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About This Book

Perennial conclusions from state-by-state funding-per-student analyses of
underfunding and weak state commitment have become so common that
they have diluted the potency of the argument to state policymakers for
more higher education funding. In addition, there has been little in the way
of testing or questioning the assumptions embedded in traditional funding
per student analysis and its accompanying conclusions.

As state legislators balance the competing needs of education, health,
transportation, and public safety budgets, they increasingly ask what return
on investment (ROI) they get for the funding they provide, including from
higher education. The ROI language, while potentially unsettling for its
corporate-like and neoliberal connotation, will persist into the foreseeable
future. We must ask questions both of adequacy (How much funding should
the states provide?) and benefit (What benefits do states receive for the higher
education funding they provide?). The focus on traditional funding per stu-
dent analysis has remained static for over 40 years, indicating the need for
new ideas and methods to probe questions of adequacy and benefit.

The Science of Higher Education is an introduction to a new paradigm
that explores state higher education funding, enrollment, completion, and
supply (the number and type of institutions in a state) through the lens of
what are commonly known as power laws. Power laws explain patterns in
biological systems and characteristics of cities. Like cities, state higher educa-
tion systems are complex adaptive systems, so it is little surprise that power
laws also explain funding, enrollment, completion, and supply.

The scale relationships uncovered in The Science of Higher Education
suggest the potential benefits state policymakers could derive by emphasizing
enrollment, completion, or capacity policies, based on economies of scale,
marginal benefits, and the return state’s get on enrollment and completion
for the funding they provide.

The various features of state higher education systems that conform to
scale patterns do not alone provide definitive answers for appropriate fund-
ing levels, however. As this book addresses, policymakers need to take into
account the macro forces, from demography to geography and the economy,
that situate the system, as well the interactions between government and
market actors that are at the core of every state higher education system and
influences the outcomes that system achieves.
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FOREWORD

ario C. Martinez offers a provocative, and likely controversial,
M approach to our understanding of higher education finance in the

21st century. It is expected that the reader will find some parts of
this work compelling and others wanting more development and evidencing,.
That is unabashedly his point in this volume. At its core, this book shifts our
attention from traditional adequacy-based approaches to scale approaches
that speak to return on investment (ROI). It is a welcome shift that is respon-
sive to the contemporary dynamics of policy and finance.

The late Hal Hovey (1999) described higher education as the great bal-
ance wheel in state budgets. The main idea is that in challenging economic
times, state budgets are often balanced with disproportionate reductions to
higher education allocations. In good times, states tend to disproportion-
ately overallocate resourcing. At the heart of this concept is a concern over
the adequacy of higher education funding. The question of how much we
should spend on higher education is fundamentally one of adequacy that is
frequently summarized with funding per student or funding per population
ratios.

This useful (and well-evidenced) balance wheel framing rests comforta-
bly in the context of higher education finance frameworks born of the 1970s
(e.g., Berdahl, 1971). The foundation of our framing of higher education
finance rests comfortably in a period defined by the 1972 reauthorization
of the Higher Education Act (HEA). The debates leading up to that HEA
reauthorization (as part of the Higher Education Amendments of 1972) gave
rise to a funding paradigm reestablishing the relationship between states and
the federal government. Our traditional (and historically useful) measures of
funding adequacy emerge directly from this period.

Since that time, we have witnessed a prolonged period of devolution of
federal responsibility to the states, a dramatic shift in our economy’s founda-
tions, and inexorable change in the country’s demographics. With this has
come an upending in the balance of public-private funding for postsecond-
ary education. Building on the work of the Carnegie Commission, Bowen’s
(1972) guiding questions of “Who Benefits from Higher Education—and
Who Should Pay?” are as crucial as ever.

ix
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As public postsecondary education costs have outpaced state appropria-
tion, we have shifted the balance to weigh more heavily on the shoulders of
students and their families. With that has come the inevitable and necessary
narrative of the return on investment for individuals and the increasing pri-
vatization of one of America’s most transformative public goods. It should be
little wonder that ROI has become the focus of individuals and policymakers
alike.

The context of higher education has changed, and Martinez is no longer
content with incremental approaches to evolving our thinking and work in
higher education finance. Adapting methods used to model dynamic systems,
he offers scale analysis as a new way of capturing public benefits. His is not
a minor attempt to advance our thinking. Throughout the book, Martinez
provides a wealth of examples, analyses, and comparisons to demonstrate this
approach’s utility. While admittedly oversimplified, his approach does repre-
sent a genuine shift in our paradigm—one that is likely to cause discomfort
and controversy among many in the field.

More important is the work he has put into the conceptualization, the
logic, and warrant for reframing our approach to the analysis of finance
policy. By design, Martinez is provoking the reader. He is challenging our
purchase on traditional assumptions about policymaking and policy analysis.
Along with the challenge, we get a well-developed conceptual rationale, a
new set of measures, and results to stimulate debate in the field. The framing
almost ensures that this debate will necessarily revolve around equity and
context.

Do the contents of this book constitute the beginning of a Science of
Higher Education? 1 leave that to the reader to decide. Regardless of your
opinion on that count, I hope you will agree that this book offers more sci-
ence than this area has seen since Berdahl and his contemporaries laid the
foundation of our current knowledge base in the 1970s.

