customers up to the threshold amount; resources above

this threshold are used to serve mission customers.

Nonprofits engaged with third party payers with a vested interest (as opposed to
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beneficiaries) will need to create and maintain contracts. Contracts involving such

vested parties may be unusual, involving payment for services that impact the third

party in ways that may or may not be easy to quantify. Foster and Bradach (2005)

state that “third parties cannot calculate with any precision the financial benefit they

would receive, so structuring a deal that’s attractive to them would be difficult.”

Such contracts are an interesting and unexplored research area. Although it may be

challenging to create a general model, more application and work in this area would be

notable progress. Research into quantifying these indirect benefits that third parties

receive from nonprofits may also be of interest.

While nonprofits continue to find for-profit ventures tempting, researchers can

bring more understanding to the conditions that create successful ventures and expose

the associated trade-offs. Quantifying these trade-offs, even through simple break-

even analysis, can provide valuable decision-making capability, helping nonprofits

avoid being part of what Foster and Bradach (2005) believe to be the majority of

nonprofit business ventures that are “ultimately wasting precious resources and leav-

ing important social needs unmet.” With such disagreement over whether business

ventures are a healthy direction for the sector, operations research and management

science can bring a valuable lens for analysis.

2.2.3 Foundations

Philanthropic foundations, themselves nonprofit organizations, are positioned be-

tween donors and causes, typically focused on specific impact areas. For example, the

Gates Foundation focuses on the areas of global health, poverty, and education, while

the Robert Wood Johnson Foundation concentrates exclusively on American health

and healthcare. Community foundations are a particular foundational form concen-

trating on a geographic community (e.g., Silicon Valley Community and Communities

Foundation of Texas, Inc.).

Following years of noteworthy grantmaking growth, the current economic down-

turn has had considerable effects on foundations. For the more than 75,000 U.S.

foundations, assets dropped an estimated 22 percent in 2008. As more than three
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Figure 2.2: Excerpt of W.K. Kellogg Foundation Strategy

quarters of foundation leaders agreed, the silver lining of this present resource con-

striction is that the nonprofit sector will emerge more strategic (Lawrence 2009). This

presents new opportunities for operations researchers.

Foundations should be thought of as more than funding intermediaries, especially

by operations researchers and managers. Instead, foundations can be thought of as

portfolio and supply chain managers. As portfolio managers, foundations seek to

generate social change by managing a portfolio of grants and other activities, which

may include nonprofits, businesses or governmental programs. Figure 2.2 illustrates

the mission and areas of support for the W.K. Kellogg Foundation (www.wkkf.org).

The figure expounds upon the “healthy kids” focus area, which looks at food, health,

and wellbeing, and describes a small sample of the associated funded initiatives. It

is clear that such broad social change goals require a portfolio-based approach, even

for a limited geographic area. Furthermore, Figure 2.2 reveals the embedded supply

chain of producing social change.
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Foundations must consider the myriad factors that complicate their portfolio.

Such complications include time, difficulty of measurement, and risk. In regard to

time, foundations must make trade-offs in their choices of response. They may invest

in prevention, mitigation, or relief, or they may choose postponement; appropriate

consideration must be given to the consequences. Furthermore, social change may

require long-term investment, making it difficult to measure progress. Social change

is also much less tangible and its inherent risk and likelihood must be considered.

Foundations are often viewed as the venture capitalists of the nonprofit world in their

grants since they are largely independent and endowed. As Raymond (2004) states,

“where private enterprise must minimize risk to ensure return, and where government

must beware of risk in its role as the guardian of the taxpayers’ purse, foundations

can seize risk.” Though they are largely considered risk averse in financial investment,

foundations can be risk-takers in their grant portfolios. As such, they are likely to

experience more failures in their grant portfolio. In fact, failure must be expected

of foundations if they are to be incentivized to invest in novel approaches. Thus,

foundation portfolios must incorporate risk appropriately and potentially reward it.

Clearly, foundations’ choices of investment are complex and multidimensional.

Within portfolio management, financial institutions quantify risk, recognizing its

sources so that they can be managed and controlled. While prudence is appropriate

in defining risk in such social change settings, risk modeling efforts are worth their

while. This is because if the risk of a portfolio can be measured, then the main risk

contributors can be identified, the portfolio can be reallocated accordingly, and, thus,

potential loss can be minimized (Rachev et al. 2008). Fabozzi et al. (2007) outline

the stages of a “robust quantitative investment framework,” which are reframed for

the foundation context below:

1. Robust Estimation: Reliable and robust estimations of parameters are necessary

to minimize aggregated error in the final stage.

2. Robust Portfolio Allocation: Optimization frameworks and sensitivity analysis

make this one of the most important parts of the process. How risk and return

are defined must be carefully and thoughtfully considered, especially in regard
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to often intangible social returns.

3. Portfolio Rebalancing: While achieving socially effective asset allocation is crit-

ical, so is obtaining good and consistent performance. “Portfolio managers need

to decide how to rebalance their portfolios efficiently to incorporate new views

on expected returns and risk” as factors, such as policy or knowledge, change. It

is this step that incorporates time dynamics, “successfully combining long-term

and short-term views on the future direction and changes in the markets,” even

markets of social change.

Thus, portfolio management offers expertise on decision making under risk, however

its fundamental concepts must be challenged to incorporate the distinctions of social

change.

As foundation executives Brest and Harvey (2008) state, “Sometimes a philan-

thropist may have a project in mind that requires bringing together the capacities

of several different actors. In these cases, you can think of the philanthropist as a

combination of architect and general contractor, hiring disparate subcontractors...

and coordinating their work to get the job done.” This metaphor of a nonprofit as

a “seller” of services to a funder captures a lot about the funder-nonprofit relation-

ship and lends naturally to viewing grant agreements as contracts; funders have goals

and contract with nonprofits to perform the activities necessary to, in part, achieve

these goals. Chapter 3 models this contractual relationship, claiming that granting

agencies such as foundations can more effectively allocate funds. These authors find

that current grant methods are not efficient in themselves, but that auditing has the

potential to increase grant allocation efficiency and utilities for both the funder and

the non-profit population. The authors claim that auditing positions funders to initi-

ate efficiency improvements for the sector overall.Further research in this vein could

prove fruitful. For example, long-term or multiyear contracts are becoming increas-

ingly common and the use of such contracts may provide incentives through future

allocations. Issues such as commitment, renegotiation, and breach of contract will

need to be considered when analyzing such contracts.

Viewing foundations as portfolio or supply chain managers lends naturally to
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exceptional applications of operations research. Foundation portfolio optimization

and contracts are merely two examples of academically interesting and practically

relevant applications drawing from for-profit theory with a social change perspective.

2.3. Production

Nonprofit organizations take such supply inputs and transform them into a variety of

goods, services, and expressions. Thus, production is still fundamental to nonprofit

operations, albeit nontraditional in its own right. This section discusses nonprofit ob-

jectives, centralization, and productivity and efficiency as they relate to the nonprofit

production process.

2.3.1 Objectives

At the most basic level, both for-profit and nonprofit organizations use inputs to pro-

duce goods and services; however, nonprofit objectives are much less straight-forward

as compared to a bottom-line profit. Unlike a for-profit corporation that distills the

objectives of their shareholders, managers, employees, and clients into one quantifiable

profit measure, “the nonprofit has no single primary interest group that is invariably

and clearly defined, homogenous with respect to interests, and whose goals are eas-

ily expressible and transferable into the organization for assessment of alternative

courses of action” (Speckbacher 2003). Due to this varied abundance of stakeholders

and purposes, quantifying and modeling the objectives of a nonprofit organization can

be ambiguous and controvertible. Theorists, modelers, and practitioners each offer

insight and experience that must be heeded and somehow reconciled in operations

management models for the nonprofit sector. Example nonprofit objective functions

are listed in Table 2.1.

Organizations may have multiple shared or conflicting objectives (Steinberg 1986,

Weisbrod 1998). Such multiplicity in objectives and stakeholders involves trade-offs.

Accordingly, Speckbacher states, “The organization cannot realize all the desirable

objectives of key stakeholders nor fulfill all of their implicit claims” (Speckbacher
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Example Nonprofit Objectives Example References
Quantity Maximization Chapter 3, De Vericourt and

Lobo (2008), Harrison and Lybecker (2005),
Liu and Weinberg (2004)

Quality Maximization Harrison and Lybecker (2005)
Budget Maximization Steinberg (1986), Niskanen (1971),

Tullock (1966)
Behavior Change Steinberg (2006)

Collective Goods Provision Steinberg (2006)
Fundraising and Donations McCardle, Rajaram, and Tang (2009),

Chapter 3
Effort Minimization Chapter 3

Social Return Maximization Brest and Harvey (2008)
Failure Risk Minimization Brest and Harvey (2008)

Table 2.1: Example Nonprofit Objectives

2003). Instead, strategic philanthropy “calls for choosing whatever mix of approaches

will best achieve your philanthropic objectives” (Brest and Harvey 2008), yet “there

is no simple measure of the efficiency of the trade-offs being made among goals”

(Weisbrod 1998).

Specifying such objective functions, especially within modeling contexts, may ne-

cessitate goal programming or multi objective optimization, both pertaining to the

achievement of a collection of goals. (See Ignizio 1978, Baum and Carlson 1974, and

Ehrgott 2005.) for reviews.) Group ranking and decision making research (e.g., Klam-

roth and Meittinen 2008, Hochbaum and Levin 2006, and Baucells and Sarin 2003).

can also be leveraged to integrate and operationalize the numerous varied stakeholder

objectives of nonprofit organizations. For instance, Tavana (2003) does just this by

using multi-criteria research to evaluate and prioritize projects at NASA, where the

author develops an implementable system with a rigorous backend. Such undertak-

ings in community-based nonprofits can even be less involved while still achieving

similarly significant gains.

Much of the nonprofit work mentioned in this chapter offers examples of possi-

ble nonprofit objective functions, as detailed in Table 2.1. Future nonprofit sector
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research using the modeling and methods of operations research is sure to further de-

velop nonprofit objectives, which in itself is a noteworthy contribution to the existing

body of research.

2.3.2 Centralization and Organizational Form

Mergers, organizational structures, and collaboration are potential mechanisms for

coordination and centralization in the nonprofit sector. Like the for-profit sector, the

nonprofit sector struggles with coordination. In operations research, Li and Wang

(2007) provide a comprehensive review of centralization and coordination literature.

The nonprofit sector presents a new sphere to study the value and limits of such

fundamental concepts.

Mergers

Mergers represent the most extreme form of centralization and coordination, offering

the combined organization time tested operational benefits. Though mergers are still

debated and infrequent in the nonprofit sector, those organizations that do consider

merging offer a variety of reasons, such as size, clout, influence, leadership, compet-

itive advantage, and financial sustainability (Gottfredson, Schaubert and Babcock

2008, Gammal 2007, and Singer and Yankey 1991). However, the strongest motiva-

tions remain financial, particularly financial sustainability (Singer and Yankey 1991).

However, in studying the frequency and outcomes of nonprofit mergers, Gammal

(2007) concludes that money is not the right reason to merge. Instead, it may be

mission and/or geographic overlap (Gammal 2007, Nee 2007).

The benefits that nonprofits perceive are indeed true to the theories of central-

ization, such as visibility, economies of scale, power, and capacity (Gottfredson,

Schaubert and Babcock 2008). Some organizations have already gained such ben-

efits. For example, Crittenton Women’s Union (CWU) is the result of a merger

between Crittenton and the Women’s Union, both well-established nonprofits each

with a mission to serve Boston area low-income women. “Following the merger, CWU

has raised its visibility in the community and among potential donors, and lowered
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its service delivery costs – turning an operating loss of more than $500,000 into

an operating surplus of more than $200,000” (Gottfredson, Schaubert and Babcock

2008). While maximum centralization has strong appeal to operations researchers,

community-based nonprofits often dismiss mergers, unwilling to relinquish control

and independence (Haider 2007). In such cases, centralization may also be achieved

using organizational form.

Organizational Forms

Organizational form is another, less extreme instrument for coordination in the non-

profit sector. While most nonprofit organizations incorporate, some nonprofit orga-

nizations, such as the Girl Scouts, utilize the franchise structure with local chapters.

Others, such as United Way and Planned Parenthood, utilize a federated or affil-

iation structure where mission, brand, and program model are shared while local

affiliates remain legally independent. Both of these organizational forms offer some

degree of centralization for such multisite organizations, although deciding the extent

is certainly important and particularly difficult.

Oster (1996) studies the existence and justification of franchise relationships, while

O’Flanagan and Taliento (2004) investigate the federated nonprofit organizational

structure as a very formal collaborative structure that provides nonprofits with an

equivalent to mergers and acquisitions. Overall, the authors conclude federations can

be a powerful means of uniting nonprofits, though not without struggle. In fact,

Grossman and Rangan (2001) cite key sources of tension between headquarters and

affiliates that are well known to operations researchers familiar with supply chain

coordination issues: payments and value of headquarters, allocation of resources, and

governance of system, which we now explore in detail.

Payment and Value of Headquarters. When headquarters demonstrate

value and support to their affiliates, payments to headquarters are not a significant

issue. Yet, as O’Flanagan and Taliento (2004) note, managing and providing value

to local affiliates is not an easy task. Grossman and Rangan (2001) mention several
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levers for headquarters to create value, including brand name creation, expert assis-

tance, economies of scale, program standardization, and fundraising centralization.

For example, headquarters can leverage economies of scale to gain cost advantages

for their networks. Such economies of scale can manifest as purchasing power, which

is the case for Planned Parenthood National’s quantity price discounts for contra-

ceptives. Oster (1996) notes that “franchises are particularly prevalent in nonprofits

with monitoring problems, strong use of volunteers and large capital needs,” findings

that may illustrate value that headquarters’ can demonstrate and that operations

researchers can effectively structure in studying centralization.

Allocation of Resources. Tensions regarding the allocation of resources typ-

ically center around centralization of resources and ownership of donations. Most

nonprofit work and service delivery occur at the local level, and most donation dollars

are raised at the local level. In many federated structures, however, national offices

manage the allocation of all donations across the system. This ability to centralize

fundraising functions has powerful potential. At the local level, nonprofit fundraising

is often thought to be a problem of the commons, where many local entities compete

for limited funding in a restricted geographic area without any incentives or mecha-

nisms in place to prevent overuse of the common potential funding pool. The associ-

ated tragedy is that the common pool will be overused and ultimately depleted due to

individual incentives. Both inter- and intra-firm resource allocations, which have been

topics of operations research. More recent literature has focused on information and

incentive problems in capacity and resource allocation. Inter-firm capacity allocation

among retailers with private demand information is studied by Cachon and Lariviere

(Cachon and Lariviere 1999a, 1999b). In contrast, Karabuk and Wu (2005), Rajan

and Reichelstein (2004), and Harris, Kriebel, and Raviv (1982), explore intra-firm

allocation problems. For example, Karabuk and Wu (2005) use bonus payments and

participation charges to align incentives for capacity allocation among managers with

private demand information. Centralization of fundraising can be studied through

such resource allocation problems in the context of various nonprofit organizational

structures, where findings can significantly reduce the problem of the commons while
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increasing brand power to affiliates.

Whether a merged organization or federation, nonprofit structures must strike a del-

icate balance in system governance, namely the degree of decision making coordi-

nation. Centralized systems can offer standards and consistent quality across the

organization. However, since most nonprofit work and services are delivered at the

local level, decentralization offers flexibility close to the client in local delivery. While

centralization is certainly familiar territory for operations researchers, the unique

challenges of the nonprofit sector brings less explored tension between centralization

and decentralization. As discussed previously, nonprofits face heterogeneous and var-

ied objectives compared to the more homogenous profit objective, objectives that can

vary even between affiliates. In related for-profit research, Chang and Harrington

(2000) look at innovation in multisite organization of heterogeneous retailers and find

value of decentralization in the presence of sufficient market diversity. These findings

illustrate that the appropriate and best extent of centralization is still undecided for

alternative and heterogeneous objectives.

2.3.3 Productivity and Efficiency

Nonprofit organizations must still be concerned with using their “resources to achieve

the greatest possible impact.” In strategizing, nonprofits often use logic models that

outline “a theory of change [that] is fundamentally an analysis of the causal chain

that links your philanthropic interventions to the goals you want to achieve” (Brest

and Harvey 2008). Thus, such logic models are production process maps, detailing

the conversion of inputs to outputs and outcomes using specific processes. Although

a basic logic model is a great first step, nonprofit operations planning often stops

there. Even enhancing such a model to incorporate risk, alternatives, probability,

redundancy, and allocation can help to ensure the nonprofit’s goals. Such a produc-

tion process map presents operations researchers excellent opportunities for further

understanding of the nonprofit sector as well as lending their operational expertise to

the production of social change and public goods. The application of clean drinking

water presented in this chapter is an excellent example of operations research skills
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Producing Clean Water
Clean drinking water is an excellent example of a public good: once it flows from
taps, it is nearly impossible to prevent someone from using it and yet one person’s
consumption does not affect that of others. In the United States, the Environ-
mental Protection Agency, American Water Works Association and Department
of Homeland Security are just a few of the organizations involved in producing
and ensuring safe drinking water. Recently, a team of operations researchers lent
their expertise to this vital cause, developing a water contamination warning sys-
tem. Particularly critical for operations researchers working in the nonprofit sector,
these researchers recognized the distinct complexities of their public sector setting
and let these determine their techniques. For example, the researchers developed
limited memory optimizers capable of analyzing networks of over 20,000 junctions
using only the available 32-bit computing stations. Overall, the project’s resul-
tant 75% cost reduction translated into saving millions of dollars per utility. Yet,
this number quantifies only one of many multifaceted impacts, which span eco-
nomic, security, safety, policy, operational, educational, and academic effects. In
the researchers’ own words, “operations research has changed the direction of water
security in the United States,” an achievement fitting of its Franz Edelman Award
in Operations Research (Murray et al. 2009).

applied to the production of a necessary public good: safe drinking water.

Nonprofit operations face not just the traditional risk of stochastic demand but

also that of stochastic supply (e.g., resources, funds, volunteers). While this nat-

urally brings donations and funding to mind, even staffing, particularly volunteers,

is uncertain, erratic, and, consequently, difficult to manage. Thus, even nonprofit

personnel is stochastic, creating compounded forecasting and scheduling problems.

Staffing and scheduling present interesting research applications as nonprofits rely on

a mix of paid staff and volunteers.

A further complication is the interdependence of this supply and demand, that is,

interdependencies of revenue sources, production costs, outputs, volunteer inputs, and

mission achievement. Nonprofit stakeholders are frequently both supplying and con-

suming the organization’s output. Foundations are an example, supplying nonprofit

funding but also serving as major stakeholders assessing nonprofit output. Addition-

ally, limited inputs – constrained nonprofit resources and restricted access to capital

– cause nonprofits to respond very slowly to demand changes. All in all, the nonprofit
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sector is plagued by unusually high and interconnected risks in its production process,

from supply to demand with staffing in between. Due to these coupled supply and

demand risks, improved forecasting has double potential and multiplied complexity

that presents interesting problems for operations research both in theory and appli-

cation. Also understanding how these issues, particularly those related to capital

and capacity, manifest in supply response is an interesting research problem that can

contribute to literature on capacity and supply issues.

Lack of sufficient competition and earnings ownership is postulated to lead to

inherent nonprofit production inefficiency. In practice, nonprofit organizations do

lag in improvements relative to the for-profit sector. However, as nonprofits become

mature, established, and accepted in their communities, there is an expectation that

nonprofits will operate efficiently (Werther and Berman 2001). In one of the first oper-

ations management models of nonprofit production, Chapter 3models production as a

concave function of effort, resources, and “efficiency,” i.e., the ratio of funds going di-

rectly toward mission-related work. Their model illustrates direct and practical ways

that nonprofits can increase production by increasing efficiency, reducing costs, and

increasing resources and effort.It can also be used as a foundation for incorporating

nonprofit production into future operations research.

Profit-seeking behavior and commercialization discussed earlier in the chapter can

be a positive force when considered in this realm of production inefficiency. Nonprofits

must deliver efficiently when competing in mixed markets due to the forces of compe-

tition. This is likely to drive nonprofits toward professionalization and business-like

techniques at least in their production and delivery of revenue generating services

(Tuckman 1998). Thus, when considering efficiency, nonprofit commercialization

“should not just be dismissed as inefficient and counter productive. It offers real

advantages; despite the problems it poses” (Weisbrod 1998). How and to what ex-

tent competition creates incentives and brings about production improvements is an

area lacking analytical research. Research here can enhance our understanding of

competition and its effects more in mixed market settings

In terms of cost, Hansmann (1987) states that nonprofits will generally produce

any good or service at a higher cost than a for-profit firm, though cost reduction is
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an obvious way to increase efficiency. Purchasing practices, staffing decisions, inven-

tory excess, indirect costs, and resource waste are just a few areas for improvement

where progress can made employing mechanisms such as collaboration, coordination

and organizational form as discussed in Section 2.3.2. Each of these involves some

sort of agreement and equilibrium, which has become a significant area of research

in operations management. In fact, the recent trend in operations management lit-

erature of simple yet efficient contracts (Kayis, Erhun, and Plambeck 2009, Lariviere

and Porteus 2001), such as price-only contracts, certainly complements the nonprofit

sector, though these models cannot be directly applied.

The concept of increasing efficiency must be considered in trade-off with the non-

profit’s mission. Mandell (1991) demonstrates multicriteria programming methods

to facilitate decision making incorporating trade-offs between output (efficiency) and

equity in allocating resources among delivery sites. Allocation of new books among

public library branches is used as an illustrative example. Even simple cost-benefit

analyses can enrich decision making by quantifying and comparing alternatives, pos-

sibly exposing unnecessary actions and ineffective systems.

Even nonprofits must be concerned with production and production improve-

ments, especially as they strive to achieve the greatest possible impact under notorious

ambiguity. Evaluation and measurement are also a critical part of such improvements

and are further discussed in Section 2.4.3.

2.4. Consumers and Markets

Nonprofit “consumers” or stakeholders are many and can include funders, donors,

government, employees, board members, and the end-consumer beneficiaries. This

section first discusses both consumer-side competition and collaboration, which espe-

cially relate to the assortment of consumer markets that nonprofits find themselves.

Nonprofits’ heterogeneous consumer base is then considered in performance measure-

ment and evaluation.
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2.4.1 Competition

Profit ventures and service related missions thrust nonprofits into for-profit and mixed

markets, such as health care, social services, and education. Ritchie and Weinberg

(2003) discuss nonprofit competition, collaboration, and combinations. They assert

that literature on nonprofit competition does not appropriately consider the funda-

mental differences between for-profits and nonprofits, citing two critical differences:

“(1) nonprofits are motivated by non-monetary goals that often dominate financial

considerations and (2) diversity in the nature of these goals means that a nonprofit

and its rivals may be motivated by very different objective functions.” They describe

the broad factors that will determine the nature of competition that will emerge in a

given market. However, the authors neither analytically model nor empirically exam-

ine their ideas, thus leaving room for future research to explore both the consequences

of varied nonprofit goals and nonprofit competitive settings.

Harrison and Lybecker (2005) provide an example of such research, as they ex-

amine the effects of the nonprofit motive in price competition between non-profit

and for-profit hospitals. They model the nonprofit objective function as a weighted

linear combination of profit and nonprofit motive, specifically quantity, charity, and

quality, with the main result that nonprofit motive has great importance and impact

in competition between nonprofit and for-profit hospitals. In these heterogeneous

markets where for-profits and nonprofits compete, contention can arise over supposed

nonprofit regulatory and tax advantages. Liu and Weinberg (2004) use game theory

to analyze these supposed advantages by modeling nonprofits as quantity maximizers

and conclude that it is not these advantages, rather the difference in firm objective

functions that causes the observed competitive behavior.

Varied objectives of nonprofits cause nonprofits to compete on similarly diverse

dimensions. Diverse and less traditionally explored competitive factors have been the

subject of some recent for-profit operations literature. For instance, Tsay and Agrawal

(2000) examine coupled service and price competition, specifically looking at strategy

drivers and consequences in sales, market share, profit and coordination, while So

(2000) investigates coupled price and time guarantees. Customer service, customer

loyalty, and quality competition are a few additional examples of for-profit operations
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competition aspects with appeal in nonprofit dynamics (Boyaci and Gallego 2009,

Gans 2002).

Bridging such operations research work with that of Ritchie and Weinberg (2003)

might involve models of nonprofit competition with for-profits or nonprofits in ho-

mogeneous or mixed markets. Furthermore, such research can also inform nonprofit

decision making. An individual nonprofit organization must look at their strategic

trade-offs associated with each choice of activity and program as well as the corre-

sponding resource requirements of engaging in competition, collaboration, both, or

neither. By better understanding nonprofits’ dynamics of competition, such compli-

cated trade-offs can be further elucidated.

Both competition and corresponding nonprofit strategy invite operations research

and serve as merely examples of research possibilities in this area, where the nontra-

ditional setting of the nonprofit sector presents many unique challenges that have not

been effectively analyzed nor thoroughly understood. For instance, due to the unique

nature of nonprofit objectives, nonprofit competitive scenarios can consider the un-

usual option of subordinating to competition because of a common cause, which may

in fact present the best social option. Extending competition models to objectives

beyond just profit can also illuminate interactions among firms competing on multiple

bottom lines.

2.4.2 Collaboration

Literature regarding collaboration is rich and multi-disciplinary, as one can find both

research and practice literature related to a wide-range of potential collaborators

from government to businesses to other nonprofit organizations, each with distinct

dynamics. Increasingly, community-based nonprofits must see themselves embedded

within communities of potential collaborators, creating a network of resources, infor-

mation, and beneficiaries where collaboration decisions become strategic production

and operations decisions.
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Government

Today, community-based nonprofit organizations are the primary deliverers of pub-

lic services. As Salamon (1995) noted, “For better or worse, cooperation between

government and the voluntary sector is the approach this nation [United States] has

chosen to deal with many of its human service problems. [...] This pattern of coop-

eration has grown into a massive system of action that accounts for at least as large

a share of government funded [nonprofit] human services as that delivered by gov-

ernment agencies themselves.” Thus, community-based nonprofit organizations serve

as mediators between the government and citizens, especially by providing critical

local services to underrepresented, underserved, and vulnerable populations. For ex-

ample, Chapters 4-7 examine collaboration between community-based nonprofits and

local public health departments, which provide critical health services in localized

jurisdictions. From the perspective of the local public health department, she exam-

ines the relationship between such collaborations and revenue, seeking to recommend

collaboration strategies for revenue generation to local health departments. Their

research “sheds light on how nonprofits shape their communities and the delivery of

local health services.”

A parallel can be drawn between such government contracting to these community-

based nonprofit organizations and business outsourcing. Competitive processes award

government contracts for public supportive services to specific community-based non-

profit organizations, “which in turn serve specific neighborhoods and individuals”

(Marwell 2004). Necessarily, such contracting frameworks were initiated due to ten-

sion in the government-nonprofit relationship, where concerns mostly center on con-

trol and independence (lack of control). Yet, the absent voice within this contracting

framework – the public voice – is no less important where concerns of inflated costs

and undermined public objectives may result (Salamon 1995).

