
Academic Capitalism, Organizational Change, and
Student Workers: A Case Study of an Organized
Research Unit in a Public Research University

Item Type text; Electronic Dissertation

Authors Hutchinson, Barbara Swing

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:58:28

Link to Item http://hdl.handle.net/10150/196127

http://hdl.handle.net/10150/196127


ACADEMIC CAPITALISM, ORGANIZATIONAL CHANGE, AND 

STUDENT WORKERS:

A CASE STUDY OF AN ORGANIZED RESEARCH UNIT  

IN A PUBLIC RESEARCH UNIVERSITY

by

Barbara Swing Hutchinson

_________________________

A Dissertation Submitted to the Faculty of the 

CENTER FOR THE STUDY OF HIGHER EDUCATION

In partial Fulfillment of the Requirements
For the Degree of

DOCTOR OF PHILOSOPHY

In the Graduate College

THE UNIVERSITY OF ARIZONA

2 0 0 5



2

The University of Arizona @
Graduate College

As members of the Final Examination Committee, we certify that we have read the 

dissertation prepared by ___Barbara Swing Hutchinson___________________________ 

entitled ___Academic Capitalism, Organizational Change, and Student Workers: A Case 

Study of an Organized Research Unit in a Public Research University    ______________

________________________________________________________________________

________________________________________________________________________ 

and recommend that it be accepted as fulfilling the dissertation requirement for the 

Degree of ________Doctor of Philosophy______________________________________

_______________________________________                March 8, 2005_____________
            Dr. Gary Rhoades date

_______________________________________                March 8, 2005_____________
            Dr. Sheila Slaughter date

_______________________________________                March 8, 2005_____________
Dr. John Cheslock date

_______________________________________                March 8, 2005_____________
Dr. James Knight date

_______________________________________                March 8, 2005_____________
Dr. Jack Elliot date

Final approval and acceptance of this dissertation is contingent upon the 
candidate’s submission of the final copies of the dissertation to the Graduate College.

I hereby certify that I have read this dissertation prepared under my direction 
and recommend that it be accepted as fulfilling the dissertation requirement.

March 8, 2005
Dissertation Director: Dr. Gary Rhoades date 



3

STATEMENT BY AUTHOR

This dissertation has been submitted in partial fulfillment of requirements for an 
advanced degree at The University of Arizona and is deposited in the University Library 
to be made available to borrowers under rules of the Library.

Brief quotations from this dissertation are allowable without special permission, 
provided that accurate acknowledgement of source is made.  Requests for permission for 
extended quotation from or reproduction of this manuscript in whole or in part may be 
granted by the head of the major department or the Dean of the Graduate College when in 
his or her judgment the proposed use of the material is in the interests of scholarship.  In 
all other instances, however, permission must be obtained from the author.

SIGNED:  Barbara Swing Hutchinson



4

ACKNOWLEDGEMENTS

This dissertation, and indeed my entire course of study, would not have been 
possible without the help and support of a great many people.  For the past twenty years, 
I have been incredibly lucky to be affiliated with an outstanding group of professionals 
and students at the University of Arizona’s Office of Arid Lands Studies, many of whom 
graciously allowed me to interview them for various parts of this study.  There could be 
no harder working group of individuals nor any who are more committed to improving 
the situation of the world.  It has been my privilege and pleasure to be a part of their 
efforts and I thank them for giving me the opportunity to work with them and to learn 
from them.  In particular, I want to give special thanks to my colleagues and friends in 
the Arid Lands Information Center (ALIC): Carla Casler, Heather Severson, Maureen 
Sieberg, Anne Thwaits, and Katherine Waser for their constant concern and unwavering 
support, and especially Michael Haseltine, whose patient assistance with the Office’s 
funding database and many other technical details was absolutely invaluable.  Many of 
the ALIC staff have been together for more than fifteen years, always living on the 
tenuous edge of a soft money existence. It has only been because of their creative talents 
and energy that we have achieved the success we have thus far.  They, along with 
colleagues in other University departments, most notably Dr. George Ruyle (School of 
Natural Resources) and Dr. Barbara Timmermann (College of Pharmacy)have never 
failed to be enthusiastic supporters of my various pursuits.  I want to also thank Joy 
Rogers for her help in compiling OALS personnel data, Jim Cook for assistance in 
locating OALS business records, and all of the OALS administrators, faculty, and staff 
for their quick and candid responses to my many questions, in particular, Dr. Jim Chamie, 
Eric Pfirman, Dr. Kennith Foster, Dr. Lay Gibson, Dr. Leslie Gunitalaka, Dr. Charles 
Hutchinson, Dr. Jack Johnson, Dr. Martin Karpiscak, Dr. Stuart Marsh, and Dr. Steve 
McLaughlin.  Thank you, too, to Alice Langen in the Vice President for Research Office 
for her vital assistance and to the many others around campus who provided information 
key to this study.

I would also like to thank the chair of my committee, Dr. Gary Rhoades.  He has 
shown incredible tolerance of my slow learning curve in developing an understanding of 
the theories and worldviews that inform the study of higher education.  I am deeply 
indebted to his guidance and encouragement.  Similarly, I want to thank Dr. Sheila 
Slaughter for finally giving me a feminist perspective and a greater sensitivity to issues of 
access and equity, even though those themes are not the focus of this particular work.  
Thank you, too, to Dr. John Cheslock, who helped me gain a new appreciation of the 
extent and complexity of the financial dilemmas we face in academia, and to Drs. Jim 
Knight and Jack Elliot for expanding my international interests and showing me that 
good teaching can be learned.  All have contributed to the successful conclusion of my 
final formal educational experience.

Over the past five years, I have also relied on the friendship and guidance of many 
other people both within and outside of higher education.  The “best study group ever,” 



5

as it has come to be known among its happily biased members (Karen Engelsen, Jan 
Findley, Marcus Machado, David McKenzie, and Kerith Morriss), was instrumental in 
helping me sort out the wheat from the chaff in studying for written and oral exams.  
They continue to be a source of support and good cheer, making me glad I took 
advantage of an opportunity that led to meeting them.  Other friends have kept me going 
by giving me safe harbor from the cares of school, work, and life in general.  In 
particular, Conrad Bahre, Holly Cluff, Cindy Cook-Keller and Thayer Keller, Michael 
Freeman and Bob Hall, Anne Gondor, Tina Kennedy, Corrine Koch and Bob Davis, 
Vicki Numkena, Mary Rosas, Barbara Roth, Barbara Snyder, Evie and Bob Varady, and 
Ann Youberg and Bob Czaja - thank you for being good listeners and for distracting me 
with pleasant company through the years.  Special thanks to Dr. Nick Waser, Dr. Mary 
Price, and Katherine Waser for giving me use of their retreat in the Chiricauhuas where I 
found the quiet repose I needed to renew the writing process.  For helping keep my home 
calm and organized, I especially thank Cecilia Gray.  

Lastly, although certainly not least, are all the members of my family who with 
good grace have unfailingly supported my interest in completing this doctorate.  Thank 
you to my parents, B.J. and Bud Swing as they are lovingly known, whose pride in 
whatever I have been able to achieve has helped me want to achieve more.  “Yes, Mom, 
this time I REALLY am finished!”  To my sister, Suzie, thank you for being the best and 
most enthusiastic of cheerleaders, and to my sister, Cindy, thank you for continuing life’s 
struggles with the most engaging of smiles and in spite of everything.  To son-in-law, 
Andrew, I thank you for challenging my intellectual capacities with always intriguing 
discussions, and for contributing to bringing into the world two most excellent and 
promising of boys, Aaron and Aiden, the lights of my life.  Finally, and most heartfelt, 
are my thanks to my two fabulous daughters to whom this dissertation is dedicated.  They 
are without doubt, the finest young women I know – intelligent, hard-working, dedicated 
to the highest ideals, accomplished, creative, kind, and considerate, and all the while still 
possessing well-honed, if slightly off-beat, senses of humor. Without you, none of this 
would have happened.  You are the best!



6

DEDICATION

This dissertation is dedicated to Heather Anne Hutchinson Ordover and Sydney Jane 
Hutchinson, my two wonderful daughters.  For their belief in me and for their 
unconditional love and support, I thank them from the bottom of my heart.



7

TABLE OF CONTENTS

LIST OF TABLES.............................................................................................................11

ABSTRACT.......................................................................................................................12

CHAPTER ONE: INTRODUCTION

    Introduction....................................................................................................................13
    Statement of the Problem...............................................................................................14
    Purpose of the Study ......................................................................................................16
    Need for the Study .........................................................................................................17
    Theoretical Framework..................................................................................................20
    Research Questions........................................................................................................24
    Description of the Study ................................................................................................25
    Limitations of the Study.................................................................................................27
    Abbreviations.................................................................................................................29
    Organization of the Dissertation ....................................................................................30

CHAPTER TWO:  LITERATURE REVIEW

    Introduction....................................................................................................................32
    U.S. Science Policy from World War II to the Present .................................................32
    Science Policy, Academic Capitalism, and ORUs.........................................................41
    Determining University Culture ....................................................................................43
    Role of Ambiguity in University Culture ......................................................................46
    Organizational Change Theories and the Culture of ORUs...........................................48
    The Role of Students in Academic ORUs .....................................................................55
    Socio-Technical Perspectives on Workplace Relationships ..........................................58
    Power Bases in Faculty and Graduate Student Worker Relationships ..........................60
    Conclusion .....................................................................................................................61

CHAPTER THREE: RESEARCH DESIGN AND METHODOLOGY

Introduction ...................................................................................................................63
Site Selection.................................................................................................................65
Investigative Strategy ....................................................................................................66
Data Collection..............................................................................................................67

Chapter 4: OALS History and Performance.............................................................67
Data Analysis ................................................................................................................71

Chapter 4: OALS Funding and Performance Data ..................................................71



8

TABLE OF CONTENTS – continued

Data Collection..............................................................................................................73
Chapter 5: OALS Organizational Change................................................................73

Data Analysis ................................................................................................................76
Chapter 5: OALS Organizational Change................................................................76

Data Collection..............................................................................................................76
Chapter 6: Faculty and Student Workers .................................................................76

Data Analysis ................................................................................................................77
Chapter 6: Faculty and Student Workers .................................................................77

     Confirming Findings.....................................................................................................78

CHAPTER FOUR:  U.S. SCIENCE POLICY, ACADEMIC CAPITALISM, AND THE 
UNIVERSITY OF ARIZONA’S ORU IN ARID LANDS STUDIES

    Introduction....................................................................................................................80
    Academic Capitalism, ORUs, and the University of Arizona .......................................83
    Arid Lands Research at the University of Arizona........................................................87
    The First Years of the Office of Arid Lands Studies .....................................................94
    Current Status of OALS and Its Personnel ....................................................................99

OALS Scope and Size Comparison.............................................................................104
OALS and UIRC Comparison of Budget and Sources of Support .............................106
Other Performance Indicator Comparisons.................................................................117
Conclusion...................................................................................................................120

CHAPTER FIVE: POLITICS, PERSONALITY, AND ORGANIZATIONAL CHANGE

    Introduction..................................................................................................................126
    Discussion of Findings.................................................................................................127

Demographics .........................................................................................................127
University Research Culture Prior to the Organizational Change ........................128
From Ambiguity to Conflict to Change...................................................................132
Operating Styles: Traditional Versus Entrepreneurial...........................................139
Turf and Territorialism ...........................................................................................140
Personality Interactions..........................................................................................142
Indirect Costs ..........................................................................................................144
Tenured Positions ...................................................................................................146

    Relationship of Conflicts to Organizational Change Theories ....................................147
The Role of Leadership, Politics, and Power ..............................................................149

    Conclusion ...................................................................................................................152



9

TABLE OF CONTENTS – continued

CHAPTER SIX: STUDENTS’ TECHNOLOGICAL EXPERTISE AND THE 
INFLUENCE ON FACULTY AND CURRICULUM

    Introduction..................................................................................................................154
    The Arizona Remote Sensing Center...........................................................................155
    Data Analysis ...............................................................................................................157

Demographic and Background Information ...........................................................157
 Decision-Making in ARSC Operations....................................................................161
 Use and Role of Technologies .................................................................................167
Decision-Making in Teaching and Curriculum ......................................................172
Perceptions of Student Work and Workers in Lab Operations...............................175

Conclusion...................................................................................................................177
Faculty, Students, and Their Roles in the Lab’s Decision-Making Process..........177

 Academic version Sponsor Interests ......................................................................181

CHAPTER SEVEN: CONCLUSIONS

Introduction .................................................................................................................183
     Research Questions and Study Findings.....................................................................183

 OALS and its Role in Academic Capitalism: A Drain or a Gain?.........................183
 Institutional Placement: College-based or Free Agent? .......................................189
 Student Workers and Faculty Supervisors: Conflicts of Interest or 

 Mutual Benefits ...................................................................................................193
Implications for Practice .............................................................................................195
Recommendations for Future Research ......................................................................198
Conclusion...................................................................................................................200

APPENDIX A:  Consent Form, Spring 2002 ..................................................................205

APPENDIX B:  Interview Questions, Spring 2002.........................................................206

APPENDIX C:  Consent Form, Spring 2001...................................................................207

APPENDIX D:  Faculty Interview Questions, Spring 2001............................................208

APPENDIX D(a): Student Interview Questions, Spring 2001 ........................................209

APPENDIX E:   OALS Funding by Commercial Sponsors by Decade..........................210

APPENDIX F:  Total OALS Funding by Sponsor by Decade ........................................212



10

TABLE OF CONTENTS - continued

APPENDIX G:  Arid Lands Information Center Funding History..................................218

APPENDIX H:  Arizona Remote Sensing Center Funding History................................219

APPENDIX I:  Desert Research Unit Funding History...................................................221

APPENDIX J:  Natural Products Center Funding History ..............................................223

APPENDIX K:  General OALS Funding History ...........................................................225

APPENDIX L:  International Arid Lands Consortium Funding History ........................226

APPENDIX M:  Economic Development Research Program Funding History..............227

APPENDIX N:  Native Development, Systems Analysis, and Applied Technology 
(NADSAT) Funding History ...............................................................................228

APPENDIX O:  OALS Patent Activity ...........................................................................229

REFERENCES ................................................................................................................230



11

LIST OF TABLES

Table 1:  Codes for Types of Sponsor ...............................................................................72

Table 2:  Administrative Faculty and Staff, Date of Hire, Positions, and Percentage 
University-State Funding .....................................................................................102

Table 3:  Comparison of Numbers and Types of Personnel ............................................104

Table 4:  OALS Extramural and State Funding by Year, and Adjusted for Inflation .....108

Table 5:  Extramural and State Funding Combined by Decade.......................................109

Table 6:  Comparison of UIRC and OALS Sources of Support ......................................110

Table 7:  Extramural Project Funding by Type of Sponsor .............................................111

Table 8:  Comparison of UIRC and OALS Funding by Type of Government Agency ..113

Table 9:  OALS Funding Totals by Government Agency ...............................................113

Table 10:  Funding Totals by OALS Unit by Decade .....................................................115

Table 11:  Numbers of OALS Publications by Year .......................................................118

Table 12:  Organizational Change Theories and Conflict Areas as Noted by UA 
Personnel..............................................................................................................128

Table 13:  Demographics of ARSC Lab Student Workers ..............................................160



12

ABSTRACT

This multi-layered case study examines the evolution and operations of one long-lived  

organized research unit (ORU), the Office of Arid Lands Studies (OALS), at the 

University of Arizona (UA).  The first part includes a history of arid lands research at the 

UA and the beginning of OALS, a review of the Office’s extramural and internal funding 

since 1964, and a comparison of that data and other performance indicators with other 

ORUs and, to some extent, with departments.  The results are examined in relation to 

U.S. science policy and the theory of academic capitalism.  The second part explores the 

causes of OALS’ 1981 administrative move from the Vice President for Research Office 

to the College of Agriculture in the context of the University’s multiple cultures and 

institutional and resource dependence theories of organizational change.  The final part 

considers the influence of student workers on faculty supervisors who work as 

technicians in an OALS lab, and the role of funding agencies in the lab’s operations.  

Theories of power and technology in the workplace provide a frame for the discussion.  

Findings suggest the placement of this ORU in a college has been beneficial in clarifying 

research turf, minimizing conflicts, supporting instruction, and in terms of funding.  

OALS’ extramural support has averaged more than four dollars to every one dollar 

received internally, and OALS faculty compare favorably with other faculty in numbers 

of publications, and to a certain extent with teaching and advising.  While the OALS

remote sensing lab does utilize students as sources of cheap labor, the students do have 

considerable influence over how the lab operates.  The only areas of conflict occurred 

over linking thesis topics to research projects and in meeting funding agency deadlines.
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  CHAPTER ONE: OVERVIEW

Introduction

University-based organized research units (ORUs) provide an opportunity to 

explore one of the subcultures of higher education through the lens of various 

sociological theories.  By their very nature, ORUs are involved in many of the most 

contentious of today’s academic debates:  teaching versus research (Finnegan 1993; 

Geiger 1993; Milem et al. 2000; Neumann 1996; Serow 2000), the impact of 

globalization on professional work (Rhoades & Slaughter 1997; Slaughter & Leslie 

1997), the influence of industry and government on management and research directions 

(Birnbaum 2000; Bowie 1994; Brooks 1996; Brown 1982; Etzkowitz & Leydesdorff 

1997; Florida 1999; Gibbons et al. 1994; Hackett 2001a; Johnson 2001; Slaughter & 

Archerd 2002, Slaughter & Rhoades 2004), the commercialization of academic research 

(Bok 2003; Etzkowitz 1989; Geiger 1993; Gibbons et al. 1994; Rhoades & Slaughter 

1997; Slaughter 1990; Slaughter 1993; Slaughter & Leslie 1997; Slaughter & Rhoades 

1996), full-time versus part-time and adjunct faculty (Rhoades 1998; Rhoades & 

Slaughter 1997), the growing disparity in faculty salaries by discipline and institution 

type (Alexander 2001; Slaughter 1998), the role of leadership and power (Birnbaum 

1988; Cohen & March 1974; Marshall 1990; Pfeffer 1981; Vallas 1993), the influence of 

graduate students as workers (Hackett, Croissant, & Schneider 2001; Rhoades & Rhoads 

2003; Slaughter et al. 2002), the privilege factor of technology (Rhoades & Slaughter 

1997), and, generally, issues related to the allocation of declining resources (Hackman 

1985; Slaughter 1993; Slaughter & Rhoades 2004; Volk, Slaughter, & Thomas 2001).  
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Often such units have grown out of an interest in building potentially prestigious 

programs that may require costs, size, timeframes, and purposes not readily adapted to a 

traditional departmental structure (Geiger 1990; Geiger 1993).  Although part of a 

teaching institution, ORUs are usually highly technical operations, grounded in applied 

sciences, and closely tied to funding agency research and product development objectives 

(Friedman et al. 1982; Stahler & Tash 1994).  Thus, their presence in academia places 

them squarely at an intersection of research, education, and technology, and the 

relationship of these academic cultures to society.  ORUs also provide a prime setting for 

an examination of the theories of academic capitalism, organizational change, and the use 

of power.

Statement of the Problem

The existence of ORUs has contributed to ongoing discussions about the role of 

research in higher education, particularly industry-based research; the university’s 

responsibility for exploring solutions to societal problems; and the appropriateness of 

providing financial support for such units that are not closely aligned with the teaching 

mission (Geiger 1990; Geiger 1993; Hackett 2001a; Slaughter & Leslie 1997; Slaughter 

& Rhoades 2004; Stockton 1972).  Some suggest ORUs, because of their more business-

like operations, may be contributing to a major alteration in traditional academic values 

and norms and to a growing climate of competitiveness and commercialism (Croissant & 

Restivo 2001b; Etzkowitz 1989; Rhoades & Slaughter 1997; Slaughter & Leslie 1997; 

Slaughter & Rhoades 1996).  Others see the work of ORUs as integrally tied to changes 

in academic science (Brooks 1993; Brooks 1996; Geiger 1990).  This has been evidenced 
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in a redefinition of the type of research variously called applied, technical, use-oriented, 

applications-based, or problem-focused, into a “new production of knowledge” (Gibbons 

et al. 1994) and as a new intersection of research quadrants (Stokes 1997).  The presence 

of the ORU subculture has been seen as contributing to conflicts with traditional 

departments over research turf and in issues surrounding the allocation of institutional 

resources (Campbell & Slaughter 1999; Friedman et al. 1982; Stahler & Tash 1994).  So, 

too, does the particular orientation of the ORU affect relationships among individual 

faculty, researchers, and student workers who participate in this more entrepreneurial side 

of academia (Croissant & Restivo 2001a; Croissant & Restivo 2001b; Slaughter & 

Archerd 2002; Slaughter et al. 2002).

For the most part, studies about ORUs have been addressed at a general level 

beginning with their historical underpinnings and as a consequence of changes in U.S. 

science policy (Brooks 1996; Friedman et al. 1982; Gibbons 1990; Gibbons 1993; Stahler 

& Tash 1994; Slaughter 1990; Stockton 1972).   A few have examined aspects of their 

internal cultures (Croissant & Restivo 2001a; Hackett, Croissant & Schneider 2001), the 

technological interface (Hackett 2001a; Hackett 2001b; Newcomer 2001), and the 

influence of industrial partners on operations (Cohen, Florida & Goe 1994; Johnson 

2001; Slaughter & Archerd 2002).  However, no research has considered a single ORU 

from macro to micro level which traces its evolution, tracks its funding in relation to 

science policy and academic capitalism, and closely observes both structural and 

functional organizational change over time.  Nor does the literature shed light on the 

daily operations of ORUs or why some have survived, prospered, and become integrated 
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into the university and others have not.  This study will focus on one ORU that has 

successfully navigated itself through decades of academic change and turbulence.  It also 

observes the role of individuals in the ORU and in other parts of the academic 

environment, and the forces of power, politics, and technology as they play out in such 

settings.  Thus, there may be insights for university administrators, faculty, researchers, 

and students who are interested in either working in academic science or in the viability 

of such research units to contribute to the mission and goals of the institution.  In the end, 

it is hoped this research will lead to more informed decision-making and use of financial 

and human resources.

Purpose of the Study

Possessing a cultural identity differentiated from other functions of the institution, 

ORUs are in a prime position for observing how diverse interests are accommodated at 

the academic periphery.  The following case study of one particular ORU at the 

University of Arizona, the Office of Arid Lands Studies (OALS), attempts to reveal the 

nature of those interests.  Both cultural and theoretical contexts are used to examine the 

forces leading to structural and functional change over the past four decades. Specifically, 

the study reviews nearly 40 years of funding and productivity data in relation to science 

policy and other comparative institutional statistics, appraises the forces leading to 

changes in administrative structure and organizational function, and considers the 

working relationships among some of its key personnel.  Thus, this research aims to 

provide a better understanding of the peculiar role of the ORU in the research university 
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and the processes that influence research directions, organizational change, and worker 

relations in that setting.

Need for the Study

ORUs have a long history, although only in the last half of the 20th century did 

their role became more pronounced.  Beginning with the 1862 Morrill Act establishing 

the land-grant university system, and further expanded by the Hatch Act of 1887 with the 

advent of agricultural experiment stations, the first formal linkage between research and 

teaching was brought to reality.  During World War II, university support for national 

research agendas greatly expanded as academics became integrally involved in supplying 

the technical expertise needed for conducting the war (Gibbons et al. 1994; Stokes 1997).  

However, it was not until the aftermath that the university-research complex experienced 

the phenomenal growth that led to significant increases in the number and variety of 

ORUs in research universities (Cohen, Florida & Goe 1994; Friedman & Friedman 1984; 

Geiger 1990; Geiger 1993; Ikenberry & Friedman 1972; Stockton 1972).  Many factors 

contributed to this trend including university aspirations in establishing dominance and 

prestige in certain research areas, particularly those with a “big science” focus; decreases 

in block grants resulting in increased competition for extramural funds; and, in some 

cases, a desire to establish research directions founded on broad societal problems 

(Friedman et al. 1982; Geiger 1990; Geiger 1993; Slaughter & Leslie 1997; Stockton 

1972).  Such research often draws on the expertise of faculty from multiple disciplinary 

backgrounds, a trend that not only led to growth in formalized interdisciplinary programs, 
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but to the development of a growing number of university-based institutes, centers, and 

bureaus (Friedman & Friedman 1984; Kockelmans 1979; Stockton 1972).  

As ORUs proliferated, they developed singularly distinctive characteristics and 

cultural attitudes within the academic environment.  On the whole, ORUs are more 

oriented to problem-focused research than are traditional departments and operate on an 

entrepreneurial model which is revealed by their strong ties to sponsor interests (Cohen, 

Florida & Goe 1994; Friedman & Friedman 1984; Geiger 1993).  They generally employ 

full-time faculty as well as research scientists and technicians who work as teams in a 

horizontal organizational structure dedicated to meeting project deadlines rather than the 

necessities of academic teaching calendars (Stahler & Task 1994).   Although these 

faculty and researchers may have fewer academic demands, they often constitute the 

expanding number of “academic marginals”  or “unequal peers” who are not supported 

by the same rights and privileges as are traditional faculty members (Friedman et al. 

1982; Hackett 2001b).  In addition, many ORUs also hire students, usually graduate 

students, who typically provide a significant portion of the skilled labor required for 

meeting project goals (Croissant & Restivo 2001b; Johnson 2001).  

That ORUs exist in an institution whose stated mission and culture is directed 

toward teaching and the transfer of knowledge to the next generation, has led some to 

suggest these units are not integral to the primary university mandate.  Comments such as 

“not central to the definition of a research university” (Friedman & Friedman 1984, p. 

27), and “not contributing to the educational mission of universities... [or] necessarily 

crucial to [the discovery of new knowledge through the research and scholarship] 
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function” (Stahler & Tash 1994, p. 542), set the stage for the placement of ORUs at the 

fringe of academia where conflicts with other university personnel and units can easily 

emerge.  Issues of resource allocation, peer review, faculty evaluation, teaching loads, 

research competition, applications-driven versus fundamental or basic research, and the 

influences of academic and business values have been well documented in the literature 

concerning ORUs (Bowie, 1994; Campbell & Slaughter 1999; Cohen, Florida & Goe 

1994; Friedman et al.1982; Friedman & Friedman 1984; Geiger 1990; Geiger 1993; 

Hackett 2001a; Ikenberry & Friedman 1972; Stahler & Tash 1994; Stockton 1972).  

However, ORUs also are viewed as “doing what departments cannot do: to operate in 

interdisciplinary, applied, or capital-intensive areas in response to social demands for 

new knowledge” (Geiger 1990 p.17). 

These characteristics may be evidenced in the more business-like operational 

styles and funding mechanisms of ORUs (Bowie 1994; Hackett 2001a), in their diverse 

mix of professional positions, and in the particular interaction of their workers (Campbell 

& Slaughter 1999; Croissant & Restivo 2001a).  ORU faculty members often find 

themselves caught between two contradictory philosophies: the altruistic values of 

academia and the profit and product motivations of industry - a situation that sets the 

stage for potential conflicts in both loyalties given and interests pursued.  Thus, to 

understand how ORUs operate, it is important to recognize not only the wide range of 

characters involved and their internal actions, but the external driving forces which may 

be influencing them.  As pointed out in one report, ORUs are “easily assembled...directed 

rather than chaired, unencumbered by organizational ideology...often operated as 
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fiefdoms rather than collegialities, freed of tradition and its restraints but also its 

protection”  (Friedman et al.1982, p 2-3).  It can be said, then, that both opportunity and 

vulnerability co-exist side by side and are key factors in how and why ORUs operate as 

they do.

It is the purpose of this research to try to clarify the role of the ORU in research 

universities by providing a deeper understanding of how one long-lived ORU has 

survived and, sometimes, thrived.  The investigation draws on objective empirical data, 

but also attempts to go beyond the academic and institutional to the human aspects - to 

the people who have lived out their professional lives in this particular ORU, and to many 

who continue to work there.  National and local policies naturally affect all campus units, 

but may particularly impact those that exist at the periphery where susceptibility to the 

vagaries of political and economic perturbations is more pronounced.  As part of the 

structure of research universities, ORUs must find a means to support not only their own 

self-interests, but the mission of the parent institution.   The story of how this particular 

ORU maneuvered around often contradictory and competing forces within the academic 

setting will add another dimension to the literature on ORUs in higher education, and 

may lead to a greater understanding of how they can more effectively contribute to 

institutional goals.

Theoretical Framework

This investigation was informed by the literature on organized research units as 

part of a distinct subculture within the broader academic setting.  It was also framed by 

the theory of academic capitalism, as well as institutional, resource dependence, and 
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power theories of organizational change.  These orientations are briefly presented in this 

section.

The cultural perspective used for this study is of the university as a complex 

organization with many layers, each of which must be recognized and studied separately 

if the whole is to be understood and appropriately managed (Birnbaum 1988; Cohen & 

March 1974; Czarniawska-Joerges 1989; Morgan 1986).  It also is premised on the 

viewpoint that the workings of these layers or subcultures can be in large part revealed by 

comparing and contrasting the perceptions, stories, and actions of their various actors 

(Louis 1985; Morgan 1986; Smircich 1993; Swidler 1986).  Through this cultural 

orientation, subcultures within the larger entity can be examined for ideologies that act 

either as unifying forces or sources of conflict (Clark 1995; Clark 1983; Kezar & Eckel 

2002; Ylijoki 2000).  That these effects might be caused by the ambiguous nature and 

loose coupling of the higher education organizational structure also are factors in an 

exploration of subculture activity (Cohen, March & Olsen 1972; Cohen & March 1974; 

Martin & Meyerson 1988; Weick 1976).  As such, studies of the ORU culture will 

require gathering multiple perspectives from within and without the unit itself and a 

thoughtful examination of those individual assessments.

One of the current themes with particular relevance to the ORU subculture is 

academic capitalism (Bok 2003; Gibbons et al. 1994; Rhoades & Slaughter 1997; 

Slaughter & Rhoades 2004; Slaughter & Leslie 1997; Stokes 1997).  This critical theory 

suggests universities are being, perhaps irreparably, reconfigured by a new political 

economy that is changing the way they do the business of teaching, research, and service.  
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In particular, this trend is noted in the drift of U.S. science policy away from basic or 

fundamental research to applied, use-oriented research (Gibbons et al. 1994; Rhoades & 

Slaughter 1997; Slaughter & Leslie 1997; Stokes 1997).  This movement toward the 

“market” may also be evidenced in shifts in resource allocation to those faculty and 

departments aligning themselves with funding agency interests and who are able to bring 

additional resources to the university (Rhoades & Slaughter; Slaughter 1993; Slaughter & 

Leslie 1997; Slaughter & Rhoades 1996;  Slaughter & Rhoades 2004;Volk, Slaughter & 

Thomas 2001).  Key to academic capitalism is an increase in competitive and 

entrepreneurial activity which engages faculty, administrators, students, and staff with 

commercial concerns and industry partners, and moves them away from traditional 

publishing and educational pursuits (Birnbaum 2000; Bowie 1994; Brooks 1996; Brown 

1982; Etzkowitz 1989; Etzkowitz & Leydesdorff 1997; Gibbons et al. 1994; Hackett 

2001a; Johnson 2001; Slaughter & Archerd 2002; Slaughter & Rhoades 2004).  

Historically, ORUs have been part of this trend even before it was identified with the 

terminology of academic capitalism (Gibbons 1990; Gibbons 1993; Stockton 1972).

While the impetus of academic capitalism may be redefining the basic tenants of 

higher education, there are also other theoretical frames that inform organizational 

change.  Institutional theory suggests organizations respond to times of uncertainty by 

making adjustments to be more like other similarly focused organizations considered to 

be more successful (DiMaggio & Powell 1983; DiMaggio & Powell 1991).  In this case, 

organizations will undergo this process of homogenization either because it perceives this 

as a way to become more competitive or because it believes institutional alignment will 
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help it gain prestige and legitimacy (DiMaggio & Powell 1983).  This literature provides 

a context for examining the motivations and decision-making of subculture groups, such 

as ORUs, internally rather than in relation to the global economic factors of academic 

capitalism.  Thus, institutional theory creates an awareness of the internal processes that 

may be driving organizations to change.  