Scott L. Thomas

John P. “Jack” Ellbogen Dean
College of Education,
University of Wyoming
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PREFACE

cale, power laws, flattening of the curve, exponential growth. These terms

quickly have become part of our global lexicon with the spread of the

coronavirus (COVID-19), and they will gain increasing familiarity in
higher education. That is because scale relationships are pervasive in higher
education, just as in countless other arenas. Smil (2019) offered such a com-
prehensive description of growth and scale across so many domains that we
should now expect any system involving humans to exhibit characteristics
of scale. State higher education systems—the subject of this book—are no
exception.

Berdahl’s foundational 1971 book Statewide Coordination of Higher
Education was one of the first publications to comprehensively document state
funding and governance characteristics of state higher education systems. As
the 1970s growth era in higher education slowed, descriptions of funding
gave way to questions of the extent to which states should fund higher
education. Higher education leaders and prominent national associations
provided funding per student and funding per capita comparisons across the
states to help answer these questions.

Funding per student and funding per capita both aim to address funding
adequacy (i.e., whether states adequately fund institutions) using two vari-
ables, or the technique known as ratio analysis. Ratio analysis is common in
policy, business, and education fields and assumes the two variables of inter-
est change at the same rate (a linear relationship), unless otherwise specified.
Ratio analysis, and its accompanying linear assumption, has two benefits:
It is easily understandable, and it simplifies complexity to produce insights
into the larger system it models. These benefits become weaknesses when the
assumption of linearity is inaccurate.

No single ratio (including those throughout this book) tells an entire
story. In policy there are always competing and multiple interpretations for
any single ratio. For the last 40 years, funding per student has been inter-
preted from the perspective of those who study and advocate for higher edu-
cation (among whom I count myself) as an assessment of a state’s funding
adequacy or commitment to higher education. Funding per student analy-
ses implicitly assume (a) funding and student enrollment change (or should
change) at the same rate, and (b) institutions that raise tuition when funding

xiil
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decreases are forced to do so, which in turn assumes they operate at maxi-
mum efficiency and effectiveness.

Perennial conclusions of state-by-state funding-per-student analyses
of underfunding and weak state commitment have become so common,
though, that they have diluted the potency of the argument for more funding
to state policymakers. In addition, there has been little in the way of testing
or questioning the explicit or implicit assumptions of traditional funding per
student analysis and its accompanying conclusions.

There is always the risk of straining valued relationships by questioning
existing conventions. Hauptman (2020) has been a bold voice and stated
that the “frequent assertion of state disinvestment is overstated” (para. 2).
He argued that state appropriations tend to focus more on meeting institu-
tional than student needs. Arguments such as this are important to explore,
despite the potential to cause divisions.

My motivation for writing this book is two-fold after studying higher
education policy the past 20 years: (a) constantly seek new and innovative
policy analysis methods and (b) engage in interpretative perspectives from
the state policymaker lens, which is different from agreeing with their per-
spective. Scale analysis (Appendix A: Glossary of Terms) provides an alterna-
tive to traditional funding per student analyses and works toward these two
goals.

Today, as state leaders balance K-12, higher education, health, transpor-
tation, and public safety budgets, they increasingly ask what return on invest-
ment (ROI) states get from higher education for the funding they provide.
The ROI language, while disproportionately asked of higher education (com-
pared to other state functions) and potentially unsettling for its corporate-like
and neoliberal connotation, will persist into the foreseeable future.

The exploration of ROI in public higher education is not a promotion
of one ideology over another but an acknowledgment of a perspective held
by many state policymakers. Enrollment, for example, as a return (benefit)
for state higher education funding (investment) asks, from a policymaker
perspective: What enrollment benefit does the state receive for the funding it
provides? The contrasting traditional funding adequacy question asks, from a
higher education institutional perspective: How much funding does the state
provide for each enrollment?

With these different perspectives and questions, it is entirely possible
that traditional analysis shows a state does not adequately fund higher educa-
tion while the same state shows a positive return on enrollment (enrollment
ROI) using scale analysis. A positive enrollment ROI indicates institutions
in a state make good use of the funding they receive, even if they need
more. However, some states may rank favorably on the traditional funding
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per student metric but show a negative enrollment ROI. A negative ROI
indicates that institutions in such states may not be using funding resources
as efficiently as those in other states.

Colorado and Vermont are examples of states that rank low on tradi-
tional funding per student metrics that assume a linear relationship between
the two variables but rank high on ROI metrics that rely on the empiri-
cal scale relationship between the two variables described throughout this
book. Though such results may raise alarm, the ROI interpretations say
nothing about the adequacy of state funding in Colorado or Vermont, only
that institutions in these states appear to make good use of the funding
they do receive.

The conventional interpretation that links funding per student with
funding adequacy is so strong that alternative methods of analysis, and in
turn competing results and interpretations, using the same two variables, are
likely to raise objections. Admittedly, the scale analysis throughout this book
relies on two variables, just as is true for the traditional analysis, and does not
claim to go beyond that. In this sense, the scale analysis also simplifies the
complex reality of higher education systems, though there is a groundswell
of evidence from other fields that the simple power law reveals much more
about such systems than linear analysis.