Business

The growth of government service outsourcing and subsequent nonprofit expansion

has also brought businesses into these new areas. These circumstances give rise to
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Collaboration Form Example

Corporate foundations See Section 2.2.3 of this chapter for discussion.
Cause-related marketing (RED) campaign products

Joint projects Build awareness through advertising (Andreasen 1996)
Advertising Nonprofit distributes business flyers with their services
Donations Cash, excess inventory or equipment

Employee volunteers Business staff teams sort food at local food pantry
Service purchases Business employs using nonprofit job placement center

Accreditation Nonprofit certifies businesses as “climate conscious”
(Vernis et al. 2006)

Licenses Fee for use of nonprofit name/logo (Andreasen 1996,
Vernis et al. 2006)

Loans Loans to nonprofit below the market rate
(Andreasen 1996)

Table 2.2: Nonprofit-Business Collaboration Forms

both competition and collaboration between business and nonprofit organizations.

Such competition is discussed in Section 2.4.1; such collaboration takes various forms

and grows from an assortment of motivations.

Today, corporate social responsibility continues to gain momentum. Such pro-

grams typically involve nonprofit collaborations for purposes of marketing, human

resources, and employee satisfaction. Additionally, some businesses find operational

opportunities and efficiencies through collaboration with nonprofits. Some forms of

nonprofit-business collaboration are detailed in Table 2.2. Many warrant contracting

to varying degrees. Important to consider in such frameworks, the primary non-

profit collaboration driver remains resources, although exposure, communications,

knowledge expansion, and influence are also motivating factors (Vernis et al. 2006).

Furthermore, as Andreasen (1996) cites, these partnerships pose several risks to non-

profits, such as reduced donations, loss of reputation, and/or reduced effectiveness.

These risks not only provide further avenues for investigation but also interesting

extensions to the contracting framework. An example of such nonprofit-business in-

teractions occurs in life sciences collaborations, which involve academic institutions,

industry partners, research institutes, hospitals, and government laboratories. From
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the perspective of the nonprofit university, such collaborations “offer ample oppor-

tunities for universities to diversify their funding base and to contribute to both the

advancement of life-sciences research and the development of powerful new medicines

that will be of considerable benefit to society” (Powell and Owen-Smith 1998).

Nonprofits

The benefits of collaboration just within the nonprofit sector are overwhelming. Apart

from collaboration as instrument for coordination, which is discussed further in Sec-

tion 2.3.2, nonprofits can improve efficiency, share experience, amplify impact, gain

economies of scale, avoid effort duplication, employ multiple approaches, address

more complex issues, expand their expertise, increase leverage, synergize, gain skills,

improve their social position, etc.

Overall, many community-based nonprofits are small and lack sufficient capacity

and resources, yet collaborations enable synergies and coordination that can optimize

their limited and scarce resources (Vernis et al. 2006). For example, collaborative

procurement, which has been studied by Keskinocak and Savasaneril (2008) in the

for-profit context, has the potential to benefit nonprofits through economies of scale

by leveraging combined needs as opposed to individual needs, as exemplified in the

case of Chicago Public Schools (see inset), where such horizontal collaboration re-

sulted in significant cost reduction. Thus, collaboration can be viewed by operations

researchers as a type of strategic operations decision where the benefits of collabora-

tion must exceed additional production and participation costs (Hill and Lynn 2003).

Such collaborative operations often poses collective action and contractual problems

that can be explored analytically, and, as Vernis et al. (2006) implore, innovative

collaboration mechanisms, specifically contracting mechanisms, must be devised for

these cross-sector relationships.

While scholars have offered general suggestions regarding government-nonprofit con-

tracting and even novel ideas, such as challenge grants that reward volunteer use

and private sector fund generation (Salamon 1995), operations and efficiency focused

contracting mechanisms are open applications for operations research. Likewise, each
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Chicago Public Schools:
Collaborative Procurement and Internal Markets
Chapman and Hardt illustrate the latent opportunities for operations man-
agement in the nonprofit sector, finding that “bringing better discipline
to purchasing and supply management can save school systems” 10 to
35 percent - annual savings of $30 to $40 million for large urban dis-
tricts. Figure 2.3 displays the breakout of these savings for Chicago Pub-
lic Schools. Analysis found that, “of almost 13,000 titles the district had
bought more than once, 44% had been purchased at different unit prices.

Collaborative 
Procurement

14%

Life Increase
11%

Advance 
Purchase

3%

Internal 
Markets

6%

Figure 2.3: 33% Textbook Savings

Because nearly 30% of the orders were for fewer
than ten books, the school district hadn’t cap-
tured the best of those prices by getting volume
discounts, and it had incurred extremely large
administrative costs.” Furthermore, “a surpris-
ing number of teachers have expressed interest
in coordinating their purchases” through collab-
orative procurement or internal markets, which
may indirectly benefit the district by enabling
communication between teachers across the dis-
trict on textbooks, curriculum, and education.
This is an excellent example of the potential impact relatively simple operations
management methods and techniques can provide to improve the nonprofit sector
(Chapman and Hardt 2003).

type of aforementioned business alliance warrants investigation from a contracting

perspective, such as licensing contracts, which have been a topic of interest in opera-

tions research (e.g., Kulatilaka and Lin 2006, Lin and Kulatilaka 2006, Crama et al.

2008). Erhun and Keskinocak (2007) and Erhun (2009) both provide general reviews

of collaboration from an operations management perspective, which can serve as a

strong basis for research encompassing nonprofits. These authors delineate both inter

and intra firm collaboration and coordination, which are applicable to the above gov-

ernment, business, and nonprofit collaboration contexts previously mentioned. Also,

Cachon (2003) gives a review of methods and literature focused on for-profit contract-

ing and coordinating mechanisms. The novel nonprofit context offers opportunities

to explore the dynamics of objective functions, power, nonprofit incentives, service

contracting, and public social consequences in a new light.
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2.4.3 Performance Measurement and Evaluation

Nonprofit organizations continue to experience a growing demand for performance

measurement and evaluation from the government, foundations, and donors (Carman

2007). It is difficult to determine the performance of an organization or any of its

particular activities given the diverse and complex nature of nonprofit objectives.

As modelers, operations researchers understand the importance of identifying perfor-

mance measures for assessment, decision, improvement, and, ultimately, realization

of goals and greatest impact.

In academia, there exists a large, multidisciplinary body of literature on nonprofit

evaluation relating to many facets of the topic. For example, Stufflebeam (2001)

identifies, describes, and assesses 22 different nonprofit evaluation approaches includ-

ing many different ways of measuring program outputs and outcomes. Martin and

Kettner (1996) put such performance measurement into perspective by delving into

the nuances of its practice. Aimed towards the nonprofit practice audience, New-

comer (1997) gives an overview of both design and use of evaluation and performance

measures.

By examining the body of academic research, Baruch and Ramalho (2006) provide

a review and analysis of business, nonprofit and mixed organization effectiveness

and performance literature. Through this analysis, the authors find common ground

between business and nonprofit measures, which supports the idea that for-profit

and nonprofit effectiveness and/or performance are not differentiated enough to be

considered entirely distinct constructs.

Such similarity highlights opportunities for cross-sectoral learning where the non-

profit setting can benefit from the depth of for-profit experience in process improve-

ment, while also bringing the challenge of multiple, often less tangible, objectives.

Multi-goal and multi-objective approaches must be utilized to integrate performance

measures and the numerous varied stakeholder objectives of nonprofit organizations.

Once measures are established, operations management applications might include in-

tegrating operational measures into programs and establishing benchmarks that ap-

propriately incorporate multidimensionality. For example, Athanassopoulos (1998)

develops a target-based model combining performance measurement and resource
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allocation. Methodologically, he incorporates a principal-agent model with goal pro-

gramming. The goal programming formulation, composed of operating productivity,

individual performance contributions, and equity measures, is characterized by its

interactive representation of the trade-offs between these three objectives.

Another evaluation framework, social cost-benefit analysis, can be applied as a

public sector decision making tool that, at its most basic level, values projects, pro-

grams, etc. as the net social benefit minus the net social cost where all impacts must

be monetized (Boardman et al. 2006). Its purposes are to help social decision making,

facilitate efficient resource allocation, and provide an efficiency measurement frame-

work. Alternatively known also as cost-effectiveness, cost-utility, or cost-feasibility

analysis, Boardman et al. (2006) and Levin and Smith (1983) and both provide

reviews.

Considering just a few of the nonprofit complexities, such as multiple stakehold-

ers, lack of profit goal, and clear societal weight, it is not surprising that studying

nonprofit performance, evaluation and effectiveness might be considered more dif-

ficult than analogous research in the business sector (Baruch and Ramalho 2006).

Such complexities present operations researchers with uncommon challenges where

rigorous research and more embedded applications can result in significant impacts.

Operations research applications in this area, such as measurement design and sys-

tem development, can have considerable effects at the community level by extending

expertise and capability as evaluation training is unusual among community-based

program administrators (Carman 2007). Such research can also broaden our knowl-

edge of performance, evaluation, and operations in for-profit situations of multiple

bottom lines.

2.5. Conclusion

From giving voice to the underrepresented to delivering to the underserved and sup-

porting the vulnerable, a remarkable portion of localized problems are addressed by

community-based nonprofit organizations. As this chapter has demonstrated, there

exist both similarities and differences between the traditional for-profit settings of
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operations research and those in the nonprofit sector. These similarities yield a po-

tential for relevance and value of operations research techniques applied in the non-

profit sector, while the differences expose a fertile frontier for future research where

our traditional solutions are no longer directly applicable.

Insights gained from exploration of these new nonprofit lines of research can fur-

ther inform our traditional research lines as well. For example, advances in under-

standing supply-side risk have value in venture funded firms; investigation of the

interplay between supply and demand broadens our understanding of how products

and services can shape firm inputs. Adapting even conventional research for multiple,

distinct objectives can produce robust models for multiple bottom lines. Recognition

of the more elaborate nonprofit concept of consumers can result in new avenues of

research regarding technology-based companies. For example, nonprofit volunteers

both produce and consume nonprofit output; similarly, Apple consumers create apps

(products) that affect the value of the iPhone.

Thus, while the traditional solutions of operations research are not merely ex-

portable to the nonprofit sector, expanding our research to the nonprofit setting will

surely deepen and enhance even our for-profit research lines. The nonprofit sector is

ripe with opportunity for operations research and application, where advances will

ultimately lead to a better economy, increased social welfare, and, perhaps, most

importantly, changed lives. Considering these substantial impacts, the movement

toward community-based action in the nonprofit sector will hopefully capture our

attention as operations researchers, perhaps right in our own neighborhoods.
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Chapter 3

Efficient Funding: Auditing in the

Nonprofit Sector

3.1. Introduction

At the interface of operations management and public sector application lies a wealth

of untapped research possibilities. Nonprofit operations in particular have not been

traditionally considered within the realm of operations management research; how-

ever, recent trends in nonprofit organizations call for more substantial investigation

(Brest and Harvey 2008; Bradley, Jansen, and Silverman 2003). In light of these dis-

cussions, this paper seeks to examine the relationship between a funder and nonprofits

as contractual in nature to address the following key issues:

1. Do common funding methods facilitate the efficient allocation of funds?

2. How can audit contracts be implemented in the sector? What effects do these

contracts have on both the funder and nonprofits?

3. Can auditing be used to improve the performance of the nonprofit sector as a

whole?

Nonprofit organizations are a significant and growing segment of the economy

apart from their critical societal contributions. Nonprofits provide services to those

35
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who otherwise would not receive them, in many cases partnering with the government.

They provide the opportunity for individuals to volunteer and give back to society,

which has become a prominent part of many cultures. Nonprofits also provide a large

amount of public goods that no one directly pays for but from which everyone reaps

benefits, such as cleaner air. Beyond these social contributions, the nonprofit sector’s

economic impact should not be underestimated. In 2005, the Internal Revenue Service

(IRS) registered a growing figure of approximately 1.4 million nonprofit organizations.

Of these, the more than half a million large enough to report formally (those collecting

more than $25,000) accounted for approximately $1.6 trillion in revenue and $3.4

trillion in assets (Blackwood, Wing, and Pollak 2008). In addition, the nonprofit

sector employs 12.5 million people, which accounts for 9.5% of total employment in

the United States (Jalandoni et al. 2002) apart from the 12.9 billion hours volunteered

by 26.7% of adults in the U.S. (Blackwood, Wing, and Pollak 2008). Globally, The

Comparative Nonprofit Sector Project at Johns Hopkins University found operating

expenditures of $1.6 trillion when studying 37 nations in 2002 (Zakaria 2006).

There are many entities that sustain the nonprofit sector financially. Foundations,

themselves nonprofit organizations, and governments both act as key grant-making

institutions. In 2007, the Bill and Melinda Gates Foundation alone paid approx-

imately two billion dollars in grants, funding nonprofits working in global health,

poverty, and education, while the National Science Foundation, a United States gov-

ernment entity, distributed billions of dollars to scientific research and educational

activities. Worldwide, foundations have continued to grow and expand, most dra-

matically in the United States where more than 72,000 grant-making foundations

granted a record $42.9 billion in 2007 (Foundation Center 2008; Prewitt 2006). Since

funders want assurance that their donations are used wisely, efficiency is a critical

measure. In the nonprofit sector, efficiency is about getting “[more] mileage out of

the money [nonprofits] spent” (Herzlinger 1996). The most common cost-centered

operational definition of efficiency measures the ratio of expenses directly forwarding

the mission to total expenses, numbers that can be drawn from the organization’s

publicly available IRS Form 990.
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Funding methods, particularly grants, are in essence contracts exchanging money

for some societal return where nonprofit organizations act as “sellers” of certain so-

cietal activities or deliverables (Brest and Harvey 2008). To allocate grants, many

funders scrutinize financial statements and public reporting forms, such as the IRS

990, in efforts to deduce whether a nonprofit organization is operationally efficient

(Frumkin and Kim 2001). In doing so, funders may believe that they are, in fact,

funneling funds to the highest-return organizations. This research describes and ex-

amines this common funding situation, which is based merely on the nonprofit’s

reported cost-centered operational efficiency and the funder’s allocation. However,

under these very basic terms, our analysis shows that these nonprofit efficiency re-

ports are unreliable. This result of a lack of efficiency reliability and its causes are

well documented (e.g., Quality 990; Schwinn and Williams 2001; Frumkin and Keat-

ing 2003; Trussel 2003; Jones and Roberts 2006; Krishnan, Yetman, and Yetman

2006; Gordon et al. 2007; Keating, Parsons, and Roberts 2008), confirming that our

results accurately describe the common, real-world situation where funders are unable

to effectively distinguish between efficient and inefficient organizations. Regardless

of the basis for the unreliability, this theoretical result leads to the conclusion that a

simple contract based solely on funds allocated in response to an efficiency report is

not effective. Thus, in response to our first research question, we show that common

funding methods, in fact, do not facilitate efficient allocation of funds.

While efficiencies are unreliable as they are currently reported, a 2008 study on

the nonprofit marketplace confirms that they indeed are verifiable (The William and

Flora Hewlett Foundation and McKinsey & Company 2008). Thus, in response to

the second question, we develop audit contracts that can be implemented within the

funder-nonprofit relationship. In these contracts, the funder has the option to audit

the nonprofits’ efficiencies after awarding them funds. In case there is a discrepancy

between the efficiency that the nonprofit reports and its true efficiency observed after

auditing, the funder may ask the nonprofit to pay a penalty back. We find that using

audit contracts, the funder can guarantee truthful efficiency reports from the nonprofits

and thus attain operational transparency. The nonprofit population also prefers these

audit contracts. As a result, we may see funders and nonprofits working together to
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increase auditing within the sector and improve their respective situations. This can

be seen at work in both the nonprofit sector push to increase voluntary self-auditing

and legislative efforts requiring audits, such as the California Nonprofit Integrity Act

of 2004 (California Government Code 2007).

The implementation of audit contracts can also improve the performance of the

nonprofit sector overall. More specifically, the funder’s choice of penalty positions

the sector anywhere between the current, inefficient situation and the transparent,

efficient situation. This implies that through implementation of audit contracts with

appropriately chosen penalties, benchmark performance can be achieved for the non-

profit sector as a whole. Thus, the use of auditing may put funders in a position to

enact change in the nonprofit sector and increase overall sector efficiency.

The remainder of this paper is organized as follows: the next section, Section 4.3,

reviews related literature followed by Section 3.3, which describes the general model

framework. Then, Sections 3.4 and 3.5 develop the contracts, where incentive and

reliability issues are explored in theoretical detail. Section 3.6 investigates the effects

of these different contracts through both theory and numerical examples. In Section

3.7, results are extended to the cases of constrained budget, uncertainty in production,

and cost of auditing. Finally, Section 3.8 concludes by reviewing this work in light of

the original research questions presented in the introduction. All proofs are presented

in an addendum for expositional simplicity. Throughout the paper, the operator Ex[.]

is used as the expectation over random variable x and vectors are represented with

boldface.

3.2. Literature Review

With the nonprofit sector expanding in size and influence, it may be surprising that

there is relatively little research, especially analytical research, involving nonprofit

operations.

Operations Management in the Nonprofit Sector. McCardle, Rajaram,

and Tang (2009) use a utility-based donor model to analyze the behavior of nonprofit

donations in the presence of publicized tiered fundraising structures. Their model can
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be used by organizations to make effective decisions regarding the implementation of

tiered fundraising structures, which they show to generate larger donations. de Veri-

court and Lobo (2009) investigate the revenue management problem encountered by

nonprofits engaged in for-profit ventures as a means to fund their mission, more specif-

ically how to allocate funds among investment, serving revenue customers, and serv-

ing mission customers. Harrison and Lybecker (2005) explore such price (Bertrand)

competition between nonprofit and for-profit hospitals, and show that the nonprofit

motive has great importance and impact in this competition. In these heterogeneous

markets where for-profits and nonprofits compete, contention can arise over supposed

nonprofit regulatory and tax advantages. Liu and Weinberg (2004) analyze these

supposed advantages and conclude that it is not these advantages, but rather the

difference in the objective functions of the firms that cause the competitive behavior

we observe. Verheyen (1998) examines the allocation of nonprofit internal budgets,

specifically university and hospital budgets. The author discusses these allocation

issues in the context of several different principal-agent models, but does not develop

or solve such models. Our research enlarges this body of literature by applying the

principal-agent framework to the funder-nonprofit relationship as well as examining

the role of information, incentives, and auditing, all of which have been identified as

critical research areas (Zaric and Brandeau 2007; Laffont 1994), yet are unexplored

in nonprofit operations.

Nonprofit Evaluation. There is a large, multidisciplinary body of literature on

nonprofit evaluation, which provides many different techniques for measuring outputs

(i.e., more easily measured, tangible returns) and outcomes (i.e., less clearly measured,

less tangible returns). For example, Stufflebeam (2001) identifies, describes, and as-

sesses 22 different nonprofit evaluation approaches, while Martin and Kettner (1996)

put such performance measurement into perspective by delving into the nuances of its

practice. Aimed towards the nonprofit practice audience, Newcomer (1997) gives an

overview of both design and use of evaluation and performance measures. Herzlinger

(1996) calls for increased accountability to restore public trust, particularly through

financial evaluation. She details four questions to perform financial assessment, which

are implemented in The Boston Foundation’s assessment of and call to action for the
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fiscal health of Massachusetts nonprofits (Keating et al. 2008). As a more holistic

financial evaluation framework, social cost-benefit analysis values projects, programs,

etc. as the net social benefit minus the net social cost where all impacts must be

monetized; Boardman et al. (2006) and Levin (1983) both provide reviews. Our

research draws on these methods in developing the funder’s perspective of nonprofit

contribution. Beyond this, our modeling of the funder’s utility, particularly the por-

tions derived from the nonprofits funded, extends the theory and understanding of

how these methods can be incorporated into strategic decision making and theoretical

modeling.

Capacity and Resource Allocation. Allocation is widely studied in both oper-

ations management and economics literature. More recently, researchers have tackled

information problems in capacity and resource allocation, specifically the inefficien-

cies created due to incentive misalignments (e.g., Harris, Kriebel, and Raviv 1982;

Cachon and Lariviere 1999a, 1999b; Rajan and Reichelstein 2004; Karabuk and Wu

2005), which are most in line with the goals of this paper. Cachon and Lariviere

(1999a, 1999b) study inter-firm capacity allocation problems where a single supplier

is allocating capacity among retailers with private demand information. Karabuk and

Wu (2005), Rajan and Reichelstein (2004), and Harris, Kriebel, and Raviv (1982),

on the other hand, examine intra-firm capacity and resource allocation problems.

Karabuk and Wu (2005) study incentive alignment for a single decision maker allo-

cating capacity to managers with private demand information using bonus payments

and participation charges. Rajan and Reichelstein (2004) and Harris, Kriebel, and

Raviv (1982) model a common resource being allocated among divisions where the

output of each division is an increasing function of allocation along with productivity

and managerial effort, both of which are the divisional managers’ private information.

Transfer pricing mechanisms are found optimal. Our funding model is certainly in line

with these streams of literature; it presents an allocation of funds among horizontal

agents with private cost information in the form of an efficiency ratio. In addition,

our decision maker has outside opportunities and we seek to use auditing mechanisms

to resolve asymmetric information. Due to the nature of the utilities in our model,

our objective function incorporates the funder’s as well as part of the nonprofits’
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objectives making the solution more socially optimal. Therefore, we are examining

a problem with both shared and conflicting objectives between the principal and

agent(s).

Incentives. In seeking to align incentives and resolve problems due to asymmetric

information, many researchers rely on complex contracts. For example, under asym-

metric cost information, Ha (2001), Corbett (2001), Corbett and de Groote (2000),

Corbett, Zhou, and Tang (2004), and Lutze and Özer (2008) all design optimal con-

tracts (i.e., contracts that include contingencies for each possible cost value) that may

be arbitrarily complex, making them difficult to write, implement, and administer in

practice. Recently, we observe a trend in operations management literature where

simple (in terms of the number of contingencies included) yet efficient contracts, such

as price-only contracts, are studied as an alternative to complex optimal contracts

(e.g., Lariviere and Porteus 2001; Kayis, Erhun, and Plambeck 2009). In a similar

spirit, we also do not work with complex optimal contracts, but develop simple, imple-

mentable audit contracts that can be applied given the current state of the nonprofit

sector.

Auditing. A wealth of economic literature exists around auditing, particularly

in relieving incentive issues, and we focus on only a few representative pieces here.

Baron and Besanko (1984) explore the use of auditing in the context of regulation of

firms, specifically in cost reporting, where the regulator can order consumer refunds

in the case of overstated firm costs. The authors particularly explore auditing as a

means to structure firm incentives for truthful cost reporting under asymmetric infor-

mation. Using a related model, Laffont and Tirole (1986) analyze incentive contracts,

both regulatory and procurement, with the addition of a moral hazard component,

which prevents the regulator from rewarding high costs. Our scenario, however, is

not regulatory in nature. Though we study auditing in the spirit of this literature,

we do not discuss the details of performing such audits. Tools, methods, and exam-

ples of performing audits in the nonprofit sector can be found in Bridge, Murtagh,

and O’Neill (2009) and Carman (2009). Our funder is seeking her own objectives,

which, in fact, are both conflicting and shared with the nonprofits. These shared

objectives between the funder and nonprofits complicate the situation and produce
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unique results. We also do not merely look at optimal contracts that achieve first-best

performance as we examine the funder’s perspective, the nonprofit perspective, and

the sector efficiency perspective. Instead, we devise alternative contracts to improve

efficiency the situation for all parties and the sector.

3.3. Model Definition

The relationship between nonprofits and the funders who support them is not trivial.

The funder supplies resources to nonprofits in the form of grant allocations with the

expectation that these nonprofits produce returns in the form of social output or out-

come. An example of output for WorldVision, a nonprofit humanitarian organization,

might be the number of shelters distributed following a natural disaster. However,

increased appreciation and education regarding the environment might be an out-

come for the Sierra Club, a nonprofit environmental organization. These examples

demonstrate that output can be both generally measured and agreed upon, while

outcome may not be as easily evaluated. However, as discussed in Section 4.3, there

is a growing body of literature on nonprofit evaluation, which provides many different

techniques for measuring program outputs and outcomes. Considering this literature

and our model framework, we treat output and outcome equivalently. Accordingly,

in the remainder of the paper, we use the term “output” to include both output and

outcome.

While both the funder and the nonprofits aim to maximize this social output, they

each have other, possibly conflicting, components of their respective objectives. More

specifically, the funder looks to maximize the value for her dollar while nonprofits

look to maximize the dollars they receive (i.e., their allocation). Each nonprofit has

both an unobservable efficiency type and an unobservable effort. These unobservables

are in tension with the funder’s objectives of giving responsibly and fulfilling a duty

to the sector. Note that efficiency is characterized as a type as opposed to a decision

variable for the nonprofit because, while nonprofits can increase their efficiencies,

these changes “don’t just happen” (Neuhoff and Searle 2008).

The scenario that we analyze consists of one funder and N ≥ 1 nonprofits. All
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parties are expected utility maximizers. The funder does not know the true efficiency

types of the nonprofits with certainty, but knows that each true efficiency type, θi, is

distributed with probability density function fi(θi) and cumulative distribution func-

tion Fi(θi), i = 1, ..., N . Since the efficiency is a ratio as described in Section 3.1, the

support of the distribution is [0, 1]1. Note that the efficiency definition adopted here

describes only part of how effectively the nonprofits accomplish their mission; as such,

it is a simplification of a complex concept. Nonprofit organizational effectiveness is

multidimensional and, therefore, cannot be encapsulated in a single measure (Her-

man and Renz 1999). Yet this ratio is the most common cost-centered operational

definition of efficiency in the literature and is also commonly employed by auditors,

accreditors, media, and charity oversight analysts “to compare the operations of orga-

nizations with similar missions, with the goal of determining which organizations have

the leanest operations” (Frumkin and Kim 2001); for example, see Chabotar (1989),

Herzlinger (1996), Hager and Flack (2004), Krishnan, Yetman, and Yetman (2006),

Gordon et al. (2007). For many analysts, this definition translates into account-

ability by providing insight into management and administration spending (Hager

and Flack 2004), production costs, and translation of “the supply-chain into financial

values through recording and analyzing the costs associated with products/activities

undertaken” (Bagnoli and Megali 2009). It communicates a relative financial condi-

tion, highlighting similarities in financial goals while controlling for differences over

time and across nonprofit organizations (Chabotar 1989), thus enhancing understand-

ing of these organizations and helping to create informed decisions about financial

support.

Nonprofit i’s utility, ui, and production (output), yi, are determined by

ui = Ai −
e2
i

2
+ yi (Nonprofit Utility) (3.1)

yi = 2
√
eiθiAi (Nonprofit Output Production) (3.2)

1An efficiency type of one does not necessarily mean that the nonprofit is channeling all of its
funds to mission critical activities. Of course, some funds may be used for fundraising, overhead,
etc. Any upper bound can be normalized to one to accommodate other limits.
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where Ai is the allocation made from the funder to nonprofit i, ei is nonprofit i’s effort,

and θi is the true efficiency type of nonprofit i. The nonprofit’s utility is increasing

in the allocation he receives from the funder and in his output and is decreasing

in the effort he exerts.2 For their survival nonprofits depend on funds; therefore,

the nonprofit’s utility is increasing in the allocation he receives. The nonprofit gains

utility in output because output supports the nonprofit’s mission. While the nonprofit

would like to support his mission, he prefers to do this with the least effort. This

may be so that the effort, such as volunteer time, can be spread over other programs.

The production function in Equation (3.2) indicates that the nonprofit must have

positive effort, efficiency, and allocation in order to produce output; without any one

of these variables, no output will be produced. Furthermore, the nonprofit production

function is concave in effort, ei, efficiency type, θi, and allocation, Ai, signifying

diminishing returns and boundedness of production. We initially assume that output

can be measured unambiguously; we later relax this assumption and study production

uncertainty in Section 3.7.2.