However, organizational change theory also can have an external focus. 

Resource dependence theory emphasizes the importance of examining organizational 

behaviors in relation to outside forces (Pfeffer & Salancik 1978; Slaughter & Leslie 

1997; Tolbert 1985).  As in the case of academic capitalism, those forces with the most 

power over the institution will be those that also have the most influence over financial 

resource distribution.  For instance, the more dependent an academic institution is on 

state and federal policies for operational resources, the more those policies will exert 

pressures on the institution to behave in accordance with state and federal regulations 

(Slaughter & Leslie 1997).  Research in this area also has observed that the smaller and 

less institutionalized a unit is within an organization, the more vulnerable to resource 

dependence behaviors it will become (Tolbert 1985).  This suggests ORUs may be 

particularly susceptible to resource dependency issues, i.e. the influence of administrative 

policies, to the extent they operate outside stated academic missions, while at the same 

time vying for support from the parent institution.  

The ability of external bodies to apply constraints on academic discretion and 

autonomy, can also be observed among individual actors.  Lukes (1974) provides a 

context for examining power relationships within the higher education environment.  His 
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analysis of power gives insights into individual actions based not only on observable 

behaviors or conflicts, but on less apparent forces.  In this case, it is necessary to observe 

the various ways power can be leveraged on individuals causing them to take certain 

actions or inactions.  In Lukes’ typology, these applied forces include coercion, influence, 

force, authority, and manipulation, each of which may be used alone or in various 

configurations. In the case of faculty and student relationships, the traditional balance of 

power has been weighted toward faculty who by way of their position and experience 

have the possibility of using these means to advantage their own situations.  However, 

research on power in the workplace extends this thesis by further suggesting technology 

as a possible factor in how worker relationships are manifested and why certain 

organizational decisions are made (Barley 1986; Thomas 1994; Vallas 1993).  For 

student workers in ORUs who are hired for their expertise and cost-effectiveness as 

technicians, the power differential with faculty managers may be compromised.  Thus, 

this research suggests there may be multiple elements of power at play in any given 

situation, and that a full examination of organizational operations will require a 

sensitivity to nuance and less readily apparent interactions.  

Research Questions

To accomplish the purposes of this three-part study, the following research 

questions were used:

Study One Question:

Is the University of Arizona’s ORU in arid lands studies representative of 
other ORUs and does its history, evolution, and productivity provide 
evidence of changes in U.S. science policy and characteristics of academic 
capitalism?
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Study Two Questions:

1) Did differences between University departmental and ORU cultures and 
professional orientations during the first decades of OALS’s operation contribute 
to its 1981 organizational change?

2) Did the organizational change reveal evidence of either isomorphic movement 
as described by institutional theory or of resource-constraint as suggested by 
resource dependence theory?  

Study Three Questions:

1) Does the technical expertise of student workers in this ORU influence the 
decision-making of faculty supervisors and contribute to a change in the power 
structure?

2) What role do funding agencies play in the operation of the Lab and in the 
decisions made by faculty and student workers?

Description of the Study

The three parts of this multi-layered case study were conducted at the Office of 

Arid Lands Studies (OALS), a unit currently structured within the College of Agriculture 

and Life Sciences (CALS) at the University of Arizona.  This ORU was created in 1964 

as the result of a government-funded research project, acting “simply as an administrative 

vehicle for the execution of the grant, but later serving to create a University-wide focus 

for what had been a concern of the University since its founding, namely the problems of 

the arid lands in all their multi-faceted aspects” (OALS 1977, p.1).  Because the 

researcher is affiliated with the Office, access to historical documents and materials as 

well as to personnel at all levels was readily available.  However, all those interviewed 

were informed their participation was voluntary.

The first study resulted from the collection, evaluation, and compilation of 

historical information, funding data, and archival OALS financial records.  Included in 
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this phase was the identification and review of funding reports from the Vice President 

for Research Office and Financial Services Office as well as the Office’s own archives of 

memorandum and letters.  In addition, a previous OALS Business Manager, a former 

Director, and current faculty members were called upon to clarify certain dates and to 

review the accuracy of the data processed.  Based on this material, a history of Office 

funding mechanisms was pieced together and compiled into a database of grants and 

contracts awarded since its beginning.  Also identified were the dates of faculty hires and 

percentages of state support for salaries, student advising activities, teaching loads, and 

patenting activity.  Finally, Office faculty and staff publications lists dating from the 

early 1980s were used to identify the number of peer-reviewed journal articles and other 

publications that can be attributed to the Office.  

In the second and third studies, formal interviews were held with a variety of 

informants.  The second study involved interviews with 17 people including University 

administrators, CALS faculty, faculty from other ORUs, and Office administrators, 

faculty, and research staff.  The purpose was to gain their perceptions of a major 

organizational restructuring that occurred in late 1981.  All interviews were taped, 

transcribed, coded, and analyzed.  In addition, the Office’s archives and the Vice 

President for Research’s microfiche records of OALS memorandum and letters from the 

time were reviewed.  In the third study, additional taped interviews were conducted with 

two Office faculty members, one technician, and 11 student workers with the results also 

transcribed, coded, and evaluated.  In this case, the purpose was to gain an understanding 

of faculty-student relationships in a high technology setting.
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Limitations of the Study

One significant limitation of this study, which may also be considered one of its 

advantages, was the close relationship the researcher had with many of the informants.  

As a faculty member employed in OALS, there were issues of “studying up” to be 

considered (Forsythe 1999).  In cases where researchers are interviewing colleagues who 

share a common social world, there can be alterations in the power relations between 

them that may present ethical and political concerns.  In particular, there are risks in

terms of vulnerability, both for the researcher and those being studied, and perhaps a need 

for higher levels of accountability than in traditional field studies conducted away from 

the researcher’s normal venue (Forsythe 1999).  In this instance, the researcher’s beliefs 

and inside knowledge of the ORU could bias the data and the conclusions drawn from it.  

To counteract this possibility, many of the informants were provided with drafts of the 

studies to check for the accuracy in presentation (Miles & Huberman 1994; Yin 1989).  

In addition, extra attention was paid to coding the transcribed interviews, with multiple 

readings at different times to ensure more dependable results (Miles & Huberman 1994).

External validity is another area of limitation in the study.  While the findings 

presented here may be accurate for the ORU in question, without similar comparative 

studies, the possibility of generalizing to other ORUs and their institutional situations will 

be limited.  However, Yin (2003b) points out that such single-case research design may 

be appropriate under certain circumstances including confirming, challenging, or 

extending existing theory; examining a rare occurrence; or, alternately, documenting a 

“representative or typical case” which had not been studied before or which demonstrates 
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change over time.   Because this case study represents three separate studies, each with its 

own distinct research questions and investigative methodologies, there are examples of 

each of these justifications within its overall context.  The review of OALS funding 

trends over time provides a unique opportunity for a longitudinal examination of how 

such trends have been evidenced in one representative ORU.  The investigation of a 

particular instance of organizational change, on the other hand, presents possibilities for 

inquiring into the relevance of specific organizational theories.  Whereas, insights gained 

from the final study into the interaction of workers and technology in a laboratory setting, 

could be described as a singular occasion for examining relationships and decision-

making processes which may be analytically generalizable to other similar academic 

environments (Yin 2003b).

It is also recognized that the temporal nature of the second study was a limitation

in that informants were asked to recall their impressions of an event having occurred 20 

years previous.  To alleviate this issue, Yin’s (2003b) suggestion “to corroborate 

interview data with information from other sources” (p.92) was followed.  As such, 

wherever possible, memoranda and documents of the time were used to validate what 

happened during the events and their specific timing.  However, as it was the purpose of 

the study to illuminate the informants’ personal perceptions and interpretations of the 

events for the purpose of examining various organizational theories, the stories collected, 

whatever their content and even after the passage of some time, were considered relevant 

for the purposes of the study.  
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 At the same time, and again in the second study, it was clear that for some of the 

informants there was sensitivity to the role they may have played in the organizational 

change.  Even after so many years, some were hesitant to speak about their involvement 

in the events that led to the administrative change and were obviously holding back 

information.  Thus, while every attempt was made to gain a complete picture of the 

motivations and understandings of the actors involved, it must be recognized that there 

may be other unstated interpretations which were not revealed during the course of the 

interviews.
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Organization of the Dissertation

This dissertation has seven chapters.  This first chapter provides an overview of 

the topics and theories to be discussed in the work.  Chapter 2 summarizes the literature 

on U.S. science policy, the cultural context for the studies, and organizational change 

theories of academic capitalism, resource dependence, and the influence of power.  

Chapter 3 outlines the research methodologies used to conduct the three separate studies.   

Chapter 4 describes the findings from an analysis of the ORU’s historical funding, 

personnel and performance data.  Chapter 5 gives insights into the University’s culture 

and the perceived causes of an incident of organizational change and restructuring, and

Chapter 6 presents the results of the third study on faculty-technician- graduate student 

worker relationships in a high technology setting.  Finally, Chapter 7 suggests possible 
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conclusions that may be drawn from these studies and the implications for future research 

and practice.
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CHAPTER TWO: LITERATURE REVIEW

Introduction

The literature review for this case study begins with a summary of U.S. policies 

that have guided the development of scientific research at institutions of higher education 

since World War II.  In reference to the study presented in Chapter 4, the effects of these 

policies are described in relation to the characteristics of academic capitalism, and to the 

growth of university-based research centers, institutes, and units as realizations of these 

national trends.  This study also draws on the literature that provides a framework for 

discovering the motivations and understandings of different cultural groups, particularly 

those that inhabit complex organizations distinguished by ambiguous missions and 

objectives.  Drawing on these perspectives for the studies of organizational change 

presented in Chapters 5 and 6, this review concludes with a discussion of the literature on 

the organizational change theories, institutional theory and resource dependence, the 

function of power and authority in organizational change, and the role of graduate 

students and technology in academic ORU decision making.

U.S. Science Policy from World War II

Although there was precedent for federal support of academic research dating 

from the 19th century, it was not until World War II and its aftermath, that science policy 

became a major topic of debate within the U.S. government.  Many have documented the 

success of the Manhattan Project, the Radiation Lab at MIT, and other national defense 

research and development efforts that forged a new relationship between the federal 

government and American universities (Brooks 1996; Drew 1985; Geiger 1993; Nichols 
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1993).   In particular, Geiger (1993) suggests these activities represented a significant 

shift from earlier national defense research efforts where funds were largely directed into 

government laboratories, to a growing fundamental research agenda channeled to 

universities through grants and contracts.  As this trend grew, so did the dialog about 

what were the appropriate levels of public accountability and expert control in this new 

scientific collaboration.

Geiger (1993) and others also describe one of the most effective voices heard at 

the time, that of Vannevar Bush, who believed national interests would be served best by 

science that was independent and autonomous (Brooks 1996; Nichols 1993).  In 1940, 

Bush, as president of the Carnegie Institution of Washington, was asked to head up the 

National Defense Research Committee (NDRC) to coordinate the scientific community 

for the war effort.  He brought together other like-minded scientists who also held the 

view that the military system of the time would not be able to meet the demand for what 

would surely be highly technical operations.  Together they devised a decentralized 

system that lasted throughout the war where the details of research activities were kept in 

the hands of scientists and engineers operating at the institutional level as in the case of 

academia, while matters of policy and budget were handled at major divisional levels 

within the government.  The impressive successes achieved by this arrangement both in 

military science and medicine, caused many to believe some type of peace time 

equivalent of formalized federal-university relations should be established.  The question 

was what should this new relationship look like and how should it be configured?
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Again from Geiger (2003) comes the details of Bush’s portentous response. In his 

1945 report, “Science-the Endless Frontier”, Bush made a singular case for continued 

federal support of basic science in research universities as the basis for fueling the next 

generation of technical innovations and applications.  To ensure that this science should 

be unfettered by the vagaries of national politics, he advocated the creation of a national 

research foundation that would be largely independent and directed by leading American 

scientists.  As Geiger, and also Drew (1985) document, the proposal for the soon 

renamed National Science Foundation almost immediately went to Congress after the 

report was published.  However, although the idea for the foundation had near unanimous 

approval, the question of how administrative and political control should be exacted over 

it ultimately caused the bill to be killed.  Rather, as Geiger (1993) noted, in its place were 

created new mission agencies including the Atomic Energy Commission, the Public 

Health Service/National Institutes of Health (NIH), the Office of Naval Research (ONR), 

and the Army Research Office (ARO), with the ONR operating most directly with 

academic science through the late 1940s.  It was not until 1950 that issues over the design 

of a National Science Foundation (NSF) would be overcome and the primary arm of 

university-funded basic research would be established.  

Thus, Geiger’s (1993) description of the events leading into the 1950s reveals that 

federal support for academic research was funded largely through defense establishment 

agencies to the large laboratories and institutes located at the most prestigious 

universities, particularly in areas considered to be critical for national security.  On the 

other hand, the new and poorly funded NSF provided growing support for individual 
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researchers in fields not necessarily directly tied to defense and who, later, increasingly 

included those holding positions in publicly-funded institutions.  As the Cold War and 

McCarthyism took hold, these congenial university-government relations became more 

problematic.  Geiger suggests that some scientists wanted to maintain a distance from 

military pursuits and government control, while others saw the intrusion of federal funds 

for applied research as distracting the institution from its primary teaching mission.  At 

the same time, the influx of new students as a result of the GI Bill and concomitant 

difficulties in gaining adequate state operating budgets, led universities to increasingly 

turn to research grants to fill the gap.  This, in spite of the fact, as Geiger (1993) points 

out, it was often the case that the full cost of doing that research was not always covered 

by the grants or contracts.      

As noted in Chapter 1, it has been well documented that many universities 

accommodated an expanding research capacity by establishing various forms of 

organized research units (ORUs) (Geiger 1993; Stahler & Tash 1994; Stockton 1972).  

Often resulting from a convergence of individual scientist and university aspirations for 

building prestige, the literature on ORUs also reveals them as an increasingly common 

feature in academia.  In the publication of Cohen, Florida, and Goe’s 1994 survey results, 

the founding of university-industry affiliated ORUs went from 16 at the end of the 1950s 

to 61 in 1969, while rising again to 72 by the end of the 1970s.  This new emphasis on 

academic research, revealed partly by this proliferation of ORUs, had a profound effect 

on academic mission and operation.  Etzkowitz (1989) and Geiger (1993) both suggest 

the traditional ties between teaching and research were becoming less clearly defined and 
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that institutional resources were increasingly being diverted to support the administration 

of ORUs and other research activities.  In addition, close ties to sponsor interests meant a 

preponderance of applied research pursuits in place of basic disciplinary research, as well 

as a growing dependence on federal funding for maintaining research operations. 

If there were those who openly questioned the drift away from traditional 

academic norms, Geiger (1993) suggests the launching of Sputnik in 1957 served to quell 

those rumblings.  He implicates the American public’s perception that the U.S. was 

losing a race for space in the establishment of a new agency and in budgetary increases 

for academic science as evidence of this change.  In 1958, the National Aeronautics and 

Space Administration (NASA) was created for the purpose of conducting “the public and 

peaceful side of the American space effort” (p. 163).  Geiger also points out that at the 

apex of NASA involvement with academia in the mid 1960s, two percent of NASA’s $5 

billion budget was channeled toward university research and by 1965, “NASA contracts 

constituted 9.4 percent of federal R&D obligations to universities, and 17.5 percent to 

university-run contract research centers.  Moreover, NASA’s research funds were spread 

fairly widely across the research universities” (p. 163).  At the same time, Geiger records 

a rapid and exponential increase in overall federal funding for university research. “From 

1953 to 1968 national spending for basic research approximately tripled as a proportion 

of GNP, as did total university R&D” and by 1968 universities were conducting 50 

percent of national basic research (p.166).  For NSF alone, its 1958 $40 million dollar 

budget grew to $240 million by 1968.  Similarly, NIH appropriations rose from $98 

million in 1956 to $1.4 billion in 1967.  Thus, Geiger (1993) and Brooks (1996), 
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characterized the 1960s as a “golden age” of academic research and, to some extent, of 

the basic science Vannevar Bush had hoped to promote following the War.  

However, as before, external events were soon to change this comfortable 

situation.  Geiger (1993) and Nichols (1993) both suggest the student rebellions of the 

late 1960s eventually eroded public support for higher education and put universities in 

the position of having to defend their autonomy and intentions.  They and others describe 

a confluence of factors that also seriously constrained academic finances.  Major 

increases in faculty salaries, greatly expanded administrations and overhead costs, fast 

rising and more diverse enrollments with wide-ranging interests, and increased state 

control over budgets, particularly at public universities, all transpired to limit institutional 

flexibility and create a resource dependent environment (Brooks 1996; Slaughter 1990).   

Even so, and in spite of these dire trends, Geiger (1993) suggests some institutions, 

particularly those who still retained control over discretionary funds; who were willing to 

pursue programmatic, applied research initiatives; and who were lucky enough to be 

geographically blessed, still had opportunities for the taking.  In one of his in-depth 

studies of the development of institutional research capacity at public universities, Geiger 

draws on the rise of the University of Arizona as an example.

Drew’s 1985 work provides a description of a 1965 executive order endorsing 

the idea that scientific funds, i.e. NSF grants, should be distributed more equitably 

throughout the U.S. based on location and 2nd tier placement as specified by the Carnegie 

Commission’s Classification of Institutions of Higher Education (Carnegie Foundation 

2000).  Thus, the NSF University Science Development program was created to provide 
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institutional support for building science programs at institutions other than the top 20 

universities.  Both Drew (1985) and Geiger (1993) use the example of the University of 

Arizona as one of the major recipients of this grant program that lasted until its 

termination by the Nixon administration in 1971.  Both document the University’s receipt 

of $7.2 million that catapulted the non-ranked astronomy department to fifth level 

standing in the country, while at the same time strengthening other core science 

departments at the University.  Geiger (1993) also accounts for the beginning of one 

particular ORU at the time, the Office of Arid Lands Studies (OALS).  

The historical science policy literature, however, reveals a decided change in 

climate for higher education by the mid-1970s.  Geiger (1993) and Slaughter (1990) 

document a decline in federal support for graduate students and, while funding for 

research was still significant, it was flattening out and even dropped somewhat in the 

early 1970s.  Slaughter (1990), in particular, suggests the increased number of major 

research universities now required a constant source of funding to maintain their 

programs and status and, when the government drew back from providing that support, 

institutional leadership began to scan the horizon for new resource streams.  Slaughter 

also points out that during this same period, global competition increased dramatically 

and economic viability became of paramount concern to policy makers, to the general 

public, and, increasingly, to educators alike.  For Slaughter (1990), Geiger (1993), and 

Nichols (1993), this backdrop of academic resource constraint coupled with a perceived 

need for new technologies to build economic competitiveness, provided the impetus for 
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bringing together the two worlds of higher education and industry into a new alliance for 

decidedly utilitarian purposes.  

The science policy literature documents this trend in the various legislations of 

the time, in the creation of formalized business-higher education communication 

mechanisms, in the policies of NSF, and in an exponential growth in ORUs.  For 

example, Slaughter (1998) and Slaughter and Rhoades (1996) outline the Bayh-Dole Act 

of 1980 that gave academic faculty the right to profit from their inventions by retaining 

title whether or not the research was funded by the government.  They also describe the 

Stevenson-Wydler Technology Innovation Act of the same year that promoted university-

industry profit sharing on marketable products resulting from collaborative research 

efforts.  Other legislations are shown to have opened the door for greater biotechnology 

and pharmaceutical profit-taking making it possible for government, universities, and 

businesses to cooperate on R&D ventures without fear of anti-trust regulations.  In 

addition, Geiger (1993), Slaughter (1990), Slaughter and Rhoades (1996) suggest the 

creation of certain organizations in the late 1970s and early 1980s provided a means for 

representatives from academia and business to discuss common interests and formulate 

mutually beneficial policies.  Included were such entities as the Business-Higher 

Education Forum, the Government-University-Industry Research Roundtable, and the 

President’s Commission on Industrial Competitiveness.  At the same time, they and 

others described NSF program changes that instituted in 1978 an Industry-University 

Cooperative Research Program and, later, established the NSF Engineering Research 

Centers, Science & Technology Centers, and Industry-University Cooperative Research 
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Centers.  Thus, the literature builds the case for a dramatic rise in the number and make-

up of ORUs in the 1980s and 1990s, and which began to appear in articles and reports as 

university-industry research centers (UIRCs) (Brooks 1996; Cohen, Florida & Goe 1994; 

Geiger 1993; Rhoades & Slaughter 1997).  Specifically, Geiger (1993) noted a 30 percent 

increase during just the first half of the 1980s.

As Geiger (1993) also documented, the three types of NSF centers accounted for 

13 percent of the NSF budget and “overall, federal support for engineering [and, thus, 

programmatic research] grew from 9 to 17 percent of research funds between 1975 and 

1986” (p. 315).  In Cohen, Florida, and Goe’s (1994) sample, the number of 

ORUs/UIRCs founded in the 1970s increased from 72 to 284 in the 1980s.  For Slaughter 

(1990) and Slaughter and Rhoades (1996), the entrepreneurial activities of faculty and 

university administrator’s pursuit of new revenues, and potentially status-enhancing 

activities, helped create a supportive climate for ORUs that held the promise for 

profitability and heightened institutional visibility.  They also substantiated a new trend 

in university-industry partnerships.  After the high point of business support for academic 

science in the 1950s which ran from 10 to 15 percent, the numbers had fallen to two 

percent by the early 1970s.  However, by the end of the 1980s the percentage had risen 

again to six percent and to seven percent by 1993.  As evidenced in Cohen, Florida, and 

Goe’s study, the numbers were considerably higher in terms of ORU partnerships.  In 

1990, 44.6 percent of the ORUs identified in the study had direct involvement with at 

least one to five companies and more than five percent had ties with between 50 to 100 

companies.   Finally, Slaughter & Rhoades’ (1996) work also noted an increase in federal 
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support for centers and major facilities and a concurrent decrease to individual 

researchers in NSF and NIH programs.

Science Policy, Academic Capitalism, and ORUs

The theoretical metaphor of academic capitalism provides a useful lens for 

interpreting the causes and consequences of U.S. science policy on university research 

universities (Slaughter & Rhoades 2002).  In Slaughter and Leslie’s 1997 seminal work 

coining the phrase, the case is made that the entrepreneurial activities of academic 

administrators and faculty during the last half of the 20th century moved their institutions 

increasingly toward the “market” and away from the “ideals of service and altruism” 

(Slaughter & Leslie 1997, p. 4).  They also noted that while this shift began with the 

economic downturns in the early 1970s, it greatly accelerated during the period of intense 

global competition of the 1980s.  This resulted in corporate and government sectors 

looking increasingly to the academy to develop the technologies they perceived as 

necessary to maintaining a competitive economic edge.  At the same time, Hovey (1999) 

suggested trends such as the growing need for and public interest in a variety of 

entitlement and welfare programs, a prevailing ideology against tax reform, and 

continuing economic turbulence, were leading to decreases in overall state support for 

public higher education.  The significant consequences of these inroads on the state 

subsidy block grants for public academic institutions and their faculty, staff, and students, 

also were a basis of Slaughter and Leslie’s (1997) case for the rise of academic 

capitalism.
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The revenue generating measures institutions have taken to alleviate these 

conditions have been well-documented by Rhoades and Slaughter (1997) and more 

recently in Slaughter and Rhoades’ follow-on work, “Academic Capitalism and the New 

Economy” (2004).  These include raising tuition, campaigning for more private gifts and 

donations, expanding competitive grants and contracts activities, and building profit-

seeking enterprises within the academy.  They describe the fallout from these activities as 

a redirection of scarce funds away from traditional concerns of teaching, basic research, 

and community service to the subsidy of profit-motivated research based on business 

models of productivity and accountability, such as may be evidenced in ORUs.  The end 

result is observed again by Slaughter and Rhoades (2004), Rhoades (1998), and Slaughter 

(1990) as an increase in stratification at individual and disciplinary levels, a loss of 

faculty and institutional autonomy, and a disconnect between what institutions profess as 

their underlying beliefs and the way they actually operate and distribute resources.   In 

short, theorists of academic capitalism see a dramatic alteration in the espoused 

disinterested nature of academic science as it was envisioned half a century ago.

As previously related, much literature has documented the growth of the ORU as 

an academic structure since World War II, and particularly during the 1980s and 1990s, 

as parallel to increases in market-like behavior in academia as a whole (Coe, Florida, & 

Goe 1994; Geiger 1990; Geiger 1993; Rhoades & Slaughter 1997; Slaughter & Leslie 

1997; Slaughter & Rhoades 2004).  These studies suggest the extent to which any 

particular ORU manifests the characteristics of academic capitalism necessarily depends 

on the area of its focus, the make-up of its personnel, the origin of its funding, and the 
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extent to which it is involved in the development of commercial products and the 

privatization of knowledge through such activities as patenting.  General traits and 

outcomes of academic capitalism have been recognized in an orientation to applied 

research (Geiger 1993), a reliance on non-tenured and part-time workers (Rhoades & 

Slaughter 1997), the incorporation of business-like management styles (Hackett 2001a), a 

concentration on graduate students (if students are involved at all) (Croissant & Restivo 

2001a), tensions between faculty and graduate students involved in industry work 

(Slaughter et al. 2002), and close ties to and partnerships with external sponsors 

(Campbell & Slaughter 1999).  Thus, in an examination of the patterns of ORU practice, 

academic capitalism lends itself to both understanding why and how their personnel 

assess choices and make the decisions they do.  

Determining University Culture

Another basis for the investigations presented here rests on the assumption that 

universities are complex organizations and must be studied from a variety of viewpoints, 

each of which provide certain insights into the interplay of organizational structure, 

function, and internal and external relationships.   Morgan suggests “organizations are 

mini-societies that have their own distinctive patterns of culture and subculture” (p. 121) 

which are revealed by “patterns of belief or shared meaning, fragmented or integrated, 

and supported by various operating norms and rituals” (p. 121).  In such a context, the 

organization is comprised of numerous structural layers as well as a diversity of actors 

who combine and interact in distinct ways to establish and reveal organizational goals 

and objectives and who contribute to actions taken.  In a performative definition of 



44

culture, practices of the various actors representing these different structural layers can be 

explored to identify those factors constituting an organization’s culture.  In the case of 

Czarniawska-Joerges (1991), culture is viewed as a total all-encompassing way of life or 

“bubble of meaning” that is created and revealed through the actions of all those it 

covers.  Thus, for Czarniawska-Joerges (1991), as well as Martin and Meyerson (1988),  

a university, and any similarly multifaceted organization, can be said to represent a 

complete culture unto itself with its own historical meshing of formal and informal 

symbolic acts, artifacts, and power dynamics that are interpreted and acted upon by each 

member and that underlie the patterns of individual and group relationships. 

Similarly, Smircich (1993) suggests culture may also be explored through the 

variables and metaphors constituting human expression, or as Schein (1992) states it, the 

shared assumptions whereby members of an organization agree on certain values and 

beliefs that guide the actions of the organization.  Whereas in Louis’s (1995) view, 

organizational culture may be observable as a set of shared meanings that are tacit, 

relevant, and distinctive to a particular group, and that are transferable to new members.  

Revealing the cultural framework for Louis (1995) involves three components: the 

content or expressions of behavior, the group demonstrating the behavior, and the 

relationship between the group and the behavior that establishes the behavior as unique to 

the group.  He observes organizations as the settings where a group’s behaviors may lead 

to the development of shared understandings and, thus, a common culture.  However, as 

with Morgan (1986), culture in this context is recognized as having multiple and often 

subtle influences with pressure applied both internally by subcultures and externally by 
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cultures outside the organization.  By applying this view to university settings, a study of 

decisions leading to significant organizational change will necessarily need to encompass 

not just an examination of the university’s more visible publicly recognized culture, but 

the cultural manifestations and relationships of the various internal and external 

subcultures that make up the extended academic community.

It might be asked, how can a university’s organizational culture be understood 

given that values and actions may not always correspond directly to each other and that 

there are multiple subgroups involved, each with their own set of cultural characteristics?  

Swidler’s response is to consider the link between cultural expression and action as the 

result of each individual selecting from a range of possibilities, a “toolkit of symbols, 

stories, rituals, and world-views,” to construct strategies for solving a given problem (p. 

273).  This approach suggests again that university culture will be revealed not by any 

one group with one commonly-held world-view, but through a weaving of stories based 

on the unique perceptions and interpretations of members of each representative 

subgroup. 

Clark’s (1983) study of the higher education system further develops and expands 

the cultural perspective for examining organizational change and applies it directly to the 

academic environment.  His premise is that the organization of higher education is a 

composition of three component parts (structure, culture, and authority).  Further, Clark 

sees disciplinary rather than institutional hierarchies as the dominant force and structure 

in academia, a force which involves product lines (presumably research, scholarly 

endeavors, and students) that are often in contradiction with each other and with the 
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interests of other institutional groupings.  Thus, he sets the stage for a struggle among 

interest groups in determining how institutional objectives are achieved and change 

executed:

The interest groups that are thereby generated attach authority to 
themselves and see modes of integration that are congenial.  In 
turn, the powered structure of interests become the primary 
determinant of change in the system. (Clark 1983, p.10)

For Clark, academic interest groups are subcultures holding to a powerful system 

of beliefs which define their common work and self-interests and provide a context for a 

struggle of ideologies.  In the complex academic environment, these altercations may 

include those between faculty and administration, scholarly and entrepreneurial pursuits, 

research and teaching, disciplinary and interdisciplinary orientations, and student and 

faculty interactions.  How these areas of potential divisiveness are negotiated involves 

Clark’s third component which he frames with the question, “who rules?” (p.107).  In his 

discussion of the nature and form of academic authority and its relationship to change, 

higher education is seen as a power struggle between various subcultures, each with a 

distinct set of values and beliefs.  That this diversity of cultural groups leads to ambiguity 

in both administrative structure and rhetoric is considered by Clark to be a potential 

strength, and one that makes organizational processes at once messy and highly adaptive.  

Role of Ambiguity in University Culture

As Clark indicated, the manifestations of culture are not always clearly stated or 

demonstrated within the organizational context of higher education.  The works of Martin 

and Meyerson (1988) and Meyerson (1991) suggest there are times when cultural 

expressions of ideology can be interpreted differently, and are inconsistent with actual 



47

practice and actions taken.  Similarly, in Cohen and March’s seminal 1974 work 

“Leadership and Ambiguity,” colleges are described as organized anarchies with unclear 

objectives and technologies which constrain the influence administrators can have on the 

institution.  In fact, there is evidence that in certain instances cultural manifestations are 

intentionally left ambiguous and, in fact, contradictory.  Martin and Meyerson (1988) use 

the university setting as an example of an organization where this strategy of purposeful 

ambiguity is openly applied as a means to accommodate the institution’s inherent 

diversity and pursuit of innovation.  For them, ambiguity, integration, and differentiation 

form a triumvirate of categorical paradigms used to define and frame the study of 

organizational culture.  The paradigm of “integration” views organizations in terms of 

consistency in actions and symbols, while the “differentiation” paradigm focuses on the 

often intentional inconsistencies in actions, symbolic messages, and content, as well as 

the role of subcultures in playing out those inconsistencies.  These either/or paradigms 

are balanced and contrasted with the view that cultural manifestations may involve both 

consistencies and inconsistencies and, in fact, may include a general acknowledgement of 

“ambiguity” as a positive attribute.  Both Martin and Meyerson (1988) and Birnbaum 

(1988) provide examples of instances involving certain academics, researchers, and 

entrepreneurs, where a looser and more ambiguous structure can foster a cultural climate 

of innovation, experimentation, and the potential for change.  The concept of ambiguity, 

then, provides a framework for investigating the conflicts and interchanges between 

subcultures, in this case ORUs and disciplinary focused departments as well as worker 

relationships.  
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Organizational Change Theories and the Culture of ORUs

The effect of the contradictions and ambiguities in higher education are also 

described in terms of a diffusion of power and institutional fragmentation due to the 

structural influence of subcultures by Gornitzka and Maassen (2000).  This view is 

further reflected in a discussion on the nature of academic science by Edward Hackett 

(2001b).  In his interpretation, academic science is a blend of cultures which have 

different goals, values, and norms.  Although the scientific research community must 

accommodate a variety of external forces, i.e. funding agency interests, so too must 

academic science operate within the cultural framework of the larger institutional 

structure.  That the institutional structure and culture may be altered and, in fact, 

expanded into new areas of activity which grow other cultural groups is documented by 

Slaughter and Rhoades (2004).  They suggest faculty, administrators, students, and 

academic professionals are active players in creating and participating in the development 

of new academic directions and infrastructure.  For Slaughter and Rhoades and other 

academic capitalist theorists, that infrastructure includes a variety of subculture groups 

and organizations supporting the closer cooperation and partnership between universities 

and business.  The changes that may occur as the result of the interactions of such 

academic subcultures are examined from different perspectives in both Chapters 5 and 6.  