I should note up front that none of the chapters incorporate tuition.
One of my book reviewers and some colleagues from national organizations
who viewed the initial analysis in 2018 suggested I account for both tuition
and state revenue in the scale analysis, since both contribute to public insti-
tutional operational revenues. The link between tuition revenue and state
support does indeed merit a separate analysis. Public tuition setting is a func-
tion of many drivers including state support, administrative motivations, and
pressures to legitimize institutions through growth.

The research necessary to disentangle institutional and state drivers from
tuition revenues (and tuition rates), while worthy, is beyond the scope of my
initial effort to establish a foundation for a science of higher education. I do
not assume that if state funding goes down, for example, that institutions
are forced to increase tuition to make up the exact amount. This assumption
rests on other assumptions: that institutions are operating at maximum effi-
ciency and effectiveness (some may, some may not), that there are no other
administrative motivations that influence tuition, and so on.

Numerous reports that show institutions in the United States have raised
tuition largely independent of state funding and that tuition has consistently
outpaced inflation legitimately raise questions about these assumptions. It is,
of course, ideal to consider multiple perspectives that will propose different
reasons, or drivers, for these results.
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It is also fair to state my assumption that one driver on tuition setting
by institutional administrators and their boards is the inescapable pressure of
capitalism. Institutions of higher education, like organizations in business,
philanthropy, government, and the nonprofit (NFP) world, are on a con-
tinual quest to validate their existence by demonstrating growth. Presidents
and chancellors get hired by promising to expand institutions, not reduce
them. My assumption about capitalism and its effect on institutional admin-
istrators aligns with the prominent economist Branko Milanovi¢’s (2019)
description of capitalistic pressures on all types of institutions and organiza-
tions in advanced economies.

I took the feedback from my reviewers and for diligence purposes ran an
analysis combining state funding and tuition revenue relative to state popu-
lation. The results of that analysis are not the basis of this book but appear
in Appendix ], are briefly discussed in chapter 5, and do not vary drastically
from analysis that omits tuition revenues.

Whatever refinements and debates ensue about existing or new models
for examining state funding, enrollment, and completions, state policymakers
will continue to confront funding tradeoffs. The concepts of benefits,
investment, and ROI already apply to state higher education policy from
a policymaker perspective. For better or worse, the COVID-19 pandemic
and future unforeseen emergencies will elevate ROI questions over funding
adequacy questions for public higher education.

No one questions that higher education funding produces public ben-
efits for the entire state and private benefits to the individual receiving the
education. But many of the public benefits—more productive citizens in the
tax base, increases in civic responsibilities, fewer people who require govern-
ment assistance—are difficult to articulate, prove, prioritize, and actualize in
the short-term. In addition, the emphasis by all stakeholders, from commu-
nity college and university administrators to policymakers, on employment
and wages (another capitalistic tendency) elevates the private benefit narra-
tive over the public one and, in turn, emphasizes returns.

Book Purpose and Chapter Previews

The Science of Higher Education creates a starting point to address the ques-
tion of what benefits states receive for their higher education investment.
This book explores state higher education policy issues using state-level
population, enrollment, completion, funding, and institutional (number
and type of institutions) data from the 50 states. (Refined views of the data
throughout this book make adjustments when possible, such as state cost of
living differences.)
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None of the analyses in this book that include funding as a variable
directly address how much policymakers should fund higher education (find-
ing adequacy). State funding analysis, using scale methodologies, addresses
how states fund higher education relative to each other, for a given year.
These patterns of funding across the states are consistent over time.

This new approach—or new paradigm—models the two-variable rela-
tionships between various higher education system features (e.g., funding
and enrollment) that conform to what are known as power laws. The power
law shows when two variables change at different rates (scale), which con-
trasts with an assumption in most ratio analysis that they change at the same
rate (linear). The two examples in Table P1, detailed in chapters 7 and 9,
illustrate the presence of scale in state higher education systems and are indic-
ative of discussions throughout this book.

TABLE P.1
Sample Higher Education Scale Relationships

Relationship Visual | Description
Funding: Public UG / Funding grows at a faster rate than

Completion

completions (degree conferrals).

Population: no. / The no. of for-profit institutions grows at a

For-Profits faster rate than population.

The first column shows the two exploratory higher education policy
variables. The visuals in the second column show the nature of the relation-
ship between the two variables, if we could theoretically view the original
data for all 50 states on one graph. These visuals are increasingly familiar to
the public, courtesy of numerous displays in the daily coronavirus briefings
by health officials in the spring of 2020.

The table shows that funding grows at a faster rate than completion. In
general, larger states spend more per completion. The explanations for this
can vary. From a public investment perspective, it may be that completions are
subject to diminishing public benefit returns (public returns are very different
from private returns for the individual student). Or perhaps the relationship
indicates that institutions in larger states are less cost-efficient seeing students
through to completion than in smaller states. Yet another explanation may be
that large states invest more to broaden completion efforts beyond those who
are already likely to complete college, and it is expensive to do so.

The table also shows the relationship between state population and the
number of for-profit (FP) institutions in a state. The visual in the table shows
an exponential relationship. The number of FP institutions in a state grows
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at a faster rate than state population. One explanation for this relationship is
that investors seeking profit opportunities fuel the growth of FP institutions
and concentrate their efforts in larger states with higher population densities.
A competing and more benevolent explanation is that FPs flourish in larger
states because there is a high demand for their services.