The funder’s expected utility, Uf , is

Uf =
N∑
i=1

Eθi [ciyi] + α

(
B −

N∑
i=1

Eθi [Ai]

)
, (3.3)

where ci > 0 is the funder’s monetary valuation of each unit of nonprofit i’s output, α

is the return on an outside opportunity, and B is the funder’s budget. The first term

of the funder’s utility,
∑N

i=1 Eθi [ciyi], is the total expected value from the nonprofits’

output. The funder would like to maximize each nonprofit i’s output, yi, and each

output is worth some amount ci. The ci term is individualized to each nonprofit and

may incorporate the extent to which the work of nonprofit i supports the mission of

the funder. The funder only observes the output, yi, and efficiency report, θ̂i, of each

nonprofit, but does not observe the nonprofit’s effort choice, ei, nor true efficiency, θi.

2For expositional clarity, we assume that allocation Ai and production yi have the same weight,
which we normalize to 1, in nonprofit i’s utility function. Giving allocation and production different
weights, e.g., assigning a positive weight to production, does not change our main results. As
expected, the allocations under different contracts will now be a function of this multiplier as well
as other problem parameters.
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The second term of the funder’s utility, α
(
B −∑N

i=1Eθi [Ai]
)

, represents an outside

opportunity. While the funds allocated may increase the nonprofits’ output, these

funds too are valued by the funder considering that they could be used for other

opportunities. In fact, the funder may decide that the outside opportunity is worth

more than the (social) return of investing that money into a particular nonprofit. For

example, de Vericourt and Lobo (2009) investigate using this money in a for-profit

venture or investing it in order to supplement the income stream.

Unlike a for-profit corporation that distills the objectives of their shareholders,

managers, employees, and clients into one quantifiable profit measure, “the nonprofit

has no single primary interest group that is invariably and clearly defined, homoge-

nous with respect to interests, and whose goals are easily expressible and transferable

into the organization for assessment of alternative courses of action” (Speckbacher

2003). Due to this varied abundance of stakeholders and purposes, quantifying and

modeling the objectives of a nonprofit organization can be ambiguous and contentious.

Our formulations are thus some first attempts to model the dynamics of nonprofit op-

erations and were developed through an understanding of the field, which we gained

through personal communication (Foundation Center 2009; Philanthropy and Civil

Society Research Workshop 2010; Meredith 2009), field reports, and academic and

trade publications. Furthermore, our modeling assumptions, such as funder utility

increasing in output and effort (Equation (3.3)) and efficiency modeled as asymmet-

ric information, are consistent with relevant economics literature (e.g., Easley and

O’Hara 1983). Similar to related models in the operations management literature

(Cachon 2003), we express effort cost as a convex function (Equation (3.1)) because

it is progressively more difficult to increase the effort, which is limited by capacity.

The funding sequence of events for a given contract is as follows: (i) The funder

announces some allocation scheme, possibly based on types, Ai(θi), for each nonprofit

i. (ii) Nonprofit i announces an efficiency, θ̂i, perhaps through an application process.

These efficiency types are also typically available through IRS data submitted by

the nonprofits, such as the IRS 990 Form. This announcement may or may not be

truthful. (iii) The funder allocates resources within the contractual framework to

maximize her utility considering the nonprofits’ announcements and any constraint
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on her budget. (iv) Each nonprofit chooses an effort to maximize his utility based on

this allocation. Based on this sequence, the nonprofit problem is solved first followed

by that of the funder by backwards induction. The nonprofit i maximizes his utility

based on the given allocation:

max
ei≥0

ui = max
ei≥0

{
Ai −

e2
i

2
+ yi

}
where yi = 2

√
eiθiAi.

Substituting the production function, we obtain ui = Ai−e2
i /2+2

√
eiθiAi. The effort,

e∗i , that maximizes the nonprofit i’s utility can easily be found as e∗i = (Aiθi)
1/3.

Through substitution of e∗i , reformulations of the nonprofit i’s utility and output

functions as well as the funder’s utility function are obtained.

u∗i = Ai +
3

2
(Aiθi)

2/3, (Nonprofit Utility) (3.4)

y∗i = 2(Aiθi)
2/3, (Nonprofit Output) (3.5)

Uf =
N∑
i=1

Eθi
[
2ci(Aiθi)

2/3 − αAi
]

+ αB. (Funder Utility) (3.6)

In this paper, we do not work with complex contracts in the traditional sense of

principal-agent. The idea here is to understand the situation and develop contracts

that can be applicable given the current operational policies, practices, and trends

of the nonprofit sector. This principal-agent model is different from others in that

it incorporates both shared and conflicting portions of the respective objectives of

the principal and the agents as well as unobservable characteristics. The utility and

objective functions here in the nonprofit setting differ from those more familiar func-

tions of the for-profit world. Our nonprofit objective function incorporates several

perspectives: allocation from a managerial financial sustainability perspective, effort

from an employee perspective, and production from the client and funder perspec-

tive. This heterogeneity of interests and objectives, partly shared with the principal

or funder, is indeed a new avenue of exploration for both nonprofit research and

“supplier-manufacturer” type game theoretic models. However, it is these differences

that lead to unique results.
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In the model analysis and remainder of the paper, we first assume an unconstrained

budget in Sections 3.4-3.6. That is, we assume
∑N

i=1Ai < B so that we omit the

budget terms in the above formulations. In Section 3.7.1, we explore and extend our

results to the case of budget constraint, i.e.,
∑N

i=1Ai = B. In the following section we

begin investigating the funder-nonprofit relationship in order to answer our originally

posed research questions. We start by describing the common funding situation with

the Report-Based Contract as well as establish a benchmark, first-best contract for

comparison purposes. These will motivate us to study audit contracts in Section 3.5.

3.4. Report-Based Contract

The funder would like to make the most of her money and, therefore, would like to

allocate funds based on the efficiency types of nonprofits, i.e., Ai(θi). Given Equations

(3.4) and (3.6) and using the Revelation Principle (Laffont and Martimort 2002) as

is common in such models, the funder’s problem can be formulated as follows:

max
Ai(θi)

Uf = max
Ai(θi)

{
N∑
i=1

Eθi
[
(2ci(Ai(θi) θi)

2/3 − αAi(θi) )
]}

(3.7)

subject to

u∗i (θi) ≥ 0 ∀i;∀θi ∈ [0, 1] (IR) (3.8)

u∗i (θi|θi) ≥ u∗i (θ̂i|θi) ∀i;∀θ̂i, θi ∈ [0, 1] (IC) (3.9)

Ai(θi) ≥ 0 ∀i;∀θi ∈ [0, 1] (Non-negativity) (3.10)

where θi is nonprofit i’s true efficiency type, θ̂i is nonprofit i’s announcement of effi-

ciency type, and u∗i (θ̂i|θi) is nonprofit i’s utility when his true efficiency type is θi but

his announced efficiency type is θ̂i; u
∗
i (θ̂i|θi) = Ai(θ̂i) + 3/2(Ai(θ̂i)θi)

2/3. The individ-

ual rationality (IR) constraints ensure nonnegative utility for each nonprofit within

the contract. The incentive compatibility (IC) constraints constrain each nonprofit

to truthfully report their efficiency type by use of a utility-based incentive. Conse-

quently, the funder’s problem is expressed as an adverse selection problem where the
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funder cannot observe the amount of effort, ei, the nonprofit i will exert nor the non-

profit i’s efficiency type, θi. Note that in this formulation the funder allocates funds

in response to the nonprofits’ reported efficiencies. Thus, the resulting Report-Based

Contract describes the common situation where the nonprofits’ efficiency types are

not verified:

Theorem 1. The Report-Based Contract takes the form ARi (θi) = ARi = 64
27
φi

3E[θi
2/3]3

where φi = ci/α and i = 1, ..., N .

This solution indicates an instinctive relation: in a scenario where the true effi-

ciency type is unknown, the funder would want to allocate more funds to the nonprofit

that is more likely to be a higher efficiency type. The result also indicates that the

funder is unable to differentiate among the nonprofits’ efficiency types as she bases

her allocation solely on her expectation of each nonprofit’s type, the only reliable

information she possesses. The nonprofits do not have incentive to truthfully report

their type, and, therefore, their reports are unreliable. The Report-Based Contract,

which is based merely on reporting without verification, consequently offers the fun-

der no observability of efficiency types and no operational transparency within this

contracting context. Theorem 1 is intuitive in yet another way: nonprofit i will re-

ceive more funding as the funder values his output more (i.e., as ci increases), but

will receive less funding as the outside opportunity becomes more lucrative (i.e., as α

increases). In other words, when the outside opportunity is more valuable compared

to nonprofit output, the funder will choose to allocate less funds to the nonprofit in

order to gain from the outside opportunity.

The Report-Based Contract succeeds in modeling the common funding situation

where there is no reliability in efficiency reports and no transparency in nonprofit op-

erations. Bradley, Jansen, and Silverman (2003) find nonprofits misreporting their ef-

ficiencies in situations where potential funders are investigating this measure to make

decisions about giving and fund allocation. Misreports of efficiency may be due to

managerial motivation, executive compensation incentives, use of efficiency in fund-

ing decisions, charity ratings, media attention, or reputational pressures (Frumkin

and Keating 2003; Trussel 2003; Jones and Roberts 2006; Krishnan, Yetman, and
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Yetman 2006; Keating, Parsons, and Roberts 2008). A myriad of other literature

related to unreliable IRS data and expense shifting also supports our theoretical re-

sult of a lack of observability and reliability of efficiency types in the current funding

situation. The IRS Form 990 is the chief source of the financial data from which

the efficiency measure is derived. However, the 990 is typically not verified. In fact,

Schwinn and Williams (2001) assert that the IRS only examined 1.3% of 990s in

1999. Furthermore, the IRS Form 990 allows nonprofits to record certain administra-

tive and fundraising costs as offsets to revenue rather than as expenses. As a result,

nonprofits may portray their operations as more efficient in the Form 990 (Frumkin

and Keating 2003). Jones and Roberts (2006) report that charities do indeed employ

expense shifting to “offset 16 to 28 percent of potential changes in program ratio

[efficiency].” Herzlinger (1996) claims that this nonexistence of accountability per-

petuates ineffective and inefficient organizations as well as other problems. Froelich

and Knoepfle (1996) summarize that overall, “the nonprofit situation [is] character-

ized by extensive reporting, but very weak monitoring.” This underlines the lack of

reliability and, consequently, the need to make the relationship between the funder

and nonprofits more reliable through stronger monitoring. More than a decade later,

the situation has not changed considerably. Even today, by and large, “funders have

influence, but not control [over nonprofits]” (Meredith 2009). Therefore, with our

next set of contracts detailed in Section 3.5, we will consider monitoring by funders

as a way to increase accountability in the nonprofit sector.

Before moving into the next section, we analyze a special case of the Report-

Based Contract, which is a benchmark model where efficiency types, θi, are observable.

While this perfect observation of efficiency types is unrealistic, it is for this reason the

funder’s first-best solution as it eliminates the ineffectiveness due to the information

asymmetry and allows for complete transparency.

Corollary 1. The first-best contract takes the form AFBi (θi) = 64
27
φi

3θ2
i where φi =

ci/α.

We note that the funder allocates to all nonprofits with a non-zero efficiency

(θi > 0). Each nonprofit’s allocation is based on his efficiency type; if the nonprofit
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is of a very low efficiency type, his funding is negligible.3

3.5. Audit-Based Contracts

While the first-best contract supposes the funder can observe all nonprofit efficiency

types (complete transparency), the Report-Based Contract results in the funder ob-

serving none of the nonprofit efficiency types (no transparency). Now we turn our

attention to investigating contracts that will enable the funder to position herself any-

where between and including both the first-best and Report-Based Contracts in terms

of both observability of nonprofit efficiency types as well as contract performance. In

this setting, the funder allocates her funds to the nonprofits based on their announced

efficiency type. However, we know from the analysis of the Report-Based Contract

in Section 3.4 that the funder will not be able to differentiate; i.e., a nonprofit’s an-

nouncement of efficiency type is not reliable. In this auditing scenario, the funder

can verify the nonprofit’s efficiency type by auditing after allocating funds and then

impose a penalty upon nonprofits who misreport. Note that dealing with ex-post

auditing is different from dealing with ex-ante observable efficiency types since the

funder must provide an incentive (here a penalty) to the nonprofits to observe their

efficiency within the auditing framework.

The funder’s objective does not change from that formulated in Equation (3.7) in

Section 3.4. In particular, an auditing cost is not included in the funder’s objective

function because there are several situations where this would not be appropriate.

For example, nonprofits may choose to self-audit using a credible third-party auditor.

Also, funders may not have specific auditing costs or may have auditing costs and

budgets separate from the contracts themselves. However, in Section 3.7.3 we extend

this analysis to include auditing costs. The constraint set also continues to include

the same IR and non-negativity constraints found in Equations (3.8) and (3.10) of

3This situation of allocating money to every nonprofit may be unrealistic as allocating a few
dollars would certainly not be worth the administrative costs. However, the funder may pre-screen
nonprofit applications, assigning ci = 0 to nonprofits with too low of an efficiency report. Also the
funder may want to have a minimum funding level where she only funds nonprofits whose allocations
surpass this level, thus excluding some nonprofits from consideration.
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our original model. However, the IC constraint in Equation (3.9) is updated for the

audit contracts. It now incorporates an imposed penalty, Pi ≥ 0, for misreports, and

is as follows for all i and for all θ̂i, θi ∈ [0, 1]:

u∗i (θi|θi) ≥ u∗i (θ̂i|θi)− Pi Ai(θ̂i) (Audit IC) (3.11)

The left-hand side of the Audit IC constraint is still the nonprofit utility when report-

ing truthfully. However, the right-hand side is the nonprofit utility from misreporting

minus a penalty imposed on the nonprofit’s allocation. We saw in Section 3.4 that

without this penalty modification, the nonprofit has no incentive to report truthfully.

Consequently, the goal of this penalization for misreporting is to create an incentive

for the nonprofit to report truthfully.

The funder has two levers she can use to guarantee nonprofit incentive compat-

ibility: she can adjust allocation, Ai(θi), or penalty, Pi. Accordingly, she will offer

contracts including both allocation and penalty, which take the form (Pi, Ai(θi)). The

best situation for the funder is to attain first-best allocations with incentive compat-

ibility for all efficiency types. We first characterize the optimal penalty that will

achieve this in the following lemma.

Lemma 1. The optimal penalty for an audit contract is P ∗i = 1 + 3

4φi
√

8
3
φi+3

where

φi = ci/α.

The optimal penalty enforces incentive compatibility for all possible efficiency

types of nonprofit i. The optimal contract, which utilizes this optimal penalty and

first-best allocations to achieve first-best performance and observability, is outlined

in Theorem 2.

Theorem 2. The optimal Audit-Based Contract takes the form
(
P ∗i , A

FB
i (θi)

)
where

P ∗i and AFBi (θi) are defined by Lemma 1 and Corollary 1, respectively.

The optimal Audit-Based Contract enforces incentive compatibility by setting a

high penalty (P ∗i > 1) for all types and decreasing the right-hand side of Equation

(3.11). As the penalty P ∗i is greater than 1, each nonprofit will need to repay more

than what was originally granted to them in the event that they misreport. This
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arises since the nonprofit not only values the allocation but also the output he would

get with that allocation; hence, he should be penalized accordingly. However, this

penalty can also be thought of as, at least in part, a loss of future funds due to a

loss of reputation. The optimal penalty intuitively decreases in φi = ci/α. As the

funder values nonprofit output more, she penalizes less severely – again reflecting

her increased regard for even the less-efficient nonprofit output. We summarize these

observations in Corollary 2 below.

Corollary 2. The following are true for the incentive compatibility enforcing penalty,

P ∗i :

i. P ∗i > 1.

ii. P ∗i is decreasing in φi = ci/α.

While the optimal contract’s penalty, P ∗i , enforces incentive compatibility for all

types and achieves benchmark performance, it may have undesirable, if not unreal-

istic, characteristics. Under this contract, the funder is required to audit all types

of nonprofits, which may create implementation problems. Furthermore, since the

funder imposes a penalty greater than 1 and thus requires the nonprofits to repay

more than the amount granted to them, there may be credibility issues. Instead,

the funder may want to specify a less severe penalty, Pi ≤ 1, to implement and as a

result may choose not to audit low types. Factors such as funder preference, policies

or auditing resources may dictate this penalty choice. An example of such a policy

might be to fund lower efficiency nonprofits with larger than necessary grants to en-

able them to survive and improve their efficiency. Another factor might be auditing

costs, which are further explored in Section 3.7.3. In such situations, the funder does

not use penalty to enforce incentive compatibility, but instead can adjust allocations.

Since the lower efficiency types have the greatest incentive to misreport, the funder

must now compensate these types to prevent such misreports and guarantee incentive

compatibility.

Thus, the Audit-Based Contract with a specified penalty Pi allows a more liberal

choice of penalty, 0 < Pi ≤ 1, and uses the lever of allocation to enforce incentive
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compatibility. We define the efficiency type θ∗i (Pi) as a cut-off type for a given penalty

Pi for which the incentive compatibility constraint in Equation (3.11) holds with

equality when implementing first-best allocations; i.e., for θi ≥ θ∗i (Pi) the incentive

compatibility constraint will hold and for θi < θ∗i (Pi) it will not. The following lemma

shows that a cut-off efficiency type, θ∗i (Pi), always exists.

Lemma 2. Given a penalty 0 < Pi ≤ 1, the cut-off efficiency type of nonprofit i,

θ∗i (Pi), is

θ∗i (Pi) =

√
1

η9
i

(
9η6

i υ
1/3
i − υ5/3

i + 8(1− Pi)η5
i

(
η3
i + υ

2/3
i

)
φi

)
where φi = ci/αi, ηi = 9 + 8φi, and υi = 4(1− Pi)η5

i φi +
√
η9
i (16(1− Pi)2ηiφ2

i − 27).

Utilizing a sub-optimal penalty requires the funder to exercise her other lever

of allocation to enforce incentive compatibility. The following Audit-Based Contract

employs the cut-off type, θ∗i (Pi), and allows the funder to specify a less severe penalty,

0 < Pi ≤ 1.

Theorem 3. The Audit-Based Contract with a specified penalty Pi takes the form

(
PA
i , A

A
i (θi)

)
=

{ (
Pi, A

FB
i (θ∗i (Pi))

)
for θi < θ∗i (Pi)(

Pi, A
FB
i (θi)

)
for θi ≥ θ∗i (Pi)

where θ∗i (Pi) and AFBi (θi) are defined by Lemma 2 and Corollary 1, respectively.

Using her lever of allocation, the funder gives efficiency types below the cut-off

θ∗i (Pi) a constant allocation to induce incentive compatibility while high types receive

first-best allocation. Due to this constant allocation, the funder loses some utility

and observability in over-allocating funds to nonprofits with low efficiency types.

The extent of this loss is dictated by θ∗i (Pi) and ultimately the funder’s choice of

penalty Pi. The funder can recover utility by exploiting the lever of her penalty

choice to position herself. Specifically, as she increases her penalty Pi (lowers θ∗i (Pi)),

the funder increases the range of types she can observe as well as her utility. However,
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when the penalty is poorly chosen and insufficiently high, this contract can result in

negative utility for the funder, which would indicate that she would not use this

contract under the particular conditions. Despite this, the Audit-Based Contract

with a specified penalty may still be a preferred option for funders as it does not

over-penalize any nonprofits yet still rewards the higher efficiency nonprofits with first-

best allocations. This preference and its associated conditions are further explored in

Section 3.6. Following from Lemma 2, we can make two observations on the behavior

of the cut-off type:

Corollary 3. The cut-off type, θ∗i (Pi), is

i. decreasing in the penalty, Pi, and

ii. decreasing in φi = ci/α.

The first point is intuitive: as the funder imposes a more harsh penalty, this larger

penalty enforces incentive compatibility for more nonprofit efficiency types. Thus,

fewer types need to be cut off. Since φi = ci/α measures the value the funder places

on nonprofit i’s output compared to her outside opportunity, as the funder values

nonprofit i’s output more, she cuts off fewer nonprofit efficiency types reflecting her

increased regard for even the less-efficient nonprofit output.

In summary, the optimal Audit-Based Contract employs a strict but optimal

penalty, in fact penalizing all types to repay amounts beyond their original grant,

which enables first-best allocations for all types. The Audit-Based Contract with

a specified penalty, on the other hand, allows the funder to specify a more lenient

penalty. However, the funder pays for her leniency with a limited loss of observability

and performance. The lenient penalty causes only efficiency types above a cut-off,

θ∗i (Pi), to be incentive compatible. Thus, types below θ∗i (Pi) gain rent as they are

allocated increasingly inefficient allocations the further they are below θ∗i (Pi). The

choice of penalty does allow the funder to at least position herself in terms of observ-

ability and utility with a higher penalty moving her closer to the first-best situation

by decreasing the cut-off θ∗i (Pi).



www.manaraa.com

CHAPTER 3. EFFICIENT FUNDING: AUDITING IN THE NP SECTOR 55

3.6. Effect of Contract Type on Performance

Using our theoretical results with numerical examples as illustration, we investigate

the effect of each contract on the funder, the nonprofits, and the nonprofit sector

overall. In our numerical examples we make some restrictions: we look at a symmet-

ric population of nonprofits with efficiency types the funder believes are uniformly

distributed, θi ∼ U [0, 1], ci = c, and Pi = P for all i.4 All results are in expectation,

and thus, the results labeled as nonprofit are indeed the results for the population of

nonprofits. We focus on the Audit-Based Contract with a specified penalty (Theo-

rem 3), since the optimal Audit-Based Contract always achieves first-best. We define

P = (P1, ..., PN), Θ̃ = (θ̃1, ..., θ̃N), and Θ∗(P) = (θ∗1(P1), ..., θ∗N(PN)). We use super-

scripts FB, R, and A to denote the first-best contract, the Report-Based Contract,

and the Audit-Based Contract, respectively.

3.6.1 Funder Expected Utilities

Examining the funder’s expected utility from Equation (3.7) reveals the following

conclusions:

Proposition 1. Regarding contract effects on the funder’s expected utility, Uf :

i. UFB
f ≥ max

{
UR
f , U

A
f

}
.

ii. There exists a threshold Θ̃ such that UA
f ≥ UR

f for Θ∗(P) ∈ [0, Θ̃] and UR
f ≥ UA

f

for Θ∗(P) ∈ (Θ̃,1].

iii. UA
f is decreasing in the cut-off type, Θ∗(P), and increasing in the penalty, P.

These conclusions are illustrated in Figure 3.1, which shows the percentage of

first-best (benchmark) utility captured by each contract. This expected percentage

of first-best captured is plotted over c/α, which describes how the funder values the

nonprofit output over the outside opportunity.

4The results remain unchanged for heterogeneous nonprofits, i.e., ci 6= c−i, Pi 6= P−i, and varying
type spaces. For interested readers, such analysis is available from the authors.
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Figure 3.1: Percentage of Expected First-Best Captured: Shows the percentage of
first-best (benchmark) utility captured by each contract. The Audit-Based Contract

is indicated by dashed lines while the solid lines show the Report-Based Contract
and first-best.

In Figure 3.1(a) two regions can be identified for the funder. While the percent-

age of expected first-best captured is always higher than that of the Report-Based

Contract and Audit-Based Contract (Proposition 1(i)), below the Report-Based line

lies a region where the funder prefers the Report-Based Contract to the Audit-Based

Contract. This is largely due to the choice of penalty being too low and a low value

of c/α. Between the Report-Based and first-best lines lies a second region where

the Audit-Based Contract is preferred to the Report-Based Contract. These regions

illustrate Proposition 1(ii). We also note that, consistent with Proposition 1(iii), the

funder’s percentage of expected first-best captured and thus expected utility under

the Audit-Based Contract are increasing in the penalty, P . Finally, we observe that

for reasonably large values of c/α, the optimal penalty (Lemma 1) is almost 1.

3.6.2 Nonprofit Population Expected Utilities

Likewise, examining the nonprofit population’s expected utility derived from Equation

(3.4)

uN =
N∑
i=1

Eθi

[
Ai +

3

2
(Aiθi)

2/3

]
(Nonprofit Population Utility)
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reveals the following conclusions:

Proposition 2. Regarding contract effects on the nonprofit population’s expected util-

ity, uN :

i. uAN ≥ uFBN ≥ uRN .

ii. uAN is increasing in the cut-off type, Θ∗(P), and decreasing in the penalty, P.

The Audit-Based Contract gives a larger, constant allocation to the low efficiency

types (i.e., types below the cut-off θ∗(P )) while also giving first-best allocations to

high efficiency types (i.e., types above the cut-off θ∗(P )) as shown by Theorem 3.

That is, compared to the first-best, the nonprofits are awarded higher allocations

by the Audit-Based Contract, which is why the percentage of first-best captured

utilities greater than 100% can be observed with the Audit-Based Contract in Figure

3.1(b). Consistent with Proposition 2(i), a very intuitive nonprofit preference for the

Audit-Based Contract is therefore clear. However, this preference is decreasing as the

penalty increases (Proposition 2(ii)); that is, as the cut-off θ∗(P ) decreases and more

types are forced to report truthfully and are awarded first-best allocation instead of

the larger, constant allocation.

An important conclusion drawn here is that high efficiency type nonprofits clearly

prefer the Audit-Based Contract over the Report-Based Contract because they receive

efficient allocations. In fact, these higher efficiency type nonprofits may want to work

with funders for cultural changes to increase auditing and thus increase utility for

themselves. This can be seen at work in the nonprofit sector push to increase volun-

tary self-auditing and legislative efforts. Considering the government as a prominent

funder, legislation aiming to elevate the standards of accountability and auditing are

certainly evidence of funders seeking to create Audit-Based Contract situations. An

example of such legislation is the California Nonprofit Integrity Act of 2004, which

requires larger nonprofits to conduct objective, regular audits (California Government

Code 2007).
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3.6.3 Sector Expected Efficiency

Turning attention to the nonprofit sector as a whole, sector expected efficiency is de-

fined as Π = E
[∑

Aiθi∑
Ai

]
. This is the expected percentage of allocations going towards

the production of output for the nonprofit sector as a whole, which is consistent with

the definition of efficiency discussed in Section 3.1.

Proposition 3. Regarding sector expected efficiency, Π, assuming a common distri-

bution over nonprofit types, θi, and 0 ≤ P ≤ P∗:5

i. ΠFB ≥ ΠA ≥ ΠR.

ii. As Θ∗(P)→ 0, ΠA → ΠFB and as Θ∗(P)→ 1, ΠA → ΠR.

iii. ΠA is decreasing in the cut-off type, Θ∗(P), and increasing in the penalty, P.

Figure 3.2 plots the expected sector efficiency against the cut-off θ∗(P ). This figure

illustrates that through the choice of penalty (0 ≤ P ≤ P ∗) the funder can position

the efficiency of the entire sector just as Proposition 3(ii) states. In fact, the sector

can be positioned anywhere between and including both the first-best and Report-

Based Contract scenarios as made explicit by the equality possibilities in Proposition

3(i). Thus, the Audit-Based Contract with penalties up to the optimal penalty, P ∗i ,

has significant potential to improve the efficiency of the sector overall.