Specifically, Chapter 5 considers the relevance of resource dependence and 

institutional theories of organizational change in the workings of ORUs.  These theories 

have both been discussed in a similar context by Gornitzka and Maassen (2000) and 

demonstrated to have application to organizational change in higher education.  In both 
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their and Hackett’s (2001) examination, the resource dependency viewpoint, originally 

put forth by Pfeffer and Salancik (1978), suggests that organizations need critical 

resources to meet their objectives and to maintain control but, in fact, their choices and 

actions are constrained to a degree by external pressures and demands that limit their 

discretion and autonomy.  Because the organization must interact with the environment it 

lives in if it is to achieve its desired ends, they find there is an inherent dependency 

between the organization and that environment.  On the other hand, in some distinctions, 

the institutional theory of DiMaggio and Powell (1983), and later examined by Gornitzka 

& Maassen (2000), purports that organizations conform or change to better fit into their 

environments by adapting to shared understandings of norms and beliefs that come from 

within the organization.  In such instances, the focus is on internal institutional rules and 

requirements that define behaviors and organizational forms 

To expand further, Pfeffer’s (1985) description of resource dependence theory 

involves a recognition that all organizations require resources, i.e. revenues, to function 

and purposeful decisions must be made to gain those resources.  In this view, revenues 

are generated in a variety of ways by different types of organizations, but generally 

involve a product and/or service and a customer.  For instance, in an academic ORU, 

funding agencies could be considered the customers, with the skills and experience of the 

researchers and students providing the service and developing the product, i.e. a new 

capability or technology.  In this instance, the funding agency might select a proposal 

from a competitive pool of applications and then confer a grant on the successful ORU 

which will be used to support researchers and students in exchange for the requested 
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product.  The difference between a commercial firm and an ORU would be the extent to 

which other revenues are needed to cover costs.  Again, as pointed out by Geiger (1993),  

grants from funding agencies may only cover a percentage of actual ORU operating 

costs.  Oftentimes, subsidies are required from the parent institution to fill the gap.  As 

such, ORUs are obliged to meet the expectations of both the internal and external 

organization if they are to maintain operation.

“Thus resource dependence theory suggests that organizational behavior 
becomes externally controlled because the focal organization must attend 
to the demands of those in its environment that provide resources 
necessary and important for its continued survival” (Pfeffer 1985, p. 418).

For Pfeffer, the implication is that the more dependent one organization is on another for 

resources, the more control the latter organization will have over the other in determining 

how it will operate.  In this view, power becomes a force in setting relationship patterns 

between resource-rich and resource dependent organizations.  Further, when the resource-

rich organization’s power is legitimate and concentrated the level of control can be 

expected to be greater.  

However, in Pfeffer and Salancik’s (1978) and Pfeffer’s (1985) description of 

resource dependence, organizations may not just comply to external demands, but may 

undertake strategies to alter the situation.  The argument is made by Hackett (2001a) that 

rational action can be taken by organizations to manage uncertainty and “guide 

organizations through turbulent times.”  Similar to the work of Hovey (1999) and 

Slaughter and Leslie (1997), Hackett’s study on the growth of ORUs, which he terms 

university-industry research relations (UIRRs), suggests national economic problems in 

the 1980s led to declining state support for universities which, in turn, led to an increased 
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reliance on industry support for academic research.  Issues raised by resource dependence 

theory also concern the structural consequences of such strategic choices on 

organizations.  For instance, Tolbert (1985) documents the addition of a wide array of 

units and personnel to serve the new research relationships and Hackett (2001a) suggests 

their potential to alter the organizational values and norms that provide the cultural 

orientation of the organization.

From the outset of their creation, the literature attests to the interconnectedness of 

ORUs and their personnel to issues of resource dependence.  As with the two centers in 

Hackett’s study (2001a), ORUs may be derived from different interests.  In one of 

Hackett’s cases, university administrators initiated a center to work directly with 

industry, similar to the current trend in developing research parks.  The structure is 

business-like, run hierarchically by a director and associate directors, with clearly 

delineated production and accountability measures.  In another, university faculty 

obtained a large government contract which led to the advent of a new center, but one 

which was more academic in nature and informal in structure.  In the first, non-tenured 

research-administrators drive the center’s work in coordination with regular faculty and 

their students.  In the second, a group of faculty-researchers, and most likely post-docs 

and graduate students, conduct the work of the center sharing facilities and other 

resources.  Some ORUs, such as the one considered in this case study, exhibit 

characteristics of each model.  As Hackett (2001a) established, ORUs may come in a 

variety of shapes, sizes, and configurations, but the extent they exist outside the 

traditional departmental structure, do not focus on teaching, and are not funded by state 
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dollars, makes them particularly vulnerable to resource dependence issues.  Thus, the 

professional staff may make decisions not only to gain resources, but may negotiate for 

those resources in ways that will help maintain their control over operations, even to the 

point of making fundamental structural changes if that is what is considered necessary to 

survive.

The more environmentally- and legitimacy-focused institutional theory of 

organizational change has a slightly different orientation. Rather than accepting 

organizational change as driven solely by external competition or as part of a rational 

movement toward efficiency, DiMaggio and Powell (1983) suggest it is the response to 

situations of uncertainty and constraint that cause similar organizations to become 

increasingly alike in “structure, culture, and output” (p. 147). The term they use to 

describe this process of homogenization is isomorphism defined as “a constraining 

process that forces one unit in a population to resemble other units that face the same set 

of environmental conditions” (p. 149).  They further divide the concept into two types: 

‘competitive’ as found in the marketplace and ‘institutional’ where organizations are 

influenced by other organizations vying not only for “resources and customers, but for 

political power and institutional legitimacy” (p. 150).  The mechanisms by which 

institutional isomorphism might occur are defined as: (1) coercive; (2) mimetic; and (3) 

normative.  Although it is pointed out there may not always be a strict distinction 

between the three in practice, they each can be identified by the different conditions from 

which they appear and the potentially different outcomes they might engender.
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In the case of coercive isomorphism, organizations may be pressured through 

force, persuasion, or collusion to act in similar ways.  These pressures may be formal as 

in institutionalized legalities demanded by the state, such as equal opportunity and 

environmental regulations, or those imposed by large corporate entities such as the nearly 

ubiquitous standardized operating procedures which prevail in the business sector.  

Coercive pressures also may be more subtle and less formal such as the way dominant 

hierarchical organizations may influence similar structures in smaller organizations.  In 

works by Bowie (1994), Hackett (2001b), and Johnson (2001), there is support for the 

view that an ORU administrator might feel compelled to demonstrate operating 

procedures in ways that are complementary to and in line with the rules and regulations 

of the universities and the colleges in which they reside, and on which they are dependent 

for revenue.  This, in spite of an ORU administrators’ potential interest in more flexible 

and diverse organizational environments.  Or, as was the case in studies such as Oakes 

(1998) and Slaughter (1993), ORU faculty and researchers may see themselves as more 

tied to external funding agencies or industries, and will take on the language and attitudes 

of those organizations.

Mimetic isomorphism, on the other hand, is revealed by DiMaggio and Powell 

(1983) in the modeling behaviors of organizations particularly when faced with uncertain 

and ambiguous circumstances.  In such cases, organizations may decide to imitate other 

organizations who appear to be more successful, more innovative, and/or more legitimate 

in hopes that they also will be perceived and, in fact, altered in these ways.  Examples of 

this type of isomorphism are drawn from the flow of adopted business management 
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models as represented by Birnbaum (2000) and are used to demonstrate why in the 

“search for diversity there is relatively little variation to be selected from” (DiMaggio & 

Powell 1983, p. 152).  

Finally, DiMaggio and Powell’s normative processes are described as resulting 

from professionalization of an occupation as it strives to define itself and achieve 

legitimacy.  Two aspects of these normative processes are defined as: (1) the role of a 

formal university education; and (2) the role of professional networks and associations.  

Through these mechanisms, an essentially interchangeable pool of professionals is 

generated across a given organization with ongoing professional communication ensuring 

the maintenance of that pool over time.  Thus, it would be expected to find a great deal of 

homogeneity in the characteristics and experiences of the people working in an ORU and, 

in fact, as suggested by DiMaggio and Powell, the more successful the organization and 

the more defined and stable the operating environment and structure, the more likely the 

hiring process will maintain like-minded faculty and staff.  

The structural emphasis of the theories of organizational decision-making and 

change are extended by Hackett (2001b) who adds the cultural perspective.  For him, 

cultural change may be influenced by both institutional and competitive isomorphic 

tendencies.  He sees a direct relationship between resource dependence and institutional 

theories and implies the processes of isomorphism may provide a useful tool for 

understanding how both structural and cultural change occur in organizations, and 

specifically in universities.  The perspective that these two views do not necessarily 

negate each other, but are complementary, as Hackett (2001a) pointed out, is a premise 
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drawn on for much of this study.  Certainly the literature suggests there are both external 

and internal forces influencing the operation of ORUs ranging from university 

administrators to research sponsors to departmental faculty members.  So, too, must the 

ORU operate within the larger cultural environment of academia, contending for position 

and resources along with other academic subcultures.  The perspective that the individual 

and collective world-views, beliefs, and values of these subcultures can provide insights 

into organizational actions also is applied to this investigation.  The cultural viewpoint of 

Berg (1985) and Morgan (1986), in particular, also suggest that actions resulting in 

change can be seen as symbolic transformations which are revealed by the collective 

experiences and resulting stories that become points of reference for an organization. 

Thus, by drawing on the perspectives and historical remembrances of actors representing 

the various levels of academic subcultures, an exploration of the interactions of 

institutional and resource-related factors in the history of one university-based ORU may 

reveal new insights into the processes of organizational change and the research culture 

of higher education.

The Role of Students in Academic ORUs

Although the literature on ORUs does provide a glimpse of the factors and 

forces leading to organizational change, there are few studies expanding that discussion 

to the role students play in such a process as presented in Chapter 6.  Rather, as already 

established, studies are often concerned with institutional theory whereby organizations 

in tenuous positions, such as ORUs, are moved to change by the need to establish 

legitimacy, acquire resources, or conform to a more powerful model.   For instance, in 
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Hackett’s works (2001a & 2001b), ORUs struggle for position in an academic 

environment driven by opposing internal and external pressures, i.e. university 

administrators and extramural sponsors.  He points out that decisions are made to obtain 

conformity with one or the other, and sometimes both.  Building again on DiMaggio and 

Powell's 1983 thesis, Hackett (2001b) sees individuals in this context attempting to deal 

rationally with uncertainty and constraint by making isomorphic decisions to create 

organizational homogeneity.  Hackett also adds the concept of culture to this discussion 

of changing values in academic science.  He points out that academia and science are not 

equivalent in their goals, values, and norms, but rather a blend of cultures.  Similar to 

academic capitalism theory, Hackett also views the increase in university-industry 

relations as changing the institution’s structure and operating principles.  This trend, in 

turn, contributes to new types of positions, often of a more technical nature, and to more 

applied, sponsor-driven research projects.  It is here that Hackett picks up the 

involvement of students in ORUs as they, and post-docs, are also seen to be affected by 

organizational change both in their relationships with faculty, who serve both as teacher 

and employer, and in work-related responsibilities, where project goals often take 

precedence over educational programs.

A related body of literature with relevance to the changing position of students 

in ORUs also documents alterations in the academic environment owing to the growth of 

university-business partnerships (Bowie 1994; Campbell & Slaughter 1999; Croissant & 

Restivo 2001a, Slaughter et al.  2002).  The major effect of these partnerships is 

characterized as a commercialization process which has led to an undermining of the four 
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norms of scientific practice as defined by Robert Merton (1973).  As described by Bowie 

(1994), when universities conduct business-oriented research, there may be an increased 

need for secrecy, ownership of intellectual property, and profit margins which creates a 

climate where objective evaluation is weakened and, in such cases, universalism, 

communism, disinterest in personal gain, and organized skepticism are no longer guiding 

principles.   Bowie’s “accumulation of small effects” (p.17), a view also held by Hackett, 

suggests that universities may be approaching a threshold where the institution will be 

fundamentally changed from its original intent.  Such effects might appear in a variety of

forms including the conflicts noted by Croissant and Resivo (2001b) over levels of 

autonomy, intellectual property rights, technology transfer issues, research agendas, and 

in the roles of academics, as the providers of knowledge, and students, as the seekers of 

that knowledge.  Caught in the middle of sponsor goals and deadlines, operating 

constraints, and faculty expectations, student workers in ORUs must find a balance 

between meeting their own educational needs and those of an organization increasingly

following a business standard.

Moving this discussion to the personal level, a number of studies analyzed these 

apparent conflicts from the perspectives of the different individual players.  Campbell 

and Slaughter (1999) explored particular conflicts in terms of interests, commitments, 

and issues of internal equity between faculty and administrators in relationship to 

university-industry activity.  Slaughter and others (2002) also investigated faculty 

perceptions of difficulties in working with graduate students on industry-sponsored 

research particularly focusing on issues of intellectual property.  Their findings suggest 
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agreement with Bowie (1994) and Hackett (2001b) in that tensions resulting from 

collaborations with industry may be changing the basic nature of academia and eroding 

traditional collegial relationships.  Johnson (2000) also outlines potential areas where 

there might be conflicts of interest for faculty members caused and exacerbated by their 

professional dealings with industrial partners.   In this study, multiple clients are 

identified including administrators, other faculty members, funding agencies, and 

students, the combination of which may interfere with judgments made on behalf of one 

or the other.  

Finally, studies by Croissant and Restivo (2001a) and Newcomer (2001) of 

students working in ORUs attest to the multiplicity of pressures on faculty not only to 

attain the university’s educational goals in terms of student training, research 

opportunities for theses, and publications, but to meet sponsor demands for timely 

development of products or services.  However, none of these studies directly investigate 

the balance of power between ORU faculty-student worker relationships in relation to the 

changing character of academic science and its new grounding in high technologies.   For 

this aspect, other lens are necessary.

Socio-Technical Perspectives on Workplace Relationships

ORUs are a particularly relevant setting for assessing the effects of technology 

on the structuring and shaping of work and the work environment.  Numerous studies 

provide discussions of the relationship between technology and work which give insights 

into the dynamics of organizational change.  Steven Barley’s (1986) study of radiologists 

and radiological technologists documents organizational restructuring due to the impact 
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of new technologies on previously held roles and interactions.  Such technologies are 

demonstrated to be historically-based social constructions that may occasion either 

intended or unintended consequences on organizations.  However, Barley notes that 

technology is just one of many elements of social context that affect how organizations 

operate and, thus, different settings may reveal different effects.  

Power relationships between actors also affect the process of technological 

change.  Thomas (1994) discusses the dynamic and interactive connection between 

technology and organizations in which the worldviews of organizational actors contribute 

to what technologies are chosen and how they are used.  Similarly, Vallas (1993) 

examines the culture of workplace relationships and their influence on how technologies 

are deployed in an organization.  Thus, Vallas suggests a focus on cultural mediations 

and symbiotic boundaries to understand where “workplace automation reduces, 

transforms, or deepens social inequalities at work.” (p.365)  Such theses have direct 

bearing on a study of ORUs.  These organizations, with their reliance on technology and 

student labor, provide an opportunity for studying whether or not the traditional 

boundaries between faculty supervisors and student workers are being transformed by the 

technical nature of their work

ORUs also may be found to have similarities to emerging “technocracies,” as 

noted by Burris (1993), which are described as exhibiting a more decentralized structure 

of authority where technical experts exert considerable authority on managerial decisions, 

and tasks are organized around ad hoc projects.  In Daday and Burris’s (2001) study of an 

engineering firm, self-directed project teams are provided as examples for how 
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contemporary technocratic organizations are restructuring to accommodate a reduction in 

hierarchy and a more democratic style.  It also considers the effects of these changes on 

the various levels of workers in those organizations.  This direct link between technology, 

work, and organizational structure is defined by Barley (1996) as a socio-technical 

systems theory.  As these studies demonstrate, there is a growing legion of technical 

workers who are challenging traditional work-related power structures and who are 

causing shifts in the nature of previously-held negotiated relationships.  The potential for 

student workers in ORUs to be a part of this trend may be obvious, but it is currently 

undocumented in the literature.

Power Bases in Faculty and Graduate Student Worker Relationships

The literature on the potential and actual use of power involving both obvious 

conflicts of interest and instances where there are no discernable conflicts also has a 

bearing on faculty and student relationships.  Lukes' (1974) analysis of power provides a 

framework for gaining insights into the interactions between faculty and graduate 

students not only based on each player’s observable and formal behaviors, but on their 

less apparent, informal actions.  In this case, while faculty may indeed use their power 

bases to overtly control Lab operations and worker schedules, there also might be 

situations where students unconsciously wield power due to the Lab’s dependency on 

them as an inexpensive labor force.  Up to now, few studies provide detailed assessments 

of these types of faculty and graduate student interactions, and those that do have focused 

on faculty power and influence over students, with students generally being seen to be in 

a completely subordinate position (Aguinis, et.al, 1996; Bargar and Mayo-Chamberlain 



61

1983; Hartnett and Katz 1977).  The exception has been the study of student activists 

(Boren 2001; Lyons 1973; Vellela 1988).  However, in the study of students working in 

the technical operations of an ORU as presented in Chapter 6, the backdrop is set for 

examining the validity of the statement “faculty often need students more than students 

need faculty” (Aguinis et al. 1996, p.289).  Specifically, the study explores the extent and 

levels of influence skilled student workers have on the operations of an ORU, and on the 

professional decisions of ORU faculty administrators.  

Conclusion

An ORU presents a microcosm of higher education where people’s professional 

and educational lives are largely played out on a stage of local adaptations to the caprice 

of national interests and economic policies.  Thus, the literature on U.S. science policy 

and how it has encouraged certain institutional behaviors, most clearly described in terms 

of academic capitalism, provides a primary and necessary backdrop to inform an 

understanding of the factors influencing individual decision-making in academic ORUs.  

In addition, to gain a deeper appreciation of the complex motivations and actions of those 

actors, the literature providing insights into cultural perspectives offers a useful context.  

Finally, as these actors also find it necessary to adjust to various internal and external 

factors, a study of the inner operations of an ORU affords an opportunity for examining 

the relevance of organizational change theories as well as the determinants of power in 

the workplace.  Each of these frames lends itself to particular aspects of ORU operations.  

Taken together, they present one method for conducting a macro to micro study of the 

inner workings of an academic unit that exists on the periphery of the educational mission 
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of the institution, but which has direct involvement in the research enterprise.  It is the 

aim of this longitudinal, multi-layered case study, then, to add to the general knowledge 

about ORUs and, particularly, to explore how such units are affected by and adapt to 

external policies and trends, and to examine how those forces impact the people who 

work there. 
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CHAPTER THREE: 
RESEARCH DESIGN AND METHODOLOGY

Introduction

The purpose of this research is to examine different aspects of the history and 

operations of a particular academic organized research unit (ORU), the University of 

Arizona’s Office of Arid Lands Studies (OALS), in relation to theoretical frameworks 

that may elucidate the role of ORUs in higher education.  Research on ORUs has pointed 

out the potential for their involvement in organizational conflicts due to their focus on 

entrepreneurial activities rather than academic teaching and service functions.  This has 

called into question institutional policies for resource allocation and instructional support.  

Therefore, the aim here is to investigate the evolution and workings of one ORU to gain a 

deeper understanding of how it has either contributed to or detracted from the mission of 

the university.  Ultimately, it is hoped the lessons learned might inform current practice.

I chose to conduct this study for both personal and intellectual reasons.  After 

having worked in the ORU in question for twenty years, I wanted to become more 

knowledgeable about the reasons for its existence and longevity, and why its 

administrators had made certain decisions through the years that had affected both its 

organizational structure and operating style.  I also had a particular bias in that I felt 

OALS had offered a uniquely collaborative working environment and I wanted to find 

out if this was a characteristic of ORUs in general.  In addition, as I became more aware 

of the many layers of academic culture through my studies in Higher Education, I began 

to see OALS as a participant in the larger story of U.S. science policy and academic 
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capitalism, and in the university community as a whole.  As a result, I determined to

examine the Office’s history, funding, structure, and interpersonal relationships in more 

detail for the purpose of documenting its experience and placing it within a broader 

context.

This chapter will present the methodology employed in this three-part macro to 

micro level case study.  The studies together follow the tradition of qualitative research 

that is “grounded in a philosophical position which is broadly ‘interpretivist’ in the sense 

that it is concerned with how the social world is interpreted, understood, experienced, or 

produced…in a complex – possibly multi-layered – social world” (Mason 1996, p. 4).  

Further, it uses “data generation which are flexible and sensitive to the social 

context…and which use some form of quantification,” but not necessarily statistical 

forms of analysis (Mason 1996, p. 4).   Although each of the three studies involves a 

distinct investigation of one aspect of OALS operations, each is also essentially a stand-

alone investigation.  As such, the studies have their own methodological characteristics 

and will be described separately after an initial discussion of overall site selection and 

investigative strategy.  Sections to follow are the specific data collection and data 

analysis procedures used for the three studies with a final summary statement on 

confirming findings.  The longitudinal documentation and performance data for Chapter 

4 were collected throughout most of 2003 and 2004.  The studies presented in Chapters 5 

and 6 were conducted in the spring semesters of  2002 and 2001 respectively.  Chapter 5 

combined interviews and documents research, while Chapter 6 was based entirely on the 

results of interviews with OALS personnel.  
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Site Selection

The OALS was selected as the focus for these studies both in terms of 

purposeful and theoretical sampling and because of its accessibility (Miles & Huberman 

1994).   In qualitative sampling, Miles and Huberman suggest researchers “work with 

small samples of people, nested in their context and studied in-depth…[and whose] 

samples tend to be purposive rather than random” (p. 27).  They also suggest qualitative 

sampling is “often decidedly theory-driven” (p. 27) and that this provides a means for 

making analytic generalizations.  In this case, the literature describes ORUs as units 

separate from traditional academic departments and norms, and which are established to 

pursue specific research rather than teaching agendas.  Thus, OALS, as an applied 

research unit, fits the characteristics of the studies’ purposes providing a test case for 

increasing an understanding of why such units come to exist, what contributions they 

make to their institutions, how they navigate within the higher education structure, and 

what impact they have on the people who work there.  The studies also provide an 

opportunity to explore the findings in relation to theoretical constructs which provide 

insights into internal and external influences as revealed by national and local policies, 

and to the causes and consequences of organizational and individual action and change. 

In addition, my own awareness of and interest in OALS history, and its relatively 

long duration as a research unit at the University of Arizona (UA), also influenced the 

selection of it as a study site.  Besides the ready availability and willingness of OALS 

personnel to participate in this research, at various stages, I was also in contact with 

personnel from the UA’s financial administration offices, the Vice President for Research 
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Office, and the College of Agriculture and Life Sciences (CALS).  In every case, crucial 

information was provided that illuminated different aspects of the research questions.

Investigative Strategy

This case study, or perhaps more accurately, this set of embedded case studies, 

is intensive in that the object of the research is one specific organization.  A case study is 

defined here as “the preferred strategy when “how” or “why” questions are being posed, 

when the investigator has little control over events, and when the focus is on a 

contemporary phenomenon within some real-life context” (Yin 2003b, p. 1).  Although 

some of the research presented in this study may be considered historical, in general, the 

context and theoretical discussion that take place serve to place the findings within 

current higher education themes; a premise which supports a case study methodology.  

Similarly, in that OALS represents a “critical case” in testing a number of “well-

formulated theories” (Yin 2003b, p. 40), i.e. academic capitalism, resource dependence, 

and power, it may be seen as an appropriate venue for employing a single-case research 

design.  OALS also may be termed both a “unique” and “representative” case as it has its 

own set of experiences and characteristics which may provide new insights but, which 

when examined in an historical context and in comparison to other ORUs, can be 

recognized as typical in many ways of its genre (Yin 2003b).  

These case studies also can be described as descriptive and explanatory in nature.  

As a history of the evolution of OALS from its beginning to current times, it “presents a 

complete description of a phenomenon within its context” (Yin 2003a, p. 5).  In an 

attempt to determine the reason for certain changes both organizationally and in terms of 
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interpersonal interactions, it also provides an example of presenting “data bearing on 

cause-effect relationships – explaining how events happened” (Yin 2003a, p. 5).  Because 

of the richness of the stories of people and events that created and still define OALS, the 

studies did not generally rely on a single data collection method (Yin 2003a).  Rather in 

conducting the research for this multi-layered case study, a number of techniques were 

used involving the collection and review of archival data as well as personal interviews.   

In some instances, informal conversations with university and OALS personnel and 

student workers helped to clarify and validate points.  In addition, to increase the 

reliability of the findings, many of the informants reviewed chapters to check for 

accuracy in my interpretation of the data (Miles & Huberman 1994; Yin 1989).  In 

several cases this led to the inclusion of additional interpretive information.  Because 

each study employed a different mix of data collection and analysis strategies, they are 

described separately below.

Data Collection

Chapter 4: OALS History and Performance

The purpose of the study presented in Chapter 4 is to document the historical 

context of OALS and the evolution of its record of extramural and internal funding in  

comparison to other ORUs and to trends in U.S. science policy.  In addition, performance 

data including output of publications, students, and patents, also are drawn on for 

comparisons.  As such, a large part of this chapter may be considered historical research 

with its emphasis on the Office’s early years and on longitudinal data.  In this case, the 

evidence compiled can be called “mediate or indirect” as it provides a means to observe 
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and infer past events from “material traces, the invisible signs of what happened or 

existed at some previous time” (Scott 1990, p. 3).  However, because these data also 

provide evidence used to draw conclusions about the Office’s relationship to trends 

characterized by academic capitalism, the study remains placed in the context of current 

case study research (Yin 2003b). 

The first part of this study’s investigation focuses on the events that led up to the 

creation of OALS and how the Office has developed, expanded, and contracted over 

time.  This involved locating early Office documents which were variously found in 

OALS administrative files and library archives, and both in print and microfiche formats.  

Documents, in this case, are defined as “traces which have been left by the thoughts and 

actions of men (sic) of former times” (Scott 1990, p. 10) and which provide an 

opportunity to move from “the source to the fact” (Scott 1990, p. 11).  They include the 

“accounts, returns, statutes and proclamations that individuals and groups produce in the 

course of their everyday practice and that are geared exclusively to their immediate 

practical needs” (Scott 1990, p. 12).  In terms of authorship, the reports, memorandum, 

proposals, press releases, and Office brochures used to compile the historical events 

leading up to the birth of OALS and its subsequent development are all public and 

official in nature.  They are also openly accessible as archival materials which, although 

in storage, are still to a degree easily consulted (Scott 1990).

The second part of the study involved the identification of OALS historical 

funding data.  This involved first making contact with a number of individuals and 

accounting departments at the UA and also sifting through the same archival files and 
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microfiche records as used to compile the Office’s history.  At the outset, it was found 

that OALS did not have a consistent or complete file of its extramural projects dating 

from its beginning in 1964.  Even recent annual reports did not include a breakdown of 

this type of information, and early reports only occasionally had lists of projects, 

sponsors, and funding awards.  Working through the various Office divisions also proved 

time consuming and to little advantage.  At one point, I went through boxes of archived 

files in an off-campus warehouse as well as former employee resumes, but with only 

intermittent success in finding the data needed.   Eventually, by contacting a previous 

OALS Business Manager, I was directed to UA financial services personnel who were 

able to provide access to parts of the data, first at the College of Agriculture and Life 

Sciences (CALS) sponsored projects office, then at the Vice President for Research 

Office, and finally at the UA’s Financial Management Services.  Because accounting 

systems had changed through the years and people who were knowledgeable about those 

systems had often retired, the collection of these data was more difficult than expected.  

As an example, the current CALS sponsored projects Paradox database only went back to 

1992 and, although it was possible to do a search for OALS projects and import the 

results into an Excel spreadsheet, that still left many years of data unknown.

At this point, both the OALS Business Manager and CALS financial personnel 

suggested I try to locate the original paper versions of the Vice President for Research 

Office’s Annual Reports, called the Office of the Coordinator of Research prior to 1971.  

One complete set was available in the Vice President’s Office and it turned out to be 

particularly useful as the first report dated exactly from the year the Office was 
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established.  These reports were produced from 1964 through 1986 and provided the 

name of the unit, title of the project, Principle Investigator(s), sponsor, amount of award, 

and sometimes duration.  In addition, they included a year-to-year comparison of all 

research support the University had received from 1952 until 1986.  Personnel at the Vice 

President’s Office also suggested contacting the UA’s Office of Research and Contract 

Analysis that maintains the Sponsored Projects Information System (SPINS) database.  

Dating from 1986, it is possible to request a search of this database by unit name with the 

results downloadable as an Excel file.  In the end, the SPINS Excel file took the place of 

the CALS file since it was more complete, and the data from the print Annual Reports

were added to the Excel spreadsheet by hand to fill in the data for the earlier years.  

The data on University/state funds internally allocated to OALS, first by the Vice 

President for Research Office and later through CALS, was also compiled from a variety 

of resources both print and online.  For recent allocations from CALS, a query of the 

UA’s Financial Record System (FRS) provided the numbers of state, state extension, and 

state experiment station funding OALS had received since 1992.  Finding these same data 

prior to that time turned out to be much more problematic.  By contacting the Assistant 

Comptroller who had been at the UA for nearly 30 years, a set of microfiche was 

discovered in the University’s business records that provided the data from 1982 through 

1991 using OALS-assigned FRS numbers as the access point.  This still left gaps for the 

early years.  In the first place, the previous OALS Business Manager and the then OALS 

Director said they felt certain the only support the Office had received prior to the move 

to the College of Agriculture was in the form of Indirect Cost allocations from the Vice 
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President for Research Office.  However, no personnel were aware of any formal records 

containing that information.  What was provided to me by the Vice President’s Office 

was the set of microfiche that contained copies of OALS memoranda from the 1970s.  

These records and a file drawer of early OALS reports and memoranda eventually 

revealed the missing numbers including the first record of internal support documented in 

fiscal year 1967-68. 

To complete the collection of data for Chapter 4, the numbers and types of current 

OALS faculty and staff were identified.  This information was gained by contacting the 

OALS Personnel Manager who worked with me to go through personnel files to locate 

hire dates and dates when those positions became partially or fully state-supported.  To 

compile the number and type of publications that had emanated from the Office, the 

series of OALS Publications and Presentations Annual Reports dating from 1983 were 

reviewed.  In addition, each division director was contacted by e-mail to provide 

information about their teaching and numbers of Master’s and Ph.D. students advised, 

and to determine any patenting activity in which they had engaged.

Data Analysis

Chapter 4: OALS Funding and Performance Data

After compiling the narrative history of the founding of OALS, the next step 

was to conduct an analysis of its extramural and internal funding record.  This process 

began by adding fields to the Excel spreadsheet to identify and create linkages between 

extramural projects by principal investigator, division, type of sponsor, and year of 

award, and University/state allocations by year.  This involved generating special tables 
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of codes which were again entered by hand.  At first, a list of the Principal Investigators 

was printed out and each was assigned a code to locate them within the OALS structure.  