The sample relationships in Table P1 are only two among many
described throughout this book. The chapters build on what we know about
scale behavior in the biological sciences and research on cities. Geoffrey
West (2017) and his colleagues at the Santa Fe Institute (SFI) study cities as
complex adaptive systems and the scale patterns associated with them. The
forerunner to the SFI research was the scale relationships found in living
systems, such as the two-variable weight:metabolism relationship across spe-
cies (a cat is 100x heavier than the mouse but only consumes 32x the daily
kilocalories).

West (2017) calls the prominence of scale features across cities the sci-
ence of cities. Power laws explain the relationship between city population
and infrastructure needs or city population and socioeconomic features such
as income, innovation, crime, and the spread of disease. Remarkably, power
laws explain various two-variable relationships, such as how much more
infrastructure New York City needs compared to Los Angeles relative to city
population, despite differences in geography, political culture, lifestyles, or
climate.

The complex adaptive systems framework that applies to cities also
applies to state higher education systems or state higher education ecosystems.
At the center of these state higher education ecosystems is a government—
market dynamic, fueled by complex interactions among policymakers;
institutional leaders; students; and other actors at the local, state, federal,
and national levels. These actor interactions occur within the context of each
state’s demographic, geographic, economic, and technological landscape, all
continuously and simultaneously influencing state higher education policy
and actor perceptions.

It is the complexity of the interactions, known as nerwork effects, that
eventually organizes into patterns accurately modeled by power laws.
Once again, COVID-19 makes it clear that scale concepts such as network
effects are at work in our world. The social distancing practices during the
coronavirus pandemic aim to decrease the exponential virus spread associated
with normal network effects. Reducing network effects reduces exponential
scale (or what researchers also refer to as superlinear scale).

The science of higher education—a phrase I not-so-creatively revised
from West’s famous work—Tlike the science of cities, represents a new par-
adigm for understanding state higher education ecosystems, a category of



PREFACE Xix

complex adaptive systems called social systems. Given the parallels between
cities and states as public social systems, it is perhaps unsurprising that
many of the results in the science of higher education parallel findings in the
science of cities (Appendices B—J show all data and results used throughout
this book). Higher education is, after all, a form of public infrastructure, or
as Klinenberg (2018) described it, social infrastructure.

State population and student demographics are the key macrovariables
that describe various higher education scale relationships. The focus on
demography in no way diminishes the influence that different states may
assign to other forces that shape policy, such as geography, the composition
of a state’s economy, or even the mix of students attending different types of
institutions. Furthermore, the scale metrics throughout this book provide
information but alone do not claim to dictate policy. Enrollment and com-
pletion ROI, for example, contain information and clues that inform policy
debate, but they are no substitute for also understanding the rich context that
situates each state.

Three parts comprise this book to allow readers to focus on preferred
topics and chapters. Part One provides the conceptual foundation. Chapter
1 bridges the philosophical underpinnings for complex adaptive systems and
scale to state higher education systems. The state higher education ecosystem
framework in chapter 2 is the conceptual foundation of this book. It is a
contextual framework that views states as complex adaptive systems, sur-
rounded by various macroforces and filled with internal microinteractions.
Macroforces, from demography to geography and the economy, situate the
system. The government—market dynamic encompasses actor interactions
that create the push and pull tension between supply and demand. Chapter
3 categorizes actor interactions using a historic political science framework
(Lindblom, 1977) that aligns with Epstein’s (2019) idea that we can push
forward by looking back; we can excavate old knowledge (in this case,
Lindblom’s framework) but wield it in new ways.

Practitioners with little interest in the philosophical foundations of the
science of higher education may wish to skip to Part Two. Chapter 4 reviews
scale concepts (and accompanying terminology) in biology and cities before
applying them to the state population and higher education funding rela-
tionship in chapters 5 and 6. Chapter 7 concludes Part Two with an explora-
tion of state populations and the number and types of institutions across the
states, a new and innovative way to look at state higher education supply.

Part Three focuses on enrollment and completion. Chapter 8 looks at
state population relative to both enrollment and completion, but it is chapter
9 that addresses the contemporary ROI approach by examining state fund-
ing relative to enrollment and completion. In scale analysis, it is possible
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to compare a state’s predicted enrollment or completion (state benefit) to
a baseline prediction, all relative to funding (investment). The difference
between actual and predicted (expected) values is what I define as an RO/
metric to address the question of what enrollment or completion benefit a
state gets for its higher education investment.

Ongoing refinements to the science of higher education likely will incor-
porate derivative metrics for enrollment, completion and even funding and
broaden insight into the ROI metrics specifically and the scale analysis gener-
ally. The State Higher Education Executive Officers (SHEEO, 2019) annual
finance reports now account for enrollment mix by sector, for example,
though this refinement took place over time.

Chapter 10 compares the enrollment ROI to the traditional funding per
student metric, considers the policy implications when viewing enrollment
ROI and completion ROI simultaneously, and illustrates through a sample
state profile (California) how qualitative descriptions and quantitative
scale metrics work better together than either individually. Chapter 10,
Part Three, and the book conclude with a summary of all the chapters and
implications for the future.