In review, the funder prefers the Audit-Based Contract under reasonable param-

eters and well-chosen penalties and can, in fact, achieve first-best performance. The

nonprofit population strictly prefers the Audit-Based Contract. In particular, high

efficiency type nonprofits are clearly better off by the Audit-Based Contract because

they receive efficient allocations. They may want to work with funders for nonprofit

sector cultural change to increase auditing, thus increasing their own utility. Through

expected sector efficiency analysis, it was observed that the Audit-Based Contract also

has significant potential to improve the efficiency of the nonprofit sector overall. Since

funders, nonprofits, and the sector may favor auditing under appropriate conditions,

auditing and efficiency increases can and may become an industry effort.

5For penalties 1 < Pi ≤ P ∗
i , θ∗i (Pi) does exist; however, it has a different close-form expression

than the one presented in Lemma 2.
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Figure 3.2: Expected Sector Efficiency: Through the choice of penalty, 0 ≤ P ≤ P ∗,
that dictates the cut-off point, θ∗(P ), funders can position the nonprofit sector as a

whole anywhere between and including first-best and Report-Based Contract
performance.

3.7. Extensions

In this section, we study three extensions of our original model. We first extend the

results of this paper for the setting with a budget constraint in Section 3.7.1. We

then analyze uncertainty in measuring output in Section 3.7.2. Finally, in Section

3.7.3, we study a setting with audit costs.

3.7.1 The Budget Constrained Case

When funders face limited budgets, strategic allocation is even more critical. As

Brest and Harvey (2008), two foundation executives state, “whether you are giving

away $100,000 or $1 billion a year, your funds are not unlimited, and a good strategy

can multiply their impact many times over.” In this section, we extend our model

to incorporate a budget constraint for the funder. Now the funder must allocate

her resources to maximize her utility within the contractual framework considering

both the nonprofits’ efficiency announcements and the constraint on her budget. The
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funder’s objective function from Equation (3.7) is updated as follows:

max
Ai(θi)

Uf = max
Ai(θi)

{
N∑
i=1

Eθi
[
(2ci(Ai(θi) θi)

2/3 − αAi(θi) )
]

+ αB

}
(3.12)

with the constraints detailed in Equations (3.8)-(3.10) of our original model plus the

additional budget constraint of

B −
N∑
i=1

Ai(θi) ≥ 0 ∀θi ∈ [0, 1] (Budget) (3.13)

In the rest of this section, we will extend the results of this paper for the setting with

a budget constraint. Note that for this extension we define a “constrained budget” as∑N
i=1Ai = B; otherwise the system effectively operates with an unlimited budget. We

use superscripts FBC, RC, and AC to denote the first-best contract, the Report-

Based Contract, and the Audit-Based Contract, respectively, under a constrained

budget.

Report-Based Contract

The problem formulation of the Report-Based Contract follows the formulation of

the problem outlined above and previously in Section 3.4 with the funder’s objective

function found in Equation (3.12) and constraints detailed in Equations (3.8)-(3.10)

and (3.13).

Theorem 4. The Report-Based Contract under a constrained budget takes the form

ARCi (Θ) = ARCi = B
Ω
c3
iE[θi

2/3]3 where Ω =
∑N

i=1 c
3
iE[θi

2/3]3 and i = 1, ..., N .

This solution results in the same conclusions drawn from Theorem 1 where the

funder is unable to differentiate among the nonprofits’ efficiency types and bases her

allocation solely on her expectation of each nonprofit’s type. Thus, the Report-Based

Contract still offers the funder no observability of efficiency types and no operational

transparency within this contracting context.

For this budget-constrained case, we again analyze the first-best, benchmark

model where efficiency types, θi, are observable, resulting in Corollary 4:
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Corollary 4. The benchmark first-best contract under a constrained budget takes

the form AFBCi (Θ) = B
Γ
c3
i θ

2
i where Γ =

∑N
i=1 c

3
i θ

2
i and i = 1, ..., N .

We note that the funder still allocates to all nonprofits with a non-zero efficiency

(θi > 0) based on their efficiency types. Notice also that under a constrained budget,

the allocation is dependent upon the efficiency types of all nonprofits. Therefore,

each nonprofit introduces an externality to the others by his efficiency type, which

can be observed in Figure 3.3(a) for the budget-constrained first-best allocation of

nonprofit i with N = 2 nonprofits. Since the two nonprofits in this figure share the

funder’s tight budget, note that the first-best allocation to nonprofit i decreases as

the other nonprofit’s type, θ−i, increases.
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Figure 3.3: Budget Constrained Allocations: These allocations illustrate the
externality introduced by the other nonprofit (−i) to nonprofit i’s allocation when
there are two nonprofits both with efficiency types θi ∼ U [0, 1], ci = 5, α = 1, and
B = 100. Note that the Report-Based allocation is constant and, therefore, not

illustrated here.

Audit-Based Contracts

The auditing scenario remains consistent with Section 3.5 with the updated funder

objective function of Equation (3.12) and constraints found in Equations (3.8), (3.10),

(3.11), and (3.13). In exploring audit contracts under a budget constraint, the dis-

cussion runs parallel to Section 3.5. As such, an enforcing penalty analogous with
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Lemma 1 is outlined in Lemma 3:

Lemma 3. Under a constrained budget, there exists a penalty, PC∗
i , that enforces in-

centive compatibility for all possible efficiency types of nonprofit i under a constrained

budget using first-best allocations such that PC∗
i ≤ P̃i where P̃i = 1 +

3(
∑N
j=1 c

3
j)

1/3

2ciB1/3 .

The optimal contract displayed in Theorem 2 itself does not change apart from

its components as detailed in Corollary 4 and Lemma 3. Thus, the interpretation

and conclusions in Section 3.5 still continue to hold. However, budget certainly has a

profound effect on funding scenarios and decisions. The sheer number of nonprofits

applying for grants, let alone monetary awards, can constrain a funder’s budget.

Following from Lemma 3, we can make the following observations with respect to

nonprofit characteristics and the funder’s budget.

Corollary 5. The following are true for the incentive compatibility enforcing penalty,

PC∗
i :

i. PC∗
i > 1.

ii. As budget, B, decreases, the penalty, PC∗
i , increases.

iii. As the number of nonprofits, N , goes to infinity, so does the constrained penalty,

PC∗
i .

Just as in Corollary 2(i), Corollary 5(i) indicates that all nonprofits must be over-

penalized in order to enforce incentive compatibility for all types, implying that each

nonprofit will need to repay more than what was originally granted to them in the

event that they misreport. The penalty intuitively decreases in B (Corollary 5(ii)).

When the funder has limited resources and her budget is tight, she needs to manage

her money more effectively, which dictates a higher penalty. Such a scenario results,

for example, when the number of nonprofits is large (Corollary 5(iii)).

Analogous to Lemma 2, Lemma 4 below gives the cut-off efficiency type, θC∗i (Pi),

for the budget-constrained case:
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Lemma 4. Given a penalty 0 < P ≤ 1, the cut-off efficiency type, ΘC∗(P), under a

constrained budget is as follows:

ΘC∗(P) =

{
θ1, ..., θN

∣∣∣∣∣Bc3
i θi

2

Λ
+

3B2/3c2
i θi

2

2Λ2/3
=
Bc3

i (1− Pi)
c3
i + Yi

+
3c2
iB

2/3θi
2/3

2 (c3
i + Yi)

2/3

}

where Λ =
∑N

i=1 c
3
i max {θi, θ∗i (Pi)}2 and Yi =

∑
j 6=i c

3
j max

{
θj, θ

∗
j (Pj)

}2
.

The Audit-Based Contracts displayed in Theorems 2 and 3 can be extended to the

budget-constrained case by replacing their components withAFBCi

(
max

{
Θ,ΘC∗(P)

})
from Corollary 4 and Lemmas 3 and 4, respectively, where max is taken component-

wise. Similar to its counterpart in the unconstrained case, the cut-off type in Lemma

4 is still decreasing in penalty, Pi. As with both the first-best and optimal Audit-

Based Contract allocations, the other nonprofits’ types introduce an externality to

nonprofit i brought to bear in θ∗i (Pi). This externality is illustrated in Figure 3.4.
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Figure 3.4: Budget-Constrained Cut-off, θC∗i (Pi): An externality is imposed within
θC∗i (Pi) by the other nonprofits’ efficiency types. This is illustrated here for two
nonprofits (i,−i) with types θi ∼ U [0, 1], ci = 5, α = 1, Pi = 0.75, and B = 100.

Effect of Contract Types on Performance

Analogous to Section 3.6, we use numerical examples to illustrate the effect of each

contract on the funder, the nonprofits and the nonprofit sector overall. We make
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the same restrictions for numerical examples: we look at a symmetric population of

nonprofits with efficiency types the funder believes are uniformly distributed, θi ∼
U [0, 1], ci = c, and Pi = P for all i.6 All results are in expectation, and thus, the

results labeled as “nonprofit” are indeed the results for the population of nonprofits.

We focus on the Audit-Based Contract, since the optimal contract always achieves

first-best. Figure 3.5 below includes both the budget-constrained and unconstrained

cases, while Figure 3.1 of Section 3.6 was restricted to only unconstrained cases.

Figure 3.5 shows that all our observations for the funder and the nonprofits from

Section 3.6 continue to hold when the budget is constrained. We further observe that

a tight budget improves the performance of both the Report-Based and the Audit-

Based Contracts. Even the first-best does not have much room to distribute a tight

budget effectively; hence, all contracts perform similarly. As the budget increases,

we observe that the performances of the contracts start to diverge. In particular,

the performance of the Report-Based Contract significantly deteriorates. Hence, the

value of the Audit-Based Contract increases as the budget increases.
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Figure 3.5: Percentage of Expected First-Best Captured under Constrained Budget :
Shows the percentage of first-best (benchmark) utility captured by each contract

when the budget is constrained with c = 25 and α = 1. The Audit-Based Contract
is indicated by dashed lines while the solid lines show the Report-Based Contract

and the first-best contract.

6Analogous to the unconstrained case, the results remain unchanged for heterogeneous nonprofits,
i.e., ci 6= c−i, Pi 6= P−i, and varying type spaces. For interested readers, such analysis is available
from the authors.
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All in all, incorporating a budget constraint into the basic model is relatively

straightforward, though more computationally demanding. Though we find that the

Audit-Based Contract is most beneficial in the unconstrained budget cases, the intu-

itions gained in this analysis can help even smaller funders to best understand their

contractual options.

3.7.2 Uncertainty in Production

The assumption that nonprofit production, that is, nonprofit output or outcome,

can be measured unambiguously may be unrealistic in some situations, especially

given the discussion in Sections 4.3 and 3.3 concerning the challenges of outcome

measurement and evaluation in the nonprofit sector. This assumption is now relaxed

through the following updated production function:

yi = 2ξi
√
eiθiAi (Uncertain Nonprofit Output Production) (3.14)

where ξi is a random variable with support (0,∞). This random variable ξi can be

interpreted as an unmeasurable portion of the production, more specifically random

variation in the production process, random variation or error in the accuracy of

output measurement, or a combination of these. Under this new model, the updated

model equations are as follows:

u∗i = Ai −
1

2
(Aiθi)

2/3Eξi [ξi]
1/3 (Eξi [ξi]− 4ξi) , (Nonprofit Utility)

y∗i = 2(Aiθi)
2/3Eξi [ξi]

1/3 ξi, (Nonprofit Output)

Uf =
N∑
i=1

Eθi,ξi

[
2ciξi(Aiθi)

2/3Eξi [ξi]
1/3 − αAi

]
(Funder Utility)

where each nonprofit i has maximized his expected utility. The following propositions

result from analysis similar to that which led to the theorems and corollaries of

Sections 3.4 and 3.5:

Proposition 4. Under uncertain production, the Report-Based Contract takes the

form ÃRi (θi) = ÃRi = 64
27
φi

3Eξi [ξi]Eθi,ξi [ξiθi
2/3]3 where the uncertainty in production is
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defined by Equation (3.14), φi = ci/α, and i = 1, ..., N .

It is straightforward to show that when production is uncertain for N nonprof-

its each with an observable efficiency type, the first-best contract takes the form

ÃFBi (θi) = Eξi [ξi]
4AFBi (θi) for nonprofit i where the uncertainty in production is

again defined by Equation (3.14) and i = 1, ..., N . Thus, in key components of the

Report-Based Contract from Section 3.4, the uncertainty of production is inconse-

quential. The same holds for the Audit-Based Contract of Section 3.5. Specifically,

the optimal penalty, P ∗i , and cut-off type, θ∗i (Pi) for a given Pi, are unchanged; only

the allocations change according to the first-best allocations detailed above. Ergo,

these components follow from previous analysis as detailed in Proposition 5 below.

Proposition 5. For nonprofit i under uncertain production, the minimum penalty

that enforces incentive compatibility for all possible efficiency types, P ∗i , and the cut-

off efficiency type, θ∗i (Pi), for a given penalty 0 < Pi ≤ 1 are unchanged from their

definitions in Lemmas 1 and 2.

In summary, extending the basic model from Section 3.3 to incorporate uncertainty

in production does not significantly change our results. Overall, the conclusions drawn

from the analysis of the basic model and its resulting contracts are robust to this

extension.

3.7.3 Auditing Costs

As briefly mentioned in Section 3.3, an auditing cost is not included in the funder’s

objective function formulation because there are several situations where this would

not be appropriate. For example, nonprofits may choose to self-audit using a credible

third-party auditor. Also, funders may not have specific auditing costs or may have

auditing costs and budgets separate from the contracts themselves. In this exten-

sion section, however, we explore the impact of including the cost of auditing in the

funder’s objective function.

It can first be noted that such an inclusion does not affect the Report-Based

or first-best contracts from Section 3.4 because these assume no auditing. For the
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Audit-Based Contracts from Section 3.5, the funder’s utility function can be updated

to include auditing costs as follows:

Uf =
N∑
i=1

Eθi
[
ciyi − αAi − γIAi

]
=

N∑
i=1

Eθi
[
2ci(Aiθi)

2/3 − αAi − γIAi
]

(3.15)

In this formulation, the cost of auditing an individual nonprofit is γ. Since the

funder may not choose or need to audit all nonprofits, IAi is the indicator function of

auditing nonprofit i. While this formulation does not affect the form of the first-best

allocations, it does affect the funder’s choices of which nonprofits to fund and which

nonprofits to audit.

Note that the optimal Audit-Based Contract detailed in Theorem 2 is no longer

optimal when there is an auditing cost, as discussed later in this section. However, if

the funder is committed to auditing all nonprofits that she funds, a similar contract

can be characterized as follows:

Proposition 6. With auditing costs of γ > 0, the Audit-Based Contract

(P ∗i , Ai(θi)) =

{ (
P ∗i , A

FB
i (θi)

)
for θi ≥ θi(

P ∗i , 0
)

otherwise

achieves complete transparency where P ∗i = 1 + 9
8φi

, θi =
√

27
32
α2

c3i
γ, φi = ci/α, and

AFBi (θi) is defined by Corollary 1.

Thus, the funder will only offer the optimal contract to certain efficiency types,

namely high efficiency types that satisfy θi ≥ θi, so that types below this receive no

allocation. However, the higher penalty, P ∗i > P ∗i , ensures that all types will still

remain incentive compatible, even those with zero allocation. As such, this contract

enables complete transparency, but potentially at a high cost since all nonprofits are

audited. Alternatively, the funder may choose not to audit some of the nonprofits

that she funds and use a contract corresponding to the Audit-Based Contract de-

tailed in Theorem 3 where only the high efficiency type nonprofits must be audited.

Consequently, this revised Audit-Based Contract is as follows:



www.manaraa.com

CHAPTER 3. EFFICIENT FUNDING: AUDITING IN THE NP SECTOR 68

Proposition 7. With auditing costs of γ > 0, there exists a θ̃i such that the Audit-

Based Contract with a funder specified penalty, 0 < Pi ≤ 1, takes the form

(
PA
i , A

A
i (θi)

)
=


(
Pi, A

FB
i (θ̃i)

)
for θi < max

{
θ∗i (Pi), θi

}(
Pi, A

FB
i (θi)

)
otherwise

where θ̃i ∈
[
θ∗i (Pi), θi

]
if θ∗i (Pi) < θi and θ̃i = θ∗i (Pi) otherwise, θ∗i (Pi) is defined by

Lemma 2, θi by Proposition 6, and AFBi (θi) by Corollary 1.

It still remains that the funder is dedicated to funding low efficiency type nonprof-

its in this contract. They do not present any additional costs of auditing, but instead

only the cost of their inefficiency manifest as reduced output. The main differences

between the settings with and without audit costs are due to the constant payment

and the cut-off type. If the audit cost is low, then θ∗i (Pi) would most likely be higher

than θi, and the two settings are equivalent. However, if the audit cost is high, i.e.,

θ∗i (Pi) < θi, then the funder needs to increase the cut-off type to θi and consequently

the constant allocation to guarantee incentive compatibility for moderate efficiency

types, i.e., the types she prefers to award first-best allocation but cannot due to the

audit cost. Once again, if the audit cost is high, there may be unfavorable situations

where the funder gives a high constant allocation under this contract, which would

decrease the performance and transparency of the contract.

In the presence of auditing costs, identifying the optimal penalty is not as straight-

forward as in the case of Section 3.5 where there are no such costs. However, one

can use Propositions 6 and 7 to search over possible penalty values for the value that

yields the highest funder utility. For example, when ci = 2, α = 1, and γ = 1, the

funder would prefer a penalty of 0.9750. Notice that this penalty is strictly less than

one, indicating that granting allocations to all types and only auditing some (Proposi-

tion 7) is better than granting allocations to some types and auditing all (Proposition

6). Many different reasons may motivate a funder to select specific penalty values as

discussed in Section 3.5, including such consideration of auditing costs.

As evident in Propositions 6 and 7, for both the optimal and audit contracts, the

funder’s decision of whether to fund (offer the contract to) each nonprofit hinges on
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the cost of auditing, γ, relative to the value presented to the funder by the nonprofit’s

output, ci. The more highly valued the nonprofit output, the more likely the nonprofit

is to be funded. As expected, the performance of the Audit-Based Contract deteri-

orates as the audit cost increases relative to the value that the funder can generate.

When the audit cost is too high, simply relying on reports of nonprofit efficiency, i.e.,

the Report-Based Contract, may be a better approach for the funder.

3.8. Discussion and Conclusion

To conclude, our analysis has revealed that common report-based funding methods

do not facilitate efficient allocation of funds as they do not result in operational trans-

parency in nonprofits nor resolve the asymmetric information. Audit-based contracts

with sensibly chosen parameters, on the other hand, can achieve both performance

and transparency comparable to the first-best. Furthermore, both the nonprofit popu-

lation and the sector overall benefit from auditing. Therefore, it may not be surprising

to see auditing on the rise within the sector, especially in the wake of the Sarbanes-

Oxley Act. The California Nonprofit Integrity Act of 2004 requires independent

audits for large nonprofits (California Government Code 2007). In their “Principles

for Good Governance and Ethical Practice: A Guide for Charities and Foundations,”

The Panel on the Nonprofit Sector (2007) recommends nonprofits to have indepen-

dent audits. Furthermore, organizations like Independent Sector and Board Source

are recommending nonprofits to self-audit, self-regulate, and take proactive actions

to sustain trust and confidence (BoardSource and Independent Sector 2006).

Indeed, our conclusions regarding both funder and nonprofit preference for au-

diting not only uncover funders’ potential position as change agents in the nonprofit

sector, but also indicate a potential for collaboration to change nonprofit culture from

merely heavy reporting to efficient monitoring. Such a culture change will increase the

use of auditing, transparency, and, thus, efficiency for the sector overall. Carman’s

(2009) recent empirical findings support what we find theoretically, suggesting that

“funders might [...] be able to change the way they make funding decisions [...] by

explicitly using evaluation and performance information to make funding decisions.”
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We do not make any restrictions regarding the funders or nonprofits that we

target in this work; however, our models and results would be most applicable and

beneficial to large funding organizations. Such funders have both the power and

means to initiate change both in the nonprofits they fund and the sector overall.

Furthermore, as our results show, these types of funders have the most to gain by

moving from their current funding methods to emerging strategies, such as auditing.

Where funders engage with a potentially growing and changing pool of nonprofits,

requiring them to constantly learn more about the organizations they fund, our model

should prove most effective. Regarding the nonprofits funded, our model does not

discriminate; it is suitable for both nascent and more established nonprofits. Our

paper is thus very complementary with current research in operations management

on the subjects of emergency relief and humanitarian logistics, where recent work

focuses on efficiency and performance measurement (Beamon and Balcik 2008; Van

der Laan, De Brito, and Vergunst 2009). For funding decisions in this area, auditing

would be an additional step of monitoring with compelling benefits.

Our analysis has several limitations. First, it is limited to theoretical and numer-

ical analysis. The nature of contracting makes it difficult to obtain data, especially

on nonprofit true efficiencies in the midst of their reports. This underscores the

incentives necessary in the contracts to obtain truthful data. As such, empirically es-

tablishing the impact of these contracts would be very difficult. However, data could

still be useful in providing insights and enhancing numerical analysis. Also, while we

used the most common definition and measure of efficiency in the nonprofit sector,

this is a recognized limitation. A different measure of operational efficiency, such as

outcome per unit of funds, could be insightful. While such outcome measures might

be more difficult to quantify in some contexts, when properly implemented, they are

indeed true operational measures. Auditing by no means is limited to the efficiency

definition used in this paper as other operational efficiencies can also be monitored

through auditing.

Both our basic model and contracting approach can be extended for further under-

standing of the funder-nonprofit relationship and the nonprofit sector overall. Exten-

sions to the basic model can generate insight into the impact of different operations



www.manaraa.com

CHAPTER 3. EFFICIENT FUNDING: AUDITING IN THE NP SECTOR 71

strategies on our results. One example is the inclusion of multiple funders. This

inclusion will result in a common agency problem where multiple principals (funders)

share a common pool of agents (nonprofits). Such a model will further understand-

ing of the dynamics between nonprofits and how they can collectively benefit from

auditing as an industry practice. A simplified version of this idea would be to include

additional funding sources into the nonprofit’s utility and production functions, that

is, Ai would consist of both the modeled funder’s allocation to nonprofit i and other

funding allocations from unmodeled funders. Even this simplified version can help in

understanding the externalities that funders pose to one another as well as nonprofits’

reactions.

Another line of potential investigation also follows from the assumptions of the

basic model. Here the basic model assumes that inefficiency (i.e., the percentage of

funds not going directly to mission as defined by 1− θ) is disadvantageous and use-

less. Perhaps at least part of this “inefficiency” goes toward capacity planning or other

measures to enhance the effectiveness of nonprofit efforts, ultimately resulting in more

fruitful effort. Consider a humanitarian disaster relief organization where production

may be measured in human lives saved. While some portion of funding goes directly

toward relief efforts (θiAi), the remaining portion of funds ((1− θi)Ai) are not neces-

sarily squandered. Such remaining funds could be invested in building preparedness

through IT systems, pre-positioned stockpiles, contract arrangements, or training. As

a consequence, the humanitarian organization could enhance its effectiveness, that is,

enhance the yield of its efforts when a disaster actually hits. This could be modeled

by modifying the production function from Equation (3.2) to be a function of alloca-

tion, efficiency, and some function of effort and “inefficiency” (1 − θi). The ensuing

updated results will shed light on the value of “inefficiency” in nonprofit production,

especially as compared with the results presented here. As a simple demonstration,

consider the production function modified with a multiplicative, decreasing “ineffi-

ciency” function, h(θi): y = 2
√
h(θi)eiθiAi where h(θi) ≥ 0 and h′(θi) ≤ 0. So,

in the case of the humanitarian organization, the more money set aside for infras-

tructure or preparedness, the higher the yield on effort. The main results of this

research hold when h(θi) + θih
′(θi) ≥ 0, which ensures that the production function
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Figure 3.6: Production Functions: Original and Modified with Inefficiency: The
original (Equation (3.2)) and modified production function are displayed as dashed

and solid lines, respectively. In the modified function, inefficiency increases the
contribution of effort to production. The first-best is illustrated here with

h(θ) = 1 + 2(1− θ)2, α = 1, and c = 25.

is increasing in efficiency, θi. Figure 3.6 displays both the original production func-

tion from Equation (3.2) and the modified production function y = 2
√
h(θi)eiθiAi

with h(θ) = 1 + 2(1 − θ)2. It can be observed that the nonprofit’s “inefficiency”

gives it a visible bump by increasing the yield of effort. Both of these directions can

provide insight into fundraising marketplace dynamics, the implications of funding

heterogeneity, and associated costs for nonprofits.

Extensions from the contracting perspective can provide other solutions to the re-

liability issues explored here. One such extension is the use of long-term or multi-year

contracts. Although not commonplace in nonprofit funding, the use of a long-term

contract may enable the funder to more precisely develop beliefs about the nonprof-

its’ efficiency types as well as incentivize the nonprofits through future allocations.

Issues such as commitment, renegotiation, and breach of contract will need to be

considered when analyzing these contracts. The current economic downturn provides

new opportunities to evaluate inefficiency in the nonprofit sector. However, proper

consideration should be given to the additional stresses these contracts may impose

on already financially burdened nonprofits. Another potential extension is the use

of signaling. Perhaps the nonprofit proposal can be a signal of the nonprofit’s type,
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enabling the funder to have more precise beliefs about the efficiency type of the non-

profit. A signaling game is a bit of a diversion from the line of contractual analysis

studied here, but it may prove productive. Yet a third potential extension is the eval-

uation of reputation impacts and efficiency announcements with a dynamic model.

Along with long-term contracts, this extension would be fruitful in shedding light on

sector dynamics.

The metaphor of a nonprofit as a “seller” of services to a funder (Brest and

Harvey 2008) captures much about their relationship and lends naturally to viewing

grant agreements as contracts: funders have goals and contract with nonprofits to

perform the activities necessary to, in part, achieve these goals. As such, our nonprofit

problem and a more traditional operations management problem are not so distant.

Corporations manufacture products and services, and nonprofits produce outputs

and outcomes; operations management has a crucial role in both settings. A proper

appreciation for the difficulty that nonprofits face in providing socially important

services combined with sound understanding of operations management techniques

provides excellent opportunities for cross-sector learnings. Possibilities abound for

research in areas involving and benefiting nonprofit organizations. This study of

efficient funding is just one of these many prospects.
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Chapter 4

Operations Management in Public

Health: An Introduction

4.1. Introduction

The United States public health system is comprised of 3,000 local health departments

(LHDs), which are the governmental, local public health presence. Over the course of

history, public health has been the critical force in major health achievements in the

United States, such as vaccinations against childhood diseases, decreased automobile

fatalities, and fluoridated drinking water (Perez and Larkin 2009). The United States

also depends on its public health departments for delivery of critical services at the

local level everyday. In fact, it is the LHDs that assume primary responsibility for

most localized public health activities rather than the state or federal public health

presence (DeFriese et al. 1981; Mays and Smith 2009). Consequently, federal and

state resources for public health are passed onto LHDs. Each LHD is responsible for

coordinating all public health activities using a mix of federal, state, and local revenue

sources. The National Association of City & County Health Officials (NACCHO)

outlines ten essential public health services for local health departments, detailed in

Table 4.1, as an effort to set standard expectations (NACCHO 2009). These ten

essential services breakdown into myriad separate activities and services that can

be grouped into the following categories (NACCHO 2009): immunization services,

74
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1. Monitor health status to identify and solve community health problems.
2. Diagnose and investigate health problems and health hazards in the community.
3. Inform, educate, and empower people about health issues.
4. Mobilize community partnerships and action to identify and solve health problems.
5. Develop policies and plans that support individual and community health efforts.
6. Enforce laws and regulations that protect health and ensure safety.
7. Link people to needed personal health services and assure the provision of health

care when otherwise unavailable.
8. Assure competent public and personal health care workforce.
9. Evaluate effectiveness, accessibility, and quality of personal and population-based

health services.
10. Research for new insights and innovative solutions to health problems.

