
THE SCIENCE OF 
HIGHER EDUCATION 
State Higher Education Policy and the  

Laws of Scale

Mario C. Martinez

Foreword by Scott L. Thomas

STERLING, VIRGINIA



COPYRIGHT © 2021 BY STYLUS PUBLISHING, LLC

Published by Stylus Publishing, LLC
22883 Quicksilver Drive
Sterling, Virginia 20166-2019

All rights reserved. No part of this book may be reprinted or 
reproduced in any form or by any electronic, mechanical, or other 
means, now known or hereafter invented, including photocopying, 
recording, and information storage and retrieval, without 
permission in writing from the publisher. 

Library of Congress Cataloging-in-Publication Data
Names: Martinez, Mario, 1967- author.
Title: The science of higher education : state higher education 

policy and the laws of scale / Mario C. Martinez ; foreword by 
Scott L. Thomas.

Description: Sterling, Virginia : Stylus Publishing, LLC., 2021. | 
Includes bibliographical references and index. |

Identifiers: LCCN 2021007516 (print) | LCCN 2021007517 
(ebook) | ISBN 9781642670882 (cloth) | ISBN 
9781642670899 (paperback) | ISBN 9781642670905  
(adobe pdf ) | ISBN 9781642670912 (epub)

Subjects: LCSH: Higher education and state--United States--
States. | Education, Higher--United States--States--Finance. | 
Universities and colleges--United States--Finance.

Classification: LCC LC173 .M294 2021 (print) | LCC LC173 
(ebook) | DDC 379.73--dc23

LC record available at https://lccn.loc.gov/2021007516
LC ebook record available at https://lccn.loc.gov/2021007517

13-digit ISBN: 978-1-64267-088-2 (cloth)
13-digit ISBN: 978-1-64267-089-9 (paperback)
13-digit ISBN: 978-1-64267-090-5 (library networkable e-edition)
13-digit ISBN: 978-1-64267-091-2 (consumer e-edition)

Printed in the United States of America

All first editions printed on acid-free paper 
that meets the American National Standards Institute
Z39-48 Standard.

Bulk Purchases

Quantity discounts are available for use in workshops and 
for staff development. 

Call 1-800-232-0223 

First Edition, 2021



xiii

PREFACE

S 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 
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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 Milanović’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 J, 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 (fund-
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 P.1, 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 
Completion

Funding grows at a faster rate than 
completions (degree conferrals).

Population: no.  
For-Profits

The no. of for-profit institutions grows at a 
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 P.1 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 100× heavier than the mouse but only consumes 32× 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 network 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—like the science of cities, represents a new par-
adigm for understanding state higher education ecosystems, a category of 
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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 ROI 
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.