The spirit of the science of higher education is the exploration of new
ideas in a mature field. Soames (2019) underscored how important it is to
create new ideas and raise questions about existing paradigms, even though
inevitably new ideas mature, evolve, or may even turn out wrong. Soames
noted that great philosophers created theories primitive by today’s standards,
but “they succeeded in identifying problems and framing questions that were
later dealt with more satisfactorily using descendants of the concepts they
helped articulate” (p. 70).

The science of higher education looks at higher education policy through
a new lens while also raising questions and surfacing assumptions about
existing conventions. Although scale analysis is a 21st-century tool that can
benefit the field of higher education, the ideas in this book are in a primitive
stage so will certainly require revision, correction, and necessary critique.

Oversights, errors, or faulty assumptions reside with me, but hopefully
this book lays an initial foundation that contributes to more effectively iden-
tifying, framing, and solving higher education policy challenges, or as social
scientists have long called them, the “wicked problems” we face. If critics find
no reason to further examine scale in higher education phenomena but their
consideration of it sharpens the defense and analysis of traditional funding
per student metrics, then I will have met my goal for writing this book.
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I

COMPLEX SYSTEMS AND
STATE HIGHER EDUCATION

o Power laws explain features of complex adaptive systems, including
biological systems, cities, and state higher education systems.

o New explanations of higher education systems give rise to new ways of
thinking about higher education policy.

rganizations—from cities to corporations and universities—are

complex adaptive systems; they are living and breathing, connected

by dynamic interactions between and among people and groups.
Dynamic interactions produce network effects (see Appendix A for a glossary
of terms), many of which organize into predictable patterns between system
features.

Scientists at the Santa Fe Institute (SFI) study complex systems,
searching for order and patterns in natural systems as well as humanly
constructed ones. Their work on cities opens new possibilities for how
we think about human interaction, resource allocation, and public policy.
The Massachusetts Institute of Technology’s Human Dynamics Laboratory
studies patterns of information exchange in social networks that help explain
the coordination of social groups (Pentland, 2014), an essential building
block of any organization.

The mathematical function known as the power law explains various
features of complex adaptive systems across a range of fields. The general
power law that explains the relationship between mass and metabolism across
species also explains the relationship between city population and various
features of cities.

West (2017) and his colleagues at SFI showed that the power law explains
differences between cities in terms of infrastructure needs, wages, spread of
diseases, and even innovation, all relative to population. One city is a scaled
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version of another. New York City is a scaled-up version of Los Angeles for
various infrastructure and socioeconomic features of the city. The power law
accurately models scale behavior across cities for these features despite drastic
city differences in social dynamics, geography, economic activity, and even
government policies.

The central finding of this book is that power laws that apply to what
West (2017) called a “science of cities” also apply to many features of state
higher education systems (p. 7). We therefore have the foundation to exam-
ine how certain features of state higher education systems scale across states
and influence policy.

Power laws accurately model state higher education funding, enrollment,
completion, and supply (the number and type of institutions in a state), all
relative to state population. Power laws also explain state differences between
funding and public undergraduate enrollments and public undergraduate
completions.

Additional mathematical regularities that describe various phenomena
outside of higher education also apply to higher education. The 80/20 rule,
made famous at the dawn of the Industrial Revolution by Italian thinker
Vilfredo Pareto, describes a range of phenomena, from income distributions
in different countries to the size variations of U.S. public companies.' In
chapter 7, I refer to “Pareto-like imbalances” that describe diverse features
of higher education, from enrollment variations across different sectors of
higher education to the disproportionate representation of authors from just
a few institutions in top academic journals.

Mathematical descriptions of patterns in complex adaptive systems
generate fresh insights that can help solve system problems. Urban planners
may compare existing infrastructure capacity against anticipated popula-
tion changes and use the power law to forecast future infrastructure costs.
In higher education, patterns of state higher education funding and out-
comes can help policymakers decide whether to emphasize enrollment or
completion policies, or perhaps both.

The application of complex adaptive systems to human organizations has
its roots in the life sciences. Researchers took insights about living systems,
laid by thinkers such as Galileo, and discovered that the scale principles appli-
cable to mass and metabolism across species also explain the relationship
between city population and various socioeconomic features and infrastruc-
ture needs. In turn, these insights apply to state higher education systems
which, like cities, are complex adaptive systems.

The next section describes the enabling power of using the complex
adaptive system concept as a framework for the study of state higher edu-
cation systems. This sets the stage for an overview of the philosophical
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underpinnings of complex adaptive systems and links it to state higher
education systems, policies, outcomes, and interactions between and among
people and groups. Those who wish to begin with the domain-specific frame-
work for higher education and skip the discussion of the philosophical basis
for this book may wish to turn to chapter 2.

The Value of a Framework

o The complex adaptive systems framework describes state higher education
systems and policy challenges from a new perspective.

Practitioners often lack the time (and patience) to review theories or con-
ceptual frameworks. They want the application, the how. Researchers in a
variety of fields, including in higher education, however, have long used
frameworks to understand their subjects of interest and provide guidance
to practitioners.

Luckett and Casey (2016) emphasized that frameworks help organize
complex phenomena, which then translates into meaningful action. Luckett
and Casey used a biological framework that outlines seven essential charac-
teristics of life to describe the nature of social media. They initially relied on
the framework and then suggested actionable policies and practices to turn
social media into a constructive democratic platform.