Table 4.1: Local Health Department 10 Essential Services
(Source: NACCHO 2009)

screening for diseases and conditions, treatment for communicable diseases, maternal

and child health services, population-based primary prevention services, surveillance

and epidemiology, environmental health, regulation, inspection, and licensing, and

other activities.

Ominous new health threats have been a mainstay of headlines in this decade,

from Hurricane Katrina to the H1N1 pandemic to childhood obesity. In fact, the

Organization for Economic Cooperation and Development (2007) suggests that the

next generation of Americans may be the first in history with health worse than their

parents. Stirring the pot of such health woes, the United States spends twice as

much money compared to every other nation (Perez and Larkin 2009). All of this

has brought renewed concern to issues surrounding the United States’ public health

system, particularly gaps in the availability and quality of public health services

(Scutchfield, Mays, and Lurie 2009).

Fortunately, such concerns have met response and financial support. The federal

government has continued to invest new funds to support public health activities since

2001, particularly emergency preparation and response (Trust for America’s Health

2006; Scutchfield, Mays, and Lurie 2009). Furthermore, public health programs were

allocated $1 billion in President Obama’s stimulus package (Perez and Larkin 2009).
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Given such somber and legitimate concern over the future and equity of our coun-

try’s health and support from government funds to inspire solutions through research,

it is certainly time for academics to contribute their expertise to this worthy cause.

Public health systems research offers a unique place for contribution from opera-

tions research and management science. Public health systems research has most

recently been defined as “a field of study that examines the organization, financing,

and delivery of public health services within communities, and the impact of these

services on public health” as well as “a multidisciplinary field of study that recognizes

and investigates system-level properties and outcomes that result from the dynamic

interactions among various components of the public health system and how those

interactions affect organizations, communities, environments, and population health

status” (Scutchfield 2009). Perez and Larkin (2009) implore that the central concern

of public health systems research is investigating efficient and effective ways of or-

ganizing and managing programs and systems to promote positive changes, whether

that be health outcomes or system improvements. Given such a definition, it is clear

that the systems-minded research of our field is invaluable to the cause and area of

public health systems research.

As Perez and Larkin (2009) of the Robert Wood Johnson Foundation note in

their recent call to research, the area of public health systems research is one with

abundant opportunity for good scholarship. Especially as political interest mounts,

the public health system asks – and researchers must answer – “How do we move

toward a system that supports health where we live, where we learn, where we work,

and where we play, and that makes it easier for everyone to make healthier choices?”

(Perez and Larkin 2009). Operations research and management science have a place

in finding such answers.

Collaboration is an essential part of this public health system. “You can’t do

public health without collaboration,” one public health worker commented, “Every-

thing we do is a collaboration” (Schultz 2010). As illustrated in Figure 4.1 from

Erhun and Keskinocak (2007), collaboration can take on many forms and embodies

the level of centralization within a system. Centralization itself represents the most

extreme form of collaboration where different entities are totally vertically integrated.
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Figure 4.1: Supply Chain Collaboration Spectrum

Related to the idea of centralization of the public health system, there are two in-

stitutional characteristics on which previous research has focused. First is a local

board of health, which has local authority over local public health decision making.

Such local boards of health are frequently composed of community members with

“political access, professional credibility, and/or technical expertise that can be used

to attract and maintain resources (Mays et al. 2004a, 2004b, 2006),” and as such are

able to garner public and political support for the local health departments (Mays

and Smith 2009). Second is the degree of decision making centralization at the state

level, which is the degree of control the state level government (as opposed to the

local government) exerts in local health contexts across the state. Centralized state

decision making facilitates the traditional benefits of system centralization, such as

economies of scale and resource coordination across agencies. However, decentralized

decision making is hypothesized to facilitate informed and responsive resource deci-

sions that more closely meet local needs. Such a decentralized system is congruent

with the existence of a local board of health to make such local resource decisions.

Mays and Smith (2009) find such decentralized structures to be associated with higher
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expenditures, larger expenditure increases over time, and more resilience to expendi-

ture reductions – findings consistent with those associated with local boards of health.

The authors conclude that “policies to develop and support local governing and ad-

ministrative bodies may be effective in expanding public health capacity” (Mays and

Smith 2009). In fact, operations researchers have begun to explore such settings that

may exhibit a preference for decentralization, such as Harrington and Chang (2000)

who find value for decentralization in the presence of sufficient market diversity. This

may well be the case for local health departments serving such a variety of community

population-based health needs.

Our research, however, takes the local communities to be the system of interest,

where local health departments exist and serve. Collaborative relationships form links

where information, expertise, resources, and risk can flow within a community. This

connectivity ultimately helps local health departments serve their communities, and,

as Figure 4.1 implies, such collaborations have the potential to increase the efficiency

of local public health delivery and revenues, which is the goal of this research.

4.2. Research Agenda and Conceptual Framework

Local public health departments do not exist in isolation, but are imbedded in com-

munities of potential partners. Chapter 2 of this dissertation speaks to collaboration

across such communities, where entities such as local health departments “must see

themselves embedded within communities of potential collaborators, creating a net-

work of resources, information and beneficiaries where collaboration decisions become

strategic production and operations decisions.” At a high-level, the agenda for this

research consists of three parts as detailed in Figure 4.2. Each part employs data

from the National Association for City and County Health Officials (NACCHO) 2005

and 2008 National Profile of Local Health Departments Surveys for analysis.

Chapter 5 summarizes the “Description” phase of this research, which draws an

empirical portrait of local health department revenues (expenditure as proxy) and

collaboration, critically surveying how these factors changed between 2005 and 2008
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Figure 4.2: Methodology and Road-Map:
A Cross-Disciplinary Approach to Describe, Model, and Optimize

and motivating additional research to investigate potential relationships. The re-

sults of this chapter are based on summary statistics and mean difference testing.

In this chapter we find that while expenditure per capita rose between 2005 and

2008, changes in the collaboration landscape were only captured through analysis by

partners, activities, and partner-activity combinations. Similarly, analysis by combi-

nations revealed heterogeneous associations with expenditure per capita, which serves

as a proxy for revenue. Thus, we conclude that just as scholars must expand their

concept of collaboration to incorporate setting, partners, activities, and combinations

of these, practitioners must also ask “Who,” “With whom,” and “How?” when ap-

proaching their own collaboration portfolios. Ultimately, such research and practice

focused on strategic collaboration may well help local health departments to leverage

additional resources and better meet the needs of their communities.

The second phase is “Econometrics,” Chapter 6, where the conclusions from the

“Description” phase are used to inform the development of a variety of econometric

models that explore the relationship between collaboration and revenues. The goal

of this study is to offer guidance on how local health departments should collaborate

strategically, specifically how many partners, which partners, and which activities,
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based upon quantitative evaluation of the relationship between revenues and collab-

oration. Robust multiple linear regressions are performed on multiple models where

each incorporates collaboration in different ways. We find the relationship between

revenue (expenditure per capita) and collaboration to be significant and varies by

urbanization. Just as collaboration is multifaceted so is this relationship across dif-

ferent models of collaboration, including the total number of partnerships, number of

partners by activity, and specific partners. Thus, such diverse relationships between

revenue and collaboration models suggest that strategic management of local health

department collaboration portfolios is not straightforward but of the upmost impor-

tance. We conclude that such strategic collaboration is possible, particularly for the

goal of revenue generation.

The final, future phase is “Optimization” where the econometric models are opti-

mized to generate collaboration recommendations for local health departments. This

is further discussed in Chapter 7, which concludes this section of research focused on

public health and looks ahead to future directions.

4.3. Literature Review

Several bodies of literature are related with this research, most broadly collaboration

and public health research. This section provides a review of relevant literature in

each of these areas, including public health, operations management, and nonprofit

organizations research. Our research contributes in these areas individually, apart

from its contribution inherent in spanning and connecting these relatively disparate

research bodies. A more detailed discussion of our contribution then concludes this

chapter.

4.3.1 Public Health

Public health systems and services research (PHSSR) is a developing research field

recently experiencing an infusion of funding and early research as concerns about

health care continue to increase. (See www.publichealthsystems.org or www.rwjf.org/
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publichealth.) Scutchfield, Mays, and Lurie (2009) provide a comprehensive review

of the history, achievements, and current state of the field. Perez and Larkin of

the Robert Wood Johnson Foundation provide a commentary on the development

of research as well as the involvement and support of the Robert Wood Johnson

Foundation. In reminding readers that America is comparatively spending twice as

much on health care, they state that the future is leaning on the public health system.

They urge researchers that “good scholarship can be brought to bear on how best

to organize, manage, finance, and administer public health systems and services. ...

Finding out how to organize and manage programs that promote those changes, in

an efficient and effective manner, is a central concern of PHSSR” (Perez and Larkin

2009).

Our research fits in the field of public health systems research in understanding

how to organize and manage collaboration in an effective manner, mainly for revenue

generation. Thus, public health literature relating to collaboration and finance are

relevant.

Operations Management. Research at the intersection of health and operations

management began very early. In 1968, Packer explored ideas for implementing op-

erations management in community health systems. Tingley and Liebman (1984) use

linear goal programming to allocate funds within the USDA’s Supplemental Food Pro-

gram for Women, Infants and Children (WIC). More recent examples include Zaric

and Brandeau (2001, 2007), who use an optimization framework to analyze resource

allocation in HIV prevention with the goal of shaping policy to provide the greatest

health benefit.

Finance. Public health finance lies at the intersection of several fields: health eco-

nomics, finance, health services research, and prevention effectiveness (Honoré and

Amy 2007). Research in this specialized field, though, is still relatively nascent.

Using the NACCHO 1992/1993 survey, Gordon, Gerzoff, and Richards (1997) ex-

amine the relationship between local health department expenditures and department

characteristics. They find that local health departments studied spend on average
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$26 per capita annually, or less than a dime a day. Furthermore, 70% of expenditure

variability is explained by a nonlinear relationship with population size within the

jurisdiction. However, they also find a broad range of spending levels even among sim-

ilarly sized jurisdictions. Mays et al. (2004) examine the relationship between public

heath spending at the local, state, and federal levels and essential public health ser-

vice performance. They find that the strategy of improving of performance through

increased expenditure shows to be ineffective as significant increases in spending are

necessary to even modestly improve performance. The authors caution, however, that

their data and results may not be representative of the national system as data were

from 315 self-selected local public health departments; instead it is recommended to

take their results as exploratory. Smith et al. (2007) look at a case study in Georgia

public health and that the practice of public health is primarily driven by finance

rather than need or strategy. There was agreement among all participants in their

case study that need, effectiveness, and strategy were ideal drivers, but this was in

stark contrast to the data suggesting finance as the driver.

Bernet (2007) uses cross-sectional data from Missouri local public health agen-

cies finding that more federal and state funds lead to more funds raised at the local

level. This is contrary to the wide-held belief that increases in one source of funding

will decrease others. These federal funds are allocated among state and local health

departments using a mix of both formulaic and competitive methods. Buehler and

Holtgrave (2007) look at four programs to highlight formula-based allocation meth-

ods within public health. These formulaic strategies attempt to balance “potentially

competing interests,” but often do not appropriately consider regional resource dif-

ferences and changes in needs, growth rates, or health trends. Levi, Juliano, and

Richardson (2007) look at variation and instability in federal and state financing of

public health. At the federal level the authors find that “core” public health functions

have experienced funding decreases, while the state level is characterized by varia-

tion. The consequence appears to be a large variation in public health capacities and

capabilities across the country, which the authors argue is creating vulnerability and

national threat. Mays and Smith (2009) study local public health department spend-

ing variation across communities and over time with the goal of identifying correlates.
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The variation they find is significant; the top quintile spends more than 13 times that

of the lowest quintile. This variation was found to be associated with local boards

of health and decentralized administration structures but inversely associated with

local medical spending. However, two-thirds of the variation remained unaccounted

for in their study.

Overall, more research efforts are needed to understand the public health system.

In fact, a 2007 editorial by Honoré and Amy (2007) urges an agenda of leadership,

education, practice and research to advance public health and public health finance.

They specifically cite innovative revenue generation strategies as key in future research

efforts.

4.3.2 Collaboration

Literature regarding collaboration is rich and multi-disciplinary. This section does

not attempt to provide a comprehensive review here. It does, however, look at col-

laboration literature from a variety of perspectives relevant to this research, namely

operations management and nonprofit organizations literature.

Operations Management. Erhun and Keskinocak (2007) and Erhun (2009) both

provide general reviews of for-profit collaboration from an operations management

perspective. They delineate both inter- and intra-firm collaboration and coordina-

tion. One example of operations management research into for-profit collaboration

includes the study of internet-based buyer alliances by Granot and Sosic (2005), who

quantify and compare the discounts between the different alliance situations and look

at stability criteria for initial and long-term participation. Collaborative procure-

ment is another application of collaboration in the for-profit sector, and is examined

by Keskinocak and Savasaneril (2005) who give quantitative factors needed for col-

laboration to be beneficial for each party. From a more organizations perspective,

Cowan et al. (2007) look at the formation of partnerships between corporations mo-

tivated only by a desire to increase knowledge, for example, outside of the firm’s core

competency. They examine and model how firms choose and value different potential
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partners under incomplete information.

Public Health. With regard to collaboration, NACCHO’s Operational Definition

of a Functional Local Health Department states that a functional local health de-

partment, among other things collaborates in emergencies, engages the community,

develops partnerships with various external entities, and coordinates public health

system’s efforts. Thus, public health entities collaborate with a wide range partners

for an even wider range of purposes from service delivery to education. Lasker (1997)

provides a review of such collaboration, first looking at the imperative for collabora-

tion including the historical relationships, previous attempts and the current situation

then moving to models and case studies focusing on improvement and strategy.

As an example of public health collaboration with governmental entities, using an

NIJ/CDC survey, Hammett (1998) finds that nearly all correctional systems collab-

orate with public health departments who are often providing funds, staff, or direct

service. Halverson, Mays, and Kaluzny (2000) specifically examine collaboration with

community medical care providers in public health departments looking at organiza-

tional and market influences. They conclude that where organizational and market

incentives are lacking, collaboration may need more focused and intentional effort.

Partnering can also be viewed strategically as an important component of improv-

ing public health and public health systems. Roussos and Fawcett (2000) provide a

review of public health collaboration with an eye to community/systems change, be-

havioral change, and population-level health outcomes. The authors find that current

research, which are mostly case studies, are insufficient to make conclusions about

partnership effects on population-level outcomes, but this research does suggest that

“at least under some conditions, implementation of collaborative partnerships is as-

sociated with improvements in population-level outcomes.” Varda et al. (2008) use

connectivity to enable more strategic identification of partners and improve under-

standing of collaborative relationships over time. They emphasize the necessity of

strategy for effectiveness, costs, and quality of collaborations. The authors men-

tion the need to understand how resource expenditures are linked to collaboration to

provide increased accountability and improvement.
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In setting collaboration strategies, understanding the effects of collaboration is

critical. Bazzoli et al. (1997) look to collaboration in health and human service deliv-

ery, specifically to identify the range, influencing factors, and extent of collaborative

activities. Based on their research, they emphasize the importance of investigation

into the types of activities instead of a binary view of collaboration. Harris, Beatty,

and Barnes (2009) find that resources, partnerships, and services vary between rural,

metropolitan, and urban local health departments. Furthermore, working partner-

ships partially mediated the relationship between resources (e.g., funding and staff)

and services while the effects of information and financial partnerships were less clear.

Through this partial mediation, the authors argue that partnerships reduce service

provision disparities between rural, metropolitan, and urban local health departments.

The authors conclude that partnerships may be important, especially under scarce

resources.

Nonprofit Organizations. Chapter 1 of this dissertation provides a comprehen-

sive review of operations research applications in community-based nonprofit organi-

zations. This review includes discussion of nonprofit collaboration with other com-

munity institutions and organizations, which is especially relevant to this research.

McGuire (2006) gives a review of current nonprofit collaboration literature and the

gaps left to fill. Overall, he finds many questions left to be answered. In a time

where company philanthropy budgets are getting tighter, Andreasen (1996) encour-

ages nonprofits to pursue corporate partners and cause-related marketing in order

to pull funding through their marketing budgets. He encourages nonprofits to “ap-

proach cause-related marketing alliances with the same bottom-line mentality” as

their corporate partners, but also sites several unique risks these partnerships pose

to nonprofits. Austin (2000) looks at case studies to set up a framework guiding

nonprofits in collaborating with businesses. Foster and Meinhard (2002) construct

a regression model to explain predisposition to collaborate, including organizational

factors, environmental pressures, and organizational attitudes. The authors find that

organizational and attitudinal factors are the most explanatory, however, environ-

mental factors amplify or reduce the strength of these factors.
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Nonprofits also collaborate with one another. O’Flanagan and Taliento (2004)

investigate the nonprofit organizational structure of the federation, perhaps as a very

formal collaborative structure through providing nonprofits with an equivalent to

mergers and acquisitions. Ritchie and Weinberg (2003) discuss nonprofit collabo-

ration, competition, and combinations. They cite two critical differences between

nonprofit and for-profit models: nonmonetary goals that dominate financial consider-

ations and cross-sector diversity of such goals implying that rival nonprofits may have

very different objectives. They describe the broad factors of values and pragmatics

that will determine if combative, collegial, alternative, or directional competition will

emerge in a given market.

In studying why and how nonprofits collaborate, authors have mainly used the

tools of econometric and network analyses. As an example of the former, Guo and

Acar (2005) use logistic regression analysis to identify factors that influence the like-

lihood of nonprofit organizations developing more formal types of collaboration. In

the area of network analysis, a brief explanation is provided by Provan et al. (2005)

as well as the development of key questions that nonprofits themselves can use to get

the most out of such research. These questions center around the concepts of net-

work extent, centrality, planning, growth, ties, relationship strength, trust, growth,

benefits, and drawbacks of partnerships.

4.4. Contribution

As mentioned previously, Honoré and Amy (2007) cite innovative revenue generation

strategies as key in future public health research efforts, and such strategies are pre-

cisely where this research fits, building upon a quantitative base of understanding

revenues (expenditure per capita serving as proxy), collaboration patterns, and their

relationships. Supplementing current public health finance research, we seek to de-

velop collaboration strategies based on quantitative data. In reaching this ultimate

goal, this research makes many other meaningful contributions. For example this

research adds to public health finance literature investigating expenditure differences

across local health departments by examining the relationship between expenditures
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and collaboration. Supplementing current public health collaboration research, we

seek to link expenditures and collaboration patterns adding to the understanding of

the effects of local health department collaboration. While collaboration literature

has drawn conclusions regarding factors critical in collaboration, strategies taking

advantage of such conclusions are lacking. A further unique contribution to public

health literature is the development of such collaboration strategies with the goal of

revenue generation. In fact, the methods we propose for optimization and strategy

generation will be able to be used with a large variety of data resulting in the develop-

ment of local health department collaboration strategies for a variety of corresponding

goals, such as emergency preparedness and specific health outcomes.

Local health departments partner with many nonprofit organizations, which is a

prominent consideration of this research. This study examines nonprofit collaboration

from the partner perspective, which is both a unique and important contribution.

Understanding the relationship between collaborating with nonprofits and local health

department expenditures also sheds light on how nonprofits shape their communities

and the delivery of local health services.

This research contributes to current operations management literature at the inter-

section of operations management and health literature, expressly at the intersection

of collaboration, health care, and operations management research streams, as one of

the first to focus on the local public health setting. Such a localized setting presents

interesting challenges and opportunities. Furthermore, this research combines em-

pirical and theoretical operations methods. It fits within an area of great potential

impact, specifically research that combines operations research methods and opti-

mization with real-world data. Such a combination is potently applicable, yet, as we

demonstrate, can remain true to the academic rigor of our field.
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Chapter 5

An Empirical Portrait of Local

Health Department Revenues and

Collaboration: A Descriptive

Analysis

Community-based collaboration is an essential part of the public health system. The

2002 report from Institute of Medicine (IOM), “The Future of the Public’s Health in

the 21st Century,” promotes partnerships as critical to meeting public health goals

and challenges, underlining the increasing emphasis on collaboration in public health

policy, practice, and research. In fact, a functional local health department is defined

to, among other things, collaborate in emergencies, engage the community, develop

partnerships with various external entities, and coordinate public health system ef-

forts. Local public health departments are embedded in communities of such potential

partners, “creating a network of resources, information and beneficiaries (Chapter 2).”

Collaborative relationships form the links of this network, and, consequently, mobilize

resources. While resources, information, and beneficiaries can flow into a local health

89
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department, they can also flow out. As such, community-based collaboration deci-

sions become tactical operations decisions implying that local health departments can

approach collaboration with specific strategies in mind, including revenue generation.

It is this aspect of collaboration that we will study in this paper.

As such, it is critical to understand the local health department landscape of

collaboration and revenues. We draw an empirical portrait of local health department

revenue (using expenditure as proxy) and collaboration from 2005 to 2008, critically

surveying the who, how, and with whom of local health department collaboration

(i.e., urbanization, activities, and partners) while suggesting revenue differences as a

potential answer to why. That is, this research asks

1. Do local health departments that engage with particular partners or/and in par-

ticular activities have significantly different revenues than those that do not?

In answering this question, we also ask

2. Have local health department revenues changed between 2005 and 2008 (overall,

urban, suburban, rural)? If so, how?

3. Have local health department collaboration patterns changed between 2005 and

2008 (overall, urban, suburban, rural)? If so, how?

Thus, this research considers collaboration as a strategic lever for mobilizing resources

and generating revenue for local health departments. With a complementary ap-

proach, Beatty, Harris, and Barnes (2010) find that partnerships partially mediate

resources and services; that is, local health departments with limited resources can

utilize these resources more effectively when they establish partnerships.

5.1. Methods

This study uses data from the 2005 and 2008 National Profile of Local Health De-

partments Surveys conducted by the National Association of City and County Health

Officials (NACCHO). These surveys are in-depth questionnaires distributed through
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e-mail to the top agency executive of every local health department in the nation.

The e-mail contained a link to an individualized, web-based questionnaire, although

paper questionnaires were available upon request. In both years, the purpose of these

studies was to “advance and support the development of a database for local health

departments to describe and understand their structure, function, and capacities”

with the hope of strengthening research, practice, advocacy, capacity, funding, and

population-based health outcomes (NACCHO 2009, 2006).

In both years, the “Profile” questionnaire included a set of questions sent to all

local health departments in the United States. One of three supplemental “module”

surveys was included in the questionnaire for a random sample. Stratified random

sampling (without replacement) by population size served was used to select local

health departments to receive the modules. In 2008, 83% (2,332) of a total 2,794

local health departments responded to the study. In 2005, 80% (2,300) of a total of

2,864 local health departments responded.

While this report includes information on many topics, expenditure and collab-

oration are of particular interest to this research. Expenditures were used to proxy

for revenues. Data on expenditure was collected in the profile questionnaire, while

questions regarding collaboration were found in the module surveys. The collabora-

tion module sample size was 547 and 517 with response rates of 83% (454) and 84%

(433) in 2008 and 2005, respectively. After cleaning data to remove samples that were

incomplete, the sample sizes for this analysis were 411 and 375 for 2008 and 2005,

respectively. The 2008 expenditure data was adjusted for inflation using the Con-

sumer Price Index. Consequently, all expenditures are displayed in 2005 dollars. The

expenditure per capita measure was created by dividing expenditure by jurisdiction

population, both of which are provided in the NACCHO survey.

We approach collaboration from a multidimensional perspective. We measure

collaboration several ways based on binary responses to partner and activity com-

binations: total number of partnerships, activities, partners, and partner-activity

combinations. Across 2005 and 2008, there are 21 common partners. Thus, the total

number of partnerships is measured as the number of partners that a local health de-

partment collaborated with in any way - between zero and 21. In each year, there are



www.manaraa.com

CHAPTER 5. LHD REVENUES AND COLLABORATION: DESCRIPTION 92

four different possible collaboration activities. In 2005, the activities include exchang-

ing information, working together on programs or projects, the local health depart-

ment providing financial resources, the local health department providing a leadership

role; in 2008, the activities include exchanging information, sharing resources, using

written agreements, and meeting regularly. Only exchanging information is common

between 2005 and 2008. Thus activities are measured by two variables, the total num-

ber of partners with whom a local health department exchanged information and with

whom it engaged beyond exchanging information. Each partner and partner-activity

combination is modeled as dummy (binary) variables.

This study also incorporates local health department urbanization as an important

characteristic that may influence both expenditure and collaboration. The measure of

urbanization used in this study is the NACCHO categorization of local health depart-

ments as rural, suburban, or urban by the Rural-Urban Commuting Area (RUCA)

codes (rural 1-3.99, suburban 4-6.99, and urban 7-10). These codes are based on

census-tract level demographic, population, and work commuting data (Hart, Lar-

son, and Lishner 2005).

In regard to statistical procedures used, t-tests were used to assess whether means

were statistically different from one another. Expenditure per capita was found not

to be normally distributed; therefore, t-tests were performed on its logarithm.

5.2. Results

The goals of this research are to further understand revenues (expenditure as proxy)

and collaboration, both individually and in conjunction. Individually, revenues and

collaboration are explored from the perspectives of time and local health depart-

ment urbanization. In conjunction, this research seeks to determine if local health

department revenues vary by collaboration patterns.
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5.2.1 Expenditure per Capita

Between 2005 and 2008, the landscape for local health departments did indeed change.

Mean expenditure per capita increased during this time both overall and for subur-

ban and rural departments (see Table 1). Expenditure per capita was found to be

significantly lower for urban local health departments (as compared to all others) and

higher for rural, a finding consistent with Beatty, Harris, and Barnes (2010).

5.2.2 Collaboration

In both 2005 and 2008, all local health departments collaborated with at least one

partner in some way, that is, 100% collaboration across local health departments.

As evidence by this number, such a binary measure obscures much about collabora-

tion. Therefore, this research examines collaboration as measured by the number of

partnerships, activities, partners, and partner-activity combinations.

Number of Partnerships. While the mean number of partners per local health

department did not significantly change between 2005 and 2008, variation begins to

emerge when the mean number of partners is parsed out by urbanization. Urban

local health departments were found to have significantly more partners, while rural

significantly less. Suburban departments were not statistically different from either

urban or rural.

Activities. Further variation emerges when collaboration is divided out by activ-

ities. Mean difference testing reveals that the number of partners with whom local

health departments exchanged information significantly increased by 1.4 partners be-

tween 2005 and 2008 (Table 1). However, the number of partners engaged beyond

exchanging information decreased, though we caution that this may be due to the

different options of activities available in each year.