These codes included the:  (1) Arid Lands Information Center (ALIC); (2) Arizona 

Remote Sensing Center (ARSC); (3) Desert Research Unit (DRU); (4) Natural Products 

Center (NPC); (5) International Arid Lands Consortium (IALC); (6) Economic 

Development Research Program (EDRP); (7) OALS if the person was not identified with 

a single unit; and (8) OTHER for those who were from other UA departments or units.  In 

addition, an allocation code was created so that funded projects could each be assigned to 

each of these units.  Also, as shown in Table 1, codes were established to categorize 

sponsors.  Finally, all U.S. agencies were coded to facilitate their groupings as presented 

in Table 9 in Chapter 4.  For instance, the Fogerty International Center and the National 

Center for Complementary and Alternative Medicine were both folded into their parent 

organization, the National Institutes of Health, for analysis purposes. 

Table 1:  Codes for Type of Sponsor

Academic Institutions AC
Arizona State Agencies AZ
Associations ASSOC
Cash Donations CASH
Commercial Firms COM
Foreign Countries FOREIGN
Native American Tribes NA
Non-Governmental Organizations NGO
Other or Unidentifiable Sponsors OTHER
Private Foundations & Societies FNDN
United Nations Organizations UN
United States Agencies US
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To facilitate the review and comparisons of the data, the Excel spreadsheet was 

eventually imported into Microsoft Access with scripts used to pull data into different 

tables for ease in developing associations and comparisons.   

Finally, the data collected on OALS personnel numbers and type were presented 

in Word tables for comparison with similar data from other ORUs.  The same process 

was followed for the data collected on Office-generated publications.  In this case, each 

publication was assigned to one of the categories: (1) peer-review article; (2) other 

journal article; (3) book chapter; (4) or report, to aid in compiling total counts by year.  

Again, these numbers were compared to the publication records of other academic units.  

Similar comparisons were made between OALS and ORU faculty involvement with 

student advising and patenting activity, although here the review was presented in a 

narrative discussion rather than in table format.

Data Collection

Chapter 5:  OALS Organizational Change

For the study described in Chapter 5, a longitudinal case study was conducted 

using a research design focused initially on testing specific organizational change 

theories (Eisenhardt, 1989).   To understand OALS structural change in administrative 

reporting, the climate of the university toward ORUs was examined as well as the related 

subculture groups representing various hierarchical levels of the institution.  Field 

research began in 2002 with a purposive sampling of persons who were identified to have 

been directly involved in or affected by the various changes, but particularly the 1981 
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move into the College of Agriculture, as it was called at that time (Miles & Huberman, 

1994).  These included previous University administrators, the former and current OALS 

Directors, and faculty members and research staff who were also employed in, or 

affiliated with, OALS at the time.  Since the changes occurred twenty years ago, 

snowball sampling also was used to identify and include additional potentially important 

contacts (Miles & Huberman 1994).  The resulting sample included 17 interviewees who 

were categorized in the study as:  a) University administrators; b) College of Agriculture 

faculty; c) representatives of related departments and ORUs; d) OALS administrators; e) 

OALS faculty; and f) OALS research staff.  Other names suggested, but not contacted for 

interviews, were those who appeared to be peripheral to the study’s research questions 

(i.e. those involved only in the development of the Arid Lands Resource Sciences 

doctoral Program and secretarial staff).  Interviews were conducted with all informants 

who were significant in the move, and who were still reasonably healthy and living in the 

Tucson area.  The strategy was to try for a census sampling to increase the chances for an 

unbiased and representative sampling frame.  A limitation of this particular study, 

however, was the unavailability due to health reasons of several key College of 

Agriculture figures who might have provided additional, and perhaps novel, perspectives 

on the events that led to the organizational change.

Interviews were largely conducted in the offices of those interviewed, however, a 

few took place in the OALS conference room.  Each interviewee was apprised as to the  

nature of the study and the confidentiality of their responses.  A subject consent form, as 

approved by the University’s Human Subjects Protection Program, was reviewed with 
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each informant and signatures were gained (see Appendix A).  Because I was already 

acquainted with most of the interviewees, the interviews were generally informal and 

conversational in style (Mason 1996), although I did have a list of questions to guide the 

process which were shown to the interviewees (see Appendix B).  These questions 

centered on themes to identify each actor’s perceptions of: (a) the beginning of OALS; 

(b) University research culture in the 1960s, 1970s, and early 1980s; (c) climate of 

College of Agriculture personnel toward OALS during the same time period; (d) 

perceived reasons for the 1982 administrative move; and (e) the long-term effect of the 

move.  Except for two interviews in which this investigator relied solely on field notes, 

each was audio taped and transcribed.  

In addition to the interviews, and particularly due to the length of time since the 

events occurred, certain discrepancies in dates and historical occurrences appeared 

among the informant’s statements.  To clarify these differences, a variety of documents 

were consulted.  These documents were again open/archival in nature and were authored 

as part of the official business of the University or of the Office in question (Scott, 1990).   

Specifically, most of the documents were obtained from the OALS library archives, 

including reports from the original Arid Lands Program that predated the beginning of 

OALS and from promotional materials describing early activities and events.  University 

catalogs also were consulted to determine when the Office was first mentioned and in 

what context, and to confirm dates and names of people who held crucial positions during 

the period in question.  
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Data Analysis

Chapter 5: OALS Organizational Change

Responses to interview questions were reviewed and coded using the method 

described by Miles and Huberman (1994) to identify patterns in stories and worldviews.  

The patterns noted in each transcript provided a means to reveal historical points of 

reference and underlying beliefs and values (Berg, 1985; Smircich, 1993).  In this way, it 

was possible to examine not only the sequence of events leading to the organizational 

change, but the prevailing research culture of the university as seen through the eyes of 

different informants, particularly related to interdisciplinary and applied research and the 

ethos of the College of Agriculture and ORU subcultures.  Again, drawing on Miles and 

Huberman’s (1994) discussion of coding strategies, words and phrases highlighting 

explanations of the causes for the change were noted by using different color coding.  In 

this way, categories of explanations were identified and designated for each informant.  

Those categories were: turf conflicts, operating styles, personalities, indirect costs, and 

tenured positions.  These findings were then analyzed in  their relationship to theories of 

organizational change.      

Data Collection

Chapter 6: Faculty and Student Worker Relationships

Using a census sampling technique, interviews were conducted with all of the 

Arizona Remote Sensing Center’s Lab employees in the spring of 2001 (Miles & 

Huberman 1994).  The purpose was to gain an understanding of the interactions of the 

Lab’s employees and of the factors influencing their decision-making.  On the 
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administrative side, the two faculty members (Director and Associate Director) were 

interviewed as was the one Research Associate who was the only full-time technician 

involved in Lab operations.  In addition, all students working in the Lab were 

interviewed.  This included two recent PhDs, six current PhD students, two Masters 

students, and one undergraduate.  In each case, as in the method followed in the study 

presented in Chapter 5, those interviewed were told their statements would be 

confidential and that they could elect not to answer any question they did not feel 

appropriate.  Interviewees also were asked to sign a subject consent form (see Appendix 

C) and were provided with the list of questions I would use to guide the interview session 

(see Appendix D).  These interviews were conducted in various offices and conference 

rooms at OALS.  Again, my familiarity with the interviewees made the interviews more 

informal than might have been otherwise which allowed for immediately following any 

new themes or topics as came up in the conversation (Mason 1996).  Each interview was 

audio taped, the results transcribed, and finally color coded to identify general themes 

and trends as well as specific areas of interest and conflict.  

Data Analysis

Chapter 6: Faculty and Student Worker Relationships

Interview questions were grouped in five general areas: (1) demographic and 

background information; (2) decision-making in Lab operations; (3) use and role of 

technologies; (4) decision-making in teaching and curriculum; and (5) perceptions of 

student work and workers in Lab operations.  Major themes identified revolved around 

two closely related topical areas which impact organizational structuring and decision-
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making: faculty professional interests versus students educational and training demands, 

and academic versus sponsor interests.  The breakdown of specific faculty interests were 

organized within the traditional academic responsibilities of research and teaching.  

Student interests included the need for: livelihood, thesis, technical training, proposal 

writing, project management, publications, and coursework.  Drawing on these findings, 

conclusions were drawn as to the levels of influence, also stated as power, students have 

on faculty decision making in how the Lab operates and in how other professional 

activities are pursued.  To illustrate and validate these conclusions and minimize 

researcher bias, the interviewees own words are used as much as possible throughout the 

discussion.

Confirming Findings

In each part of this study, attempts were made to ensure a “thorough, careful, 

honest, and accurate” collection and analysis of data and, thus, the reliability and validity 

of the data in how it informs and generalizes theory (Mason 1996, p. 146).  By drawing 

on all the relevant official records that could be found and using as close to a census 

sampling strategy as possible for both of the studies involving informants, I have tried to 

address issues related to holistic fallacy, elite bias, and going native as described by Miles 

& Huberman (1994).  Specifically, findings were checked for representativeness and 

researcher effects, examined further when rival explanations were discovered, and 

corroborated by gaining additional feedback from informants.  In addition, throughout the 

course of this research, I have tried to employ Miles and Huberman’s techniques for 

assessment that lend themselves to a “goodness” of the research results, including careful 
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record-keeping and display of findings.  Finally, because this entire study could be 

considered a labor of love, I have worked particularly hard to present both as accurate a 

story as possible, while at the same time being aware of the ethical issues of trust and 

inflicting no harm (Miles & Huberman 1994).
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CHAPTER FOUR:
 U.S. SCIENCE POLICY, ACADEMIC CAPITALISM, AND THE UNIVERSITY OF 

ARIZONA’S ORU IN ARID LANDS STUDIES

Introduction

As described in the Literature Review, following WWII and largely in response to 

the Cold War and Sputnik crises, there was an increase in public support for funding 

academic science.  “From 1953 to 1968 national spending for basic research 

approximately tripled as a proportion of GNP, as did total university R & D”  (Geiger, 

1993, p.166).  By 1962 the federal share of total national research and development 

funding was 70 percent, with 93 percent directed toward defense and 11 percent for 

discretionary purposes (Brooks 1996).  During this time, the Atomic Energy Commission 

(AEC), Department of Defense (DoD), and the National Aeronautics Space 

Administration (NASA) drew on academia for a key part of their science and engineering 

efforts, and the newly formed National Science Foundation (NSF) became the espoused 

patron of basic research in higher education.  By the early 1970s, academic science 

received 26.7 percent of its research funding from the combined AEC/DoD/NASA, 14.5 

percent from NSF, and about 46 percent from the growing National Institutes for Health  

(NIH) research programs (Geiger 1993; Slaughter & Rhoades 1996).   At the same time, 

colleges and universities experienced unprecedented growth, partly from the influx of 

students taking advantage of the GI Bill, and partly from the increased federal support.  

In the decade of the 1950s, while undergraduate student enrollment increased by 119 

percent and graduate student enrollment went up by 147 percent, research expenditures 

grew even more dramatically by 261 percent (Geiger 1993).  
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Although filling a much smaller niche in terms of total research support to 

universities following World War II, private foundations also played a role in the growth 

of academic science.   Never rising to more than 25 percent of all voluntary support, they 

did provide resources for fields outside federal priorities, particularly in the social 

sciences, international studies, and general university advancement (Geiger 1993).  

During the 1940s and into the 1950s, the Carnegie Foundation, the Rockefeller 

Foundation and, especially, the Ford Foundation, formed the largest of the private donors 

and each carved out their own territory for enhancing academic research.  In general, 

Carnegie focused on education and social issues, while Rockefeller was interested first in 

economics and the social sciences, particularly the development of new research capacity 

in ORUs and special programs, and later toward the needs of the developing world and 

the promotion of world peace (Geiger 1993).  This shift was caused largely by the advent 

of the more well-endowed Ford Foundation in the late 1940s with its similar, but more 

expansive, orientation toward social science research, including economics, political 

science, sociology, and anthropology (Geiger 1993).  However, toward the end of the 

1950s, these interests became more specifically directed toward building institutional 

capacity in the form of distinguished and graduate programs.  Out of these new directions 

came 

powerful backing…to a particular model of what a research university
ought to be [as evidenced in] a striving for academic distinction as 
measured by the peer ratings of departments; the placing of increasing 
emphasis on graduate education; and an abundance of research activity, 
both within and surrounding the basic disciplinary departments (Geiger 
1993, p. 116).   
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During this “golden age” of academic science, many universities drew on these 

new sources of federal and private funding to develop research programs, especially 

those of an applied or interdisciplinary nature, which required resources greater than 

those commonly available to departments (Geiger 1993).  As vehicles for organizing and 

managing these programs, numerous labs, institutes, and centers, or called here organized 

research units (ORUs), were established - all of which were less tied to the educational 

mission of the university than were academic departments, and were largely staffed by 

entrepreneurial research scientists rather than tenured faculty (Friedman et al. 1982; 

Geiger 1993; Rhoades and Slaughter 1997).   One survey documented the founding of 45 

new academic research centers during the 1960s as compared to 16 in the previous 

decade (Cohen, Florida, and Goe 1994).  Another earlier study similarly noted that core 

universities nearly doubled their number of campus ORUs during this “jet set” period and 

that no field was exempt: “space, conservation, environmental preservation, mental 

retardation, the urban setting, the human condition – all gained attention and resources 

and blossomed into ORUs” (Friedman et al. 1982, p. 43).   

However, these same studies also revealed even more significant increases in the 

number of ORUs during the decade of the 1970s and, in the case of the Cohen, Florida, 

and Goe report, throughout the 1980s.  Specifically, the latter study found that 72 new 

ORUs were established in the 1970s and 284 during the 1980s.  In terms of the 

percentage of academic research conducted, ORUs have been variously estimated to 

average about 28 percent of total research expenditures (Stahler and Tash 1994), 40 

percent (Friedman et al. 1982), and 15.2 percent or $2.53 billion when considering only 
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those ORUs in the science and engineering fields (Cohen, Florida, and Goe 1994).  These 

numbers demonstrate why “as a class, organized research units [were seen as 

representing both] “big science” and “big business” (Friedman et al. 1982, p. 1).

Academic Capitalism, ORUs, and the University of Arizona

Fueling the dramatic increases in academic ORU activity in the 1970s and 1980s 

were significant shifts in U.S. science and economic policy that have been most clearly 

defined by the theory of academic capitalism.   In their work of the same title, Slaughter 

and Leslie suggest that 1973 was a turning point for higher education funding.  Due to 

that year’s worldwide recession and the subsequent increase in global competitiveness, 

federal support for research, and for academia in general, began a downward trend 

(Slaughter and Leslie 1997; Slaughter 1990).   In 1973, federal government sponsorship 

supported 69 percent of academic research and development efforts.  By 1993 that 

number had fallen to 56 percent (Slaughter and Rhoades 1996).  At the same time, 

general state appropriations for higher education decreased from covering 50 percent of 

expenses to approximately 33 percent (Rhoades and Slaughter 1997).  During this period, 

and particularly during the 1980s, the federal government also embraced 

neoconservative, supply-side policies with the intent to enhance corporate 

competitiveness (Etzkowitz 1989; Gibbons et al. 1994; Rhoades and Slaughter 1997).  As 

such, new tax policies and privatization measures were passed through a series of 

legislations that redirected funds away from the public and toward the private sector 

(Rhoades and Slaughter 1997).  
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For the academic world, these policies were revealed not only in less direct 

financial support, but also in new priorities and programs to encourage greater 

collaboration between universities and industry. (Rhoades and Slaughter 1997; Slaughter 

1990; Slaughter 1998; Slaughter and Leslie 1997).   Such efforts as the NSF University-

Industry Research Centers, University-Industry Cooperative Research Projects program, 

Engineering Research Centers, and Science and Technology Centers; 1980 legislations 

such as the Bayh-Dole Act giving universities the right to hold title to inventions and the 

Stevenson-Wydler Technology Innovation Act allowing universities to keep a share of 

royalty profits; and entities emphasizing coalitions between industry and academia such 

as the Business-Higher Education Forum – all contributed to refocusing institutions of 

higher education toward the private sector (Cohen, Florida, and Goe 1994; Slaughter 

1990; Slaughter 1998; Slaughter and Leslie 1997).  Overall, by 1993, industry support for 

academia had risen to seven percent from the three percent documented in 1973 (Rhoades 

and Slaughter 1997).  For science and engineering ORUs, the numbers were even higher 

with industry funding 30.8 percent of their research projects (Cohen, Florida, and Goe 

1994).

In spite of this growth in support from industry and the moves to be more actively 

engaged with business interests, the majority of the deficit caused by decreased state and 

federal support has been filled by academic institutions themselves.  Between 1973 and 

1993, universities raised their own share of support for operating expenses from 11 

percent to 20 percent, largely through increases in tuition and development activities 

(Slaughter and Rhoades 1996).  At the same time, rather than directing these funds to 
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strengthen instructional programs, there is evidence that many institutions reallocated 

many of these resources toward commercial ventures and those departments and units 

that are most able to secure grants and contacts (Etzkowitz 1992; Slaughter and Leslie 

1997; Slaughter and Rhoades 1996; Volk, Slaughter, and Thomas 2001).   For instance, 

in one study it was found that for every $1,000 a department brings in through grants, it 

receives an additional $222 in institutional support (Volk, Slaughter, and Thomas 2001).   

Thus, ORUs, with their orientation to entrepreneurial research activities and extramural 

funding, have been well-positioned both externally and internally to benefit from the 

fallout from academic capitalism’s moves toward the market.

Although, the existence of ORUs have been shown to have caused tensions with 

departments over institutional resource allocation and turf, universities have continued to 

follow the private foundation model for higher education by creating and supporting 

these research structures.  ORUs potential for both helping to fill the budget gap and for 

adding prestige to improve peer ratings, has placed them in a strategic position within 

higher education (Friedman et al. 1982; Geiger 1993; Stahler and Tash 1994).   As Geiger 

pointed out, “universities found that enhancing their reputation for research paid 

dividends in terms of attracting better students, projecting a positive image of public 

service, and enlarging voluntary support” (p.321).  Thus, ORUs have been perceived as 

providing a venue for increasing standing among like institutions, as well as an 

operational mechanism for strengthening ties to the business sector.  At the same time, 

however, the expense of the “big science” often conducted in such ORUs, also has been 

shown to have contributed to a trend drawing institutional resources away from the basic 
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instructional mission of the university (Slaughter and Leslie 1997; Volk, Slaughter, and 

Thomas 2001).  

This convergence of change in U.S. science policy and the distribution of 

academic funding, the rise in the numbers of ORUs, and the refocusing of many 

institutions of higher education toward research interests, has been documented in the 

evolution of institutions such as the University of Arizona (UA).  In his 1993 work 

tracing the history of research universities since World War II, Roger Geiger provides an 

extensive account of the UA’s rise to the upper echelons of research university status.  In 

1951 it was described as a backwater educational institution with only 6,000 students and 

two doctoral programs.  By the early 1960s, its extramural research program still totaled 

less than $1 million per year.  However, by the 1980s it had been transformed into a 

contender for top twenty status.  As Geiger’s story unfolds, he describes two 

entrepreneurial presidencies lasting from 1951 to 1982 that drew on opportunism and 

natural advantage, as well as significant budgetary control and strategic hires, to build 

competitive research programs.  This “frontier-like pragmatism in the pursuit of academic 

advancement” (p. 273) benefited greatly from federal policies, particularly the NSF 

University Science Development Grant, which designated a geographically balanced 

distribution of funds to support core science fields.  Largely through this program, but 

also with private foundation and government agency funding, nationally ranked programs 

were built in astronomy and anthropology, and basic science programs were significantly 

strengthened.  In addition, under the leadership of a core of retired scientists from 
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government and academia, a variety of interdisciplinary ORUs were founded, including 

one in the area of arid lands studies (Geiger 1993).   

It is the purpose of this chapter to explore the history of that particular ORU by 

addressing a research question related to the relationship of its funding patterns to U.S. 

science policy and the characteristics of academic capitalism, and to a comparison of its 

productivity with other ORUs and, where possible, to departments.  Specifically: 

Is the University of Arizona’s ORU in arid lands studies representative of 
other ORUs and does its history, evolution, and productivity provide 
evidence of changes in U.S. science policy and characteristics of academic 
capitalism?

Arid Lands Research at the University of Arizona

As noted previously, the concept of ORUs began early on for public land-grant 

universities with the establishment of the Agricultural Experiment Station in 1887.  

Through this structure, arid lands research began at the University of Arizona soon after 

its founding in 1885.  Early publications and historical documents attest to a deep interest 

in problems related to the effective use of arid lands throughout the world and, in 

particular, its location the Sonoran Desert (Arid Lands Committee [1959]; Patrick 

[1959]).  On December 1, 1890, the first Bulletin of the University’s Agricultural 

Experiment Station was published.  This was followed by faculty articles on overstocking 

of ranges (1891), canaigre (1892), and weather cycles in the growth of big trees (1909) 

(Office of Arid Lands Studies 1985).  However, following the lead of the United Nations 

after World War II, this research did not become formalized in the programs and 

structure of the University until the 1950s.   Cognizant of new opportunities for 

extramural support during this period of increased interest in academic research, 
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University officials of the era were quick to capitalize on their unique geographic 

location as a means for expanding the institution’s programs (Geiger 1993).

 At the same time, there were a number of key factors that brought the U.S., 

international, and academic research and policy communities together in this common 

interest.  As one University of Arizona document pointed out:

Archeological sites, ghost towns, abandoned ranches and empty farms that 
dot the arid West are dramatic examples of man’s early failures to attain 
balance between the natural environment and the desire for expansion.  
Some of those failures were not too costly, however.  When the earth was 
sparsely populated and uninhabited land was abundant, man could 
abandon old environmental failures and move on to new lands.  Today the 
situation is much different.  With expanding world populations and fixed 
political boundaries, it is impossible to abandon or ignore unproductive 
land.  Unless one-third of the earth is to remain a great wasteland – an 
impossibility in view of the world population trend – man must learn to 
live in and utilize arid regions once considered useless.  How can this be 
done? (Arid Lands Committee [1959], p.1)

A similar perspective undoubtedly contributed to a move by the United Nations 

Educational, Scientific, Cultural Organization (UNESCO) to establish in 1950 an 

international Advisory Committee on Arid Zone Research.  Not long after, the 

Southwestern and Rocky Mountain Division of the American Association for the 

Advancement of Science (AAAS) initiated a series of symposia organized through its 

own newly established Committee on Desert and Arid Zones Research (Office of Arid 

Lands Studies 1985).  The first of these was held in 1951 and focused on the 

“Potentialities of Desert and Arid Lands,” a second in 1953 covered general arid lands 

themes, and a third international meeting, held at the University of New Mexico in 1955, 

covered utilization issues.  The results of the latter meeting are documented in the book, 

“The Future of Arid Lands,” published by the AAAS.  At this point, the AAAS 



89

Committee determined interest was strong enough to hold annual symposia, each with a 

particular emphasis such as climate, bio-ecology, agricultural problems, and water issues.  

In 1959, it also began publication of an Arid Lands Research Newsletter and called for 

the initiation of a U.S. National Arid Lands Committee to act as an agent for research and 

education at the national level, and to support UNESCO’s efforts at the international level 

(Committee on Desert and Arid Zones Research 1960).  

Attending many of these meetings were members of the University of Arizona 

administration and faculty.  Specifically, a former University of Arizona President, 

Homer L. Shantz, presented the keynote speech at the Albuquerque meeting, “History 

and Problems of Arid  Lands Development” while representatives from the University’s 

Tree Ring Laboratory, the Institute of Atmospheric Physics, and the Institute of Water 

Utilization played active roles in the subsequent discussions (Patrick [1959].  Resulting 

recommendations from the participants included a call for a worldwide effort to identify 

gaps in knowledge and to determine courses of action to fill those gaps. Taking to heart 

the principal recommendation that, “interdisciplinary studies should be promoted in order 

to sharpen the concepts used in defining, delimiting, and classifying arid and semi-arid 

lands…” (Patrick [1959], p.3), then University of Arizona President Richard A. Harvill 

soon called for the establishment of a university-wide arid lands committee.  In a 

memorandum to selected Deans and Directors dated May 25, 1957, Harvill stated:

I hope that each of you will serve as a member of a research committee on 
Problems of Arid Lands.  As you know, the problems associated with arid 
lands cut across many fields and are of vital importance to various 
segments of the population, rural and urban, and can be approached from 
many different points of view involving many different disciplines.  
Therefore, it is important that such a University-wide committee will be a 
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continuing and permanent committee to give active attention to the 
problems, consider and integrate ideas from all areas of the University, 
and formulate programs designed to learn more about the problems and 
possible solutions to them (Arid Lands Committee [1959], p. 2).

It did not take long for this Committee to conceive of, obtain funding for, and initiate a 

long-range interdisciplinary program.  Capitalizing on the growing interest in arid lands 

issues and on a belief that Arizona could be used as a laboratory to explore desert 

development issues for the world, support for a three-year pilot project was obtained from 

the Rockefeller Foundation and formally inaugurated in 1958.  The grant in the amount 

of $208,000 was the largest the University had received up to that time (The University 

of Arizona 1958).  Involving the departments of archaeology, botany, geochronology, 

geology, and zoology, and the Institute of Atmospheric Physics, the “Utilization of Arid 

Lands Project” sought to conduct basic research to “attack certain problems concerning 

the physical and biological mechanisms operating in arid lands” beginning with an 

intensive study of the Gila-San Simon River basin in the Sonoran Desert (Arid Lands 

Committee [1959], p.5).  The overall goal, however, was to help humans better 

understand “the variability of precipitation…and the assignment and intelligent use of 

natural groundwater resources” and there were high hopes that this pilot project would 

lead to additional funding from the Foundation to extend the study to other areas (The 

University of Arizona 1958).  Also cooperating in this initial project was the Ground 

Water Division of the U.S. Geological Survey, which matched the University 

contribution dollar-for-dollar in personnel services for those involved in hydrologic 

research.  The combination of the original grant allocation with the matching funds 
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brought the total grant to a truly impressive size for the University at this point in its 

development and helped begin to establish its reputation as a major research institution 

(Arid Lands Committee [1960]).

Concurrent with this broad-based effort was another University of Arizona 

Rockefeller Foundation-supported project, the Arizona-Sonora Project, involving 

cooperative projects with the University of Hermosillo in the area of social sciences and 

the humanities, but with a focus on lifestyle adaptations to desert living.  These two arid 

lands-related projects formed the core of a broad range of arid lands-related research 

activities at the time.  In one document, sixteen other public and private agencies were 

listed as contributing to University research efforts in this field alone (Arid Lands 

Committee [1959]).  In the “Report on the University of Arizona as an Important Arid 

Lands Institute,” the University outlined its local, national, and international arid lands 

research activities as well as its contributions to the training of U.S. and international 

students and to the development of the university library as a premier arid lands resource 

(Arid Lands Research Committee [1960]).  Ever mindful of the need to maintain state-

wide interests, University officials participated in a Governor’s Committee on Arid Lands 

whose report recommended the appointment of an “Arizona Committee on Arid 

Lands…to provide advice, guidance, recommendations, and evaluation for the State of 

Arizona in coping with the condition of aridity” (Governor’s Committee on Arid Lands 

1959, [p.3]). 

The lofty ideals and ambitions of the Committee and the University’s 

administrators for the institution in contributing to the knowledge of the world’s arid 
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regions were revealed in a speech given by David L. Patrick, Vice President for 

Academic Affairs and Coordinator for Research to the Governor in 1959:

This is not a field of research which can be entered and abandoned at will.  
The future welfare of untold millions of people around the world depends 
in large measure on the success of these efforts in which we and many 
others are engaged.  The political, economic, and social implications are 
so great that arid lands research, basic and applied, may well become a
determining factor in future efforts to maintain peace...These implications 
place tremendous responsibility on those who propose and engage in arid 
lands programs (Patrick [1959]). 

It is clear the University of Arizona had found a rallying cry for its research, and even 

service, efforts as well as a niche where it might enhance its position both at home and 

abroad.  As described in Roger Geiger’s (1993) account, through its unique geographical 

situation, the University had found an instrument on which to further build both its 

reputation and its financial resources. 

Although the University’s 1961 follow-on Rockefeller Foundation proposal was 

not funded, the Arid Lands Committee continued its coordination and project facilitation 

efforts under the auspices of an official “Arid Lands Program.”  It was not long before 

they met with another major success.  The exact contents of the Army Research Office 

Request for Quotation is not known, but they can be discerned by wording in the 1964 

proposal submitted by the University in response to it titled, “Proposal for an Inventory 

of Geographical Research on Desert Environments.”   Largely the work of the Chairman 

of the Committee, then head of the Tree Ring Laboratory and a retired government 

researcher, Dr. William G. McGinnies, the proposal neatly ties together the military and 
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public outreach interests of the two entities.  The proposal’s foreword provides particular 

insight into the thinking of the Arid Lands Committee at the time:

A major function of a university is to expand and preserve man’s 
knowledge of the world.  The step of communicating that knowledge 
inheres in the function.  In a significant sense, the knowledge multiplies as 
it is communicated…The University of Arizona bears certain 
responsibilities to its students, the people of Arizona, the federal 
government, and the community of scientists and scholars.  It may 
undertake only those programs that are in keeping with the University’s 
responsibilities and that help fulfill its functions.

The program described in ARO-RFQ-11 more than satisfies the 
requirements state above: for several years the University of Arizona has 
been planning a similar effort.  The University is acknowledged as one of 
the world leaders in interdisciplinary arid lands research, but faculty 
members have been hampered by the absence of a preeminent arid lands 
information center in this country or abroad.  Two and one-half years ago, 
the University of Arizona Arid Lands Committee circulated a 
memorandum urging a major program with the following specific 
objectives:  “to collect, evaluate and disseminate information aimed 
toward solving specific arid lands problems related to water supply, 
biological relationships, and man’s occupation and use of arid lands.”

More recent decisions clarified and confirmed the aims, and as a result, the 
Committee has been seeking ways to establish an Arid Lands Information 
Center at the University of Arizona.  The first step would be to collect and 
evaluate published arid lands information from all over the world and to 
decide how to improve the coverage and quality.

The requirements of the Army Research Office and plans of the University 
of Arizona thus run parallel.  Publishing the compendium described in 
ARO-RFQ-11 would not be an isolated 2-year effort at the University, but 
would fit in place as the next section in our established arid lands program, 
a program that started 75 years ago and expected to continue as long at the 
University of Arizona stands in the Sonoran Desert (The University of 
Arizona 1964).

In the subsequent section of the proposal, a case is built for locating the project at a large 

university where the necessary cross-disciplinary approach would be readily available.  
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This introduction further suggests such a tactic would ensure the dissemination of 

unclassified information during the course of the project and a commitment to 

maintaining its currency after the contract expired.  It also established Arizona as a 

geographic model for many of the world’s arid regions and the University’s considerable 

credentials in arid lands research and training.  

In the detailed program description, the overall project objective outlines an 

interdisciplinary approach “to compile and produce a compendium containing a 

comprehensive review of what is known about the desert environment” (University of 

Arizona 1964, p. B-1).  The intent was to collect and evaluate what was then understood 

about arid regions through published literature as well as yet unpublished research by 

scientists throughout the world, and to identify gaps where future research efforts might 

be focused.  It was also noted that in the preparation of the compendium, particular 

attention would be paid to information appropriate to Army problems and to “those 

planning and managing future research efforts and programs” (University of Arizona 

1964, p. B-1).  Integral to this effort also would be the identification of major authorities 

and depositories which would be included in the compendium as a directory of key 

institutions and individuals, as well as an extensive, annotated bibliography.  In addition, 

a classified supplement was to be provided to the Army if so requested.  