Poverty researchers Daminger et al. (2015) stated that frameworks help
us understand why something works, noting that “when practitioners under-
stand why a particular strategy works, they will be in a better position to
find new ways to apply it, as well as to effectively advocate for the resources
they need” (p. 16). Daminger et al. utilized a behavioral science framework
to explain that environment influences behavior, and they subsequently sug-
gested nudge strategies to address chronic scarcity, based on their framework.

Frameworks increase understanding of why something works, not just
how it works. Importantly, insights derived from frameworks in one field
often find application in others. Findings from research on cities, specifically
scale relationships between infrastructure and socioeconomic features, apply
to state higher education higher systems. Cities and state higher education
systems have much in common. Just as city officials provide funding for cit-
ies, state policymakers provide funding for higher education. Just as invest-
ment in cities produces public and private benefits, so too does investment
in higher education.

Klinenberg (2018) described specific city and higher education invest-
ments that produce public benefits as social infrastructure. In cities, public
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libraries create a social space for a diverse range of people. Libraries facilitate
the acquisition of social and human capital (technical skills) by spreading
literacy and the development of social networks (human connections and
network ties) through various community programs. Klinenberg identified
universities as vehicles that facilitate the acquisition of social and human
capital in a similar manner. Institutions of higher education are a form of
social infrastructure.

The burgeoning work on cities offers frameworks useful from which to
view persistent policy challenges in higher education, or what Churchman
(1967) and social planners referred to as wicked problems. Wicked problems
have no single, agreed-upon solution. Incomplete and changing dynam-
ics influence how different people view the problem and frame ideas, all of
which result in different solutions to the problem.

Many policy problems are wicked problems. Tandberg and Fowles
(2018) charted the historical progression and application of various frame-
works and theories to higher education policy, starting with wicked prob-
lems. According to the authors, there is no shortage of opinions on how to
resolve difficult policy matters in higher education. Wicked problems arise
because it is difficult to prioritize competing interests in an arena where there
is no true-or-false or right-and-wrong dichotomy.

Wicked problems in higher education generate opposing policy solu-
tions to perennial issues: Can we achieve both access and quality? How do we
determine whether states underfund or adequately fund higher education?
What does higher education achieve for the state funding it receives?

Tandberg and Fowles (2018) described how researchers have framed
higher education policy to address wicked problems over the last 40 years.
They started with Cohen et al. (1972), who referred to colleges and universi-
ties as organized anarchies where problem and solution choices are akin to
garbage cans. Organizational garbage cans are a collection of choices looking
for problems, solutions looking for answers, and decision-makers looking for
work. Competing stakeholder preferences, changing technologies, dynamic
group interactions, and fluid organizational participation characterize organ-
ized anarchies. The problems that organized anarchies attempt to solve are
invariably complex and ambiguous, often wicked.

Wicked problems arise in what Hogarth (2001) called wicked learning
environments, which are distinct from kind learning environmenss. A kind
learning environment is an arena where accurate feedback connects decisions
to outcomes. Wicked learning environments feature more ambiguity and
complexity. The link between decisions and outcomes is murky, ambiguous,
or even nonexistent. Wicked learning environments describe the complex
environment in which so many higher education policy problems arise and
why leaders have difficulty advancing definitive solutions.
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Kingdon’s (1995) multiple streams theory builds on the garbage can
metaphor and wicked environments and addresses how different stakehold-
ers advance a policy solution and look for windows of opportunity to do
so during the policy process. Higher education researchers have applied
Kingdon’s theory to different aspects of state higher education policy, such
as the policy process for addressing governance reform (McLendon, 2003).

Tandberg and Fowles (2018) also showed how theories ranging from
principal agent theory to boundary spanning inform higher education policy,
and they encouraged further consideration of different perspectives. The
common theme throughout these studies describes state higher education
systems as complex organizations working on difficult problems in unpre-
dictable and nonlinear policy worlds.

The complex adaptive system framework and power law methodologies
applied to state higher education systems reveal relationships between popu-
lation and funding, population and supply (the number and different types
of institutions), and funding and enrollment and completion. These rela-
tionships offer a new way to compare states across common system features.
Policymakers can also assess their individual states. For example, the power
law relationship between funding and enrollment produces predicted enroll-
ments for each state, which can be compared against actual enrollments.

Complex Adaptive Systems and Intersubjective Worlds

o State higher education systems are social systems, a specific type of complex
adaptive system.

o Dynamic and complex human interactions lie at the heart of social
systems.

The study of complex adaptive systems is varied and multidisciplinary.
Complex adaptive systems as livable and changeable systems have been used
to describe biological systems, traffic flows, and governments. Multiple inter-
acting subjects and forces comprise any complex adaptive system, producing
dynamic effects that escape simple cause-and-effect characterization.

Smil (2019) offered what is perhaps the most comprehensive description
of growth and scale in complex adaptive systems to date. His volume covers
historical and contemporary findings for topics ranging from the growth of
microscopic organisms to scale in human populations, megacities, and entire
civilizations. Complex adaptive systems commonly exhibit scale in the form
of exponential or finite growth patterns.

The Science of Higher Education describes state higher education
systems as complex adaptive systems that conform to growth patterns like
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those Smil (2019) documented. State higher education systems are also
what Smil called a social system, a specific type of complex adaptive system
(I use social systems and complex adaptive systems interchangeably to describe
higher education). Though biological and social systems are both complex
adaptive systems that exhibit scale relationships among various features
that characterize them, physical laws drive biological systems, whereas net-
work effects that emanate from dynamic human interactions drive social
systems.