Urban local health departments were found to have significantly more exchang-

ing information partners, while rural significantly less. The 2005-2008 increase in

exchanging information partners persists across urbanization with rural departments
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$ 38.02 ** $ 36.45 $ 38.31 ** $ 41.24 **

($34.03) ($32.30) ($41.13) ($31.43)

$ 45.40 ** $ 41.80 ††† $ 40.45 ** $ 55.08 **†††

($54.55) ($61.72) ($28.04) ($55.52)

$ 41.88 ** $ 39.09 ††† $ 39.45 ** $ 49.12 **†††

($49.10) ($34.67) ($47.11)

15.3 16.0 ††† 15.1 14.0 †††

(3.8) (3.8) (3.5) (3.8)

15.1 15.7 ††† 15.4 14.1 †††

(3.8) (3.7) (3.5) (4.0)
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12.8 *** 13.6 ***††† 12.9 ** 11.0 ***†††
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14.2 *** 14.9 ***††† 14.4 ** 13.0 ***†††

(4.3) (4.2) (4.2) (4.4)

13.5 *** 14.2 ***††† 13.7 ** 12.1 ***†††

(5.0) (5.0) (4.7) (4.9)
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(4.7) (4.9) (4.4) (4.3)

7.5 *** 8.3 ***††† 7.5 *** 6.1 ***†††
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Exchanging
Information

Partners

2005

2008

Overall

Expenditure
per

Capita

2005

2008

Note. Means are displayed with standard deviation below in parentheses. 2005 inflation-adjusted
dollars are displayed. Statistical Significance of Mean Difference between Years: **

***p<0.01; Statistical Significance of Mean Difference by Urbanization Category: †p<0.05, ††p<0.05, 
†††p<0.01

2008

Overall

Number
of

Exchanging
Information

Partners

Number
of

Partners

2005

Overall

2005

2008

Overall
($46.05)

Overall Urban Suburban Rural

 

Table 5.1: Expenditure per Capita, Number of Partnerships, and Number of
Partnerships by Activity

experiencing the largest increase. Suburban departments were not statistically differ-

ent from either urban or rural.

Partners. Here collaboration is measured by binary partner variables describing

whether or not a local health department was engaged with a particular partner

in any way. Differences in the collaboration landscapes of 2005 and 2008 become

more apparent when parsing out collaboration by partners as seen in Table 2. It is
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observed that the increase in the percentage of local health departments collaborating

with universities is the only change that holds across urbanization categories. Instead,

we find that increases and decreases in the percentage of local health departments

engaged with each partner vary by urbanization.

Partner-Activity Combinations. Dissection by both partners and activities al-

lows the most detailed view of the local health department collaboration landscape.

Accordingly, supplemental Table 1S details the percentage of local health departments

engaged with each partner in each activity. Exchanging information with universities

has the highest variance across urbanizations with significantly fewer rural depart-

ments collaborating in this way. The least variance occurs when no local health de-

partments engage, such as providing financial resources to tribal governments. Such

patterns illustrate that refinement of collaboration by both partners and activities

offers a wealth of additional information.

5.2.3 Expenditure per Capita and Collaboration

We have now examined the who (urbanization), how (partnerships and activities),

and with whom (partners) of local health department collaboration. We now examine

revenues and collaboration in conjunction, developing the idea of collaboration as a

strategic lever by putting revenue generation as a potential answer to why. Figure

1 graphically illustrates the significant differences in mean expenditure per capita of

local health departments who collaborate with specific partners in specific activities

as compared to those who do not. Most partner-activity combinations are associated

with increased mean expenditure per capita, though not all.

Partners. The Over All Activities column of Figure 1 displays significant differences

in mean expenditure per capita for those health departments in collaboration with

specific partners versus those not. Although collaboration with most partners is

associated with significantly higher mean expenditures per capita, there are partners

which show lower mean expenditure per capita for those departments in collaboration

(e.g., utilities and parks and recreation).
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2005 2008 Overall Rural Suburban Urban

Hospitals 92% 93% ▲*

Medical Groups 93% 90% ▼*

Community Health Ctrs 64% 66% ▲*

Other Providers 89% 86%

Health Insurers 47% 50% ▲*

Emergency Responders 96% 97% ▼* ▲*

Development Agencies 66% 68%

Housing Agencies 66% 62% ▼*

Utilities 51% 46% ▼*

Environmental Orgs 73% 66% ▼* ▼*

Coop Extensions 80% 74% ▼* ▼* ▼*

Schools 99% 98% ▼* ▼* ▼*

Parks & Recreation 70% 69%

Transportation 51% 48%

Faith Communities 84% 82%

Libraries 60% 58%

Universities 67% 76% ▲* ▲* ▲* ▲*

Business 80% 84% ▲* ▲*

Media 93% 95% ▲*

Tribal Government 14% 17% ▲*

Community-Based Orgs 94% 87% ▼* ▼* ▼*

Note.   ▲ ( ▼) indicates an increase (decrease) between 2005 and 2008 in the percentage of LHDs 
who partner; Statistical Significance: *p<0.1, **p<0.05, ***p<0.01

Urbanization

Percentage Change in Percentage

 

Table 5.2: Percentage of Local Health Departments Collaborating with Specific
Partners
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Parsing this out by urbanization, however, reveals heterogeneity both in number

of partners and by specific partners. Compared to rural and suburban departments,

urban local health departments by far have the most partners associated with signif-

icantly higher mean expenditure per capita at 13. Furthermore, only collaboration

with health insurers and transportation has significant expenditure per capita mean

difference across all urbanizations.

Activities. The Over All Partners row of Figure 1 displays significant differences

in mean expenditure per capita for those health departments engaged in certain col-

laborative activities versus those not. Engagement in providing financially, providing

leadership, written agreements, and regular meetings are each associated with signif-

icantly higher mean expenditure per capita for health departments in general.

Considering urbanization, however, reveals that rural local health departments

show significantly higher means only for engagement in providing financial resources

and leadership. Suburban departments show such increased expenditure per capita

associated with more activities and urban for even more.

Partners and Activities. Allowing for combinations of partner and activity allows

the most diversity in collaboration patterns. As noted above, collaboration can be as-

sociated with lower revenues. It is at this partner-activity level of distinction that this

fact becomes more evident, as can be seen in Figure 1. For example, consider sharing

personnel/resources with libraries and media. In fact, sharing personnel/resources

(2008) is associated with a lower mean expenditure per capita for more partners and

local health departments.

Urban local health departments have the most significant collaboration combina-

tions associated with higher mean expenditure per capita (70 in 2005 and 53 in 2008)

followed by suburban (34 and 24) and rural (26 and 16) departments. Contrastingly,

suburban departments have the most combinations associated with lower means (3

in 2005 and 6 in 2008) followed by rural (1 and 5) and urban (3 and 2).
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5.3. Discussion

While expenditures and collaboration have both been subjects of investigation, they

have most often been studied separately. This research critically surveys these factors

between 2005 and 2008, both separately and together, motivating additional research

to investigate potential relationships.

5.3.1 Expenditures per Capita

Expenditure per capita did increase between 2005 and 2008, a finding consistent

with news and policy. The federal government has continued to invest new funds

to support public health activities since 2001, particularly emergency preparation

and response funds (Trust for America’s Health 2006; Scutchfield, Mays, and Lurie

2009), which are often directed toward urban areas (e.g., The Federal Emergency

Management Agency’s Urban Areas Security Initiative). Not only do such funds

constitute part of the observed urban increase in expenditure per capita, but this may

also explain the significant increase in urban local health departments partnering with

emergency responders. In fact, the majority of local health departments collaborate

with emergency responders.

The disparity found in expenditure per capita for urban and rural health depart-

ments is consistent with current research (e.g., Gordon, Gerzoff, and Richards 1997;

Levi, Juliano, and Richardson 2007; Mays and Smith 2009). Scholars caution such

significant variation has ominous consequences, particularly large variation in pub-

lic health capacities and capabilities that create health inequality, vulnerability, and

national threat (Levi, Juliano, and Richardson 2007). While scholars have identi-

fied relationships between expenditures and population size (Gordon, Gerzoff, and

Richards 1997), essential public health service performance (Mays et al. 2004), fed-

eral and state funding (Levi, Juliano, and Richardson 2007), governing structures,

and administration (Mays and Smith 2009), much of the variation in expenditure per

capita remains unexplained (Mays and Smith 2009).
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5.3.2 Collaboration

In 2000, less than 40% of collaborations with hospitals were formalized by contract

(Halverson, Mays, and Kaluzny 2000). While in 2008 results indicate a similar per-

centage of local health departments in written agreements with hospitals (41%), such

agreements are significantly related with higher revenues (expenditure per capita),

both overall and across all urbanizations. Similarly, a stable two thirds collaborated

with community health centers in 2000 (Halverson, Mays, and Kaluzny 2000), 2005,

and 2008. Again, we find such relationships are typically characterized by higher

revenues. While Halverson, Mays, and Kaluzny (2000) suggest that collaboration

may increase with managed care market share, our findings add that revenue is a

part of this interaction and written agreements may allow local health departments

to leverage these market trends to gain revenue.

Our results also confirm interview findings by Varda et al. (2008): Local health de-

partments often play the coordinating role within collaborations (52% overall). Such

leadership is associated with higher revenue (expenditure per capita), offering both

reason and incentive for such roles. Furthermore, community-based organizations,

faith communities, medical groups, other providers, and universities are common col-

laborators. These interviews also noted a want of business partners, though our

results indicate a strong and increasing business presence in local health department

collaboration landscapes.

In studying why and how entities collaborate, authors have used the tools of case

studies (Roussos and Fawceett 2000), econometric models (Halverson, Mays, and

Kaluzny 2000), and network analyses (Provan et al. 2005; Varda et al. 2008). Quan-

titative threads of such research have evolved from a binary view of collaboration

(i.e., collaborate or not) to a perspective that incorporates the number of partners

(Beatty, Harris, and Barnes 2010) or activities (Bazzoli et al. 1997). While number

of partnerships and activities are steps toward further understanding collaboration,

it is crucial to consider patterns of collaboration - activity and partner. For instance,

a binary view of our results indicates that 100% of local health departments collabo-

rated - a number that did not change between 2005 and 2008 or between local health
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department characteristics. However, dissection of this result by partner reveals dis-

tinctions. Similarly, changes and differences are exposed through examination by

collaboration activity. Ultimate refinement, though, was obtained by decomposing

collaboration into activity and partner combinations. It is crucial to regard such pat-

terns of collaboration - with whom and how do local health departments collaborate.

5.3.3 Expenditures and Collaboration

Congruent with the discussion above, we conclude that a one-dimensional (binary)

view indeed conceals much about collaboration, its associations, and surely its effects

as well. Our findings here indicate that, in addition to local health department char-

acteristics, collaboration patterns are critical in understanding and explaining expen-

diture differences across local health departments. Thus, “Who?,” “With whom?,”

and “How?” are all necessary questions to answer, both for researchers investigat-

ing collaboration and local health department managers approaching collaboration

strategically.

5.3.4 Limitations

Collaboration data is obtained from specific modules of the National Profile of Local

Health Departments Surveys, which are distributed to different subsets of the local

health department population in each year. Thus, the data sets are limited in size and,

as such, may limit the significance of the results presented here. Furthermore, these

samples cannot be used to directly compare local health departments between 2005

and 2008 or to create a panel data set, although such a panel would be useful for causal

inference and greater statistical significance. Though 2005 and 2008 survey modules

on collaboration contain some similar activities, such as exchanging information, due

to the distinct nature of these questionnaires, inferences comparing the two cannot

be readily made. Also, while most collaboration in the public health system happens

at the local level, collaboration that takes place at the state or federal levels is not

captured in this data. Therefore, this study cannot consider such collaboration.
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Another limitation is noted by several public health scholars, which is the absence

of data regarding the spending of other health-related organizations, such as hospitals

and community organizations (Mays, Halverson, and Kaluzny 1998; Mays and Smith

2009). These organizations are certainly important in understanding the community

and collaboration landscape around public health resources within a community.

5.4. Conclusions

This study encourages further investigation into relationships between expenditure

per capita and collaboration, particularly to quantify potential causal relationships

and explain the mechanisms by which such relationships function. The role of local

health department characteristics, especially urbanization, is essential to incorporate

and should also be further explored. Such research to further understand the relation-

ship between expenditures and collaboration patterns may prove key in mitigating the

repercussions of expenditure variation across local health departments. Consequently,

collaboration may be important in alleviating health inequalities and vulnerabilities,

especially as a lever that local health departments can directly engage within their

community settings. As such, strategies must be developed that enable local health

department actors to be intentional in organizing and managing their collaborative

relationships. Our results suggest that local health departments can indeed approach

collaboration strategically, even with revenue goals. In fact, such innovative rev-

enue generation strategies have been cited as key in future research efforts (Amy and

Honoré 2007). Just as scholars must expand their concept of collaboration, practi-

tioners must also ask “Who?,” “With whom?,” and “How?” when approaching their

collaboration portfolio. Ultimately, such research and practice focused on strategic

collaboration may well help local health departments to leverage additional resources

and better meet the needs of their communities.
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Chapter 6

Strategic Collaboration for

Revenue Generation: A Study of

the Relationship between

Collaboration and Revenues

Collaboration is an essential part of the public health system. Practitioners, policy

shapers, and researchers tend to be in agreement on this. “You can’t do public health

without collaboration,” as one public health worker commented. “Everything we do

is a collaboration” (Schulz 2010). This is because local public health departments do

not exist in isolation, but are imbedded in rich communities of potential partners.

Current research supports this purported value of collaboration, suggesting that

connectivity enabled by collaboration ultimately helps local health departments serve

their communities. Consequently, current research also promotes approaching collab-

oration strategically (e.g., Varda et al. 2008); however, questions remain regarding

if and what strategy can be achieved. Particularly, our research develops the idea

of strategic collaboration with the goal of revenue generation. There are expecta-

tions that through collaboration, local health departments may leverage additional

104
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financial resources for public health programs. In fact, Chapter 6 give evidence that

there are significant revenue differences between local health departments engaged in

certain collaboration patterns and those not. However, partnerships require signifi-

cant time and resources to maintain; a local health department has only limited time,

resources, and energy for such investments (Varda et al. 2008). Thus strategy is of

the upmost importance when local health departments approach collaboration.

Here, we build upon the idea of strategic collaboration by utilizing robust multiple

regression models. Such a controlled statistical analysis enables us to make relational

conclusions and corresponding recommendations. Thus, we answer the main research

question,

1. How should local health departments collaborate strategically? That is, how many

partners should a local health department engage? Who should local health

departments partner with and how?

In answering this main question, we also explore the following additional research

questions:

2. Are local health department revenues and collaboration significantly related? If

so, how?

3. Is this relationship significantly different between rural, suburban, and urban local

health departments?

4. Are more partners always better or is there a “sweet spot”? These questions enable

us to provide insights into lingering academic questions regarding the tradeoffs

of collaboration benefits and costs and practitioner dilemmas regarding strategy

in collaboration.

6.1. Background

This research lies at the intersection of several fields, namely public health collabora-

tion and finance, which we overview below.
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6.1.1 Public Health Collaboration

With regard to collaboration, the Operational Definition of a Functional Local Health

Department by the National Association of City and County Health Officials (NAC-

CHO) states that a functional local health department, among other things collab-

orates in emergencies, engages the community, develops partnerships with various

external entities, and coordinates public health system efforts. Thus, public health

entities collaborate with a wide range partners for an even wider range of purposes

from service delivery to education. Lasker (1997) provides a review of such col-

laboration, first looking at the imperative for collaboration including the historical

relationships, previous attempts, and the current situation then moving to models

and case studies focusing on improvement and strategy.

Partnering can also be viewed strategically as an important component of improv-

ing public health and public health systems. Roussos and Fawcett (2000) provide a

review of public health collaboration with an eye to community/systems change, be-

havioral change, and population-level health outcomes. The authors find that current

research, which are mostly case studies, are insufficient to make conclusions about

partnership effects on population-level outcomes, but their research does suggest that

“at least under some conditions, implementation of collaborative partnerships is as-

sociated with improvements in population-level outcomes.” Varda et al. (2008) use

connectivity to enable more strategic identification of partners and improve under-

standing of collaborative relationships over time. They emphasize the necessity of

strategy for effectiveness, cost, and quality of collaborations. The authors conclude

by noting the idea of “relationship budgeting,” that is “strategically managing the

cost of collaboration (Varda et al. 2008).” The authors mention the need to un-

derstand how resource expenditures are linked to collaboration to provide increased

accountability and improvement.

In setting collaboration strategies, understanding the effects of collaboration is

critical. Bazzoli et al. (1997) look to collaboration in health and human service deliv-

ery, specifically to identify the range, influencing factors, and extent of collaborative

activities. They cite several purposes of collaboration, including rationalization of

local resources, and conclude that distinct patterns are based on types of activities.
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Based on their research, they emphasize the importance of investigation into the types

of activities instead of a binary view of collaboration. Harris, Beatty, and Barnes

(2010) find that resources, partnerships, and services vary between rural, metropoli-

tan, and urban local health departments. Furthermore, working partnerships medi-

ated the relationship between resources (e.g., funding and staff) and services while the

effects of information and financial partnerships were less clear. Through this media-

tion, the authors argue that partnerships reduce service provision disparities between

rural, metropolitan, and urban local health departments. The authors conclude that

partnerships may be important, especially under scarce resources.

6.1.2 Public Health Finance

Variations in health resources imply inefficient and inequitable use of resources and,

consequently, have been a nearly constant topic of policy concerns. Using the NAC-

CHO 1992/1993 survey, Gordon, Gerzoff, and Richards (1997) examine the relation-

ship between local health department expenditures and department characteristics.

They find that 70% of expenditure variability is explained by a nonlinear relation-

ship with population size within the jurisdiction. However, they also find a broad

range of spending levels even among similarly sized jurisdictions. Levi, Juliano, and

Richardson (2007) look at variation and instability in federal and state financing of

public health. At the federal level the authors find that “core” public health func-

tions have experienced funding decreases, while the state level is characterized by

variation. The consequence appears to be a large variation in public health capacities

and capabilities across the country, which the authors argue is creating vulnerability

and national threat. Mays and Smith (2009) study local public health department

spending variation across communities and over time with the goal of identifying cor-

relates. The variation they find is significant; the top quintile spends more than 13

times that of the lowest quintile. While this variation was found to be associated with

local boards of health, decentralized administration structures, and (inversely) local

medical spending, two-thirds of the variation remained unaccounted for in their study.
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Such variation remains to be completely explained even after accounting for price dif-

ferences, socioeconomic status, illness burden, and geography (Mays and Smith 2009).

Thus, our study of the association between resources and collaboration patterns can

add to this body of literature as well as our understanding of resource differences

between local health departments.

6.1.3 Contribution

Overall, more research efforts are needed to understand the public health system.

In fact, Honoré and Amy (2007) urge an agenda to advance public health and pub-

lic health finance. They specifically cite innovative revenue generation strategies as

key in future research efforts and such strategies are precisely where this research fits,

building upon a quantitative base of understanding the relationship between revenues

(expenditures) and collaboration patterns. Supplementing current public health fi-

nance research of expenditure differences across local health departments, we seek

to examine the relationship between expenditures and collaboration. Supplementing

current public health collaboration research, we seek to link expenditures and collab-

oration patterns adding to the understanding of the effects of local health department

collaboration. While collaboration literature has drawn conclusions regarding factors

critical in collaboration, strategies taking advantage of such conclusions are lacking.

A further unique contribution to public health literature is the development of such

collaboration strategies with the goal of revenue generation.

6.2. Methodology

6.2.1 Study Population

Three samples were used in this study. Each was composed of a portion of the nation’s

nearly 3,000 local public health departments, which are defined by NACCHO as a

local or state governmental administrative or service unit responsible for performing

public health functions for a jurisdiction smaller than a state (NACCHO 2006). Both
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2005 and 2008 sample sets were used along with a third, which pools the 2005 and

2008 sample sets for a combined 2005-2008 sample. This research leverages these

sample sets for the most power in each situation whether pooled or separate by years.

The data used for each piece of analysis is noted.

6.2.2 Data

This study uses data from the 2005 and 2008 National Profile of Local Health Depart-

ments Surveys conducted by NACCHO. These surveys are in-depth questionnaires

distributed through e-mail to the top agency executive of every local health depart-

ment in the nation. The e-mail contained a link to an individualized, web-based

questionnaire, although paper questionnaires were available upon request. In both

years, the purpose of these studies was to “advance and support the development of

a database for local health departments to describe and understand their structure,

function, and capacities” with the hope of strengthening research, practice, advocacy,

capacity, funding, and population-based health outcomes (NACCHO 2009, 2006).

The “Profile” questionnaire included a set of questions sent to all local health

departments in the United States. One of three supplemental “module” surveys

was included in the questionnaire for a random sample. Stratified random sampling

(without replacement) by population size served was used to select local health de-

partments to receive the modules. In 2008, 83% (2,332) of a total 2,794 local health

departments responded to the study. In 2005, 80% (2,300) of a total of 2,864 local

health departments responded.

Expenditure and collaboration are of particular interest to this research. Expen-

ditures were used to proxy for revenues. Data on this was collected in the profile

questionnaire, while questions regarding collaboration were found in the module sur-

veys. The collaboration module sample sizes were 547 and 517 with response rates

of 83% (454) and 84% (433) in 2008 and 2005, respectively. After cleaning data to

remove samples that were incomplete, the sample sizes for this analysis were 411 and

375 for 2008 and 2005, respectively.
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6.2.3 Measures

Dependent Variable: Revenue (Expenditure per Capita as Proxy)

The data does not contain information on local health department revenues; however,

expenditures serve as a reasonable proxy. The 2008 expenditure data was adjusted

for inflation using the Consumer Price Index, thus expenditures are displayed in 2005

dollars. The expenditure per capita measure was created by dividing expenditure by

jurisdiction population, both of which are provided in the NACCHO survey. The

distribution of expenditure per capita is not normal. For this reason, expenditure per

capita is transformed monotonically by taking its logarithm for a resulting normally

distributed dependent variable. All analysis done regarding expenditure per capita

is performed on this transformed data. Because the transformation is monotonic, all

results hold true for expenditure per capita.

Independent Variables of Interest: Collaboration Measures

Collaboration measures are based on binary responses to partner and activity com-

binations. The total number of partnerships is measured as the number of partners

that a local health department collaborated with in any way. Likewise, we model

collaboration activity as the total number of partners a local health department en-

gages with in a particular activity. A local health department can engage with all

partners in each activity, therefore each activity variable can range between 0 and

21. In regression analysis, all number of partnerships variables and their squares are

mean-centered to avoid multicollinearity. Partner binary variables measure if a local

health department collaborated with each particular partner in any way.

Interaction Terms: Collaboration and Urbanization

These collaboration measures are interacted with urbanization categorical variables

(rural, suburban, and urban) to model the relationship between collaboration and

revenue as moderated by urbanization. Recent research indeed confirms resource and

partnership variation based on urbanization (Beatty, Harris, and Barnes 2010). The
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measure of urbanization used in our study is the NACCHO categorization of local

health departments as rural, suburban, or urban by the Rural-Urban Commuting

Area (RUCA) codes (rural 1-3.99, suburban 4-6.99, and urban 7-10). These codes

are based on census-tract level demographic, population, and work commuting data

(Hart, Larson, and Lishner 2005).

Control Variables

Each of our models uses a common set of control variables. Fulltime employees,

total number of services provided in a jurisdiction, and year were each included. The

number of fulltime employees was normalized by tens of population.

6.2.4 Methods

Robust multiple linear regression is used as the estimation procedure for each of

the models outlined in Figures 1-4. This procedure uses robust estimates for stan-

dard errors of the estimated coefficients. That is, these estimated standard errors are

corrected using the White robust standard errors and are thus robust to heteroscedas-

ticity that may be present (White 1980).

6.3. Results

6.3.1 Total Number of Partners

For analysis of the relationship between total number of partners and expenditure

per capita, the merged 2005-2008 data set is used for a total of 727 observations. A

quadratic form is employed to model total number of partners, as seen in Figure 6.1.

This form captures the idea of diminishing returns in the number of partners, i.e.,

that there is a “sweet spot” in terms of the optimal number of partners a local health

department should be engaging. Such a form has been supported by literature regard-

ing collaboration, such as Chan, Feldman, and Manning (1999) who find quadratic

relationships between financial indicators and number of hospitals collaborating in
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consortia. Figure 6.1 contains our results for this quadratic model that is moderated

by urbanization.

These results first reveal that the total number of partnerships is significantly

associated with expenditure per capita, which is true for all urbanizations of health

departments (p < 0.01). This relationship is found to indeed be moderated by urban-

ization. In particular, this relationship is found to be significantly different for urban

and rural local health departments (p < 0.05) when comparing coefficients across

urbanizations but not for suburban.

While there is evidence that this relationship is indeed quadratic (urban p < 0.1,

suburban p < 0.15, rural p < 0.05), this quadratic relationship must be concave

to validate a diminishing returns or “sweet spot” philosophy regarding the number

of partnerships in which a local health department is engaged (Varda et al. 2008).

However, in each case both β1 and β2 are positive, indicating a strictly increasing

shape. These initial results contradict such diminishing returns ideas and instead

indicate that local health departments should collaborate with as many partners as

possible; i.e., when it comes to number of partners, more is better. This relationship,

however, can be further understood by considering additional collaboration measures.

6.3.2 Total Number of Partners by Activity

While the total number of partnerships in which a local health department is engaged

communicates some information about collaboration, the types of collaborative ac-

tivities are also especially important to consider. Here collaboration is modeled as a

vector of activity variables, that is, a vector of the number of partners with whom

a local health department engages with in each activity. Again a quadratic model is

employed where each coefficient will give us information about the value (in terms of

association with expenditure per capita) of engaging (or not) with an additional part-

ner in each activity. Since the collaboration activities vary by year, we run separate

regressions for 2005 and 2008. Results are contained in Figures 6.2 and 6.3.

Models indicate that the number of partners in select activities is significantly

related to expenditure per capita. These relationships are found to be moderated
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by urbanization and exhibit diverse directions and magnitudes. Positive linear asso-

ciations are found for leading (2005: urban, suburban) and exchanging information

(2008: suburban). However, regular meetings have a negative association (2008: sub-

urban).

Where the previous total number of partnerships model reinforced a “more is

better” approach to partnering, here the “sweet spot” shape now becomes apparent

for certain activities. Working together (2005) and providing financially (2005) are

both significantly quadratic across rural, suburban, and urban health departments.

Providing financially is unimodal, giving evidence that engaging with more partners

in this way is not always better. In fact, we find that in some extreme cases, en-

gaging with fewer partners is better. For example, while written agreement (2008)

is significantly (linearly) related to expenditure per capita, this linear relationship is

decreasing for rural departments.

6.3.3 Partners

While the total number of partners communicates some information about collabora-

tion, the specific partners that a local health department chooses to engage are also

important to consider and model. In fact, it is expected that the association between

expenditure per capita and collaboration would vary among local health department

partners (Chapter 6). In this section, we model collaboration as a vector of dummy

(binary) partner variables in a linear relationship. Thus, each coefficient will give us

information about the value of engaging (or not) with a specific partner. The merged

2005-2008 data set is used for a total of 727 observations and results are displayed in

Figure 6.4.

We find variation among partners in their associations with expenditure per capita

not only in strength but also in direction as seen in Figure 6.4. That is, some partners

are positively associated with expenditure per capita, while others are negatively asso-

ciated. In fact, health insurers, media, and tribal government agencies are significant

across all urbanization categories, though only health insurers and tribal govern-

ment are uniformly positively associated with expenditures per capita (p < 0.01 and
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p < 0.05). Instead, media has a positive association for only rural health departments,

while negative for the others (p < 0.1).

6.4. Discussion

Robust multiple regression models have enabled resolution of our originally posed

research questions building upon previous evidence of significant revenue differences

by collaboration patterns (Chapter 6). We now revisit these research questions to

facilitate discussion of our results.

Are local health department revenues and collaboration significantly re-

lated? If so, how?