The First Years of Office of Arid Lands Studies

It was this 1964 grant for $250,000 that led President Harvill and the Committee 

to create a new ORU, the Institute of Arid Lands Research (later known as the Office of 

Arid Lands Research, and subsequently as the Office of Arid Lands Studies), under Bill 
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McGinnies’s leadership (Arizona Board of Regents 1967; Arizona Board of Regents 

1969; Office of Arid Lands Studies 1985; Tribute 1976).  During its first years, the 

Institute of Arid Lands Research was situated within the School of Earth Sciences.  This 

arrangement lasted until a new Dean came on board in 1972 at which time the renamed 

Office of Arid Lands Studies (OALS) moved administratively from Earth Sciences to 

report directly to the University’s new Coordinator of Interdisciplinary Studies, a position 

established in 1971 (Arizona Board of Regents 1973; Interviews).  However, this 

administrative situation lasted only a few years before the Office was transferred in 1977 

to the Vice President for Research Office where it stayed until 1981 (Arizona Board of 

Regents 1979).  It was at this time that, after a period of some turmoil and as described in 

Chapter 5, OALS became a part of the College of Agriculture (now the College of 

Agriculture and Life Sciences (CALS)), the administrative placement where it resides 

today (Arizona Board of Regents 1983; Office of Arid Lands Studies 1985).  

As documented in the 1985 history of the UA’s College of Agriculture, the 

formalized arid lands research center was first located in a small rented house close to the 

University.  Its staff included three full-time employees, McGinnies as director, Bram 

Goldman, a technical writer, as managing editor, and Patricia Paylore, a former UA 

librarian, as bibliographer (Haney, Gonzalez, & Paylore 1985).  However, remaining true 

to its interdisciplinary roots, faculty from other University departments participated in the 

project and traveled throughout the world helping to collect information on fauna and 

geomorphology.  The result of this three-year effort was the classic and widely acclaimed 

compendium, Deserts of the World: An Appraisal of Research into their Physical and 
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Biological Environments.  Largely through Paylore’s efforts, this work became the 

foundation for other publications including The World Directory of Institutions Engaged 

in Arid Lands Research and Seventy-Five Years of Arid Lands Research at the UA:  A 

Selective Bibliography 1891-1965.  Paylore continued to expand and firmly establish the 

information dissemination activities of the Office through a variety of extramural 

projects:  a 1967 grant from the U.S. Department of the Interior Office of Water 

Resources Research for the preparation of abstracts on arid lands water-related research, 

a 1968 NSF grant to develop an electronic arid lands information storage and retrieval 

system, a 1969 grant from the National Park Service to identify and abstract natural 

resources information on the Saguaro and Organ Pipe Cactus national monuments, and 

another NSF grant in 1970 to develop a thesaurus of arid lands terminology for use with 

the automated information system (Haney, Gonzalez, & Paylore 1985; Office of Arid 

Lands Studies 1985).  Although it was Paylore’s vision and drive that led to these 

significant achievements, their coalescence under the umbrella of what would become the 

Arid Lands Information Center did not occur until after she retired from leading these 

activities in 1978 (Office of Arid Lands Studies 1985).

McGinnies, on the other hand, focused his energy toward active membership in 

the U.S. Committee of the International Biological Program and of the American 

Association for the Advancement of Science (AAAS).  He also further enhanced the 

international reputation of the Office and the University by facilitating the 1969 

“Conference on Arid Lands in a Changing World” and even the much later 1985 

conference, “Arid Lands: Today and Tomorrow.”  He also was a significant player in the 
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NSF-supported International Biological Program which, among other things, conducted a 

seven-year study of the Sonoran Desert biome. After his retirement in 1969, Patricia 

Paylore was named acting director until a new director, Jack. D. Johnson, was installed in 

January 1971 (Haney, Gonzalez, & Paylore 1985).  Johnson held that position until 1983, 

at which time, Kennith E. Foster became director, holding the position until 2004.  

Paralleling the national trends in supporting academic research, the early 1970s 

were characterized by growth in a number of areas for OALS.   Paylore’s work with the 

U.S. Department of the Interior expanded to include preparation of a series of arid lands 

resource information papers and the Arizona Water Commission funded the multiple year 

Arizona Water Information System (AWIS) project to build a database of water-related 

research, a project which also involved the UA Water Resources Research Center  

(Haney, Gonzalez, & Paylore 1985).  She also became an influential participant in 

developing a cooperative agreement with Ben Gurion University of the Negev, serving as 

Chair of the University’s Negev Committee from 1975 until 1983 (Paylore 1983).   Other 

researchers were brought into the Office to conduct a variety of environmental impact 

studies, to examine the economic viability of arid lands crops such as jojoba and guayule, 

and to assess the usefulness of remote sensing technologies for desert terrain and 

resources studies.  The latter, in particular, quickly became a significant focus of Office 

activities with a series of grants from NASA and various state agencies “to develop 

remote sensing techniques to solve specific problems in inventorying and monitoring 

natural resources” (Haney, Gonzalez, & Paylore 1985, p. 247).  By 1972, the Arizona 
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Remote Sensing Center (ARSC) was established as the first formalized division within 

OALS (Office of Arid Lands Studies 1985).  

During the 1970s, the Office also expanded its role in the international arena 

with Director Johnson the program director for a $5 million USAID project to train 

personnel from developing countries in the management of their natural resources.  Other 

international projects involved OALS staff in training and support activities in Ghana and 

Niger.  Closer to home, the ten year-long Native Development, Systems Analysis, and 

Applied Technology (NADSAT) project funded by the U.S. Bureau of Indian Affairs to 

aid southwestern Indian tribes in resource management began operation in 1975, a year 

that was also significant for the Office’s outreach and publishing enterprise.  Annotated 

bibliographies, conference proceedings, and synthesis papers continued to be compiled, 

edited, and distributed.  In addition, the ongoing and internationally distributed semi-

annual Arid Lands Newsletter was established.  This was followed a year later, in 1976, 

by the initiation of a monthly current research bulletin on surface-mine reclamation for 

the U.S. Forest Service, SEAMALERT, which continued until funding ended in the early 

1980s.   Other publishing agreements led to cooperative arrangements with the United 

Kingdom’s Commonwealth Agricultural Bureaux (now CAB International) to produce a 

series called, Arid Lands Abstracts, and with the U.S. Department of State Man and the 

Biosphere Program to compile environmental profiles of developing countries (Haney, 

Gonzalez, & Paylore 1985).  

The early 1980s saw the birth of another formalized division within OALS.  

Although the Bioresources Research Facility (BRF) (previously the Bioenergy Research 
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Facility, and, as of 1996, the Southwestern Center for Natural Products Research and 

Commercialization (NPC)), essentially began operation in 1979 when the University 

leased a former junior high school site for conducting the commercially-supported Liquid 

Fuels from Green Plants project, it was not formally dedicated until 1982.  Since that 

time, the NPC has conducted a wide array of research related “to the development of 

arid-adapted plant species as future Arizona crops with economic promise as sources of 

fuels, chemicals, and other valuable materials” (Haney, Gonzalez, & Paylore 1985, p. 

312).  In this area, NPC has studied resin-producing Southwestern plants with both 

industry and NSF funding, conducted research on the cultivation of tumbleweed for 

conversion to fuel in cooperation with the UA’s Optical Sciences Center, and developed 

strategies on low-water and low-energy cropping systems with support from the then 

Western Governor’s Policy Office (Haney, Gonzalez, & Paylore 1985).  

The last distinct unit to be established within OALS was the Desert Research 

Unit (DRU) which, by the mid-1980s, had become a significant campus partner in 

conducting applied research on water conservation, water harvesting, wastewater 

treatment and reuse, constructed wetlands, and reclamation of disturbed lands.  It also 

was involved in assessing environmental impacts and in studying the economic viability 

of arid lands plants for food products, oil, rubber, and solid fuels (Haney, Gonzalez, & 

Paylore 1985).  Through the years, the DRU was particularly tied to state agency 

concerns and was a key partner in developing demonstration projects for how people can 

better adapt to living in arid climates (Office of Arid Lands Studies 1985 & 1998).  
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Current Status of OALS and Its Personnel

In its current configuration, OALS continues to operate as an umbrella for the 

four distinct units – the Arid Lands Information Center, the Arizona Remote Sensing 

Center, the Desert Research Unit, and the Natural Products Center (Office of Arid Lands 

Studies 1998).   Since their beginnings in the 1970s and 1980s, each has evolved and 

developed its own unique areas of strength that have made it possible for them to 

compete effectively for grants and contracts.  In particular, the Information Center has 

coalesced its funding activities around building partnerships to package and disseminate 

information using current information technologies, specifically the World Wide Web, 

and to provide library and information management technical assistance for developing 

countries.   ARSC has continued its focus on refining and adapting remote sensing and 

geographic information systems (GIS) through decision-support systems for land 

management purposes, and DRU has been well- placed to take advantage of ongoing 

concerns with water issues in Arizona and the Southwest.   NPC, on the other hand, has 

shifted much of its emphasis from the traditional arid lands agriculture and crop 

development research, to the more lucrative and trendy biochemical research with 

applications for pharmaceutical and medical uses (Office of Arid Lands Studies 1998).  

In addition, OALS also administers the University’s interdisciplinary doctoral program in 

Arid Lands Resource Sciences (ALRS), and is the administrative home for the federally 

earmarked International Arid Lands Consortium (IALC), as well as the U.S. Department 

of Commerce’s Economic Development Research Program (EDRP).  OALS’s ties to the 

ALRS program has strengthened the educational focus of the Office and has helped 
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legitimate the unit within CALS and the University as a whole.  However, financial 

support from the Graduate College for the program does not cover its full costs putting a 

burden on the Office to leverage limited operational funds to maintain the program.  At 

the same time, placement of special programs such as the IALC and EDRP within OALS, 

while not an exact fit with the Office’s research mission, do bring a measure of prestige 

and resources for supporting its broader objectives.

Since the departure of the last of the founders and first generation of OALS 

personnel at the end of the 1970s, the Office’s senior researchers and faculty members 

have remained largely the same until just recently.  The current head of the Natural

Products Center came to OALS in 1997 and became Director in 2003; however, the 

Director before him had held the position since 1979.  Similarly, the current head of the 

DRU was only recently hired to take the place of the former head who had begun work in

the unit even before it was designated as such.  With several brief interruptions, the 

Director of the Arid Lands Information Center has been employed in the Center since the 

early 1980s and the current Director of the Arizona Remote Sensing Center rose from 

Associate Director this year when the previous Director became the new Director of the 

entire Office (OALS Personnel Manager).  

As can be seen in Table 2, those senior faculty who were hired in the late 1970s 

and early 1980s were hired as researchers and were at first entirely funded through 

extramural projects.  After the administrative move to CALS in 1981, however, there was 

a transitioning to state support for five positions when a teaching line was split equally 

between them and instructional duties were added to their responsibilities.   In 1988, the 
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current director of ARSC, was hired into a 100 percent state supported dual teaching-

research position which was shared with the Geography Department.   As an apparent 

reward for continued success in gaining extramural funding, other unit head positions 

(ALIC and DRU) were eventually partially state-supported and, later, fully state-

supported in the case of ALIC.   In addition to the senior faculty, the Office has a .70 FTE 

state-funded editor position, the remnant of the Paylore position, and has several partially 

supported professional staff whose positions at the time of this writing were under threat 

due to University-wide budget cuts.  Also, as a direct result of changes in federal policy 

denying support for administrative support staff in grant applications, the Office had 

maneuvered successfully over the past decade to gain university state salary support for 

its business and personnel managers, and its four administrative support positions.  

Table 2: Administrative Faculty and Staff, Date of Hire, Positions, and Percentage 
University-State Funding

OALS Sr. Staff/P.I.s Date of Hire & Position   CALS % State Current % State    Current Position
Director, OALS 1980; 0%; RAssoc 1982; 100% 100% Full Prof, T
Director, ALIC 1985; 0%; RAsst 1989; 50% 1996; 100% Full Lib, C
Asst. Dir., ALIC 1988; 0%; RAsst 1990; 40% 2003; 41% RSP, NT, Y
Director, ARSC 1988; 100%; AP 100% 100% Full Prof, T
Head, DRU 2003; 60%; ARS 60% 60% ARS, NT, Y
Former Head, DRU 1979; 0%; RAsst 1985; 41% 2000; 49% RAssoc, Y
Director, NPC 1997; 100%; AP 100% 100% Full Prof, T
Former Dir., NPC 1979; 0%; RAssoc 1981; 82% 1984; 100% Full Prof, T, D
Sr. Faculty, NPC 1978; 0%; RAsst 1987; 70% 1994; 100% Full Prof, T
Former Dir., OALS 1978; 0%; RAssoc 1983; 100% 2004; Ret. Full Prof, T

Key:  T = tenured; C = continuing status; Y = year to year; Ret = retired; D = 
deceased
Position Titles: Research Associate (RAssoc), Research Assistant(RAsst), 
Associate Professor (AP), Associate Research Specialist (ARS), Full Professor 
(Full Prof), Full Librarian (Full Lib), Research Specialist Principal (RSP)
Note: Compiled with the assistance of the OALS Personnel Manager
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Based on interviews with the senior faculty who began working at OALS in the

1970s and 1980s, each suggested that once their own salaries were secured through state 

support, even if only partially, the ability to develop more stable and broadly-based 

research programs was greatly increased.  Also, one of the frequently stated Office 

truisms was that only those who were able to build their own programs and funding base, 

and who were willing to live on the edge between financial security and disaster, were the 

ones who stayed on.  Through the years, OALS had employed upwards of 160 people at a 

high point in 1979-1980 (Haney, Gonzalez, & Paylore 1985) and a number of notable 

people had been affiliated with the unit at one time or another1, but the average since then 

had been closer to the current 38 faculty, professional staff, and administrative and 

support staff, and 23 graduate and undergraduate assistants (See Table 3).  Although 

there had been considerable turnover in research staff positions as funding had waxed and 

waned with the variability of extramural projects, a stable core of senior principal 

investigators in the 1990s and 2000s had achieved considerable success in maintaining 

funding levels that had brought relative prosperity and stability to the Office.  Through 

the years, this also had been facilitated by the return of a percentage of indirect costs for 

operational support, a negotiated policy which began when the Office was 

administratively under the Vice President for Research and which continues today under 

CALS.

1 For instance, authors Barbara Kingsolver, Gary Paul Nabhan, and Chuck Bowden
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Table 3: Comparison of Numbers and Type of Personnel

Type of Personnel, UIRC Mean Type of Personnel, OALS Current
Faculty 11.5 Faculty 8
Research Scientists 6.5 Professional Staff 16
Postdoc Fellows 3.1 Postdoc Fellows 5
Staff 20.6 Support Staff 9
Graduate Students 15.9 Graduate Students 7
Undergraduates 9.0 Undergraduates 16
TOTAL 66.6 TOTAL 61

Note: Compiled with the assistance of the OALS Personnel Manager

OALS Scope and Size Comparison

To gain a broader perspective on how OALS compares with other ORUs, the 

1994 Cohen, Florida, and Goe report from a survey conducted on university-industry 

research centers (UIRCs) provides some useful data.  In that study, UIRCs were defined 

as academically-based ORUs conducting research and development in fields related to 

science and engineering, at least partly funded through industry, and with budgets 

totaling more than $100,000 in 1990.  Of the total 1,056 contacted, 511 usable 

questionnaires were returned providing statistically representative data.  In terms of the 

study’s findings, the founding of OALS coincided with the 1960s spike in overall ORU 

and UIRC development.  Averaging eight new UIRCs in each of the previous eight 

decades, the numbers rose to 61 during the 1960s, the decade OALS was instituted and 

the time of the significantly expanded research activity on university campuses already 

noted earlier in this chapter (Geiger 1993).   The combined UA presidential and faculty 

involvement in the formation of OALS also mirrors the experience of a majority of the 

UIRCs in that nearly three-quarters indicated either university faculty (60.9 percent) or 
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university administrators (11.6 percent) were the impetus for establishing the UIRCs.  

Similarly, if the true beginning of OALS is set as a direct outcome of the 1964 Army 

Research Office grant, OALS also would be an example of the 74.1 percent of UIRCs 

that were established as a result of either partial or total federal or state government 

support, and the 82.6 percent that said they would not have been formed without 

government funding (Cohen, Florida, and Goe 1994). 

Of the industries relevant to both OALS and the UIRCs surveyed, the top area 

noted was the NPC-related chemical/pharmaceutical field with 41.7 percent associated 

with that industry, while 26 percent had a focus on software and computer services, areas 

where ALIC and ARSC operate, and 20 percent fall into the catch-all field of agriculture, 

an area that cross-cuts nearly all OALS activities.  As compared to the UIRC list of 

disciplinary areas of research emphasis, OALS is fixed in the applied sciences related to 

computer science and the agricultural and medical sciences, a placement which puts the 

unit among 65 percent of the total of UIRCs.  Clearly, the fact that OALS exists and 

conducts research in the areas it does is not unique among ORUs. 

Using the current breakdown of faculty, staff, and students as compared to the 

averages obtained in the UIRC survey, the numbers also suggest OALS is basically an 

average sized ORU, although on the lower end of that scale (see again Table 3).  The 

differences are seen in the higher numbers of OALS year-to-year professional staff, in 

slightly lower numbers of faculty, and in the considerably lower numbers of support staff.   

In terms of the ratio of student workers to the regular faculty and staff, the nearly 38 

percent student workers to the 62 percent staff is comparable to the average UIRC.  Of 
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note is the difference in the numbers of undergraduate to graduate student workers with 

an almost exact opposite configuration between OALS and the UIRCs surveyed.  Given 

that OALS faculty only teach graduate courses and that the Office operates largely 

through externally-funded projects, this current breakdown appears to be unusual.  This is 

particularly the case as the study described in Chapter 6 involved interviews with many 

more graduate students than were employed at the time of compiling Table 3.  Additional 

interviews revealed that a combination of university downsizing and considerable budget 

cuts in 2004, the conclusion of a number of long-running projects, particularly in ARSC, 

and the current predisposition of NPC and ARSC toward hiring postdoctoral fellows with 

an eye for expanding extramural programs, had caused a decline in the number of 

graduate student workers.  One of the outcomes of these trends had been an apparent 

move to save on operational funds by hiring less expensive undergraduate students to 

provide many of the clerical duties that were not easily covered by grants and contracts.

OALS and UIRC Comparison of Budget and Sources of Support

In comparing the average total UIRC expenditures in 1990 of $4.05 million, 

with the median at $1.40 million, to the OALS budget of the same year, the total state and  

extramural budget of more than $1.7 million places the Office in the middle range of 

ORUs (see Table 4).  In terms of size of expenditures, positioned between the $1 million 

and $2.5 million range put OALS in a category with 24.9 percent of all UIRCs, and in the 

company of the two-thirds of the UIRCs surveyed with budgets between $100,000 and 

$2.5 million.   Converting these numbers to 2003 values using the College University 

Higher Education Price Index (HEPI) provided by Commonfund Institute (2004), the 
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UIRC average becomes approximately $7 million with the median at about $2.2 million.  

As noted in the Cohen, Florida, and Goe 1994 report, a relatively small number of UIRCs 

accounted for the largest share of total expenditures which skewed the average toward a 

higher total figure.  However, in comparing the OALS annual budget of 2003 to the 

converted UIRC numbers, the total expenditures of more than $6.7 million suggests the 

Office has significantly increased its extramural support over the years.

Other trends noted in Table 4 are the annual ratios between university-state 

support and totals from grants and contracts each year.  Although the Cohen, Florida, and 

Goe report does not have comparable statistics, the numbers can be related to the 

historical trends in federal and other support for academic research.  As can be seen, the 

highest ratios of extramural to state funding occurred in the 1970s (up to twenty to one), a 

time of widespread support for higher education science and, also, a time when the 

Office’s researchers were at the beginning of their careers and considerably less 

expensive than in later years.  The lowest ratios are evidenced in the numbers for the 

1980s when there was a significant drop in the amount of extramural funding (less than 

two to one), with relatively stable and slightly increasing ratios holding since then (more 

than four to one).  This, in spite of decreasing overall federal sponsorship for research 

and the increasingly expensive operational costs for maintaining the Office.  
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Table 4: OALS Extramural and State Funding by Year, and Adjusted for Inflation

Year Non-State
Dollars

Non-State
2003 Dollars

State
Dollars

State
2003 Dollars

Non-State/
State

1965 250,000 1,855,705 0 0 -

1966 0 0 0 0 -

1967 30,000 201,702 0 0 -

1968 77,666 492,256 25,950 164,474 2.99

1969 2,655 15,830 28,000 166,943 0.09

1970 293,305 1,642,508 38,506 215,634 7.62

1971 536,941 2,821,172 37,371 196,353 14.37

1972 418,453 2,089,431 45,785 228,615 9.14

1973 285,352 1,354,503 59,215 281,081 4.82

1974 188,512 835,648 63,919 283,344 2.95

1975 382,316 1,557,427 63,017 256,710 6.07

1976 681,233 2,607,072 76,513 292,814 8.90

1977 922,275 3,317,191 90,613 325,912 10.18

1978 2,266,573 7,631,141 119,100 400,988 19.03

1979 2,948,543 9,251,315 144,156 452,302 20.45

1980 1,078,044 3,076,946 181,092 516,872 5.95

1981 395,313 1,019,152 214,611 553,286 1.84

1982 289,982 683,110 298,397 702,933 0.97

1983 757,660 1,675,944 335,961 743,146 2.26

1984 1,778,127 3,753,070 310,182 654,697 5.73

1985 806,448 1,609,985 354,583 707,886 2.27

1986 499,309 949,675 485,804 923,988 1.03

1987 1,529,963 2,799,238 492,880 901,779 3.10

1988 1,118,499 1,960,475 471,289 826,063 2.37

1989 1,491,215 2,483,861 500,212 833,184 2.98

1990 1,196,715 1,880,066 549,151 862,729 2.18

1991 1,949,057 2,909,119 686,826 1,025,141 2.84

1992 1,392,335 2,006,414 629,062 906,505 2.21

1993 1,603,768 2,246,697 588,222 824,032 2.73

1994 4,113,979 5,572,640 817,987 1,108,014 5.03

1995 3,411,888 4,489,647 893,184 1,175,326 3.82

1996 7,320,415 9,359,976 794,018 1,015,242 9.22

1997 3,394,650 4,209,062 840,401 1,042,022 4.04

1998 2,800,546 3,353,984 861,966 1,032,306 3.25

1999 3,749,104 4,385,520 1,028,566 1,203,167 3.64

2000 5,035,152 5,656,555 1,108,987 1,245,850 4.54

2001 3,666,157 3,927,138 1,152,718 1,234,776 3.18

2002 5,476,964 5,634,904 1,185,927 1,220,126 4.62

2003 5,531,937 5,531,937 1,245,577 1,245,577 4.44

Total 70,319,850 16,819,748 4.18

NON-OALS 9,034,622
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The relationship between university-state support and extramural funding becomes more 

clearly illustrated when viewed by decade.  Table 5 provides a condensed presentation of 

OALS funding since its beginning.   The numbers highlight the first highly productive 

decades, the time of modest returns and increasing personnel and operating costs during 

the 1980s, a period of considerable growth in the1990s, and the promise that the first 

decade of the 21st Century may continue an upward trend in both total extramural and 

state support.  It also further reveals the evening out of the ratios of state to outside 

funding during the more recent years. 

Table 5:  Extramural and State Funding Combined by Decade

Decade Extramural 
Funds

State Funds Total 
Budget

Ratio

1960s 360,321 53,950 414,271 6.68
1970s 8,923,503 738,195 9,661,698 12.09
1980s 9,744,560 3,645,011 13,389,571 2.67
1990s 30,932,457 7,689,383 38,621,840 4.02
2000-2003 20,359,009 4,693,209 25,052,218 4.34
Total 70,319,850 16,819,748 87,139,598 4.18

In documenting the origination of funding for UIRCs, the Cohen, Florida, and 

Goe report also provides relevant data which can be compared to OALS historical trends.   

Table 6 contrasts UIRC and OALS funding by broad categories, while Table 7 provides 

more detail on the breakdown of those categories.   In the case of OALS, the numbers 

differ somewhat from the average UIRC with more government (58.74 % to 46.3%) and 

private foundation (4.78% to 2.5%) funding and significantly less industry involvement 

(9.14% to 30.8%).  Also, the amount of university-state support is slightly higher for 

OALS at 1.6% more than the average for the UIRCs surveyed (19.3% compared to 
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17.7%), although not as high as the 22 percent compensation the Volk, Slaughter, and 

Thomas (2001) study suggested is given to successful entrepreneurial departments.  One 

of the trends not mentioned in the Cohen, Florida, and Goe discussion, but which 

becomes more clear in the detail provided by Table 7, is the importance of partnering 

with other academic institutions to OALS.  Although only 4.08 percent of the total of 

OALS extramural funding, this is apparently not the norm for most other types of ORUs.  

At 2.7 percent, the “other” category in the UIRC study suggests that other ORUs also are 

not as diverse in their funding base as OALS, which has affiliations beyond academic 

collaborations totaling 3.97 percent.  Included in both of these numbers are different 

types of international projects either funded directly by the United Nations or foreign 

countries or through partnerships with other universities.  This level of international work 

appears to be unique for OALS.  

Table 6: Comparison of UIRC and OALS Sources of Support

Sources of Support, UIRC Mean Sources of Support, OALS Mean

Government 46.3 Government 58.74
- Federal (34.2) - Federal (49.59)
- State (12.1) - State (9.15)
Industry 30.8 Industry 9.14
University 17.7 University 19.30
Private Foundations 2.5 Private Foundations 4.78
Other 2.7 Other/Academic/Foreign 8.05
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Table 7:  Extramural Project Funding by Type of Sponsor

Sponsors Amount Percentage of 
Total

Native American Tribes 153,714 0.18
Non-Governmental Orgs 206,678 0.24
Other 370,915 0.43
Cash donations 600,684 0.69
Foreign Countries 627,934 0.72
United Nations Entities 704,052 0.81
Associations 781,547 0.90
Academic Institutions 3,559,229 4.08
Private Foundations 4,160,988 4.78
Commercial Enterprises 7,966,300 9.14
Arizona State Agencies 7,973,707 9.15
U.S. Agencies 43,214,102 49.59
University/State Funding 16,819,748 19.30
Total 70,319,850 100.00

The numbers of companies OALS has had an affiliation with since the 1970s are 

documented in Appendix E.  Totaling 47 commercial entities through three decades, 

OALS placed among the 12.7 percent of UIRCs having had working relationships with 

between 21-50 companies.  By far the largest portion of UIRCs, 44.6 percent, self-

identified as having only one to five commercial affiliations.  This last number may be 

more equivalent for OALS, too, in that the UIRC report appears to list only the number of 

commercial partners for a single year, 1990 in this case.  In spite of this, OALS still 

appears to be at the high end with 32 commercial sponsors noted for the 1990s alone.    

However, of the four commercial firms identified as OALS research sponsors since 2000, 

the largest one, Raytheon, actually is a funnel for NASA funding, a reflection of the 

current government trend to use commercial firms to distribute federal funds.   Prior to 
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this decade, the largest commercial support came from a combination of oil companies, 

Diamond Shamrock, in particular.

In Table 8, UIRC involvement with government agencies is compared to the 

same data for OALS.  For the UIRCs, the highest rates were with the National Science 

Foundation, the Departments of Defense and Energy, NASA, and the National Institutes 

of Health – all with more than 25 percent responding that these were agencies directly 

related to their work.  However, except for NASA and NIH, and even those numbers are 

significantly less than those documented in the UIRC study, these are not the agencies 

that have traditionally supported OALS.   Instead, as might be expected in an ORU 

administratively placed in a college of agriculture, and which has an orientation toward 

the natural resource sciences, the U.S. Department of Agriculture (USDA) and its 

agencies have provided by far the largest portion of the funding for OALS.   As detailed

in Table 8, the combined support for OALS from the U.S. Forest Service and other 

USDA agencies totaled 35.38 percent as compared to 20.7 percent with other ORUs.  

Other divergent numbers revealed in Table 8 include the amount of international work 

the Office has undertaken through the years, with the U.S. Agency for International 

Development contributing 18.77 percent of the total of government support.  Again, this 

appears to be somewhat unusual for the majority of UIRCs as projects in other countries 

were not mentioned in the Cohen, Florida, and Goe report.  For a complete list of OALS 

projects by decade including sponsor names and amount of awards, see Appendix F. 
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Table 8:  Comparison of UIRC and OALS Funding by Type of Government Agency

Federal Funding Source Percent of UIRCs Percent OALS Fed. Funds

National Science Foundation 55.1 3.3
Department of Defense 45.3 > 3
Department of Energy 33.8 .27
NASA 27.4 13.8
National Institutes of Health 26.8 10.65
Environmental Protection Agency 24.9 .67
U.S. Department of Agriculture/U.S. 
Forest Service

20.7 35.38

Note:  OALS percentages compiled using data from Table 9.

Table 9:  OALS Funding Totals by Government Agency 

Agency Amount  % Total
Miscellaneous Government 5,400 0.01
Department of Education 12,300 0.03
Peace Corps 15,940 0.04
Bureau of Reclamation 100,000 0.23
Bureau of Land Management 103,396 0.24
Department of Energy 117,481 0.27
Jet Propulsion Laboratory 135,000 0.31
Health, Education, and Welfare 145,800 0.34
U.S. Geological Survey 275,005 0.59
Environmental Protection Agency 287,953 0.67
Fish and Wildlife Service 290,000 0.67
National Oceanic & Atmospheric Administration 298,374 0.69
Bureau of Indian Affairs 392,497 0.91
National Park Service 441,134 1.02
Economic Development Administration 944,515 2.19
U.S. Department of Interior 1,046,707 2.42
U.S. Army 1,158,087 2.68
National Science Foundation 1,427,431 3.30
Department of Commerce 2,070,071 4.79
National Institutes of Health 4,601,682 10.65
U.S. Forest Service 5,520,981 12.78
NASA 5,963,198 13.80
U.S. Agency for International 8,112,938 18.77
U.S. Department of Agriculture 9,766,212 22.60
Total 43,214,102 100.00



114

Because OALS is made up of distinct units, each of which operates in part as an 

individual, albeit small, ORU, further insights into funding trends are gained by 

reviewing their extramural support through the decades.  In reviewing the total numbers 

listed in Table 10, the high tech Arizona Remote Sensing Center (ARSC) could be said to 

be predictably at the top, although the biotechnology and biomedical orientation of the 

Natural Products Center (NPC) has kept it within reach of the ARSC figure.  As also 

might be expected, the Desert Research Unit (DRU) came in third with its focus on the 

lower-level water conservation-related technologies. Somewhat atypical is the Arid 

Lands Information Center (ALIC) which, as a library and information dissemination 

service unit, might not have been expected to be competitive for extramural funds.   

However, as can be seen, it has brought in nearly 10 percent of the total funding for the 

Office since its start.   

Other funding totals for unique projects and sub-units are also identified in 

Table 10 with exact details and breakdowns given for all division sponsors in Appendices 

G through N.  For instance, the federally earmarked and multi-agency supported 

International Arid Lands Consortium (IALC) has added nearly 13 percent to Office 

extramural totals during the 1990s and early 2000s, although the majority of those funds 

are distributed internationally through a competitive grant program administered by the 

Consortium (see also Appendix L).  Also, special projects which were particularly 

notable or not tied to a particular division such as the Economic Development Research 

Program (EDRP) (see also Appendix M), Native American Development, Systems 

Analysis, Appropriate Technology (NADSAT) project (see also Appendix N), and the 
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Kellogg-Foundation-funded rural community development and leadership training 

program, Project CENTRL, as well as those projects that were designated to OALS 

administration or were Office-wide (see again Appendix K), are listed separately.  In 

addition, for the last few years it was possible to identify a portion of “non-OALS” funds 

that were either directed to other campus departments as a result of OALS- generated 

collaborative projects or in which the principal investigator for a project was from a 

different department or college and OALS was the sub-contractor.  The 11 percent this 

figure would add to the total reveals the importance of campus cooperation to the success 

of OALS operations.  In fact, these numbers would be higher still if it had been possible 

to determine all internally reallocated funds the Office had received for services rendered, 

for instance, when ALIC is paid by other campus units to develop websites.   