Social Systems and Intersubjectivity

Social systems live and breathe through this network of dynamic human
interactions, including state higher education systems. Interactions may
be between two people or among many; formal or informal; planned
or unplanned; direct (linear) or indirect (nonlinear); personal, social, or
professional; and virtual or face-to-face (and everything in between). Time
(temporal) and space (spatial) influence human interaction as well, such as
when, where, and in what format leaders choose to share information.

For Taleb (2018), complex systems do not have obvious one-dimensional
cause-and-effect mechanisms. Patterns exist among the messiness and
complexity, though those patterns are not easily reducible to singular expla-
nations as might be the case in physical or biological systems.

Social systems as complex adaptive systems align with Wilber’s (2001)
description of intersubjective worlds. Collectively, subjective individuals and
groups populate intersubjective worlds. According to Wilber, different reali-
ties, perceptions, feelings, and judgments collide in intersubjective worlds.
Cause and effect do not exist in these worlds, as a complex web of past,
present, and anticipated actions and interactions confounds singular and
reductionist explanations for any given outcome.

State higher education systems as social systems are intersubjective.
Dynamic and complex human interaction lies underneath any resultant
funding, enrollments, or completions in a state. Individuals and groups,
including institutional administrators and policymakers, compete to frame
wicked problems and influence colleges and universities that receive funding,
enroll students, and produce degrees.

Individuals and groups not only frame problems differently but also
view the entire social system through different lenses. Harari (2014, 2016)
believed that groups create collective fictions to make sense of messy and
complex intersubjective worlds. Even an organization is something people
create, a fiction that facilitates the coordination of human activity. The very
purpose and function of organizations can change over time as well, driven
by social system dynamics and competing fictions.
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Even though intersubjective worlds defy singular cause-and-effect expla-
nations because of the many actors and the fictions they create, researchers find
that power laws accurately describe many features of these worlds. Competing
groups and organizations—component parts of the whole—create the net-
work effects that shape and define these features. The next section describes,
in more detail, the parts and whole of higher education systems.

Higher Education as a Complex Adaptive System

o Complex adaptive systems consist of smaller complex adaptive systems,
alongside other systems, and nested within larger systems.

o Actors—individuals, groups, organizations—create different realities and
seek to advance their realities over others.

The complex adaptive systems framework and power law function describe
patterns between and among cities. Cities are complex adaptive systems,
comprising and surrounded by other complex adaptive systems (companies,
community colleges, universities, churches, businesses, and other organiza-
tions). Cities also are part of larger complex adaptive systems (states and
the nation). Despite system-level complexities and idiosyncratic differences
among individual cities, scale patterns still describe features across cities
(Bettencourt, 2013; West, 2017).

The complex adaptive systems framework and power law functions
apply to state higher education systems as well. Consider public universities.
Each public institution is a complex adaptive system, itself nested within a
larger complex adaptive system, known as a state system of higher education.
The state higher education system consists of individual institutions and a
centrally managed office (the chancellor or president’s office). This state sys-
tem of higher education is part of state government, another complex adap-
tive system, which formulates idiosyncratic higher education policies and
laws that account for local, state, and national conditions.

Public universities also exist alongside other complex adaptive systems,
including community colleges, private institutions, for-profit (FP) institu-
tions, businesses, local government agencies, and K—12 schools. Despite all the
differences between and among state systems of higher education, scale patterns
still describe features across systems and states, such as funding and completion.

The idea of a public institution as a complex adaptive system, itself con-
sisting of smaller complex adaptive systems and simultaneously surrounded
by and part of other complex adaptive systems, means each system is always
part of a larger whole. The whole limits the parts by placing boundaries on
individual autonomy while also conferring collective benefits to the parts.
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State systems place boundaries on institutional autonomy, but each unit
also benefits by belonging to the system. Similarly, university administra-
tors place boundaries on colleges, and colleges place boundaries on academic
departments. Colleges benefit by belonging to the university, and depart-
ments benefit by belonging to the college. At every level, the larger whole
constrains its constituent parts, but the parts also receive the benefits of
belonging to the larger system—e pluribus unum.

In addition to complex internal dynamics of parts and wholes, every
system resides in an environmental landscape of interacting macro forces.
Macro forces include each state’s demographic, economic, and geographic
features that situate system and actor interactions. Random forces and envi-
ronmental context create unique complexity within each state.? I address
the environmental landscape of state higher education systems in chapter 2,
as have previous scholars such as Peterson (1997), but I only acknowledge
randomness as a real and influential force in passing. Randomness in higher
education includes unpredictable leadership decisions and unanticipated
political, technological, or economic events.

The view of state higher education systems as complex adaptive systems,
or social systems, draws attention to the many interacting organizations, sub-
systems, and forces that influence higher education policy. Different actors
populate these organizations and subsystems and drive the interactions that
define them.

The Centrality of Actors Advancing Their Realities

Social systems are social because they are made up of interacting actors. Actors
can be individuals, groups, or organizations. Actors attempt to make sense
of the system and its parts. Macro forces and randomness also shape actors’
perceptions and thus the realities they construct about their intersubjective
worlds. Attempts to make sense of such realities are attempts at sensemaking
(Weick, 1995). Sensemaking occurs through self-contemplation, dialogue,
storytelling, and actor exposure to sensory input.