Yes, we find that collaboration is indeed significantly related to revenues with ex-

penditure per capita serving as proxy. Varda et al. (2008) remark on the current

disconnect between “the cost of collaboration and evidence of its benefit,” noting the

resulting opportunities for “measurement, innovation, and improvement.” Inherent

in our research linking revenue and expenditure per capita is not merely quantitative

evaluation of the financial benefits of collaboration but also its financial costs. More

specifically, we find that the total number of partnerships, number of partners engaged

by activity, and specific partners each have varying but significant relationships with

revenues (expenditure per capita), which further vary by local health department

urbanization. Where previous quantitative public health collaboration research em-

phasizes the importance of the number of partners and types of activities instead of

a binary view of collaboration (e.g., Beatty, Harris, and Barnes 2010; Bazzoli et al.

1997), our findings expand their conclusions.

Research has found expenditure to be associated with population size (Gordon,

Gerzoff, and Richards 1997) and essential public health service performance (Mays

et al. 2004), and expenditure variation to be related with federal and state funding

(Levi, Juliano, and Richardson 2007), governing structures, and administration (Mays

and Smith 2009), though much remains unexplained. Our findings add to the current
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body of public health finance literature by exploring and confirming this association

between revenues (expenditure per capita) and collaboration patterns. Furthermore,

in helping to explain revenue (expenditure per capita), collaboration may be a mech-

anism for evening out disparities and variation in revenues and resources across local

health departments. Doing so may also impact and even out variation in public health

capacities and capabilities throughout the country.

Is this relationship significantly different between rural, suburban, and

urban local health departments?

Yes, results indicate that local health department urbanization plays an important

role in the relationship between collaboration and revenue (expenditure per capita).

In fact, urbanization is found to play a moderating role, that is, the relationship

between expenditure per capita and collaboration is found to be different and varied

depending upon whether the local health department is urban, suburban, or rural.

Beyond the empirical differences in expenditure per capita and collaboration pat-

terns cited in recent literature (Chapter 6; Beatty, Harris, and Barnes 2010), urban-

ization may signify important differences that are critical in understanding how col-

laboration is related to revenue. For instance, consider rural local health departments.

We find that rural departments have more activities and partners significantly associ-

ated with decreased revenue (expenditure per capita). These findings indicate that it

may be especially important for such rural departments to be strategic when engaging

collaboratively. For these departments, scarcity of human resources, greater employee

shortages, lower levels of insurance coverage, less economies of scale, weaker technical

infrastructure, insubstantial transportation infrastructure, and more geographic and

social isolation (Wholey, Gregg, and Moscovice 2009) are all characteristics that may

cause collaborative activities to be more costly. Therefore, in rural areas collaboration

may require significant care and strategy.

Moreover, Wholey, Gregg, and Moscovice (2009) note that community size may

influence the role of local health departments, specifically that rural (i.e., smaller)

communities “tend to have fewer organizations available to address local health needs
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and may be more reliant on their [local health department] to take on that role” and

that in urban (i.e., larger) communities “public health systems may fragment into

specialized collaborations” for specific purposes (e.g., child health). These authors

speculate that as community size increases, local health departments play a less cen-

tral a role in collaborations. Our findings do indicate leading as a significant activity.

However, the magnitude of the association between leading and revenue (expenditure

per capita) does not follow their assertion, but rather suburban departments exhibit

the strongest positive association with revenue (expenditure per capita) and urban

the weakest.

Are more partners always better or is there a “sweet spot”?

No, engaging with more partners is not always better and there is not always a “sweet

spot.” Although modeling collaboration as the total number of partners engaged in

any activity did give evidence of a nonlinear relationship with expenditure per capita,

there is no evidence that this relationship is concave. Instead, the optimal number of

partners depends on the activities of engagement. Thus, discriminating by activities

reveals that how a local health department engages in these partnerships is crucial.

When discriminating by types of activities, this concave “sweet spot” shape emerges

for some activities, while others show to be strictly increasing or decreasing in the

number of partnerships.

For instance, consider the activity of financial provision (2005) where results in-

dicate that urban departments should optimally provide financially to six partners,

suburban two, and rural three. Research shows that partnerships involving finan-

cial provision may experience challenges and conflicts with partners (Roussos and

Fawcett 2000). Thus, partnerships where the local health department is providing

financially may be more taxing in terms of time and energy, which may explain our

finding of diminishing returns in the number of partnerships involving financial pro-

vision. Therefore, the number of partnerships by activity is an important measure

to account for collaboration and considerations should be given to the difficulty and

effort required of different collaborative activities.
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How should local health departments collaborate strategically? That is,

how many partners should a local health department engage? Who should

local health departments partner with and how?

In response to Chapter 5 that asserts the necessity of asking “Who?,” “With whom?,”

and “How?” when investigating collaboration, we provide differentiated and quantita-

tively grounded collaboration portfolio recommendations to rural, suburban, and ur-

ban local health departments. Thus, based upon our quantitative models and results,

this research can offer guidance to local health departments on how to collaborate

strategically. Specifically, this research makes suggestions regarding number of part-

nerships, particularly by activity, and which partners. These suggestions are based

upon mean coefficient estimates from our models and all suggestions are considering

the goal of revenue generation. The number of partners per activity is recommended

based on optimizing over the quadratic forms of Models 2 and 3 for each activity. Sim-

ilarly, partner recommendations are based on Model 4. The recommended partners

are based on significant positive associations with revenue (expenditure per capita),

and, likewise not recommended partners are based on negative associations.

We emphasize that these recommendations exclusively consider collaboration for

the goal of revenue generation. Of course, there are many reasons for local health

departments to engage in collaboration and revenue generation only presents one. We

emphasize that the methods and concepts we utilize to generate recommendations are

applicable to a wide variety of local health department goals, specifically our use of

quantitative data to ensure relevance and significance, consideration of urbanization

as a significant moderating local health department characteristic, and multifaceted

and broad incorporation of collaboration including the number of partnerships, col-

laborative activities, and specific partners (congruent with Chapter 5).

6.5. Limitations

The data used imposes several limitations. One limitation has already been men-

tioned, namely the lack of direct revenue data, which we proxy with expenditure
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data, as is standard. Furthermore, we obtain collaboration data from specific NAC-

CHO profile modules, and, therefore, only consider samples that contain data in this

module. These survey modules are not distributed to the same local health depart-

ments in each year. Therefore, these samples cannot be used to create a panel data

set, although such a panel would be useful for causal inference and greater statistical

significance. The 2005 and 2008 collaboration questionnaires do contain some similar

activities, such as “exchanging information” and “providing financial resources” in

2005 and “sharing personnel/resources” in 2008. However, due to the distinct nature

of the survey questionnaires in 2005 and 2008, inferences comparing the two cannot

be readily made. Changes between the years, including maturing of partnerships,

may also have influences that we are unable to capture and for which we cannot draw

any conclusions. Another limitation is noted by several public health scholars, which

is the absence of data regarding the spending of other health-related organizations,

such as hospitals and community organizations (Mays, Halverson, and Kaluzny 1998;

Mays and Smith 2009). These organizations are certainly important in understanding

the community and collaboration landscape around public health resources within a

community.

6.6. Conclusion

This research provides insights into lingering academic questions regarding the trade-

offs of collaboration benefits and costs and persistent practitioner dilemmas regarding

strategy in collaboration. Furthermore, this research gives evidence that collaboration

and revenues (expenditure per capita) are related, and that collaboration portfolios

can be managed strategically to help local health departments gain revenue for public

health. Consequently, we conclude that approaching collaboration strategically is ex-

tremely valuable and, as this study shows, potentially lucrative. Furthermore, both

local health department urbanization and collaboration patterns - number of part-

nerships, number of partners per collaborative activity, and specific partners - are all

important in further understanding this relationship and collaborating strategically.

Overall, more research efforts are needed to understand the public health system.
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In fact, Honoré and Amy (2007) urge an agenda to advance public health and public

health finance. They specifically cite innovative revenue generation strategies as key

in future research efforts and such strategies are precisely where this research fits,

building upon a quantitative base to understand the relationship between revenues

(expenditures per capita) and collaboration patterns. Connecting collaboration and

revenue in this way not only presents local health departments with an innovative

revenue generation idea but also offers a viable objective for collaboration: strategic

collaboration for revenue generation. That is, local health departments can manage

the partners and activities in which they chose to engage with the goal of generating

additional resources for public health programs and services
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Health: Conclusions and Future

Directions

Honoré and Amy (2007) cite innovative revenue generation strategies as key in future

public health research efforts, and such strategies are precisely where this research

fits, building upon a quantitative base of understanding the relationship between

revenues (expenditures) and collaboration patterns. Supplementing current public

health finance research of expenditure differences across local health departments, we

examined the relationship between expenditures and collaboration. Supplementing

current public health collaboration research, we linked expenditures and collabora-

tion patterns adding to the understanding of the effects of local health department

collaboration. Furthermore, local health departments partner with many nonprofit

organizations, which was a prominent consideration of this research. This study ex-

amined nonprofit collaboration from the partner perspective, which is both a unique

and important contribution. Understanding the relationship between collaborating

with nonprofits and local health department expenditures also sheds light on how

nonprofits shape their communities and the delivery of local health services.

124
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7.1. Looking Back: Descriptive and Econometric

Analyses

In the foundational statistical analysis in Chapter 5, we find that significant increases

in mean expenditure per capita (a proxy for revenue) occurred between 2005 and

2008. Furthermore, differences in mean expenditure per capita were found among

local health departments based upon urbanization, mainly if the department is rural

or urban. Looking to collaboration, it was found that mean expenditure per capita

varied by both activities and partners, together and separately. Thus, we conclude

that just as scholars must expand their concept of collaboration to incorporate setting,

partners, activities, and combinations of these, practitioners must also ask “Who,”

“With whom,” and “How?” when approaching their own collaboration portfolios.

Ultimately, such research and practice focused on strategic collaboration may well

help local health departments to leverage additional resources and better meet the

needs of their communities.

Given this discussion, local health department urbanization and collaboration

patterns (specifically with whom and how a local health department collaborates) are

both important in recognizing and interpreting variation in expenditure per capita

across local health departments as is time. Furthermore, these are both important

in understanding the relationship between expenditures per capita and collaboration

We add to the literature by showing that patterns of collaboration are important -

beyond a binary view of collaboration and beyond just types of collaboration.

Extending the analysis to econometric models in Chapter 6, we found that collab-

oration is indeed significantly related to expenditure per capita, our proxy for local

health department revenues. Results here also indicated that local health department

urbanization plays an important role in the relationship between collaboration and ex-

penditure per capita, reinforcing the conclusions from Chapter 5. In fact, local health

department urbanization was found to play a moderating role in this relationship, that

is, the relationship between expenditure per capita and collaboration was found to be

different and varied depending upon local health department urbanization. Just as
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collaboration is multifaceted so is this relationship across different models of collab-

oration, including the total number of partnerships, number of partners by activity,

and specific partners. Such diverse relationships between revenue and collaboration

models suggest that strategic management of local health department collaboration

portfolios is not straightforward but of the upmost importance. We conclude that

such strategic collaboration is possible, particularly for the goal of revenue genera-

tion and in this chapter offered guidance on how local health departments should

collaborate strategically, specifically how many partners, which partners, and which

activities, based upon quantitative evaluation of the relationship between revenues

and collaboration.

7.2. Looking Ahead: Optimization

Collaboration certainly has the potential to help local health departments gain rev-

enue for public health. Analysis of the relationship between local health department

collaboration patterns and expenditure per capita has yielded many conclusions. Yet

the important question remains: “How does a local health department make sense of

their community network and collaborate strategically to improve their revenues?”

“Optimization,” as outlined in Chapter 4, has the goal of answering this question for

local health departments through the development of an optimization framework and

tool that will recommend collaboration strategies with the goal of revenue generation.

While literature has drawn conclusions regarding factors critical in collaboration,

strategies taking advantage of such conclusions are still lacking, thus the development

of collaboration strategies with the goal of revenue generation based upon the analy-

sis presented here in Chapters 4 through 6 will be yet a further unique contribution

to existing literature. One simple example of such collaboration strategies and opti-

mization concepts is found in Example: Optimizing Across Partners located within

this chapter. The methods devised for optimization and strategy generation will be

able to be used with a large variety of data resulting in the development of local

health department collaboration strategies for a variety of corresponding goals, such

as emergency preparedness and specific health outcomes.
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Example: Optimizing Across Partners

A simplified example solution to this problem is the reduced optimization prob-
lem of merely optimizing over partners, that is, maximizing ln(expcapi) =

β0 +β1
−−→
parti+

−→
δ i
−→
X i+ei. This yields a simple bipartite graph matching problem

where one half of the graph is the local health department and the other its po-
tential partners. Using the coefficient estimates from this basic partners model
and ranking the resulting recommended partners in order of their associations
with expenditure per capita yields the recommended partners displayed in Fig-
ure 7.1. Worst-case and best-case models leverage the p-values and confidence
intervals on our coefficient estimates. The worst-case (best-case) scenario employs
the lower (upper) bounds of the confidence interval estimates of the coefficients.

Operations Management in the Nonprofit Sector N. Privett

model in Table 13 and ranking the resulting recommended partners in order of their associations

with expenditure per capita yields the recommended partners displayed in Table 16. Worst-case

and best-case models were also run, which leverage the p-values and confidence intervals on

our coefficient estimates. The worst-case (best-case) scenario employs the lower (upper) bounds

of the confidence interval estimates of the
−̂→
β1 coefficients of Equation (4). These worst-case

Table 16: Ranked Partner Recommendations
Average recommendations use the coefficient estimates from Table 13. Worst- and Best-Case recommendations

use the lower and upper bounds of the confidence interval on these coefficient estimates.

Worst-Case Average Best-Case
Tribal Government Tribal Government Schools

Health Insurers Health Insurers Tribal Government
Hospitals Health Insurers

Medical Groups Hospitals
Coop Extensions Medical Groups

Libraries Emergency Responders
Housing Agencies Coop Extensions

Universities Community-Based Orgs
Development Agencies Libraries

Faith Communities Faith Communities
Community Health Ctrs Housing Agencies
Emergency Responders Development Agencies
Community-Based Orgs Universities

Other Providers Other Providers
Community Health Ctrs

Transportation
Business

Parks & Recreation
Environmental Orgs

and best-case scenarios capture additional important recommendations. Specifically, local health

departments should most certainly collaborate with tribal governments and health insurers, who

are each listed as recommended partners even in the worst-case scenario. However, they should

NOT collaborate with utilities and media, as they are not listed as partners even in under the

best-case scenario.

This recommendation is based upon our empirical estimations of the associations between

collaboration patterns and expenditures per capita. The optimization framework should be

tailored and reflect consideration for specific local health department characteristics. Thus, our

previous research provides a strong empirical foundation for this optimization framework to

build upon. Moreover, the framework should be easy to use and implement for local health

department leaders and those advising them, such as the Centers for Disease Control (CDC).

In developing more advanced solutions, this research concludes that it is crucial for any opti-

mization framework to reflect local health department characteristics and collaboration patterns.

44

Figure 7.1: Recommended Partners

These worst-case and
best-case scenarios
capture additional
important recommen-
dations. Specifically,
local health depart-
ments should most
certainly collaborate
with tribal govern-
ments and health
insurers, who are
each listed as rec-
ommended partners
even in the worst-case
scenario. However,
they should NOT
collaborate with utilities and media, as they are not listed as partners even in
the best-case scenario.

7.3. Future Considerations

The optimization framework should be tailored and reflect consideration for specific

local health department characteristics. Thus, our previous research in Chapters 5

and 6 provides a strong empirical foundation for this optimization framework to build

upon. Moreover, the framework should be easy to use and implement for local health

department leaders and those advising them, such as the Centers for Disease Control.
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In developing more advanced solutions, this research concludes that it is crucial

for any optimization framework to reflect local health department characteristics and

collaboration patterns. Furthermore, if possible it should also incorporate potential

synergies among partners, activities, and combinations of these; the optimization

framework should consider the association with expenditure per capita of a given

collaboration pattern as a whole. For instance, it might be the case that partnering

with both of two particular partners is additionally associated with expenditure per

capita in comparison to partnering with either alone. Future research to incorporate

collaboration patterns and synergies would be insightful, and the development of

a corresponding tool has great potential to affect local health department decision

making regarding collaboration. Such a problem builds upon the basic bipartite graph

setting of the optimization framework here. However, incorporating such patterns and

synergies would yield a hypergraph.

The platform restrictions and using only local computers may pose a significant

limitation on such research lines. Such optimization over a hypergraph computation-

ally taxing. Consequently, efficient optimization algorithms would need to be devel-

oped to bound memory usage. Each edge of such a hypergraph must be weighted

for optimization, but the limitations of the supporting data and statistical analysis

are considerably restrictive. Since our data prevents econometric analysis of such

complexity and quantity of explanatory variables, development of alternatives for

leveraging the data to draw inferences regarding associations between collaboration

patterns and synergies and expenditures per capita is necessary. One such alternative

is to use correlation coefficients to weight the edges where nonparametric correlation

measures may be particularly insightful, such as Spearman’s correlation coefficient

that only assumes a monotonic relationship between the two variables.

Such a network hypergraph optimization is not only complicated, but it may

indeed produce a problem that is quite literally too hard. Thus, while the simple

example found in this chapter (Example: Optimizing Across Partners) oversimplifies

our problem, optimizing a hypergraph for synergies may overcomplicate it. A mid-

dle ground must be found that incorporates an appropriate level of complexity to



www.manaraa.com

CHAPTER 7. OM IN PUBLIC HEALTH: CONCLUSIONS 129

be applicable while remaining simple enough to implement. For example, one mid-

dle ground solution may be to incorporate uncertainty into the optimization. That

is, Basing collaboration strategies and optimized solutions on econometric models

presents the challenge of incorporating uncertainty into the optimization and subse-

quent recommendations. Econometric models themselves communicate the level of

estimate uncertainty through information such as p-values and confidence intervals.

Thus, while stochastic, the econometric estimates have known distributions. Stochas-

tic programming or multi-bandit formulations may prove helpful in incorporating such

uncertainty.

7.4. Conclusions

In addition to contributions in the public health and nonprofit bodies of research, this

research contributes to current operations management literature at the intersection

of operations management and health literature, expressly at the intersection of col-

laboration, health care, and operations management research streams, as one of the

first to focus on the local public health setting. Such a localized setting presents inter-

esting challenges and opportunities. Furthermore, this research combines empirical

and theoretical operations methods. It fits within an area of great potential impact,

specifically research that combines operations research methods and optimization with

real-world data. Such a combination is potently applicable, yet, as we demonstrate,

can remain true to the academic rigor of our field. Ultimately, such research and

practice focused on strategic collaboration may well help local health departments to

leverage additional resources and better meet the needs of their communities.
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Concluding Remarks and Future

Work

As mentioned in the Introduction, this dissertation lies at the intersection of op-

erations management and nonprofit and philanthropic studies. There exist both

similarities and differences between the traditional for-profit settings of operations

management and those in the nonprofit sector. These similarities yield a potential

for relevance and value of operations research techniques applied in the nonprofit

sector, while the differences expose a fertile frontier for future research where our

traditional solutions are no longer directly applicable. The research contained in this

dissertation open up a host of very exciting future research potential.

Chapter 2 contains an abundance of future research directions. For example,

foundation funding portfolio optimization offers opportunities to increase the power

of philanthropic dollars in doing good by appropriately incorporating and maximizing

over risk, reward, and a portfolio of grantees. Even this exciting research is intermin-

gled with other research potential, such as performance measurement and evaluation

of social goals and nonprofit means.

In looking at funder-nonprofit relationships and funding structures (Chapter 3), I

am interested to work with funders to better understand the grant-making process to

see if the contracts we propose Chapter 3 would be applicable and to explore other

131
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possibilities of improving this contractual relationship. One example is the use of

long-term or multi-year contracts. The use of a long-term contract may enable the

funder to more precisely develop beliefs about the nonprofits as well as incentivize the

nonprofits through future allocations. Issues such as commitment, renegotiation and

breach of contract will need to be considered when analyzing these contracts. Thus,

it is important to collaborate with funding organizations and to better understand

mechanisms currently employed and challenges.

There are several very natural extensions to the work in public health systems re-

search (Chapters 4-7). Using the same data, it would be interesting to find measures

or proxies for performance of local health departments to see the effects of collabora-

tion and partnership patterns on performance and whether performance is different

from simple revenue. This will provide more insight into the true effects of collabo-

ration in the system of local health departments and lead to collaboration strategies

that will improve performance and consequently overall care.

The nonprofit sector is a significant and growing part of today’s economic fabric

and it is ripe with opportunity for research and application that can result in a more

efficient nonprofit sector, leading to a better economy and increased social welfare.

Operations management has not traditionally been applied to the nonprofit sector, es-

pecially outside of the humanitarian/disaster relief area. While traditional operations

management models and solutions cannot simply be cut and paste, there does exist

a wealth of potential cross-sectoral learning with significant societal impact. The

nonprofit sector is ripe with opportunity for operations management research and

application; This dissertation represents some of the first fruits. Such research can

result in more efficient supply chains and improved decision making for all nonprofit

organizations with the most important effect of changed lives.
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Appendix A

Chapter 3 Proofs

Proof of Theorems 1 and 4: We use backward induction to solve each stage of

the sequence of events outlined in Section 3.3. The nonprofit i maximizes his utility

based on the given allocation:

max
ei≥0

ui = max
ei≥0

{
Ai −

e2
i

2
+ yi

}
subject to yi = 2

√
eiθiAi.

Substituting the production function into nonprofit i’s utility function, we obtain

ui = Ai − e2i
2

+ 2
√
eiθiAi. Using the first-order condition to determine the effort, e∗i ,

that maximizes nonprofit i’s utility, we get

dui
dei

= −ei +
Aiθi√
eiθiAi

= 0 ⇒ e∗i = (Aiθi)
1/3.

The second-order condition shows that the e∗i found above is a unique maximizer

as the utility function is strictly concave: d2ui
de2i

= −1 − Aiθi
2ei
√
eiθiAi

< 0 since θi ≥ 0,

Ai ≥ 0, and ei ≥ 0. Then substitution gives output, y∗i = 2(Aiθi)
2/3, and utility,

u∗i = Ai + 3
2
(Aiθi)

2/3.

Next, we solve for the funder’s allocation of her resources in order to maximize

133
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her utility:

max
Ai(θi)≥0

Uf = max
Ai(θi)≥0

{
N∑
i=1

Eθi [ciyi] + α

(
B −

N∑
i=1

Eθi [Ai(θi)]

)}
.

Using the output best-response y∗i found above, we can reformulate the funder’s prob-

lem:

max
Ai(θi)≥0

{
N∑
i=1

Eθi
[
(2ci(Ai(θi) θi)

2/3 − αAi(θi) )
]

+ αB

}
.

The funder’s constraints can be similarly formulated resulting in Equations (3.8) -

(3.10).

First, we look to the individual rationality constraint, Equation (3.8), which we

find to be redundant as Ai(θi) ≥ 0. The incentive compatibility constraint ensures

nonprofits report truthfully. A nonprofit will report truthfully when his utility is

maximized at his true type. Therefore, we can examine the first-order conditions of

the nonprofits’ utility function:

dui

dθ̂i
=

d

dθ̂i

(
Ai(θ̂i) +

3

2

(
Ai(θ̂i)θi

)2/3
)

=
dAi(θ̂i)

dθ̂i
+

θ2/3

Ai(θ̂i)1/3

dAi(θ̂i)

dθ̂i
= 0.

The solution to this differential equation under the constraint that Ai(θi) ≥ 0 for all

θi is Ai(θi) = Ai where Ai is some constant. Therefore, the funder cannot differentiate

the types based on this simple contract because the incentive compatibility constraint

only holds with equality and that at a constant allocation, Ai(θi) = Ai. Accordingly,

Ai is used throughout the remainder of this proof.

Next, we use the Karush-Kuhn-Tucker (KKT) conditions to accommodate the
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budget constraint. The KKT conditions are

4

3
ciA

−1/3
i E[θi

2/3]− α− λ ≤ 0 ∀i [C1]

Ai

(
4

3
ciA

−1/3
i E[θi

2/3]− α− λ
)

= 0 ∀i [C2]

N∑
i=1

Ai −B ≤ 0 [C3]

λ(B −
N∑
i=1

Ai) = 0 [C4]

λ,Ai ≥ 0 ∀i [C5, C6]

where λ is the Lagrange multiplier from the budget constraint. The objective function

is strictly concave. To show this, we can take the negative of the objective function

and show convexity by the Hessian matrix being positive semi-definite, which follows

directly as:

d2(−Uf )
dA2

i

=
4

9
ciE[θi

2/3]A
−4/3
i ≥ 0 ∀i and

d2(−Uf )
dAidAj

= 0 ≥ 0 ∀i 6= j.

This along with the budget constraint being linear provide that the KKT conditions

are both necessary and sufficient.

It can first be noted that we must have Ai > 0 by these conditions. Thus, condition

[C1] will hold with equality. Solving for Ai as a function of λ from condition [C1]

above (holding with equality), we obtain Ai(λ) =
64c3iE[θi

2/3]3

27(α+λ)3
. Now there are two

possibilities to consider: λ = 0 and λ > 0, which correspond to the cases of a solution

unconstrained and constrained by the budget respectively.

We will first explore the unconstrained case. For this case when λ = 0, we have

that the unconstrained solution to the Report-Based Contract is as follows:

ARi (θi) = ARi =
64

27
φ3
iE[θi

2/3]3

where φi = ci/α.



www.manaraa.com

APPENDIX A. CHAPTER 3 PROOFS 136

For the case when λ > 0, i.e., the constrained case where B −∑N
i=1Ai = 0, we

obtain (α+λ)3 = 64
27B

∑N
i=1 c

3
iE[θi

2/3]3, resulting in the following constrained solution

for the Report-Based Contract:

ARCi (Θ) = ARCi =
B

Ω
c3
iE[θi

2/3]3

where Ω =
∑N

i=1 c
3
iE[θi

2/3]3. This concludes the proof of Theorems 1 and 4. �

Proof of Lemma 1: Since our goal is to achieve first-best under truthful revelation

of efficiency types (i.e., incentive compatibility), we use first-best allocations from the

outset. We suppress the subscript i for expositional simplicity.

To identify a penalty which enforces incentive compatibility, we first consider the

Audit IC constraint from Equation (3.11) with unconstrained first-best allocations

from Corollary 1:

64c3

27α3
θ2 +

3

2

(
64c3

27α3
θ2θ

)2/3

≥ 64c3

27α3
θ̂2 +

3

2

(
64c3

27α3
θ̂2θ

)2/3

− P 64c3

27α3
θ̂2

⇒ P ≥ 1

8cθ̂2

(
−8c

(
θ2 − θ̂2

)
− 9θ2α + 9θ2/3θ̂4/3α

)
≡ ΨU .

We seek to maximize this expression, ΨU , with respect to both θ and θ̂ to find a P ∗

that enforces the Audit IC constraint above regardless of θ and θ̂, that is, regardless

of a nonprofit’s true and reported type. We can reformulate the expression ΨU in

terms of the ratio T ≡ θ

θ̂
:

ΨU = 1−
(
θ

θ̂

)2

− 9α

8c

(
θ

θ̂

)2

+
9α

8c

(
θ

θ̂

)2/3

= 1− T 2 − 9α

8c
T 2 +

9α

8c
T 2/3.