Table 10: Funding Totals by OALS Unit by Decade

Unit Amount % 
Total

1960s 1970s 1980s 1990s 2000s

ALIC 6,753,864 9.60 80,321 1,079,544 1,890,632 2,294,811 1,408,556
ARSC 19,457,322 27.67 0 1,691,219 1,660,352 11,184,490 4,921,261
CENTRL 74,640 0.11 0 0 0 74,640 0
DRU 9,563,052 13.60 0 532,840 2,541,757 4,317,397 2,171,058
EDRP 1,188,930 1.69 0 0 0 746,180 442,750
IALC 9,087,195 12.92 0 0 0 4,143,883 4,943,312
NADSAT 4,429,770 6.30 0 2,692,264 1,737,506 0 0
NPC 17,105,409 24.33 0 2,018,063 1,383,329 8,054,884 5,649,133
OALS 2,659,668 3.78 280,000 909,573 530,984 116,172 822,939
Total 70,319,850 100.00 360,321 8,923,503 9,744,560 32,947,088 27,379,000
Non-
OALS

9,034,622 * 0 0 0 2,014,631 7,019,991

The major research areas of the OALS divisions also can be compared to the 

priority ratings of selected goals by the UIRCs surveyed in the Cohen, Florida, and Goe 
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study.  Highest in terms of importance was the more basic research oriented 

“advancement of technical or scientific knowledge” with 384 out of 497 UIRCs 

specifying this goal as “very important.”  Placing third with 164 UIRCs reporting a “very 

important” designation was the “demonstration of the feasibility of new technology.”  For 

the major divisions in OALS, with their emphasis on improved or new applications such 

as remote sensing and water conservation techniques, this third category rather than the 

first provides a better fit for its applied research interests.  The second highest rating for 

UIRCs was “education and training.”  This focus area could be seen as both cross-cutting 

OALS divisions and also a primary target for ALIC in its dissemination activities.  Of 

lesser importance to OALS, but which was a strong area of emphasis for UIRCs was the 

“improvement of industry’s products and processes.”  In general, OALS’s partnerships 

with businesses were focused on assessing the viability of or demonstrating new products 

and processes, not improving already existing ones.  Of much less significance to both 

UIRCs and OALS was the creation of new businesses, new jobs, or the attraction of new 

industry to local areas, the final categories surveyed and listed in the UIRC survey.  Thus, 

again, there are strong similarities between OALS and the UIRCs in the 1994 study, 

although it appears OALS has an even stronger orientation toward applied research 

endeavors than many of the UIRCs that more readily identified with “general scientific 

advancements” than does OALS.  That both UIRCs and OALS have apparently a 

significant focus on education and training runs somewhat counter to prevailing 

perceptions of their operating norms.   
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Other Performance Indicator Comparisons

One output measure typically used to assess faculty productivity is the number 

and type of publications produced each year.  Table 11 provides a breakdown of OALS 

publications in four categories:  peer-review journal articles, non-peer-review articles, 

book and proceedings chapters, and research reports.  By dividing the total number in 

each category by the average of eight faculty members OALS has employed over the 

years, each averages approximately 1.89 peer-review articles, 1.37 non-peer-review 

articles, 1.37 book or proceedings chapters, and 1.89 major research reports per year.  In 

comparing these averages of OALS faculty productivity to the mean number of 

publications by Research I university full-time faculty as documented in The NEA 1996 

Almanac of Higher Education (Allen 1996), OALS has a fairly strong showing.  The 

NEA statistics provide a range of 1.75 to 2.00 peer-review articles per year per faculty 

member, .5 to .6 book chapters per year, and 1.25 other reports per year; however, 

numbers for non-peer-reviewed journal articles were not provided.   In terms of 

presentations, the average of three per year as identified in the NEA study also is similar 

to the approximately 3.6 given by OALS faculty and staff, including post-docs, in the 

years 2002 and 2003 respectively.   Thus, in general, it appears that current OALS faculty 

are somewhat more productive than the average departmental faculty member in terms of 

publications and presentations, although the quality of those publications was not 

evaluated for this study.
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Table 11:  Numbers of OALS Publications by Year

 Date        Peer-Review Articles     Other Journals      Book Chapters       Res. Reports
1983 25 8 18 9
1984 16 10 14 11
1985 19 13 7 9
1986 22 13 11 31
1987 16 5 7 26
1988 16 11 16 16
1989 6 9 7 39
1990 14 11 8 28
1991 12 12 20 12
1992 16 12 12 16
1993 10 25 14 14
1994 22 22 8 19
1995 6 10 10 7
1996 25 18 15 13
1997 17 15 11 7
1998 10 15 5 N/A
1999 10 5 6 6
2000 12 2 1 N/A
2001 25 3 4 N/A
2002 10 7 18 Est. 5
2003 9 5 19 Est. 5

Average 15.14 11 11 15.16
Note:  Compiled from the annual OALS Faculty and Staff Publications and Presentations

lists

The Cohen, Florida, and Goe study also compiled statistics on other performance 

indicators relevant to OALS.  The mean number of research papers published per UIRC 

for the year 1990, the mean number was 42.47 to 43.6 depending on how blank responses 

were calculated.  Comparing these numbers to a combined average of 41.3 OALS 

publications per year, as identified in Table 11, provides another measure demonstrating 

OALS operates at a level at least close to the average UIRC in this regard.  However, 

because the 1994 study does not define what constituted a research publication, it is not 

possible to confirm an exact comparison.  Other data from the 1994 report found an 
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average of 1.08-1.39 patent applications had been submitted for 1990, with 0.69-1.06 

patents issued.  In comparison, only eight patent applications had been submitted over the 

lifetime of OALS, and only one of those had been approved at the time of this writing 

(see Appendix O).  Thus, in the commercialization of its research results, OALS seems to 

be lagging or, perhaps, less involved in areas where patenting is possible or relevant.   In 

addition, in comparing OALS faculty student advising loads to the mean numbers of 

Ph.D. and Master’s degrees granted in the Cohen, Florida, and Goe study, somewhat 

similar numbers are found although, in this case, OALS faculty appear to be less active.  

OALS faculty were all advising approximately five Ph.D. students and two Masters 

students each year when this research was conducted.  The UIRC study specifies a range 

of 4.38-4.60 for Ph.D.s and 7.03-7.53 for Master’s granted in 1990.  Finally, the amount 

of teaching conducted by UIRC faculty was not identified by Cohen, Florida, and Goe.  

This could mean either little or no teaching was undertaken by UIRC personnel.  In 

contrast, since the early 1980s, when the five researchers were reconstituted with 

teaching lines and faculty status, teaching has been an assigned part of OALS faculty 

duties.  Currently, there are three faculty who teach both undergraduate and graduate 

courses, and another three who conduct graduate courses and seminars.  In addition, most 

senior researchers are called upon to provide lectures for courses, particularly those that 

are key to the Arid Lands Resource Sciences doctoral program.  In summary, OALS 

compares quite favorably with both departmental and UIRC outputs in terms of 

publications and potentially in the area of teaching, but not as strongly as other UIRCs in 

patenting activity or in the number of degrees granted per year.    
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Conclusions

The beginning of the Office of Arid Lands Studies and much of its history can 

be seen to parallel local and national interests and policies.  It was established during a 

period when ORUs were a growing trend for those universities who desired to 

demonstrate areas of new specialty and build their research portfolios.  It was also a 

direct result of presidential and key faculty efforts to create a niche for the University of 

Arizona in a field where they could leverage natural advantage to gain both prestige and 

new revenue streams.   The idea of improving the lot of those living in the world’s 

marginal lands, i.e. desert regions, by increasing knowledge about their distinct qualities 

allowed them to capitalize on Rockefeller Foundation’s interest in social science and 

developing country issues.  That this initial funding was followed by an even larger grant 

from the Department of Defense’s Army Research Office also is keeping with the trends 

of the time.  Riding the tide of the 1960s and early 1970s “golden age” of federal support 

for academic research, and particularly the dominance of DOD-related funding 

(Slaughter & Rhoades 1996; Brooks 1996), the grant that led to the birth of OALS clearly

demonstrates the convergence of national science policy with University interests to 

increase rank and position among peer institutions.  The funding the Office received in 

the early 1970s from the National Science Foundation also fits the pattern as that entity 

rose to providing nearly 20 percent of federal support for academic research by 1973 

(Slaughter & Rhoades 1996).

However, as evidenced by the funding data provided in this chapter’s tables and 

in the way the Office developed during the 1970s, OALS evolved from “a mission-
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oriented type of administrative unit to a broad academically based research unit with 

close ties to Arizona resource and planning agencies and to international arid lands 

research organizations” (OALS 1995).  Under the direction of its second, more 

entrepreneurial director, researchers were hired with expertise and skills in areas where 

opportunities for extramural projects had been identified.  In many cases, this led not only 

to new funding, but to the creation of distinct divisions which operated under the aegis of 

the Office.  By reviewing the tables listing each division’s funding by sponsor and decade 

(see Appendices G through O), it is clear OALS faculty and researchers took advantage 

of government funding opportunities and, to a lesser extent, partnerships with private 

industry, to build their programs.  While each division has a fairly extensive list of 

project sponsors, it is also apparent that they each have had several top contributors 

which are in line with the trends outlined previously in the sections on science policy and 

academic capitalism.

For instance, ARSC was largely established through the NASA funding that was 

part of the major DOD/DOE/NASA support for academic science into the 1970s, and that 

agency has continued to provide the most significant portion of the division’s funding 

since then.  If the Raytheon-NASA funds also are included, this agency accounts for 

nearly 36 percent of all of ARSC’s outside support.  However, at about the same level is 

the amount of international work ARSC has undertaken through the years.  The USAID, 

Clark University, and Kingdom of Saudi Arabia projects, totaling more than 34 percent 

of ARSC’s extramural support, were for work conducted in or for developing countries.   

Thus, as also suggested by academic capitalism, ARSC’s network of operation is both 
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global in nature and largely subsidized by government funding.  The one aspect of 

ARSC’s funding history that does not support the thesis of academic capitalism is 

evidence in its minimal corporate interests.  With only about 2 percent of its support 

drawn from the private sector, ARSC, in some respects, may more closely resemble the 

operation of a government agency-based center than an academic research unit.

The NPC also has a number of general areas of funding support that account for 

the majority of its budget.  In this case, however, the second highest number, 17.5 

percent, is predictably achieved by combining NIH and National Cancer Institute 

funding, with USDA at 16.4 percent.  The largest is 18.2 percent when support from the 

top five private companies is merged (Diamond Shamrock, James River Corporation, 

Hercules Inc., Chemical Discoveries, and Merck and Company).  NPCs strong ties to 

commercial entities and increasingly to NIH, especially during the 1990s and 2000s as it 

has moved away from agriculture uses to biotechnology-related plant research, are clearly 

in line with the trends observed by theorists of academic capitalism.   

On the other hand, DRU funding demonstrates a much stronger relationship with  

Arizona state agencies than the other units.  Five of the top eight sponsors are from the 

local area and have provided 40 percent of the total, followed by 21.4 percent from 

USDA affiliates. Although DRU also has worked with many private companies, the top 

four only account for slightly more than 6 percent of its funding base (Mesquite Power, 

Duke Energy, Goldfields Operating Company, and HDR Engineering, Inc.).  However, if 

all commercial funding were included, 18 companies would be included totaling 
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approximately 12 percent of overall funding.   Clearly, NPC and DRU have maintained 

the Office’s strongest connections to the private sector.

For the cross-cutting and service-oriented ALIC, as might be anticipated, the 

largest amount of funding came from cooperative projects, in this case with the College 

of Pharmacy, accounting for 21 percent of the total.  This support originated from 

agencies within NIH, a trend in keeping with recent federal government research 

appropriations and a clear sign of moving toward the market.  On the other hand, funding 

from the USDA accounted for 12 percent of ALIC’s support and would seem to be a 

more likely ongoing source of funds given the Office’s research directions and College of 

Agriculture affiliation.  Of particular note when considering ALIC’s outside support is 

the result of combining the most significant international funding (Consortium for 

International Development, USAID, the United Nations, and the world’s major non-profit 

international agricultural information organization, CAB International) which accounted 

for 28.3 percent over all of its years of operation.   This evidence suggests ALIC’s 

relative success has been founded on its international reputation as well as its ability to 

partner with other campus units.   Again, this global dimension as well as its strong 

networking orientation, places ALIC among those academic units operating within the 

definition of academic capitalism 

In relating overall OALS funding trends more specifically to the characteristics 

of the theory, there is also considerable support for academic capitalism even though 

OALS began operation prior to its 1973 origins.   Although the Office was established 

during a time of government plenty and was clearly part of a move by University of 
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Arizona administrators to build institutional stature, it quickly evolved into an 

entrepreneurial unit which required resources to survive.  Those resources were gained by 

pursuing a variety of avenues of funding and, in essence, by building programs in areas 

of competitive advantage – an example of a type of  “moving toward the market.”   While 

one of those avenues was, indeed, private industry, in general, prospects in the business 

sector were not as significant as might have been expected and OALS has not been 

significantly involved with the commercialization of products.  Thus, in spite of a 

diversity of funding pursuits, the Office and each of its units clearly has been dependent 

on federal support in one form or another for its existence from the outset.  This also was 

the case with the 82.6 percent of the UIRCs surveyed in the Cohen, Florida, and Goe 

study who indicated they would not have been established without government funding 

and the 38.5 percent who also stated they would not be able to continue to operate 

without it.  

In terms of comparisons with other ORUs, OALS has been shown to be of 

approximately average size with slightly lower numbers of faculty and staff and 

somewhat higher levels of productivity, both in terms of extramural funding and 

publications.  This may be due to the effectiveness and seniority of the current faculty 

whose efforts have created a fairly stable foundation of funding for the Office over the 

past fifteen years and after the initial volatility of the 1970s and 1980s.  However, it is 

also true that the very success of these faculty members also led to increased support 

from the university in the form of secured state funding for their positions as well as 

tenure-track lines and, lately, for covering the salaries of administrative support staff.   



125

The slightly higher percentage of this university support in comparison to the average 

ORU does have implications for internal resource allocation as described in higher 

education literature related to academic capitalism as presented in the 1997 study 

(Slaughter & Leslie 1997).  Questions can be raised about the benefits derived from these 

funds for the College and the University, and in their relation to the educational mission.  

On the one hand, the data suggests that the allocations to OALS may be warranted by the 

more than four to one ratio between extramural and state dollars.  On the other, the 

faculty do appear to be less involved with advising than those residing in other ORUs 

and, presumably, even more so than those in traditional departments.  However, the 

faculty’s willingness to move into instructional roles, as they did in the 1980s, also 

undoubtedly contributed to the ability of the Office to enhance its position within CALS, 

a situation that was not always the case as will be seen in the next chapter.   Other 

concerns of academic capitalist theorists involve the influence of sponsors on faculty and 

student work and the degree of control they exert on the nature and results of that work.  

These issues are examined in Chapter Six.   Finally, in the last chapter, the implications 

of these findings will be discussed as they relate to the role of ORUs in higher education 

and their affect on academic practice.
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CHAPTER FIVE: 
ORGANIZATIONAL CHANGE AND POLITICS

Introduction

As already noted, the entrepreneurial focus of the ORU has placed it on the 

fringe of academic culture where there is heightened potential for conflict related to 

mission, operating style, and resources (Cohen, Florida & Goe 1994; Friedman & 

Friedman 1984; Friedman et al. 1982;  Geiger 1990; Geiger 1993; Stahler & Tash 1994; 

Stockton 1972). In addition, without the security of assured state financial support for its 

research programs and, thus, its personnel, this position has made the ORU particularly 

vulnerable to external pressures (Friedman et al. 1982; Stahler & Tash 1994).  In the case 

of the Office of Arid Lands Studies (OALS), its early history was characterized by 

various administrative reporting moves and a continual pursuit of internal and extramural 

funds to cover costs for building its research agenda.  The purpose of this chapter is to 

develop a deeper understanding of the cultural climate at the university, departmental, 

and ORU levels and how the world views of those different subcultures influenced 

decisions and actions made by each entity.  It also examines those actions in relation to 

theories of organizational change.   Specifically:

1) Did differences between University departmental and ORU cultures and 
professional orientations during the first decades of OALS’s operation contribute 
to its 1981 organizational change?

2) Did the organizational change reveal evidence of either isomorphic movement 
as described by institutional theory or of resource-constraint as suggested by 
resource dependence theory?  
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Through a review of personal accounts and historical documents, insights are gained into 

the relevance of organizational change theories and, as will be seen, into the influence of 

politics and personality on academic decision making.

Discussion of Findings

Demographics

Those interviewed for the study included representatives from a cross-section of 

university cultures represented in Table 12.  Codes were assigned to each person 

interviewed, reflecting their affiliation and position.  At the highest level is a previous 

Vice President for Research (UA Admin 1) and a former Coordinator for 

Interdisciplinary Programs (UA Admin 2).  Following down the hierarchy includes a 

department head from a unit outside the College of Agriculture (COA), now the College 

of Agriculture and Life Sciences (CALS), and who later became Dean of another College 

(Other Dept Hd); and two previous program heads within the COA, one of whom had 

retired (COA Dept Hd 2) and the other who is at the time of this writing was a CALS 

administrator (COA Dept Hd 1).  Another current CALS administrator, but who was 

previously a faculty member in an ORU similar to OALS, also was interviewed (Other 

ORU).  In addition, two faculty members from a department outside of the COA, but with 

strong ties to OALS were contacted (Other Dept Fac 1 & Other Dept Fac 2).  Finally, 

interviews were held with nine members of the OALS administration, faculty and staff.  

These included the previous Director (OALS Admin 1), now retired, the Director at the 

time of the study (OALS Admin 2), an OALS faculty member still with the Office 

(OALS Fac) and four research staff, two of whom are now OALS faculty members, one 
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who remains as an OALS Research Scientist, and another who is currently a faculty 

member in a different University of Arizona ORU.  Additionally, two former OALS 

support staff members were interviewed (OALS Staff 1 & OALS Staff 2) who now have 

positions in other parts of the University.  Except for one of the previous OALS staff 

members, all those interviewed were white males.  Although the dominance of one 

gender and ethnic group in this study could provide an opportunity to look more closely 

at issues of access and equity, these concerns were not the focus of this particular 

investigation and, therefore, are not considered in the following discussion.

Table 12: Organizational Change Theories and Conflict Areas as Noted by UA Personnel

Change Theories Institutional Resource Dep. Resource Dep.
Conflict Areas Personalities Turf/Territory Operating Style Indirect Costs Tenured Positions

UA Admin 1           X            X             X
UA Admin 2           X
Other Dept. Hd.           X            X        X             X
COA Prog. Hd. 1           X                          X             X
COA Prog. Hd. 2           X            X             X
Other ORU           X            X             X
Other Dept. Fac. 1    X               X
Other Dept. Fac. 2           X            X             X
OALS Admin. 1           X            X             O
OALS Admin. 2            X             X               X
OALS Fac.           X            X             X           X
OALS Res. 1           X            X             X
OALS Res. 2            X             X               X
OALS Res. 3             X               X
OALS Res. 4           X            X
OALS Staff 1           X            X
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OALS Staff 2           X            X             X
X = issues identified; 0 = issue identified but said not to be a primary cause

University Research Culture Prior to the Organizational Change

Paralleling the growth in federal expenditures for scientific research in academic 

institutions at the time noted in previous chapters (Drew 1985; Friedman et al. 1982; 
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Geiger 1993), it was apparent from the interviews with the two retired UA administrators 

that the culture of the university in the 1960s and 1970s was one of active engagement in 

building institutional research capacity.  Interest in bringing together the scientific 

expertise of the institution into areas of interdisciplinary strength was high and there were 

a significant number of faculty members and administrators who came together to build a 

premier program in arid lands research.  In the late 1950s, during the tenure of President 

Richard A. Harvill, this resulted in the establishment of the interdisciplinary Advisory 

Committee on Arid Lands Research.  As the former Vice President for Research stated, 

“That was a very, very interesting time in the history of the University because when I 

came down in ’54, the University did not have really very strong research programs... 

Harvill was rather sensitive to this...and, sometimes with his fingers crossed he went 

along with things.”  One of the previous College of Agriculture program heads also 

agreed saying, “I think Harvill in his approach...added a dimension to the culture and the 

development of the university and was willing to take whatever effort it required to do 

that.”  

From the former Vice President’s perspective, this meant attracting major talent to 

the University and giving an open reign to those faculty who had new ideas and the 

energy to initiate them.  That the Vice President was one of the talents brought in for this 

purpose was substantiated by many of those interviewed.  He was considered to be “very 

supportive, as was Harvill” by one of the early staff members of OALS, and an OALS 

administrator suggested the Vice President “was the most influential [person].”  

Similarly, the faculty member from another ORU stated, “I think that [the Vice President] 
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was a real visionary, too, and he really was, and I think it was because of him that all of 

this happened.”  Throughout the transcripts of the interviews, the names of the two 

University presidents who reigned in the 1960s and 1970s and that of the Vice President 

for Research appear over and over as the forces behind the university’s new research 

agenda.   In fact, by 1979, the University of Arizona ranked 26th in R & D expenditures 

and was home to 75 ORUs (Freidman et al. 1982).

Clearly related to these internal factors, was an external, national level interest in 

interdisciplinary programs that was articulated in the requirements of federal agency 

requests for proposals (RFPs).  Specifically, “defense and defense-related subjects like 

area studies were particular beneficiaries of the period…[and] for the first time [there was 

an] emphasis on inter- or multidisciplinary as a selling point” (Friedman et al 1982).  

Again, from the Vice President, “it was pretty clear that any proposal that came in that 

didn’t have the word interdisciplinary in it several times just didn’t make it.”  It followed, 

then, that the University’s administrators would recognize the need for taking this type of 

approach as they worked to develop an institutional research capacity.  Again, many of 

those interviewed attested to the pivotal roles of the University’s leadership at the time.  

Beginning with the presidency of Harvill in creating and supporting interdisciplinary 

programs, and even more so in the tenure of President John Schaefer, who succeeded 

Harvill in 1971, the University of Arizona took on a new chapter in its history.  The 

OALS faculty member saw it this way: 

Arizona was perceived as being very entrepreneurial...and I think Schaefer 
maybe, in particular, was an entrepreneur as well and encouraged that kind 
of behavior, and rewarded it...so there is a history of working across 
borders, boundaries...and that was something else Schaefer encouraged 
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and eventually brought in [person’s name] to be Coordinator of 
Interdisciplinary Programs.  

The importance of the Coordinator’s role also was noted by many and, as one of the 

former OALS research staff stated, he was “instrumental on the campus in creating 

support for the notion of interdisciplinary.”  It was this climate that established the Arid 

Lands Program as the first formalized interdisciplinary program at the University 

(ABOR, [1963]).

Thus, the Office of Arid Lands Studies (OALS) was created during a time when 

there was significant support for new types of research, particularly interdisciplinary, and 

when the entrepreneurial spirit was at a high point.  The College of Agriculture, however, 

was not a willing participant at the time.  As the Vice President pointed out: 

The College of Agriculture was invited to join [the Interdisciplinary Arid 
Lands Committee], but chose not to...[the Dean] had indicated that since 
theirs was really a federal program, they didn’t feel they could 
participate... and when Harvill questioned me about why they weren’t a 
member, I told him that and he blew his stack.  He said they were not a 
federal program and they were a member of this university and...in due 
course they were dragged in...kicking and screaming...but they were rather 
aloof from it, although heaven knows, agriculture has an enormous role in 
arid lands programs.

The narrow view taken by the College of Agriculture also was noted by the 

previous Coordinator for Interdisciplinary Programs.  He suggested that the College at 

the time operated as or tried to operate as a separate entity from the rest of the University 

noting that while the Dean [of the COA] said he was “not opposed to interdisciplinary 

[projects]...you should talk to me first before approaching those in agriculture.”   The 

OALS Director at the time of this study said it this way:  “In the late 1970s and early 

1980s, the College of Agriculture was a very provincial, departmental, discipline-oriented 
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organization...grant money was not given the priority it is today.  In fact, it was somewhat 

discouraged.”

It is clear from these testimonies that the University during this period consisted 

of particularly divergent cultures and personalities each professing certain attitudes and 

beliefs about how the University system should operate and conduct research.  External 

forces at the national level, coupled with internal changes in thinking and leadership, 

provided the backdrop not only for organizational change in the development of 

interdisciplinary university programs and units, but also in the potential for conflicts and 

confrontations between subculture groups operating from different university paradigms.  

This type of situation was further elucidated in the findings of a 1982 survey of academic 

ORU activity:

Although there may be nearly universal desire within an institution to 
increase its prestige, there are few institutions in which there is total 
agreement about ways to accomplish it.  Further, individual and group 
prestige in the external professional world may or may not coincide with 
the upgrading in standing of the institution as a whole.  In the game of 
prestige seeking that results, therefore, organization members find 
themselves in a constant state of conflict and accommodation.  Every 
organized research unit that is created offers the promise of fulfillment of 
a variety of benefits to some members of the organization, but always at a 
price.  Costs and benefits to individual prestige, disciplinary reputation, 
and university-wide standing in the pecking order are always lurking in 
the background irrespective of the rationalizations made (Friedman et al. 
1982, p. 94).

From Ambiguity to Conflict to Change

The literature, as well as the historical context for this study, has already 

demonstrated that universities are made up of a complex mix of subcultures and that the 

system itself leaves the lines between the groups ambiguously and indistinctly drawn  
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(Birnbaum 1988; Clark, 1983; Cohen & March 1974; Martin & Meyerson, 1998).  

During the late 1960s and early 1970s, the university environment allowed the more 

traditionally focused College of Agriculture with its departmental structure and narrow 

research interests to exist side-by-side and in relative peace with the more entrepreneurial 

OALS.  However, in the mid 1970s and early 1980s, this situation grew more difficult as 

can be seen in the following series of memos between the then Dean of the College, the 

Director of OALS, and University administrators:

Memo to Dean of the COA from OALS Director (July 11, 1975):  I really 
do not want to pursue at any great length the discussion we held in your 
office…except for a few points.  First, I have had the 85% and now 90% 
of OALS involvement in agricultural activities brought to my attention so 
much I think I should give you some facts regarding our activities…By 
stretching our imagination, possibly 10K went into “agriculture”…that 
might imply that 3% of our contracts do have an agricultural 
element…Rather than let problems come to a boil as they did, please call 
me when you feel I am off base or a problem is surfacing, and we can 
discuss them early and hopefully dispose of them in a satisfactory manner.

Memo to Interdisciplinary Programs Coordinator from OALS Director 
(August 25, 1975):  We have another potential, if not already existing, 
rhubarb between us and the [Dean of COA].  [Explanation of problem]…I 
am convinced, however, that unless resolved exactly the way they want it I 
will be accused…of being “very uncooperative and trying to tear down the 
fences Agriculture is trying so hard to patch up,” etc.

Memo to OALS Director from Dean of COA (September 3, 1975): 
Sometime back we talked about various ways in which we might work 
together to avoid misunderstandings in the broad area of agriculture and 
the renewable natural resources vis a vis the various missions of OALS.  
At this time, I would like to suggest for your consideration the possibility 
of establishing within OALS an agricultural and renewable natural 
resources advisory counsel…I am sure that whatever disagreements or 
misunderstandings have developed are at least in part due to the lack of 
communication, and anything that we could do to rectify that would no 
doubt be helpful.



134

Memo to President of UA from Dean of COA (February 20, 1976):  Over 
the past few months our relationships with the OALS seem to have 
deteriorated and a number of our faculty are quite concerned about the 
overall mission and direction of OALS…Perhaps more fundamental is the 
question of what the mission of OALS is to the total University; does it 
stand as an independent unit, or does it serve as a unit to facilitate and 
coordinate research in the arid lands area and thus work through the 
colleges…I feel that it is not only the territorial imperative that drives our 
concern in this situation, but rather the closely linked question of how 
University resources and outside funding channels can be best developed 
and integrated into the overall effort on our campus…At the present time, 
it seems that OALS runs as a rather throttle-open promotional group, 
capitalizing on the University’s reputation and resources but often without 
acknowledging or properly representing the interest of the various units…I 
would appreciate an opportunity to discuss this matter formally…

Memo to Dean of COA from President of UA (March 11, 1976):  Thank 
you for your memo of February 20…Aspects of this confuse me 
somewhat.  It was my clear understanding from [the VP for Research] that 
you were not only very enthusiastic about establishing the OALS as a free-
standing group, but that you…had taken some initiative in urging that this 
happen.  It seemed most appropriate that this activity be assigned to the 
Office of the Coordinator of Interdisciplinary Programs…In a university 
as complex as ours, we will always fail in our effort to advise everyone 
who should be advised on every potentially interesting area…I am 
therefore not inclined to assemble an “appropriate set of Central 
Administration” to study formally the interactions of OALS and the COA.

Memo to Coordinator of Interdisciplinary Programs from Dean of COA 
(May 21, 1976):  I recall that when President Schaefer sent forward a note 
saying the OALS would report directly to your office, he also suggested a 
special policy review group would be established in the Office of the 
Coordinator.  I am wondering now if that office has indeed been 
established…I would appreciate being informed as to our current state of 
organization in that regard, for as you know, I am still concerned about 
defining somewhat more understandably campus-wide the role of various 
interdisciplinary groups, such as OALS.

Memo to Dean of COA from Director of OALS (December 9, 1976):  I 
am writing this memo to you as a result of our…meeting with…who 
attended for you.  Subsequently, he called [the VP for Research] 
expressing concern that “once again” I am about to accept contract funds 
which would be going to the School of Renewable Natural Resources or 
the College of Agriculture.  [Explanation of new contract] I really don’t 
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want to have to go through this whole exercise again.  I thought we had 
established a good working relationship with your College.  As far as I 
know, every other member of the College of Agriculture with whom we 
are working is satisfied with the arrangements.  I believe we have come to 
the point where you must simply state whether or not you want the OALS 
to be involved with the College of Agriculture…period.

Memo to Director of OALS from Dean of COA (December 22, 1976): …I 
simply don’t think that either you or I can take the initiative to say that 
OALS or the College of Agriculture should or should not work together in 
that absolute of terms…[discussion of new project in question]…I am sure 
you also understand that we would be concerned about such matters as 
indirect costs and the degree of commitment and how these commitments 
are made…where management costs are involved on the part of OALS, 
then I think we would have to discuss these so that we are all aware of 
how the various fundings are being pulled off in the process…In short, I 
think we do need to discuss this matter more fully…

Continuing problems led to the Office being moved from under the Interdisciplinary 

Programs Office to where it reported directly to the Vice President for Research, as 

announced in a September 20, 1977 memorandum.  Then, at the end of 1977 and the 

beginning of 1978, both a new Dean of the COA and Director of the School of 

Renewable Natural Resources were installed and the dynamics between OALS and the 

COA appeared to change.

Memo to VP for Research from OALS Director (February 20, 1978):  
“Continuation of OALS/College of Agriculture Relationship”…[The 
Associate Director] and I have had more “problems” with the College of 
Agriculture and we have recently met with [COA Agriculture Experiment 
Station Director]…we tried to make it clear that OALS has a viable role, 
and has attempted to, and in fact, cooperated with several College of 
Agriculture faculty, and that OALS has routinely been avoided when it 
comes to flow in the other direction.

Memo to VP for Research from OALS Director (March 21, 1978):  I think 
you should know that the OALS and the COA have had two joint staff 
meetings…to achieve coordination…[COA Agriculture Experiment 
Station Director] emphasized that we are not meeting in an attempt to 
place controls on each other, and that we should move forward with that 
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understanding.  I am fully convinced that the era of distrust and other such 
problems are, in a major part, behind us and will not seriously hamper 
future activities whether collaborative or independent. 

These areas of conflict and attempts at solutions also were noted in the conduct of 

the interviews.  The Vice President for Research and others talked about the institution’s 

growing research portfolio which brought in a considerable amount of extramural 

funding and, more specifically, indirect costs to the University and to actively engaged 

Colleges.  As documented above, this led to increased tensions between departments in 

the COA and units such as OALS who were perceived as competing with the Colleges’ 

departments for research projects and, ultimately, indirect cost allocations.  