The sensemaking process is subjective because social systems are inter-
subjective and messy. Different actors construct different realities, different
fictions, in messy worlds, or what Epstein (2019) called “wicked worlds”
(p- 189). Actors behave according to their realities. This dynamic is like
Kingdon’s (1995) multiple streams theory, discussed earlier in the chapter,
where different stakeholders advance different ideas and policy solutions
to wicked problems. In policy environments, a dominant paradigm emerges
when one reality gains momentum over others.
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Higher education actors include students, faculty, administrators,
legislators, policy analysts, industry executives, community leaders, K—12
administrators and teachers, associations, foundations, and many others.
Higher education actors have different agendas and different solutions for
important challenges and issues. What administrators and faculty see as
an ailing and underfunded higher education system, certain politicians or
business groups may see as a spending problem within institutions. Higher
education publications regularly document declining funding per student as
evidence of lack of state commitment, whereas business writers use the same
metric to identify states with high spending per student—different realities.*

Actors work to convince others of their reality through a variety of
means. For example, universities hire consultants to write reports about their
economic contributions to their states, foundations fund activities to increase
certificate and degree conferrals, associations publish analyses of state fund-
ing to encourage investment in higher education, and FP lobbyists work to
reduce federal oversight of their institutions.

State higher education systems are complex adaptive systems precisely
because of the many and conflicting perspectives actors seek to advance.
Existing conventions and paradigms in any field develop over time and
represent actor success in gaining acceptance of their realities. New realities
represent a challenge to existing conventions and paradigms.

In the best case, research and evidence inform new realities. 7he Science
of Higher Education presents a view of state higher education systems as
social systems whose many features conform to evidence-based scale patterns
described by power laws. That features such as funding and enrollment con-
form to a scale relationship challenges the view that funding and enrollment
change at the same rate, an assumption underlying much higher education
policy work today. This seemingly small difference carries large policy impli-
cations that challenge existing interpretations of state funding, enrollment,
and completion. New frameworks create competing interpretations, a neces-
sary but not always welcome development.

Toward a New Framework
o All frameworks include some perspectives and exclude others.
The study of higher education is multidisciplinary and benefits from

frameworks and theories from other fields. Innovation research emphasizes
the value of applying ideas from one field to another (Hargadon & Douglas,
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2001; Rogers, 2003; Verganti, 2009), a concept also long known as lateral
thinking. In this respect, research and findings from the science of cities
(Bettencourt, 2013; West, 2017) provide valuable direction for establishing
a new paradigm for higher education.

In addition to discoveries from city research, theories from political
science, education, and economics contribute to the new science of higher
education paradigm. Public administration, political science, and economics
have long informed research on student aid, governance, and higher educa-
tion policy. Markets and governments are central to higher education policy
frameworks. Lindblom (1977) described the complex dynamic between
governments and markets as a politico-economic system, which also is the
core of all state public higher education systems.

Finally, current events and trends influence state higher education
systems. The topic of disruptive innovation in higher education, for example,
still generates as much excitement today as it did when massive open online
courses (MOOC:s) came on the scene, with all the accompanying hype that
began in 2012. MOOC:s never fulfilled the utopian ideals that evangelists
promised, but the search for the next great innovation continues to influence
actor realities and expectations about higher education funding, enrollments,
and completions.

Though no one has matched the substantive contributions of the late
innovation researcher Everett Rogers (2003), Clayton Christensen elevated
disruptive innovation as the premier trend at higher education conferences
and board meetings across the country (Christensen, 2016; Christensen &
Eyring, 2011). Birnbaum (2000) warned of the pitfalls and dangers of falling
victim to trendy thinking, but that does not reduce the influence it has.

Given the vagaries and unknowns associated with higher education trends,
The Science of Higher Education primarily draws on literatures from political
science, higher education, and economics. No paradigm is completely com-
prehensive, though, so some perspectives do not explicitly appear in this book.
I do not make direct interpretations from the very important social justice lens,
for example, though I do point out issues related to equity and access when the
interpretation of the results seems to lean in that direction. Experts in social jus-
tice may legitimately frame the analysis or interpret results differently than I do.

Notes

1. Population patterns are often associated with Zipf{’s law. Harvard linguist
George Kingsley Zipf actually applied this law in 1935 not to cities but to
word usage in the English language (www. hetps://en.wikipedia.org/wiki/
Zipf’s_law). The law states that the frequency of any word is inversely
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proportional to its rank in frequency. It was later applied to city size
(West, 2017). Zipf’s law is actually an application of the Pareto principle.
. Nassim Nicholas Taleb (2007, 2012), in both 7he Black Swan and
Antifragile, articulated the power of randomness and its influence on sys-
tems and societies.

. The Chronicle of Higher Education and Inside Higher Ed regularly feature
articles documenting declining state funding per student for different
years and time periods. Baumol and Bowen’s (1966) theory of the “cost
disease” provides an alternative perspective on higher education funding,
by focusing on institutions. Cooper (2018) is an example of a contem-
porary writer who sees institutional spending as the problem rather than
declining funding per student.
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