Now we can maximize the reformulated expression with respect to one variable, the

ratio T . The first-order condition and resulting solution are −2T − 9αT
4c

+ 3α
4cT 1/3 =

0 ⇒ T =
(

3α
8c+9α

)3/4
. The second-order condition testing concavity is −2 − 9α

4c
−

9α
4cT 4/3 < 0, which holds true. This indicates the function is indeed concave and

thus the solution of the first-order condition is a global maximum. Substitution of
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the first-order condition solution into the ΨU equation gives the solution: the penalty

P ∗ = 1+ 3

4φ
√

8φ
3

+3
will enforce the incentive compatibility and the first-best allocations

and performance. We note that this penalty is not unique; any penalty greater than

P ∗i will also achieve incentive compatibility, truthful efficiency reports, and thus first-

best allocations. This completes the proof of Lemma 1. �

Proof of Theorem 2: The proof of Theorem 2 directly follows from the definition

of Audit-Based Contracts and Lemma 1 and Corollary 1. �

Proof of Corollary 2: Corollary 2(i) follows clearly from φi > 0. Corollary 2(ii)

follows from the negative first derivative of P ∗i with respect to φi. This completes the

proof of Corollary 2. �

Proof of Lemma 2: Since our goal is to achieve first-best under truthful revelation

of efficiency types (i.e., incentive compatibility), we use first-best allocations from the

outset. We supress the subscript i for expositional simplicity and note that φ = c/α.

We first consider the case of an unconstrained budget followed by the constrained

case.

We first consider the Audit IC constraint (Equation (3.11)) using first-best allo-

cations to identify the type θ that satisfies this constraint with equality.

LHS(θ) =
64c3

27α3
θ2 +

3

2

(
64c3

27α3
θ2θ

)2/3

=
64c3

27α3
θ̂2 (1− P ) +

3

2

(
64c3

27α3
θ̂2θ

)2/3

= RHS(θ, θ̂) (A.1)

where LHS(θ) and RHS(θ, θ̂) are the left- and right-hand sides of the Audit IC

constraint (Equation (3.11)), respectively. The simplified Audit IC constraint holding

with equality is 8c
(
θ̂2(P − 1) + θ2

)
+ 9θ2α = 9θ̂4/3θ2/3α.

Using the utility maximizing report of the nonprofit for θ̂, which is equal to 1,
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and solving for θ yields

θ∗(P ) =
{
θ|8φ

(
P − 1 + θ2

)
+ 9θ2 = 9θ2/3

}
=

1

η9/2

(
9η6ξ1/3 + 8η8φ− 8Pη8φ+ 4η5ξ2/3

φ− 4Pη5ξ2/3φ− ξ2/3
√
η9 (−27 + 16(−1 + P )2ηφ2)

)1/2

where φ = c/α, η = 9 + 8c, and ξ = −4(−1 +P )η5φ+
√
η9 (−27 + 16(−1 + P )2ηφ2).

The following results describe the behavior of the LHS(θ) and RHS(θ, θ̂) from

Equation (A.1):

(i) LHS(θ) is strictly increasing in θ: dLHS(θ)
dθ

= 16
27
θφ2(9+8φ) > 0 ∀θ ∈ [0, 1].

(ii) LHS(θ) is convex in θ: d2LHS(θ)
dθ2

= 16
27
φ2(9 + 8φ) > 0 ∀θ ∈ [0, 1].

(iii) RHS(θ, θ̂) is strictly increasing in θ: dRHS(θ,θ̂)
dθ

= 16θ̂4/3φ2

9θ1/3
> 0 ∀θ ∈ [0, 1].

(iv) RHS(θ, θ̂) is concave in θ: d2RHS(θ,θ̂)
dθ2

= −16θ̂4/3φ2

27θ4/3
< 0 ∀θ ∈ [0, 1].

Thus, there can be at most two possible intersections of the LHS(θ) andRHS(θ, θ̂)

given the constraints on our parameters discussed in Section 3.3. It can be noted

LHS(0) = 0 ≤ 64

27
(1− P )φ3 = RHS(0, 1) and

LHS(1) =
8

27
φ2 (9 + 8φ) >

8

27
φ2 (9 + 8 (1− P )φ) = RHS(1, 1)

imply that for 0 < P < 1 there exists only one positive intersection in (0, 1). For

P = 1 there are two intersections, one positive and the other zero. We take θ∗(P )

to be the positive intersection in both of these cases. This concludes the proof of

Lemma 2. �

Proof of Theorem 3: All subscripts i have been omitted for expositional simplicity.

(i) For θ < θ∗(P ): According to Lemma 2, the incentive compatibility constraint

holds with equality at θ∗(P ) and does not hold for θ < θ∗(P ). However, by
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giving all efficiency types θ < θ∗(P ) the first-best allocation for type θ∗(P ),

incentive compatibility holds for these types.

(ii) For θ ≥ θ∗(P ): In this region, we allocate using the first-best allocations. Ac-

cording to Lemma 2, incentive compatibility holds for θ ≥ θ∗(P ).

This concludes the proof of Theorem 3. �

Proof of Corollary 3: We suppress the subscript i for expositional simplicity. Fol-

lowing from the proof of Lemma 2, RHS(θ, θ̂) and LHS(θ) are both strictly increasing

in θ. Furthermore, RHS(θ, θ̂) is strictly decreasing in penalty P . From these points,

we note that as the penalty P increases, RHS(θ, θ̂) will decrease while LHS(θ) re-

mains constant. Thus, the intersection of RHS(θ, θ̂) and LHS(θ) will decrease and,

consequently, the value of θ∗ will decrease as well. This leads to Corollary 3(i). Corol-

lary 3(ii) follows directly from the negative first derivative of θ∗ with respect to φ

under the unconstrained budget case. This concludes the proof of Corollary 3. �

Proof of Proposition 1: Dividing the funder’s utility from Equation (3.6) by α

we obtain Ûf =
∑N

i=1 Eθi
[
2φi(Aiθi)

2/3 − Ai
]

+ B, which gives the following for each

respective contract:

ÛFB
f =

N∑
i=1

(
32

27
φ3
iEθi

[
θ2
i

])
+B,

ÛR
f =

N∑
i=1

(
32

27
φ3
iEθi

[
θ

2/3
i

]3
)

+B,

ÛA
f =

N∑
i=1

(
32

27
φ3
iEθi>θ∗i

[
θ2
i

]
+

32

9
φ3
iEθi<θ∗i

[
(θ∗i )

4/3 θ
2/3
i

]
− 64

27
φ3
iEθi<θ∗i

[
(θ∗i )

2])+B.

It can be easily observed that ÛFB
f ≥ ÛR

f by Jensen’s inequality.

We establish the result that the funder’s expected utility, UA
f , is decreasing in

the cut-off type, θ∗i (P
F
i ), and consequently increasing in the penalty, P F

i , by showing

that ÛA
F is decreasing in the cut-off type, θ∗i (P

F
i ), which is implied by the negative

derivative of ÛA
F with respect to θ∗i (P

F
i ). Since θ∗i (P ) is decreasing in the penalty, P ,
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ÛA
f is consequently increasing in the specified penalty, P F

i , which leads to Proposition

1(iii).

From this, we find that the upper bound of ÛA
f (at θ∗i = 0) is equal to ÛFB

f ,

and, consequently, greater than ÛR
f , completing the proof of Proposition 1(i). The

lower bound of ÛA
f (at θ∗i = 1) is

∑N
i=1

(
32
27
φ3
i

(
3Eθi

[
θ

2/3
i

]3

− 2

))
, which is less than

ÛR
f . Thus, ÛA

f is increasing in θ∗i from its lower bound to upper bound where ÛR
f

lies in between these bounds such that there must exist a θ̃i such that UA
f ≥ UR

f for

θ∗i (P
F
i ) ∈ [0, θ̃i] and UR

f ≥ UA
f for θ∗i (P

F
i ) ∈ (θ̃i, 1], proving Proposition 1(ii). This

concludes the proof of Proposition 1. �

Proof of Proposition 2: The nonprofit population utility function,

uN =
∑N

i=1Eθi
[
Ai + 3

2
(Aiθi)

2/3
]

gives the following utilities for each respective con-

tract:

uFBN =
N∑
i=1

(
8

3
φ2
iEθi

[
θ2
i

]
+

64

27
φ3
iEθi

[
θ2
i

])
,

uRN =
N∑
i=1

(
8

3
φ2
iEθi

[
θ

2/3
i

]3

+
64

27
φ3
iEθi

[
θ

2/3
i

]3
)
,

uAN =
N∑
i=1

(
8

3
φ2
i

(
Eθi≥θ∗i

[
θ2
i

]
+ Eθi<θ∗i

[
(θ∗i )

2])+

64

27
φ3
i

(
Eθi≥θ∗i

[
θ2
i

]
+ Eθi<θ∗i

[
θ

2/3
i (θ∗i )

4/3
]))

.

It can be noted that uFBN ≥ uRN by Jensen’s inequality and that

uAN ≥
N∑
i=1

(
8

3
φ2
i

(
Eθi≥θ∗i

[
θ2
i

]
+ Eθi<θ∗i

[
(θ∗i )

2])+
64

27
φ3
iEθi

[
θ2
i

])
≥ uFBN

where the first inequality comes from the fact that Eθi<θ∗i

[
θ

2/3
i (θ∗i )

4/3
]
≥ Eθi<θ∗i [θ2

i ]

and the second inequality comes from Eθi<θ∗i
[
(θ∗i )

2] ≥ Eθi<θ∗i [θ2
i ]. It can now be

easily shown that uAN ≥ uFBN ≥ uRN , which leads to Proposition 2(i).

Following from the nonprofit population utility function, we establish the result
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that uAN is increasing in the cut-off type, θ∗i (P
F
i ), and consequently decreasing in the

penalty, P F
i , by proving that the derivative of uAN with respect to θ∗i (P ) is positive.

Since θ∗i (P ) is decreasing in the penalty, P , uAN is consequently decreasing in the

specified penalty, P F
i , which leads to Proposition 2(ii). This concludes the proof of

Proposition 2. �

Proof of Proposition 3: The expected sector efficiency is defined as Π = E
[∑

Aiθi∑
Ai

]
in Subsection 3.6.3, which leads to the following:

ΠFB = E

[∑N
i=1 φ

3
i θ

3
i∑N

i=1 φ
3
i θ

2
i

]
,

ΠR = E


∑N

i=1 φ
3
iE
[
θ

2/3
i

]3

θi∑N
i=1 φ

3
iE
[
θ

2/3
i

]3

 ,
ΠA = Eθi>θ∗i

[∑N
i=1 φ

3
i θ

3
i∑N

i=1 φ
3
i θ

2
i

]
+ Eθi<θ∗i

[∑N
i=1 φ

3
i (θ∗i )

2 θi∑N
i=1 φ

3
i (θ∗i )

2

]
.

Under the assumptions of independent and identical distribution across θi, we use an

induction argument to establish that the term in the expectation of ΠFB is greater

than that of ΠR. Considering the monotonicity of expectation, ΠFB ≥ ΠR. Under

such assumptions, we have the following simplifications of ΠR and ΠA:

ΠR = E [θi] , ΠA = Eθi>θ∗i

[∑N
i=1 φ

3
i θ

3
i∑N

i=1 φ
3
i θ

2
i

]
+ Eθi<θ∗i [θi] .

These simplifications show clearly that ΠA will fall between ΠFB and ΠR depending

on the value of θ∗i (P
F
i ), where θ∗i (P

F
i ) = 1 leads to ΠA = ΠR and θ∗i (P

F
i ) = 0 leads

to ΠA = ΠFB. Proposition 3(i) and (ii) clearly follow. Consequently, as θ∗i (P
F
i )

increases, ΠA moves toward ΠR, which is a decrease. By Corollary 3, since ΠA is

decreasing in θ∗i (P
F
i ), ΠA must be increasing in P F

i leading to Proposition 3(iii).

This concludes the proof of Proposition 3. �

Proof of Lemma 3: Since our goal is to achieve first-best under truthful revelation
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of efficiency types (i.e., incentive compatibility), we use first-best allocations from the

outset. We suppress the subscript i for expositional simplicity.

As in the unconstrained budget case, in order to identify an incentive compatibility

enforcing penalty, we first will consider the incentive compatibility constraint from

Equation (3.11) with constrained first-best allocations from Corollary 4:

(
B

c3θ2 + Y

)
c3θ2 +

3

2

(
B

c3θ2 + Y
c3θ2θ

)2/3

≥ B

c3θ̂2 + Y
c3θ̂2 +

3

2

(
B

c3θ̂2 + Y
c3θ̂2θ

)2/3

−P B

c3θ̂2 + Y
c3θ̂2

⇒ P ≥ 1 +
3θ2/3

(
c3θ̂2 + Y

)1/3

2cB1/3θ̂2/3
−
θ2
(
c3θ̂2 + Y

)
θ̂2 (c3θ2 + Y )

−
3θ2
(
c3θ̂2 + Y

)
2cB1/3θ̂2 (c3θ2 + Y )2/3

≡ ΨC

where Y =
∑

j 6=i c
3
jθ

2
j . A penalty which enforces incentive compatibility is one that

satisfies this inequality (P ≥ ΨC). One such penalty is achieved when θ = θ̂ = 1 for

all nonprofits:

P̃ = 1 +
3
(∑N

j=1 c
3
j

)1/3

2ciB1/3
≥ 1 +

3θ2/3
(
c3θ̂2 + Y

)1/3

2cB1/3θ̂2/3
≥ ΨC .

Thus, the penalty P̃ enforces the incentive compatibility constraint, although it may

not be the least of such enforcing penalties. This completes the proof of Lemma 3. �

Proof of Corollary 5: To prove Corollary 5(i), we use contradiction: suppose

0 < PC∗
i ≤ 1. From the proof of Lemma 4, it follows that there is at least one positive

intersection of the constrained Audit IC constraint. This implies that the constrained

Audit IC constraint and, consequently, incentive compatibility will not hold for all

types θi, which contradicts the definition of PC∗
i from Lemma 3. Therefore, PC∗

i > 1

must be true. From ΨC in the proof of Lemma 3, we can use first derivatives to

observe that PC∗
i is decreasing in B (Corollary 5(ii)) and increasing in N (Corollary

5(iii)). This completes the proof of Corollary 5. �

Proof of Lemma 4: Since our goal is to achieve truthful revelation of efficiency types
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(i.e., incentive compatibility), we consider the Audit IC constraint of Equation (3.11)

but now with the appropriate constrained audit allocations, AFBCi

(
max

{
Θ,ΘC∗(P)

})
,

where AFBCi (Θ) is defined in Corollary 4, in order to identify the type θi that satisfies

the set of constraints with equality.

LHS(Θ) = u∗i
(
AFBC

(
max (θi, θ

∗
i ) ,max

(
Θ−i,Θ

∗
−i

))
, θi
)

= u∗i

(
AFBC

(
max

(
θ̂i, θ

∗
i

)
,max

(
Θ−i,Θ

∗
−i

))
, θi

)
(A.2)

−PAFBC
(

max
(
θ̂i, θ

∗
i

)
,max

(
Θ−i,Θ

∗
−i

))
= RHS(θ̂i,Θ) (A.3)

where LHS(Θ) and RHS(θ̂i,Θ) are the left- and right-hand sides of the Audit IC

constraint. Note that using constrained audit allocations ensures that the budget

constraint will be satisfied. However, in this situation it is much less straight-forward

to solve for ΘC∗(P) mostly due to the externality influences of the other nonprofits’

types. After replacing θ̂i with its optimal value, which is equal to 1, we can identify

Θ∗(P) as

ΘC∗(P) = {θ1, ..., θN |LHS(Θ)

= u∗i
(
AFBC

(
θi,max

(
Θ−i,Θ

∗
−i

))
, θi
)

= u∗i
(
AFBC

(
1,max

(
Θ−i,Θ

∗
−i

))
, θi
)

−PAFBC
(
1,max

(
Θ−i,Θ

∗
−i

))
= RHS(1,Θ)

}
(A.4)

where a “constrained budget” is defined as
∑N

i=1A
FB(θi) = B with N as the to-

tal number of nonprofits. Equation (A.4) yields the formulation found in Lemma

4. To prove the existence of ΘC∗(P) ∈ [0,1], we examine the end-points of Equa-

tion (A.4). When substituting θi = 0 into Equation (A.4), simplification gives us

0 <
Bc3i (1−Pi)
c3i+Yi

implying LHS((0,Θ−i)) < RHS(1, (0,Θ−i)) where Yi =
∑

j 6=i c
3
jθ

2
j .

Similarly substituting θi = 1 into Equation (A.4), simplification gives us 0 > −Bc3iPi
c3i+Yi

implying LHS((1,Θ−i)) > RHS(1, (1,Θ−i)) Thus, there must exist at least one

ΘC∗(P) ∈ [0,1] such that LHS(ΘC∗(P)) = RHS(1,ΘC∗(P)). In the case that there
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is more than one such point, we take Θ∗(P) to be the least of such points. Note

that the introduction of externality makes the constrained Θ∗(P) more difficult to

identify, however it can be solved for numerically. This concludes the proof of Lemma

4. �

Proof of Proposition 4: The proof of Proposition 4 is very similar to that of

Theorem 1. We use backward induction to solve each stage of the sequence of events

outlined in Section 3.3. The nonprofit i maximizes his expected utility based on the

given allocation:

max
ei≥0

Eξi [ui] = max
ei≥0

{
Ai −

e2
i

2
+ Eξi [yi]

}
subject to yi = 2ξi

√
eiθiAi.

Substituting the production function into nonprofit i’s utility function, we obtain

Eξi [ui] = Ai − e2
i /2 + Eξi [2ξi

√
eiθiAi]. Using the first-order condition to determine

the effort, e∗i , that maximizes nonprofit i’s utility, we get

dEξi [ui]

dei
= −ei +

√
AiθiEξi [ξi]√

ei
= 0 ⇒ e∗i = (Aiθi)

1/3(Eξi [ξi])
2/3.

The second-order condition shows that the e∗i found above is a unique maximizer

as the utility function is strictly concave:
d2Eξi [ui]

de2i
= −1− (

√
AiθiEξi [ξi])/(2e

3/2
i ) < 0

since θi ≥ 0, Ai ≥ 0, ei ≥ 0 and Eξi [ξi] > 0. Then substitution gives output, y∗i =

2ξi(Aiθi)
2/3(Eξi [ξi])

1/3, and expected utility, Eξi [u
∗
i ] = Ai + 3/2(Aiθi)

2/3(Eξi [ξi])
4/3.

Next, we solve for the funder’s allocation of her resources in order to maximize

her utility:

max
Ai(θi)≥0

Uf = max
Ai(θi)≥0

{
N∑
i=1

Eθi,ξi [ciyi]− α
(

N∑
i=1

Eθi,ξi [Ai(θi)]

)}
.
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Using the output best-response y∗i found above, we can reformulate the funder’s prob-

lem:

max
Ai(θi)≥0

{
N∑
i=1

Eθi,ξi
[
2ciξi(Aiθi)

2/3(Eξi [ξi])
1/3 − αAi(θi)

]}
.

The funder’s constraints can be similarly formulated as in Equations (3.8) - (3.10)

using Eξi [u
∗
i ]. We can show that the individual rationality constraints, Eξi [u

∗
i ] ≥ 0,

are redundant as Ai(θi) ≥ 0, θi ≥ 0, and Eξi [ξi] > 0. Using similar arguments as in

Theorem 1, we can also show that Ai(θi) = Ai for all θi where Ai is some constant.

Therefore, the incentive compatibility constraints are trivially satisfied. Thus, from

the first-order condition we obtain

ÃRi (θi) = ÃRi =
64

27
φ3
iEξi [ξi]

(
Eθi,ξi [ξiθi

2/3]
)3

> 0

where φi = ci/α. This concludes the proof of Proposition 4. �

Proof of Proposition 5: For expositional simplicity, we suppress the subscript i.

It is straightforward to observe that P ∗ and θ∗(P ) are unchanged under uncertain

production as the Audit IC constraint under uncertain production,

Eξ[u
∗(θ|θ)] = A(θ) +

3

2
(A(θ)θ)2/3(Eξ[ξ])

4/3 ≥

(1− P )A(θ̂) +
3

2
(A(θ̂)θ)2/3(Eξ[ξ])

4/3 = Eξ[u
∗(θ̂|θ)]− PA(θ̂),

with first-best allocations,

ÃFB(θ) +
3

2
(ÃFB(θ)θ)2/3(Eξ[ξ])

4/3 ≥ (1− P )ÃFB(θ̂) +
3

2
(ÃFB(θ̂)θi)

2/3(Eξ[ξ])
4/3,

remains the same as the original Audit IC constraint with first-best allocations:

AFB(θ) +
3

2
(AFB(θ)θ)2/3 ≥ (1− P )AFB(θ̂) +

3

2
(AFB(θ̂)θ)2/3
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as ÃFB(θ) = (Eξ[ξ])
4AFB(θ) and Eξ[ξ] > 0. This completes the proof of Proposition

5. �

Proof of Proposition 6: In this audit contract, if the funder funds a nonprofit, she

allocates according to the first-best allocation and audits the nonprofit. Therefore,

the funder will fund a type θi of nonprofit i only if her expected utility from that type

is positive:

2ci(A
FB
i (θi)θi)

2/3 − αAi − γ =
32

9

c3
i θ

2
i

α2
− 64c3

i θ
2
i

27α2
− γ > 0 ⇒ 32

27

c3
i θ

2
i

α2
− γ > 0.

That is, the funder will only fund those nonprofits where θi ≥
√

(27α2γ)/(32c3
i ).

Enforcing the incentive compatibility on “low” types, i.e., types that receive zero

allocation, will be more difficult as those types will have an higher incentive to lie.

To enforce IC Audit on those types, we need:

u∗i (θ̂i|θi)− PAFBi (θ̂i) ≤ 0,

which is equivalent to

(1− Pi)AFBi (θ̂i) +
3

2
(AFBi (θ̂i)θ)

2/3 ≤ 0 ⇒ Pi ≥ 1 +
3

2

θ
2/3
i

(AFBi (θ̂i))1/3

⇒ Pi ≥ 1 +
9

8φi

θ
2/3
i

θ̂i
2/3
.

The penalty is increasing in θi/θ̂i and is maximized when θi/θ̂i = 1. That is, to

enforce incentive compatibility for all “low” types, we need Pi = 1 + 9/(8φi). Since

this penalty is greater than the one in Lemma 1, it will enforce incentive compatibility

for “high” types as well. This completes the proof of Proposition 6. �

Proof of Proposition 7: The proof of Proposition 7 directly follows from the proof

of Lemma 2, and the definitions of θ∗i (Pi) and θi. In particular, when θi ≤ θ∗i (Pi), the

cut-off type remains as θ∗i (Pi) and the allocations are unaffected. When θi > θ∗i (Pi),

however, the funder does not want to audit the types in between θ∗i (Pi) and θi due to
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the high auditing costs. Thus, the funder gives a constant allocation to these types as

well; i.e., the cut-off type moves to θi. The constant allocation will be determined by

the incentive compatibility constraints of the types in between θ∗i (Pi) and θi, since the

higher constant allocation will continue to satisfy the Audit IC constraints for types

lower than θ∗i (Pi) by the definition of θ∗i (Pi), and first-best allocations will satisfy the

Audit IC constraints for types higher than θi. Due to the characteristics of the Audit

IC constraints we have identified in the proof of Lemma 2, it is straightforward to

show the existence of θ̃i. This completes the proof of
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B.1. Collaboration Excerpt from 2005 NAACHO

Survey
2005 
 
Partnership and Collaboration 
 
We are interested in knowing about your LPHA’s collaborations with a number of types of non-
governmental organizations.  For each organization, check each listed activity that your LPHA has 
done in conjunction with that organization in the past year. (Check all that apply)   
Flag records that check “No Relationship” or “N/A” in addition to one of the other columns.  All of those 
responses need to be changed to invalid.  Interesting to see how many people appear to have treated as 
“check one only”.   

 Exchange 
Information 

Work 
together on 
activities or 

projects 

LPHA 
provides 
financial 
resources 

LPHA has the 
leadership 
role within 

the 
partnership 

No 
relationship 

N/A:  
Organization 
does not exist 
in jurisdiction 

Hospitals q173a q173b q173c q173d q173e q173f 
Physician Practices 
/Medical Groups 

q174a q174b q174c q174d q174e q174f 

Community Health 
Centers 

q175a q175b q175c q175d q175e q175f 

Other health care 
providers 

q176a q176b q176c q176d q176e q176f 

Health insurers q177a q177b q177c q177d q177e q177f 

Emergency responders q178a q178b q178c q178d q178e q178f 

Land use agencies q179a q179b q179c q179d q179e q179f 
Economic and community 
development agencies 

q180a q180b q180c q180d q180e q180f 

Housing agencies q181a q181b q181c q181d q181e q181f 
Utility 
companies/agencies 

q182a q182b q182c q182d q182e q182f 

Environmental and 
conservation orgs 

q183a q183b q183c q183d q183e q183f 

Cooperative extensions q184a q184b q184c q184d q184e q184f 

Schools q185a q185b q185c q185d q185e q185f 

Parks and recreations q186a q186b q186c q186d q186e q186f 

Transportation q187a q187b q187c q187d q187e q187f 
Community-based 
Organizations 

q188a q188b q188c q188d q188e q188f 

Faith Communities q189a q189b q189c q189d q189e q189f 
Other voluntary or non-
profit organizations 

q190a q190b q190c q190d q190e q190f 

Libraries q191a q191b q191c q191d q191e q191f 

Universities q192a q192b q192c q192d q192e q192f 

Business q193a q193b q193c q193d q193e q193f 

Media q194a q194b q194c q194d q194e q194f 
Tribal government 
agencies 

q195a q195b q195c q195d q195e q195f 

Source: National Association of County & City Health Officials
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B.2. Collaboration Excerpt from 2008 NAACHO

Survey

2008 Profile of LHDs 

51

Partnership and Collaboration 
We are interested in knowing about your LHD’s collaborations with other organizations.  Check 
each way that your LHD has worked with each organization in the past year.  For each 
organization, check all that apply.  If the organization does not exist within your community service 
area, check N/A. (select all that apply) (Variable values: unchecked= 0, checked= 1) 

Shared Personnel/ 
Resources

Written 
agreement 

Regularly 
scheduled 
meetings 

Exchange
information 

No 
relationship 

N/A

Hospitals  q263a q263b q236c q263d q263e q263f

Physician Practices 
/Medical Groups q264a q264b q264c q264d q264e q264f

Community Health 
Centers  q265a q265b q265c q265d q265e q265f

Other health care 
providers  q266a q266b q266c q266d q266e q266f

Health insurers  q267a q267b q267c q267d q267e q267f

Emergency 
responders  q268a q268b q268c q268d q268e q268f

Local planning 
agency q269a q269b q269c q269d q269e q269f

Economic and 
community 
development agencies  

q270a q270b q270c q270d q270e) q270f

Housing agencies  q271a q271b q271c q271d q271e q271f

Utility
companies/agencies  q272a q272b q272c q272d q272e q272f

Environmental and 
conservation
organizations  

q273a q273b q273c q273d q273e q273f

Cooperative 
extensions  q274a q274b q274c q274d q274e q274f

Schools  q275a q275b q275c q275d q275e q275f

Parks and recreations  q276a q276b q276c q276d q276e q276f

Transportation q277a q277b q277c q277d q277e q277f

Faith communities  q278a q278b q278c q278d q278e q278f

Libraries  q279a q279b q279c q279d q279e q279f

Colleges or 
universities  q280a q280b q280c q280d q280e q280f

Business  q281a q281b q281c q281d q281e q281f

Media  q282a q282b q282c q282d q282e q282f

Tribal gov’t agencies  q283a q283b q283c q283d q283e q283f

Criminal justice 
system  q284a q284b q284c q284d q284e q284f

Health voluntaries  q285a q285b q285c q285d 285e q285f

Community-based 
Nonprofits  q286a q286b q286c q286d q286e q286f

Source: National Association of County & City Health Officials
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