However, and rather ironically, during this same period in the early 1980’s, three 

informants specifically noted the effects of changing U.S. science policies on the OALS 

situation.  As one of them explained:

…and Reagan got elected and they started cutting all the economic 
development programs, all the environmental impacts – we used to do a 
lot of environmental assessments – and all those federal grants started 
drying up.  So, I recall in 1982 as when we started bleeding to death.  I 
think we were up to over 160 to 180 employees and then we just started 
losing people.  Just massive cutbacks.  None of our grants were being 
renewed.  It wasn’t that we weren’t competent or we didn’t have a great 
relationship with the contracting agencies, it’s just there had been a 
decision made nationally not to invest in those kinds of programs any 
more.  So we were completely vulnerable.

Others suggested that revisions in tax laws and large cuts in state and federal government 

funding were severely impacting the availability of research dollars.  These shifts in the 

conditions for academic science during this period also have been well-documented in the 

literature and in the previous chapters (Brooks 1996; Slaughter 1990; Slaughter & Leslie 

1997; Slaughter & Rhoades 1996).  For OALS, the dramatic results of these policies can 
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be clearly seen in the sharp decline in OALS extramural support in the early and mid-

1980s (see Table 4 in Chapter 4).  

 At about this time, and possibly because of the combination of these events, the 

Director of OALS may have come to believe the Office should find a different academic 

home.  The idea that OALS should be affiliated with some traditional University entity 

also was suggested by faculty interviewed from other departments, even those outside the 

COA, and in retrospect, by the Coordinator for Interdisciplinary Programs.  In addition, 

the early 1980s saw a significant change in university leadership with a new Dean of the 

College of Agriculture in 1980, a new University president in 1981, followed quickly by 

several strategic retirements, including both the Vice President for Research and the 

Coordinator for Interdisciplinary Programs.  So it was that OALS was finally brought 

into the College of Agriculture, where it resides today.  The following announcements 

documented the change:

Memo to UA President from Dean of COA and Director of OALS 
(October 23, 1981):  We recommend, effective immediately, that the 
Office of Arid Lands Studies be transferred from the Vice President for 
Research to the Dean of the College of Agriculture.  It is the intent of this 
administrative change to strengthen the Office of Arid Lands Studies and 
College of Agriculture [original includes underline].  The merging of 
OALS and COA will provide OALS an operational setting in which its 
several agricultural related activities can be encouraged by and can benefit 
from a closer working relation with the appropriate units of the COA.  The 
COA will benefit from the agriculture as well as by the interdisciplinary 
non-agricultural activities of the OALS.  The interdisciplinary capability 
of the OALS will permit the COA to pursue increased inter-college 
activities.  The OALS will be an operating unit of the COA reporting 
directly to the Dean.  [Name] will continue to serve as Director of OALS 
and will additionally be appointed Associate Dean for Interdisciplinary 
Programs. We recognize that there may be eventual organizational shifts 
with some of the OALS activities being incorporated into other COA units 
or some existing COA activities may be incorporated into the OALS.  In 
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all cases, such organizational changes will be guided by the original intent 
stated above; e.g. a strengthening and long range stability for the OALS as 
a viable productive research unit of the COA, a strengthening of the 
College itself, and in the final analysis, a strengthening of the University 
of Arizona. 

Memo to OALS Staff from Director of OALS (November 6, 1981):  It is 
an accomplished fact; we now are a research unit of the College of 
Agriculture…I hope you share with me both the enthusiasm and sense of 
new challenge that lie ahead.

Article in Qué Pasa: Faculty and Staff News, University of Arizona 
(December 7, 1981):  Two UA divisions that are each studying 
possibilities for desert agriculture are merging: the COA and the 
OALS…The COA and OALS have cooperated on several projects in the 
past, including studies of gopher plant as a possible petrochemical source 
and of guayule as a rubber source.  “However,” said Agriculture Dean 
Bartley P. Cardon, “our cooperation has been limited somewhat by not 
being in the same administrative unit.  By joining the two parts into one 
whole, we’ll have a more concerted approach that combines OALS’s 
expertise in the management of interdisciplinary projects with the variety 
of resources and expertise available in our College.”

Although these announcements speak to a strengthening of both units as a result 

of the change, the recollections of those interviewed for this study substantiated the many 

discussions and negotiations over areas of tension between the units that ultimately 

brought about the final decision.  They also identified five specific underlying causes for  

the administrative change, although some were weighted more heavily that others.  

Nearly all of the informants suggested there were significant conflicts in operating styles, 

research turf, and personalities between OALS and the College of Agriculture.  

Secondarily, the distribution of indirect costs and an interest by OALS staff in gaining 

tenure-eligible faculty positions also were considered to be factors.   Thus, it becomes 

clear through the informants’ stories that strengthening in the case of the COA was in 

establishing and expanding its disciplinary, financial, and supervisory boundaries while 
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strengthening for OALS more directly related to gaining access to more stability and 

resources.  

Operating Styles: Traditional Versus Entrepreneurial

In describing the operating style of OALS, the informants almost interchangeably 

used the terms entrepreneurial and interdisciplinary.  OALS, as the first official 

interdisciplinary program, was considered by some to be a “front runner on campus...it 

was very unusual to have interdisciplinary approaches to research grants.”  Faculty 

outside of OALS looked at it sometimes as a “research contract shop,” that was a “little 

out there” and went after “marginal” research projects.  But, from the inside, OALS 

faculty saw themselves as embodying an “entrepreneurial spirit” with a work ethic where 

“no one rests on their laurels and everyone works flat out.”  Similarly, OALS 

administrators and researchers believed in an interdisciplinary approach to research 

problems.  A former Director stated it this way:  “I felt strongly that the strength of 

OALS was going to be our ability to work with others on campus and not to build a huge 

staff of our own to do all these things...it would be better to try to see if we could work 

with them...to meld together the expertise of the university.”

Units like OALS also were described as “having to be adaptive, flexible, and 

talented – an environment that lets people be creative which for the most part is good.”  

However, it was also recognized that OALS did not totally embrace the educational 

function of the university.  One of the more colorful stories was this accounting by a 

faculty member from another department of the differences between traditional 

departments and ORUs like OALS:



140

The best reason for doing this is that traditional academic departments are 
usually a kind of mix of entrepreneurs and basically people that simply 
like entitlements, with a real emphasis on people that like entitlements of 
various and sundry kinds.  And this Office by definition knew that it had 
to be aggressive and entrepreneurial and that simply, despite the fact that 
2/3rds of the UA administrators will say, “Oh, this isn’t the truth, we have 
examples all the time of teaching faculty doing research.”  The simple fact 
of the matter is these two kinds of things are sort of biologically 
incompatible.  Teaching oriented people have their own agenda in this 
entitlement, and then there are the entrepreneurs that actually bring this 
stuff in and make it work.  In the teaching departments, there are always 
people that want the research to subsidize the teaching and in 
entrepreneurial units you do the research so you can subsidize the 
research.  It is just two different ways of looking at the world.

In addition, there was the perception by an OALS faculty member that during the early 

1980s the College and, in fact, the University as a whole under the new President and 

Vice President for Research had “a lack of interest in the way things had been going and 

they wanted to see the college-driven system – a more traditional organized 

structure...they wanted to go back to a different paradigm.”  In spite of this change in 

university culture, not all COA faculty felt stepping back to a more traditional academic 

model was necessarily a good choice.  Some recognized the contribution units like OALS 

made:

In rapidly changing times one ought to be nimble and if you can’t sort of 
drop what you’re doing and go after something then you’re at a 
disadvantage and universities, in general, can’t do that.  So if you have a 
unit like OALS then you could take advantage of it and if you worked 
with other parts on the campus then you would use that to some 
advantage.  Where the problem came was it was perceived to be 
competition with the departments.

Turf and Territorialism

“Turf was the war, indirect costs were not the root, pure and simple 
jealousy was the root of the problem.  We worked harder and were smarter 
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at making contacts and writing proposals.” (Statement by a former 
Director of OALS)

Nearly every person interviewed, and as already revealed in the exchange of 

memorandum in the 1970s, had some similar take on this accounting of the conflict 

between the COA and OALS.  One OALS researcher called it “professional jealousies 

and inside conflicts” pointing out that his botanical work was seen by the Department of 

Plant Sciences as crossing over into their territory.  Another former OALS staff member 

remembered it this way: 

I know that for years we got a lot of heat from Agriculture.  Every time we 
got a grant, they would say that’s Agriculture’s area, you guys shouldn’t 
be applying for those grants.  You’re taking the bread and butter out of our 
mouths.  But, they didn’t apply for the grants and they didn’t have 
anybody who was grant writing or looking and they were still focusing on 
cotton.  If it didn’t have cotton in the title, they weren’t interested.

Another former OALS researcher had similar comments: “There was a kind of jealousy 

that OALS was able to draw external funds that others thought should have gone to them, 

even though they didn’t do anything to go about getting those funds.”  Whatever the 

guise, it is clear a great deal of tension built up around the turf issue.  Again from the 

former OALS Director:  

Within the College of Agriculture virtually every department that we had 
any relationship with [named departments] we had confrontation 
constantly.  We would do activities, [and they would say] that it is our 
bailiwick. Well then you go get the contracts if its your bailiwick was my 
response to them, even to the Dean, and I had many confrontational 
activities with [the Dean].

The view from a previous College of Agriculture program head was a little more 

sympathetic: “I could understand the problems...it wasn’t just a technical encroachment 

that occurred, it was a financial encroachment.”  He saw resentment of the Vice President 
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for Research for his taking control of both OALS and another ORU, the Environmental 

Research Laboratory (ERL), and in how indirect costs were administered.  He also felt 

there was resentment that some technical aspects of the work OALS undertook were 

accomplished by people who were not qualified at the level of academicians.

Personality Interactions

Through the remembrances of the various informants, a distinctive mix of 

personalities were revealed as participants in the events leading up to the organizational 

change.  There was the Vice President for Research who was described as “having an 

experimental attitude – you’d go into his office and he would say, “Let me show you the 

new steam engine I just bought” and he pulls it apart – interesting character.  You don’t 

have those kinds of characters anymore.”  Then there was the Coordinator for 

Interdisciplinary Programs who was considered by all the interviewees who knew him as 

“just a nice guy.”  It was pointed out by one COA program head that “[the Coordinator] 

was retired to start with so he was in a different situation and he was a gentleman who 

was smart and had credentials and he had no ego that I could tell--- I had a lot of fun 

working with him.  So people make the difference.”  As long as these two individuals 

were around and providing both intellectual and financial support for units like OALS, it 

was possible for the unit to remain independent and sheltered from the storms brewing 

around them.

On the other hand, there were also big personalities both in the COA and within 

OALS.  [The Director of OALS at the time] was variously described as “a sort of titan”, 

“a leader in the best sense” who was a “great networker”, as someone who was “very 
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enthusiastic and who created an incredibly positive working environment,” and who was 

at once “energetic, a risk taker, and an entrepreneur.”  He was also considered by some to 

be “a maverick, just taking anything and everything [in types of grants]” and “aggressive 

and sometimes a loose cannon.”  For a faculty member from a department in another 

College, his first thought was that [the Director] was “just a salesman” but later saw that 

he was sincere in trying to develop projects that were truly interdisciplinary.  With 

continuing tensions over turf and operating styles, a changing external funding 

environment, and a new group of University leaders in place, however, the stage was set 

for an alteration in the status quo.  One of the COA program heads who was involved in 

some of the top level College meetings at the time described the dialog that went on:  

When [the new COA Dean came in], which was about 1980, there had 
been discussions already about, “Why don’t we pull them in.  We’re 
competing with OALS and ERL, and the Ag College is sort of out here 
and these [units] are out there...and it doesn’t make sense, it confuses 
people, and its competitive and all those things.”  [The new Dean held a 
lot of weight in the state as he was a prominent businessman and 
essentially the President had been told by the ABOR that [...] would be the 
new Dean so he had a lot of power.] “So in 1980 you had a powerful 
Dean, a good businessman, a person who knew everybody and had 
immense influence with the state, and had been accepted by the President 
under conditions that he [the Dean] could ask the President to do things 
and the President would have to respond.  And that’s when OALS moved 
into the College.... It was not a new debate, it had been going on for a long 
time whether OALS should move in or not.  [The OALS Director] was a 
victim of it, they were two strong personalities and they had a difference 
of opinion.  I think [the OALS Director] saw the handwriting on the wall.  
[He] was politically astute.

From the perspective of the former OALS Director the situation was described as 

one of constant battles with different “aggies” and without the previous Vice President 

for Research to fight for OALS, there were going to be problems if OALS stayed 
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reporting to that position.  “So, I approached the College of Agriculture and agreed 

with…the Dean to transfer the unit into Agriculture, which to this day I think was the 

right move.  It was a disaster for me personally [due to the perception of many broken 

promises in the deal], but it was the right move to make.”

The former Vice President for Research also recalled the first time he learned 

about the impending move:  “I remember [the OALS Director] coming into my office one 

day and saying that you’re going to shoot me, and I said, “What have you done?”  And, 

he said, “I’ve surrendered to the College...we’re going.”  So I shrugged my shoulders and 

said, “It’s your life, you know.”” Although some persons interviewed suggested that the 

Vice President would not have wanted to see OALS in the College of Agriculture, 

certainly if he had not been retiring, he did suggest that he would have liked “to have 

seen an arrangement whereby we [the COA and the units under the VP Research] could 

all get together.”

Indirect Costs

Prior to establishing an active research program and a Vice President for Research 

Office, there were few resources for initiating new activities at the University of Arizona.  

As the former Vice President said about the work of the early Arid Lands Program, “it 

was pretty much a matter of the departments making available some of their own time 

and facilities initially until we were able to write some sort of plan as to who did 

what...and that’s when the Army Research Office grant played such a large role...and 

then one thing led to another” with OALS as the end result.  However, once the 
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university began accumulating the overhead funds, the question became what to do with 

them.  Again from the Vice President:

The administration took the budgeted indirect cost recovery, but I was 
given a lion’s share of it [about a million dollars] from which I carried on 
a seed grant program...I had a technique that was hated by some on the 
campus and thought to be a good compromise by others.  But, every time a 
request for a small grant came into my office, I would require the Dean or 
department head [to make the project their top priority]...and I didn’t have 
a committee, didn’t want a committee to supervise that fund.  I felt I knew 
the campus well enough to do it myself. 

As to what this meant to the relationship between the COA and the Vice President for 

Research, the following story provides some insights:

The College of Agriculture felt because they had never had to, that they 
should not pay any indirect costs or overheads at all and, of course, 
overhead was a real bone of contention around the University anyway. 
Everybody thought we were stealing from them without recognizing that 
there are lots of costs that the institution has to bear.  That is what indirect 
cost recovery was all about...and it was quite a game at which Agriculture 
played heavily and not all that skillfully but, of course, they had all these 
federal funds...treating themselves as a federal organization when it was 
convenient.  There were always little tensions that got in the way of doing 
important things and they were wildly jealous of Atmospheric Sciences 
and ERL and didn’t understand why they reported to me and not to them.  
I kept indicating to them that, “Hey, look, when all the hard work is done, 
then you guys want to step in and take over and enjoy all the glory and 
some of us don’t like that.”  Well, he [the Dean] would laugh and say, 
“That’s the way it should have been in the beginning”...and I would say 
“That maybe these things wouldn’t have happened if it HAD been that 
way”...most of the time it was sort of friendly bantering, but it was based 
on a difference of opinion about how things should get done.

One of the former OALS researchers agreed with this assessment.  “What I 

remember as being the truth is that Agriculture was very jealous of all those indirect cost 

dollars that weren’t going their way.  If we were going to be doing agriculture they 

thought, we should be a part of the COA.”  The irony, he pointed out, was that just when 
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OALS went into the College, the largest project monies dried up and it was some years 

before the COA benefited significantly from OALS indirect costs.  However, it was a 

former OALS Director’s contention that while indirect costs were a factor, they were not 

the deciding one.

Tenured Positions

To a somewhat lesser extent than the other conflict areas noted, a few informants 

suggested the tenuous nature of OALS research faculty positions had been perceived as 

an issue needing to be addressed.  For instance, one faculty member from another 

department felt OALS faculty members should have solid positions in other departments 

as a way to include them in the tenure process.   Several OALS research staff also 

believed this was an important motivation for moving the Office into a more official 

structure in the university.  One described “a big push to get joint appointments for all the 

Ph.D. level people between OALS and COA,”  while another said the opportunity “to get 

some of our people on tenure-track or continuing appointments” was one of the positive 

aspects of joining the College.  Although there were disagreements on where those 

tenured positions would rest, in the end, OALS was given a single teaching line which 

was split between five faculty positions, allowing them to be tenured within the unit.  A 

previous OALS Director, who was involved in those discussions, provided this historical 

perspective:  

My argument was that OALS would never blossom academically because 
our allegiance would have to be to an academic department.  They did not 
seem to be able to envision a model whereby faculty in OALS would be 
tenured and only when [the new Dean of the COA] came on in 1987 did 
this happen.  Titles were changed, people went on tenure track, and the 
rest is history.  But, allowing faculty to go on tenure track in 1987 is in my 
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opinion what led to the academic stability and the acceptance that we have
across the campus.

Relationship of Conflicts to Organizational Change Theories

As was revealed in Table 12, there is some support for the institutional and 

resource dependence theories of organizational change in the results of this study, 

although not as much as might have been expected.  COA interests in obtaining a greater 

share of indirect costs and a broader research agenda, as mentioned by five of the 17 

informants, as well as OALS’s desire for tenured and more secure positions for Ph.D.-

level research staff specified by four informants, provide evidence of aspects of resource 

dependent behavior.  For instance, the College’s desire to gain control over critical 

financial resources, such as OALS’s indirect costs, in addition to external pressure from

the upper echelons of the University to expand their research activities and presumably 

gain prestige, closely follow Pfeffer and Salancik’s (1978) premise that organizational 

change occurs as a drive for resources necessary to maintain organizational viability.  

However, this theory might have been more closely substantiated had the situation been 

reversed.  A more traditional interpretation of resource dependence theory might have 

suggested that OALS, as the smaller and more resource-constrained unit, would have 

made the decision to move to gain access to a more secure resource base (Hackett 2001a; 

Slaughter & Leslie 1997; Tolbert 1985).  And, in fact, there were four informants who 

did suggest the OALS merger with the College was to gain tenure-eligible positions for 

its faculty.  While this might be interpreted as a resource dependent action, it might also 

be said to be a strategy to gain a measure of prestige for its faculty and, thus, the Office 

as a whole.  
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In examining institutional theory and its process of isomorphism, there does 

appear to be some relevance to the changes in OALS and College operating styles as 

described by ten of the informants.  The move of OALS into the College of Agriculture, 

its gradual metamorphosis into a more departmental-like entity, and the evolution of the 

COA into a more aggressive and diverse research arm of the University could be 

construed as isomorphic transitioning (DiMaggio & Powell 1983; Hackett 2001a; Tolbert 

1985).  In this case, the College’s assimilation of OALS might be seen as both a need to 

establish itself more legitimately within the university research structure as well as to 

maintain its position of power in a changing external environment.  At the same time, 

OALS’s willingness to operate more from a departmental paradigm with faculty involved 

in both teaching and tenure-track activities, also might be said to be part of an isomorphic 

process to bring it more in line with other academic functions.  However, the majority of 

the informants spoke of other drivers for change.

As the previous discussion reveals, neither resource dependence nor institutional 

theories of organizational change adequately or completely explain OALS’s 

administrative reorganization as perceived by the various informants.  Fourteen of the 17 

interviewed clearly saw the conflicts as occurring over professional territory, most often 

described as turf issues.  While this might be described as a resource dependence issue in 

the College may have desired the economic resources gained through successful 

grantsmanship, at the same time, it is clearly evident that personal jealousies and power 

plays by various individuals provided an additional dimension to the organizational 

change that occurred.
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The Role of Leadership, Politics, and Power

In all of the informant stories, there is ample evidence of the singular role 

distinctive personalities played in the events surrounding the 1981 organizational change 

involving the Vice President for Research Office, the College of Agriculture, and the 

Office of Arid Lands Studies.  Against a backdrop of national and local alterations in 

leadership, funding opportunities, and operating paradigms, and coupled with continuing 

inter-institutional conflicts over territory and resource allocations, the actions of the key 

players revealed the political side of academia and provided examples of the use of 

power.

These findings suggested a return to the literature to revisit the nature of 

organizations and the theories that help to explain how they develop and change.  In Levy 

and Merry (1986), a political perspective on organizations is described as “characterized 

by a delicate balance of power; by tension; by conflicts between interest groups, 

ideologies, and values; and by struggles for power, dominance, and rewards” (Levy and 

Merry 1986, p. 223).  Certainly this study suggests all of these factors were evidenced in 

the events of organizational change described in this chapter.  That power and 

organizational politics are integrally related and tied to change processes also has a basis 

in the literature (Pfeffer 1981; Pfeffer 1992).  So, too, does the literature on universities 

as political organizations frame an understanding of these events.  Exercises of power in 

the form of academic politics are discussed in a variety of contexts relating the diversity 

of university cultures and the ambiguous nature of the boundaries between those cultures 

to conflicts and negotiations (Bergquist 1992; Birnbaum 1988; Brown 1982).  The 
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struggle between OALS and the College of Agriculture, and even the Vice President for 

Research Office, suggests each unit was seeking to maintain and/or build its professional 

domain and, thus, power.  In the case of the College, in particular, the Dean openly 

presented the position of the unit and its interest in maintaining hegemony in certain 

areas.  By doing this, he sought to more clearly define professional boundaries.  On the 

other hand, the Director of OALS and the Vice President for Research equally clearly did 

not want to set what they perceived as inflexible constraints on entrepreneurial 

endeavors.  What happens when such conflicts occur, then, relates back to Clark’s (1983) 

question of “Who rules?”   

The role of leadership in the “organized anarchy” of academia is addressed by 

Cohen and March (1986) in their work “Leadership and Ambiguity.”  However, their 

premise is that outcomes of university pursuits do not generally depend on the actions or 

inactions of the universities leadership and, in particular, standing presidents.  The results 

of this study suggest a different view.  That leadership, at least at the vice presidential 

level, but also at the presidential level, was an important and key factor in setting the 

research agenda for the University and for the placement of ORUs within institutional 

structures seems apparent.  Similarly, the importance for small, interdisciplinary units to 

have the support of institutional leaders and, particularly, representative deans, is also 

noted in the literature (Eckel 2002).  Visionary leadership was a concept often repeated 

by the informants interviewed in this study.  The ability to use power if need be to 

convince others to follow into uncharted territory and to answer to a new set of goals and 

objectives does seem to have relevance to organizations even as diffuse in structure as 
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universities.   A former College of Agriculture faculty member described the relationship 

between leadership and innovation as he saw it:

Yes, there is no question but what leadership is the major thing.  Either 
they create an environment in which these things will happen or they are 
apathetic to them or they work against them...and then there is the external 
force...the accountability deal in terms of saying, “Well, your salary’s 
going to be determined by how many papers you write and your academic 
rank and all these things are going to be much more closely scrutinized” 
...and it just forces you to be much more narrow...and this is particularly 
true for younger people and that’s unfortunate because that is the time 
when they can probably most benefit.

Such a statement raises issues about how the academic environment should be managed 

in the future and to the role of the ORU in the academic setting.  However, even more 

revealing as to the critical nature of University leadership was a postscript response from 

the former OALS Director after reading the first iteration of this chapter:  

I remember this change to Ag so well, and it is not quite like the picture 
painted by your interviewees.  There were only a couple of people 
involved in these discussions…Lots, of course, with [the Dean of COA] 
and lots with [the new VP for Research], who what my boss at the time, 
quite a bit with [another UA VP] and very little with [the past VP for 
Research or the former Coordinator for Interdisciplinary Programs].  Both 
[the VP for Research and the other UA VP were opposed, but the Dean 
had discussions with both], and had indicated to them that he stood ready 
to make substantial commitment of state funds for operations and 
conversion of key personnel to state-funded positions…[I knew there were 
risks going in], but I very strongly felt that changes of VPs for Research 
and general knowledge of how the Central Administration operated, that 
sooner or later we would be forced into doing something we didn’t want to 
do. 

Thus, this study gives credence to the idea that people do make a difference and what 

they do and how they act does matter in the course of events.
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Conclusion

Conflict in an academic environment may serve the same function as 
competition in an economic marketplace.  It may result in productivity and 
creativity or it may result in internecine warfare that reduces productivity, 
enervates the faculty and staff, and subverts organizational goals 
(Friedman et al. 1982, p. 93).

As previously pointed out, the consequences of diffuse institutional goals and 

missions may result in conflicts (Birnbaum 1988; Cohen & March 1972), particularly 

between departmental and ORU cultures (Friedman et al. 1982).  The contention is that 

conflicts will be exacerbated “where prestige is being threatened” (Friedman et al. 1982, 

p. 94).  During the period of the events described in this chapter, it is clear the College of 

Agriculture did feel threatened by the more entrepreneurial OALS and this may have 

been related to the image the College desired to portray outside its confines.   At the same 

time, it is evident the College also sought to set in place definite limits on OALS 

activities, suggesting a need to examine the interplay of personalities and exercises of 

power used to maintain professional dominance in academic fields.   Similarly, the 

actions of OALS administrators appear to have been calculated to gain access to more 

stable resources which would have the effect of creating more legitimacy for the 

organization.  Thus, the results of this study indicate both a political and cultural lens 

may be necessary for a complete examination of organizational change.  Certainly, the 

political decisions made by different participants in this incidence of organizational 

change do appear to have occurred, at least in part, as a response to previously ambiguous 

boundaries between the different departmental and ORU cultures.   It is also apparent, the 

settling of the conflict between OALS, the COA, and the University’s administration did 
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result in more concrete definitions of operational boundaries in the areas of professional 

territory and resource allocation.  

Resources, professional domain, operating styles, and personalities - this 

problematic mix of factors have been shown here to affect the ability of ORUs to operate 

effectively in an academic setting.  These factors also constitute the placement of such 

units at an intersection of conflicting institutional subcultures described below by a 

previous COA program head:

... because of the narrowness of the academic approach to life [I felt] that 
you sort of need a free wheeling kind of an institution that can do things 
that are outside the box as the expression goes today – that they’re not 
confined to that same box that the ordinary botany professor would be or 
the engineer or whatever.  And you need an organization that can do those 
things without being criticized...but, to avoid the competitive thing the unit 
should probably exist at the college level – its so important to have a 
strong supporter – if someone at the top doesn’t see OALS as being viable 
separate and apart from academia as an organization that can go and do 
things that academia can’t do, then how does it survive? [...by trying to 
look like the academic unit? ...and maintain its entrepreneurial spirit?]  
Those are crossed swords, I think.  
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CHAPTER SIX:  
STUDENTS’ TECHNOLOGICAL EXPERTISE AND THE INFLUENCE ON 

FACULTY AND CURRICULUM

Introduction

As previously presented, the peripheral position of ORUs in academia contributes 

to particular challenges for its workers.  Many ORU faculty members must manage both 

extensive project management activities and the more traditional academic pursuits 

(Friedman & Friedman 1984; Geiger 1990; Stahler & Tash 1994).  At the technical level, 

labor is usually provided by professional, year-to-year, researchers or technicians who 

may have limited security or control over how work is conducted (Geiger 1993; Hackett 

2000a).  At the same time, many ORUs hire students, usually at the graduate level, to 

provide the skilled labor necessary for project development (Croissant & Restivo 2000; 

Newcomer 2000; and Johnson 2000).  

Relationships between faculty and graduate students are traditionally weighted 

toward the faculty as primary student advisors and supervisors (Aguinis et al. 1996; 

Bargar & Mayo-Chamberlain 1983; Hartnett & Katz 1977).  In these instances, power 

lies in the ability to exert influence on and control over the direction of students’ courses 

of study.  In an ORU, other layers of potential control are added, such as employment and 

opportunities for research and work experience.  However, it is also true the ORU setting 

provides the potential for an alteration in the balance of power where student interests, 

based on their technical expertise and availability as a cheap labor force, may necessarily 

influence operations and procedures that lead to organizational change.   To explore this 

issue, this chapter presents the findings from interviews conducted with faculty, 
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technicians, and students who work in one of the divisions of the Office of Arid lands 

Studies (OALS), the Arizona Remote Sensing Center (ARSC).  It seeks to answer the 

questions:

1) Does the technical expertise of student workers in this ORU influence the 
decision-making of faculty supervisors and contribute to a change in the power 
structure?

2) What role do funding agencies play in the operation of the Lab and in the 
decisions made by faculty and student workers?

The Arizona Remote Sensing Center

ARSC is basically a laboratory in the business of conducting applied research 

largely for the purposes of developing geographic information systems (GIS) and remote 

sensing applications related to the management of natural resources in arid areas.  Except 

for its Director and Associate Director, both of whom also have teaching responsibilities, 

all other employees are funded through extramural projects.  Critical to ARSC's ability to 

maintain its research program and to operate its Lab has been an expert labor force with 

specific technical skills in GIS and remote sensing.  At one point in the history of ARSC, 

this labor was supplied by staff technicians.  At the time of this writing, however, the 

work of the Center is largely performed by graduate students.  

Prior to the switch to student workers, faculty were under pressure to increase 

their teaching and advising activities due to the 1981 restructuring that brought OALS 

administratively into the then College of Agriculture.   While such external institutional 

forces may drive the interests and decision-making of the two faculty members serving as 

Lab directors, it is also possible that internal and less formal forces, such as graduate 

student interests and technical expertise influence the faculty decision-making process.  
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To this end, the following study explores the extent to which ARSC faculty are 

economically dependent on the technical knowledge of graduate students in meeting 

sponsor and project objectives and whether this dependence may contribute to changes in 

the traditional power relationship between faculty and students.

The technology utilized in all project work undertaken in the ARSC Lab is 

computer-based and focused on the application of GIS and image processing of remotely 

sensed data.  A GIS is a combination of computer hardware, software, and special data 

that creates maps “on the fly” presenting data in a way that the user defines.  Such 

systems integrate data based on geographic coordinates (where things are) and sets of 

attributes (what things are like) (ESRI, 2001).  Typically, a GIS allows the user to select 

layers, such as roads, rivers, and cities, and create a map to a user's specifications.  On the 

other hand, remote sensing is a technology for sampling radiation and force fields to 

acquire and interpret geospatial data to develop information about features, objects, and 

classes on Earth's land surface and oceans (NASA, 2001). Commonly recognized remote 

sensing images are Landsat satellite pictures of the Earth.  To use such systems and data 

effectively and creatively requires considerable technical training, as well as an 

understanding of the concepts behind them.  It is through an integration of the two that 

new applications are developed which, in this case, serve to improve capabilities for 

better and more sustainable management of land and natural resources.    
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Data Analysis

Demographic and Background Information

The ARSC administrators had been affiliated with the unit for many years.  In 

1980, the Director was hired, followed in 1988 by the Associate Director, who at the time 

of the study was the only other full-time faculty member.  A full-time technician had 

worked in the Lab for eight years.  The two faculty members were fully state supported, 

each also holding part of a teaching line, while the technician was entirely funded 

through external grants.  As described by the Associate Director, a "symbiotic 

relationship" had developed over the years such that the Director focused his energy on 

“finding new money and bringing it in”, while the Associate Director made sure the 

extramural projects were successfully managed, and the technician provided computer 

support and, when necessary, training of student workers.  According to the Associate 

Director, ARSC had been "having a good run" for nearly a decade, with funding support 

obtained from diverse sources including NASA, Raytheon, the U.S. Agency for 

International Development, the Food and Agriculture Organization of the United Nations, 

and the government of Saudi Arabia.  As in other studies of ORUs, the ARSC 

administrators were clear on their priorities and reason-to-be: ARSC existed because of 

its funded projects and their success in developing the applications specified by sponsors.

Having said that, the two senior-level administrators also are tenured faculty 

members in the university and are expected to contribute to its educational mission.  The 

Director’s teaching duties included one class every other year through the Arid Lands 

Resource Sciences (ALRS) program, and contribution to one colloquium.  He was major 
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advisor to six students and served on the committees of ten others.  Most weeks he was 

on the road from two to three days in his efforts to secure outside funding and, 

particularly, in maintaining his close affiliation with NASA.  On the other hand, the 

Associate Director, holding joint appointments in both OALS and the Geography 

Department, had a much more extensive teaching load.  He was responsible for three 

courses a year, advised around seven PhD students and four Master’s students per year, 

and served on graduate committees for over 20 students.  He also managed ARSC’s 

multiple research projects that..."hopefully serve as topics for Master's theses and 

dissertations and employment opportunities later on."  The Associate Director noted that 

ARSC had more graduate students as well as undergraduate students employed than ever 

before and attributed this to their success in bringing in large contracts for the last three 

or four years.  However, this success came at a price, long hours and seven day work 

weeks were often necessary to fulfill their teaching, research, and management 

responsibilities.

The technician, whose official university title was Research Specialist Senior, 

came to work at the ARSC Lab as a programmer for one particular project.  Over time, 

his position evolved into an assistant manager where he provided technical support for 

the Lab and worked closely with the graduate student workers.  At the time of the study, 

he was moving out of that role and was creating his own program related to Internet Map 

Server capabilities which make spatial data available through the World Wide Web.  As 

will be seen, comments from the technician were some of the most revealing of the Lab’s 

difficulties in serving multiple masters.  His soft money position provided him with only 
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marginal university status and he felt more keenly than others that the Lab was caught 

between a variety of competing interests. 

Of the eight doctoral students interviewed, four had worked in the Lab for at 

least six years, three had been there from one to four years, and one had started a few 

weeks prior to the interview (See Table 13).  Six of the these students were enrolled in 

the ALRS doctoral program, one was with the Geography Department, and the final one 

had just finished his Masters and had not declared yet.  The doctoral students also 

brought with them a mix of previous experience ranging from three students with more 

than ten years of related professional work, one with more than three years, and three 

with little to no previous experience.  Across the board, they each voiced the same 

reasons for coming to work at the Lab - all wanted the chance to gain more hands-on 

experience with applying remote sensing and GIS technologies to real problems, but they 

also needed a way to support themselves while undertaking their studies.  Some also 

expressed interest in learning how to write proposals and manage projects.

At the Masters level, two students had been employed for approximately two 

years and three months respectively, and the undergraduate student had also only recently 

been hired.  One of the Masters students had worked in a variety of Labs around campus 

during the past, particularly with Optical Sciences, and brought with her extensive related 

experience with computers.  The other had been in the Geography program, but was now 

moving into MIS as she was interested in gaining a broader background in programming 

and working on more applied pursuits.  It was apparently unusual for an undergraduate to 

be hired to work in the Lab, but in this case, the student brought with him particular 
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technical strengths and a strong willingness to learn.  While potentially a student in 

international studies, this student also was gifted with computers, being the son of one of 

the MIS professors.  He and the MIS Masters student were essentially hired to assist the 

technician in developing the new Internet Map Server programming capacity.  

As can be seen in Table 13 below and from the descriptions above, the students 

were almost evenly divided between males and females.  Although it is also true that the 

three management persons were white males, diversity issues were not identified as 

contributing factors in this particular study as none of the informants made comments 

suggesting concerns in these areas.  However, as has been pointed out elsewhere, high 

technology research capacity has generally not been a means for women and minority 

advancement in academia (Slaughter 1998).  In this regard, the ARSC Lab appears to 

substantiate that trend.

Table 13:  Demographics of ARSC Lab Student Workers

Gender Degree Program Years in
Program

Prog-
ress

Years 
in Lab

Years 
Exper.

Thesis Related
to Lab Work

Student 1      F Masters  SRNR      2 ½   IP*      2    5+      No
Student 2      F PhD ALRS      6  ABD      4    10+      Yes
Student 3      F PhD ALRS      2   IP*      1     1      Yes
Student 4      M PhD None      0   IP*  2 weeks     0   undecided
Student 5      M PhD ALRS      3   IP*      2     1      Yes
Student 6      F PhD ALRS      7  ABD      7    10+      Yes
Student 7      M Undrgrd None Freshman       IP*   3 mos       1 -
Student 8      F Masters MIS -   IP*   3 mos     1   not needed
Student 9      F PhD Geog.      6  ABD      6    10+      Yes
Student 10      M PhD ALRS      7   C**      7     0      Yes
Student 11      M PhD ALRS      6   C**      6     3+      Yes

Note:  * in progress; ** completed; ABD, all but dissertation
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Decision-Making in ARSC Operations

The decision to change the Lab from a purely technical unit employing full-time 

staff to a graduate student shop was made more than a decade ago and was based on both 

economic and mission-related reasons.  The need for financial resources had a direct 

influence on the decision of the Lab's administrators to move into greater conformity with 

traditional academic norms and the availability of a cheap and capable labor supply 

provided the means.  As the Director said, “It had become too expensive to try to support 

a staff of research associates and also it didn't seem like we were fulfilling our mission 

with the university; we weren't contributing as much as we should to the educational 

mission of the university.”  In fact, as the Associate Director further explained, at one 

point the Lab hit a stretch where research dollars were not coming in and permanent 

employees were having to be laid off.  The difficulty in having to do this, coupled with 

the Director and Associate Director’s belief that they could “do more good by hiring 

graduate students,” led to the change.  Again from the Associate Director, “We are 

fulfilling a greater mission to the students by having them working essentially as 

professionals.”   However, in other contexts, the administrators also admitted that the 

Lab's "bread and butter" was the extramural funding they obtained from various sponsors.  

The decision for the Lab to be more actively involved with students supports Hackett's 

thesis that organizational change can occur for the dual purpose of conforming to a more 

powerful institutional model, i.e. the university's educational role, and of meeting sponsor 

demands, i.e. product and services development.   
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This perception also held true in the descriptions of the Lab’s structure and 

operating procedures given by both administrators and students.  Terminology fit less that 

of an academic department than what might be expected for a small business.  One 

former graduate student who had recently completed his PhD and had worked in the Lab 

for seven years outlined it best, “[The Director] is a visionary, big concepts, creative, 

brings things together…not nuts and bolts oriented, except for solving problems.  [The 

Associate Director] tends to plug into that bigger picture [and with his private industry 

background provides clear management].  The structure is very, very clear.  It is not lost 

on some classic academic lack of structure.”  This reference to being different from 

traditional university operations, a theme voiced by many Lab personnel, demonstrates a 

conscious attempt to position themselves to more closely emanate the culture of business 

than academia.  Further substantiating this, the same former student worker provided 

insights into proposal development and the initiation of projects.  He described a process 

where:

anybody can come up with an idea, or a request [may] come in and then 
we tend to put a proposal together.  It is also usually a team [with] regular 
meetings which are very productive.  Everyone is kept informed from idea 
to proposal to getting funded so there are no surprises.  We rarely have a 
conflict over who's going to do what, [something] I've heard of often in 
other departments.  The other thing is that we're so different from each 
other, its kind of obvious who fits where.  

Once a project begins, students are organized around specific tasks which mostly 

involve computer work, either image processing of remote sensing data or the application 

of GIS.  The Associate Director’s job “is to try to match up the skills with the project and 

if the skills aren't there [to bring in] a new graduate student [or] someone who's interested 
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in wanting to learn about what we're doing.”  Most projects have a group of graduate 

students assigned to them and the Associate Director has weekly meetings with each 

group to put together a list of deliverables which are worked on throughout the week and 

reported on at each successive meeting.  Both the Director and the Associate Director 

described the students as being members of a team and that this type of structure was felt 

to be good preparation for the “real world.”  As the results of each week’s work are 

discussed, the team then decides together what needs to be done next.  By all informant 

accounts, it is a collaborative, interdisciplinary, and democratic effort.  Many students 

suggested it was more open and collaborative than in other labs they had been affiliated 

with, having no hard and fast rules and regulations.  As the Associate Director said, he 

“wants the students, whether undergraduate or graduate, to feel like they are helping to 

direct the research, rather than me telling them what to do."  

The emphasis on teams, tasks, and group decision-making is reminiscent of 

Burris's (1993) technocratic organization and demonstrated a potential merging of 

academia with an evolving and alternative business culture (Slaughter &  Rhoades 1996).  

In this case, the Lab operated more on the emerging model of organizations driven by 

technology and sponsor needs where traditional hierarchies are broken down and skilled 

workers are given a greater voice in decisions.  However, the fact that the skilled workers 

were students who had other needs beyond the Lab's project commitments and who are 

normally in considerably less powered positions when working with faculty members, set 

the stage for a variety of conflicts of interest.  
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Although there was a clear recognition that individual students must have the 

opportunity to conduct research for their theses and dissertations, this need was 

necessarily seen within the context of the Lab's project demands.  The constant juggle 

between student interests and Lab and sponsor needs was felt most keenly by the 

Associate Director:  "The hardest part for them and for me is balancing my job as advisor 

and wanting them to complete their degree and doing good research for their degree and 

get it done in a timely fashion, against my role as the research manager and getting 

projects done and getting new projects in and the demands of those [projects]."  Students 

and administrators agreed there were problems with trying to build possibilities for new 

research into the Lab's applied projects, although both the Director and Associate 

Director said that, whenever possible, they consciously design projects to align them with 

graduate student needs and identified only one thesis in the last five years that was not 

supported in some way by a research grant.  Naturally, this one Master's student was less 

than satisfied with the situation pointing out she had not received "one red cent for my 

own research [and even more disappointing had been] that all the things I'm paid to work 

on are fairly far removed from my real [research] interests."  Other students also 

expressed concern that more is not done to develop "more real research" projects which 

would provide PhD and Master's students with better opportunities.  Even for those 

projects that do facilitate students' research, problems still existed as described here by 

the Associate Director:

Very often a lot of the impetus to begin the [student's] research, the initial 
research, the data collection, the initial data processing and analysis, falls 
within the framework of the project deliverables [then] you have all the 
data sets you need and all the background that you need to do something a 
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little bit more sophisticated or more scientifically rigorous for the degree 
work.  So it starts the process, keeps it going, funds the student, and gets it 
to the point where maybe 50 percent of its done, or 60 percent and then the 
40 percent that’s new basic research is the next stage that may or may not 
fall within the same timeframe as the original research.

The difficulty for the students had been working in the last 40 percent when they 

also had to deal with constant project deadlines and be ready to move quickly from one

project to the next.  The technician voiced many student's complaints that, “The most 

frustrating thing about the Lab for the students is finding time for their own research 

when they are working on projects all the time.”  On the other hand, two students

described instances where they were essentially getting paid to do their dissertation work 

and others pointed out the benefits they had gained beyond the skills developed from 

working in the Lab.  Networking, making professional contacts, and the exposure to 

many different ideas were considered by some as worthwhile trades for having to take 

longer to finish their degrees.  This variety of positive and negative responses suggests 

the conflict between meeting work objectives and educational goals was one all Lab 

personnel were aware of, but which had not yet been resolved to anyone's satisfaction.

A related problem for the students was that of becoming totally involved in 

projects that were more interesting than their own research, “The trick of project work

[is] it can be pretty engrossing and it can be much more important than your dissertation 

work as it turns out.  You know, you have something to show for your efforts, but you are 

not always sure with your own research.”  The responsibility for keeping students on 

track was largely taken on by the Associate Director.  As one of the doctoral students 

said:
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Through his meetings with individuals, he kind of kept a grip on who 
ought to be working on their dissertation and who has extra time and who 
has the skills to do these things, and if they don't have, would it benefit 
this person to [learn them].  So, yeah, as far as dividing up tasks and what 
I got to work on was just a combination of interest and [the Associate 
Director’s] feeling about what ought to happen.

The Associate Director's ability to keep in mind the student's needs and not be entirely 

focused on his and the various projects' interests was noted by several students. Weekly 

meetings were seen as useful for keeping students focused on specific goals, and the 

flexibility given to them for organizing their own time in between was seen as an 

important advantage in balancing other needs.  

Besides ARSC project work, Lab administrators and, particularly, the senior 

students all noted instances where students contributed to proposal development and/or 

writing, report preparation (at least for portions of the reports), preparation and delivery 

of materials for formal presentations, and to a lesser extent on scholarly publications.  

Several students also gave examples of how they have been directly involved in meetings 

with sponsors. Generally students felt there was a "real effort to get us out there", but 

there was also a feeling that not enough was being done to publish the results of the Lab's 

work, "the research papers are not being written and they're not being published whereas 

there's so much work being done and so much that's publishable but that takes an extra 10 

percent at the end...but we're done, or we're out of money."  Similarly, several students 

suggested that they needed to be encouraged and supported more often to go to 

conventions to present their work.  In fact, the Associate Director agreed with these 

points saying that the "hardest part for me has been squeezing in publication time."  The 

demands of weekly project meetings and additional weekly half-hour appointments with 
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all of his Master's and PhD students already meant "that most of the research time that I 

need to plan research and evaluate what's going on and decide how to direct what 

happens in the Lab is done after the 8-5 timeframe."  The Lab's students and faculty were 

all under pressure to put the Lab's schedule for fulfilling project requirements first with 

everything else taking a second place.  

As described above, there were some areas of conflict where expressions of 

discontent were made by both the Lab's administrators and students, but they were given 

more as an aside.  In actuality, there seemed to be a great deal of commonality in their 

viewpoints suggesting a unified culture of work where the bottom line was recognized by 

all of them and relationships were at least partially transformed (Vallas, 1993).  That the 

demands of sponsors took precedence over all of their individual interests, in fact, 

seemed to lessen potential conflicts.  The negotiated order between faculty and students 

did provide students with greater influence on how the Lab operates, certainly to the 

point of accommodating their variable schedules and giving them greater participation in 

project decisions.  However, they were also described by the Director as being more like 

apprentices, and as such they received limited financial benefit for the labor they 

provided and for the pivotal role they played in the survival of the Lab. 

Use and Role of Technologies

A major factor affecting the relationships of the Lab's administrators and student 

workers was the technical nature of the project work.  As Barley (1986) observed, 

technology can be a trigger for the social dynamics in a work environment and this 

proved to be the case in the ARSC Lab.  The trigger was the ability of the students to 
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apply GIS and remote sensing technology as staff professionals might to the needs of 

sponsored projects.  However, the manner in which the students gained those technical 

skills revealed an unusual characteristic of the Lab.  There was an almost total reliance on 

informal peer-to-peer training for gaining the technical skills necessary to fulfill project 

objectives.  Students came to the Lab because they wanted to gain experience with 

particular technologies and types of projects, and they recognized that there were limits to 

what could be learned in the classroom.  From the Director's point of view, “there is only 

so much you can learn in a classroom … and then you really have to sit down and figure 

it out for yourself and get your hands dirty."

While it may be true that a certain amount of trial-and-error is necessary in 

learning any new software, it is also true that the Associate Director admitted he did not 

feel qualified to train student workers, except in the more basic skills.  As he put it, 

“knowing what I want done is different from knowing which buttons to push and which 

functions to implement.” He saw his current role as giving the students insights into the 

choices made by suggesting possible alternative approaches.  In fact, he expressed 

discouragement in the lack of time for building his own technical skills and in having to 

reply on graduate students to put into effect his plans and theories.  Although a number of 

student workers agreed with these statements, they put a slightly different slant to it.  One 

admitted that collectively they know more about what goes on than the Associate 

Director, but that the Associate Director does the strategy.  Another noted the importance 

of the technician in providing support “that could make it all work, tie it all 

together....and then you have [several other experienced graduate students]…its just an 
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amazing set of people who had quite complementary skills.  So you've got the idea 

people and the technical people.”

By all accounts, the Associate Director had tried to create an "atmosphere where 

students don't resent having to help and train other students.”  For him, it was very 

important “that they work in an environment where they're happy to help each other.”  

This setting was described in more detail by the technician, 

[The students are] really good and really fast.  A lot of them like that we 
are a fun place to work.  If you go to a lot of other labs on campus, they're 
not like that.  We're very open and sociable.  And, this whole thing about 
the succession of older students training the younger students, it really 
helps that.

This type of training involved the more experienced senior graduate students providing 

on-call help and even initial orientation and training for the newer students.  Working in a 

rectangular room where the perimeter is lined with computers, students are encouraged to 

help each other if they encounter problems or are unfamiliar with some application.  

Again, from the Technician: 

We don’t ever train.  It is all on the job.  You have a question, you ask 
somebody and sometimes they will ask me, sometimes they will ask 
another student, and we will either sit down with them and show them 
how to do it, or show them the right manual or the right Web page and 
help them along.  

He also pointed out that students who need constant help or handholding do not last long 

in the Lab, a fact also reinforced by one of the senior students but in a slightly different 

way, "To be quite frank, those students [who do not feel the deadlines] who don't feel the 

challenges, those students fade away.  The students that are attracted to this Lab tend to 

be very interested in learning new things and being involved with more than one project."  
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In fact, there have been times when some students are sent to special training 

courses, but this was not the norm due to the costs involved.  Rather, to ease the load on 

the senior graduate students and to create a common memory for the Lab, the Associate 

Director had implemented a new policy of documenting software procedures and 

problem-solving techniques in “laboratory cookbooks."  In addition, the Associate 

Director had instituted brown bag seminars for students to share the results of their work 

and any technical breakthroughs.  Although there had been some success in transferring 

knowledge in this way, very few seminars had taken place at the time of this study.  

Casual comments suggested that schedules were too tight to fit in one more task.

The actual technologies used in the basic work of the Lab consisted of a limited 

number of currently available software packages for data analysis and image processing.  

The emphasis was on learning how to use and apply the software rather than developing 

new software or applications.  As one PhD student put it, “Everything's flexible; there is 

no definite one way or another.”  The level of true development work in the Lab 

depended on the type of application a student was using and often the level of familiarity 

a student had with it.  For instance, graduate students working on remote sensing were 

mostly involved in processing and analyzing data.  As one student put it, “We're appliers 

of technology rather than developers.”  Another said, “We're never creating a new 

algorithm .. we are using [known] algorithms for a specific research goal.”  Only the 

students who were working on the Internet Map Server applications were actually 

involved in development work where refinements and new applications were being 

created with the technology.
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Decisions about which software packages to use and for software enhancements 

were often collaboratively made.  One student pointed out that when someone does find 

out about new software, 

suggestions from the graduate students are always listened to, but they 
may not be followed, especially if they involve expenditure of money that 
the Lab doesn't have.  [The Associate Director] is good at listening to 
people, and compared to other departments and other labs that I have 
experience with, I think he's much more amenable to suggestion than 
some places are.  

Three students said they had requested certain software packages that were eventually 

purchased.  One said that this openness is “part of the reason that [work in the Lab] holds 

my interest [since she has] so much experience.  If I didn't have that freedom, there 

wouldn't be much interest here.” Even so, the final recommendation for such purchases 

rested with the technician on the technical side and the Associate Director on the 

budgetary side.  

The student workers clearly were given more responsibility than might be 

expected in a typical graduate student job.  Not only did they create the applications 

necessary to meet sponsor goals, but they provided for their own technical training and 

assisted in the selection and use of the Lab's technologies.  This level of labor, which 

appeared gladly given in nearly all cases, is again reminiscent of the concept of a 

technocracy (Burris, 1993).  Students' expertise with GIS and remote sensing 

technologies and their willingness to spend extra hours continually developing their 

learning curve for the benefit of the Lab's projects, was gained by the open work 

environment with flexibility for schedules and opportunities to be involved in technical 

and project decisions.  However, the influence student workers had over operating 
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procedures was not translated into commensurate wages, a fact not lost on several 

students or the Associate Director.  One student recognized the particular contribution 

that senior-level graduate students made, calling them "middle managers" and suggesting 

that they filled a "spot that should not be solely a student position" and that they "should 

get more pay to reflect the experience and effort."  The Associate Director agreed and 

mentioned on several occasions that he felt the students were underpaid and he wished he 

could pay them more.  No matter what their contribution or level of responsibility, 

student workers were still student workers tied to the university system and their pay 

reflected that.

Decision-Making in Teaching and Curriculum

A tangential aspect of the Lab's work, but directly related to faculty interests were 

the courses they taught.  Both the Director and the Associate Director described these 

courses as having changed direction in the past few years.  In the Director’s words:

The idea was to move away from kind of a didactic approach to teaching 
and move towards trying to solve, examine, characterize problems in the 
real world.  So now we work with students in looking at problems on the 
ground...and looking at solutions that work in the real world rather than 
what a textbook might prescribe.

The Associate Director also said that all his courses incorporated hands-on training with 

one software package for a particular application which was different from the more 

expensive software used in the Lab, but still gave students some of a real world 

experience.  

Staying true to their applied research orientation, the Director and Associate 

Director focused their teaching on directly preparing students for a job once they 
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graduated and as potential candidates for working in the Lab.  While they believed 

students found this method of teaching more enjoyable, they also described this style as 

more interesting for themselves.  It also was not lost on them that tying together project 

work and classroom curriculum was a way to involve more people and gain more 

"knowledge and free labor."  The Director also offered an example of how curriculum 

was being changed at other universities based on input from industrial employers 

regarding the type of specific technical preparation they would like students to have upon 

graduation.  He also saw the needs of industry and students as closely allied, "Students 

know that they can go out and get a job and make $45,000 or more if they know ArcInfo 

[a particular software package].  So, when they take a GIS course, they don't want to 

learn theory, they want to learn ArcInfo so they can go out and get a job."  Sensitive to 

these dual interests, the Director hoped to initiate further changes in course offerings 

along these lines in the next few years.  

Another aspect of the teaching issue for the faculty was the lack of recognition for 

the type of learning that went on in the Lab.  In fact, the Director of the Lab saw the 

informal teaching that went on there as equally beneficial to regular coursework for the 

students.  As he described it, "While we are not an educational unit, we teach as much as 

anybody, but it is in this informal setting...[however] it isn't recognized as instruction."  

He also saw a dilemma in what should be taught.  "At the University, we have to teach 

what the principles are and then they're supposed to learn how to apply them regardless 

of what package they might use.  So, it is this never-ending struggle about do you teach 

science and technology or do you teach the software?"  This revealing statement provided 
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another case-in-point where competing academic and industry-related interests are 

affecting the university’s mission even in the teaching arena.  

Student input also provided some indirect support for the faculty's attitudes 

regarding course curriculum changes.  Five of the students interviewed specifically stated 

that regular courses did not give them the technical knowledge they sought.  They each 

saw advantages of working in the Lab as opposed to traditional coursework and made 

such statements as:

I think you always learn more when you're on the job and faced with a 
project that you have to do.  Courses are good, but it just seems like 
having to get from point A to point B and having to figure out the path to 
get there really helps you learn things.  

The Lab also gave them the opportunity to use technologies too costly for the regular 

classroom and condensed the time needed to learn such technologies.   The undergraduate 

student was the most expansive on this, "A job like this [working with the technician] is 

perfect.  I pick up probably what I could in two-to-three years in computer science maybe 

four...I like the Lab...there's technology up there that there is no way I could afford and 

no classes here that could teach this to me."  This apparent merging of cultures where 

faculty and student teaching and learning interests have converged in the Lab and the 

classroom provides another example where student needs have, at least indirectly, 

influenced faculty decisions.  It is also true that the faculty members needed potential 

workers with as much experience as possible and designed course curriculum to fulfill 

that need.
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Perceptions of Student Work and Workers in Lab Operations

In spite of the fact that he thought student workers made life in the Lab more 

interesting (and presumably more economically viable), the Director felt is was 

probably more inefficient having students because they only work a 
maximum of 20 hours a week during the school year.  They have exam 
schedules.  They have papers they have to write.  You can't rely on them 
to be here when you would like them to be here as opposed to staff who 
are here all the time and you tell them what to do.  

The Associate Director also felt this lack of management authority over students as 

opposed to regular staff.  Schedules were viewed as "almost pointless" and that if 

students did not come through on a project objective it was necessary for them "to take 

up the slack."  The technician reiterated this, putting the problem in a broader context:

We need to bring in grants to survive...the students need money to survive, 
so it was natural, but it is probably not the most efficient way to do it.  If 
you want a job done, the students aren't always going to do it.  It has really 
taken me probably eight years to relax and accept that this isn't the real 
world.  

This focus on sponsor interests was repeated most often by the technician who further 

added, "I am glad I am not on the other end, where I am a funding agency or a private 

industry like Raytheon expecting results... it's frustrating for them - due to academic 

timeframes - sabbaticals, end of semester, etc."

On the other hand, the Associate Director recognized the advantage to 

management in having student workers in that they could more easily be hired and let go 

as project work waxed and waned.  He also suggested they were "fulfilling a greater

mission to the students."  All of the Lab's administrators expressed this back and forth on 

the pros and cons of relying on student workers.  There was a frustration in the lack of 
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efficiency, but a belief that they had set in place a successful means to combine 

university, sponsor, faculty, and student interests into a workable system where everyone 

gained enough of what they wanted to be reasonably satisfied.  Again from the 

technician: 

…if you are in a PhD university, you are supposed to be teaching them 
knowledge and understanding and all that and yet you need technical skills 
to survive, but that’s not what a university is supposed to do…so you get 
stuck, and if you’re in what we are in, which is a soft money lab, you have 
to produce, but you staff it with graduate students because that’s how it 
works, but they don’t have the technical skills.  So, they have to be given 
enough technical know-how to accomplish these tasks, produce the 
products so that the department can survive so they can get more graduate 
students…

This balancing act appeared to be understood by the students as were the 

advantages and disadvantages of their employment in the Lab.  Recognizing they were an 

inexpensive and potentially inexhaustible supply of labor, they also pointed out the 

benefits to themselves in the same breath.  As one put it, "I think it is a mutually 

beneficial relationship.  The students are generally cheaper labor than somebody who's 

skilled and in the job market, and the students have the chance to learn things and get 

experience."  There was general consensus that students were committed and "do a good 

job," but they also recognized there was a drawback to having them in the Lab.  They 

noted the lack of continuity as there was a continual flow of students coming in and going 

out; where considerable time was spent on their training, but then they graduated and 

moved on.  The students also were aware that working in the Lab often slowed them 

down and kept them from finishing coursework and dissertations in a timely manner.  In 

fact, both the Director and Associate Director saw a real problem with getting students to 
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leave..."they get interested in the task."  One of the recently completed PhD students 

combined these views in one perceptive statement:

I'd say that the biggest risk that you have if you have grad students is that 
if they get busy with their classes and whatnot, or they simply don't feel 
the deadline in the same way as a person that's responsible for the project 
does, and to be quite frank, those students fade away.  They don't end up 
taking on the challenges.  The students that are attracted to this Lab tend to 
be very interested in learning new things and being involved with more 
than one project.  They don't tend to be only focused on completing their 
research.  They want these added skills.

Students also recognized the Lab provided an additional service by giving them 

the financial support they need to obtain their degree.  Optimally, of course, all inclusive 

sponsorships would have been preferred, but there seemed to be a general feeling that the 

Lab provided the next best alternative.  Another recent graduate saw the employment of 

graduate students as both a good financial and creative solution. 

You tend to grow the graduate student, you tend to move them out of the 
mode of being told what to do to coming up with what to do on their own, 
which not every grad student naturally walks in doing, but a lot of these 
folks walk away doing.  I think that combination of creativity takes us a 
little longer to accomplish something and a little more suffering because 
we may not always have the skills, but I think we end up with some really 
strong products out of that.

Here again is an example of the meshing of divergent interests into one common culture, 

a buy-in to a "corporate culture within" as one of the senior graduate student workers 

called it adding,

I've met professors that have students who do tasks on a regular basis and 
report their results and they never get a sense of how those tasks build up 
to a goal.  They are not empowered and I think that the whole operation 
doesn't grow because its totally reliant on that one individual doing all 
that.  Whereas [in this Lab], everybody is given the opportunity to tackle 
that, and even pressured a little bit from time to time to take on making 
some tough decisions, taking on some responsibilities, and so everybody 
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grows...[the Director and Associate Director] are willing to take the risk 
that the student might fail. 

Conclusions

Faculty and Students Roles in the Lab's Decision-Making Process

In exploring relationships between faculty and students, there is an assumption 

that faculty have all the power and that students, by virtue of their inferior status, play a 

secondary and subservient role.  The question is whether this type of power structure is 

also perpetuated in a Lab setting which is technology-dependent and product-oriented.  In 

other words, is the power differential between administrators and students different in an 

ORU setting such as the ARSC Lab because of the students' technical abilities and 

availability as a labor force?  To provide a context for this discussion, Lukes' power 

theories were outlined in the literature review.  Following his three-dimensional view, 

power can consist of both actions and inactions where there might or might not be 

observable conflicts of interest.  In such cases, the ability to influence or shape a situation 

is in itself a demonstration of power and can be affected either on a conscious or 

unconscious level.  Thus, discovering the factors that contributed to and influenced how 

decisions were made in the operation of the Lab (i.e. who has the power?) was the 

purpose of this study.

In the ARSC Lab, the research and teaching interests of the faculty converged 

with the educational and livelihood goals of the student workers.  Setting aside the role of 

sponsors in these relationships, the question can be asked whether these varying interests 

were necessarily in conflict with each other or whether there was enough commonality of 

purpose to mitigate potential problems?  In a university setting, faculty have competing 
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responsibilities for conducting research (which translates into bringing in money for 

research projects and publishing the results) and both transferring knowledge to students 

through the teaching process and providing individual guidance for their degree 

programs.  Students, on the other hand, must support themselves, obtain the technical and 

professional training they will need for a job following graduation, and complete the 

requirements for their degree.  As the Lab's faculty brought in extramural projects, they 

were able to provide the students with the financial support they needed (albeit not at a 

commensurate level with private industry) as well as the training ground for developing 

the technical skills they desired.  That students also received weekly input and direction 

from the Associate Director on both their work and academic progress suggested their 

needs were given a high priority by the Lab's administrators.  In addition, to the extent 

that the research projects also provided opportunities for proposal and report writing and 

for scholarly publications, it could be said that the needs of the faculty and students were 

essentially in harmony and there was no apparent conflict of interest between them.

Having determined the lack of major conflicts, there is still the question of who 

exerted power in the Lab, at what level, and how.  Again using Lukes' conceptual map on 

power dynamics, when there are no apparent conflicts of interest, power is based on 

positions of authority with the use of influence exercised through such actions as 

inducement, persuasion, and encouragement.  In this context, the Lab's faculty members 

as well as the technician certainly had the authority to make all decisions necessary for 

the operation of the Lab and that affected the quality of the overall work environment.  

They also had traditional measures of authority over the students that are granted them by 
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their position in the university, for instance, in the approval of theses topics and general 

program guidance.  Previous studies have documented the significance of the role 

professors play in determining whether students perceive their graduate experience as 

positive or not (Aguinis et al., 1996; Bargar & Mayo-Chamberlain, 1983; Hartnett & 

Katz, 1977).  As has been shown through the comments made by both the Lab's 

administrators and student workers, there was a near unanimous feeling that the climate 

in the Lab was flexible, open, supportive of individual needs, and, in fact, constituted a 

“fun” place to work.  It can also be demonstrated that all of Lukes' acts of influence were 

in evidence in the way administrators interacted with students.  Students were persuaded 

that the demands of sponsor's must come first, induced to take an active part in their own 

training, and encouraged to become involved in all aspects of Lab operations.  

Was there similar evidence that the student workers also influenced faculty 

decisions?  In looking for overt actions on the part of the students that clearly show they 

knowingly persuaded faculty to made certain decisions, students indicated they felt 

comfortable making recommendations for software purchases.  On a more covert level, 

students appeared to have an even more significant impact on faculty decisions.  Lab 

administrators needed to be actively engaged with students and were dependent on an 

inexpensive but technically proficient labor force for meeting the demands of sponsors.  

To gain both, faculty were induced to create a climate where students' educational and 

personal needs were met.  Although not a perfect system, the majority of students did 

have their dissertation research needs fulfilled and they did learn employable skills.  They 

also had the flexibility to set their own schedules and participate in projects on a 
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professional level.  The system the administrators and students had put in place might not 

be the most efficient for meeting project needs in a timely manner, but it was workable 

and seemed to balance the various needs on an almost equal basis.  Thus, in spite of the 

dual nature of the Lab's mission, all interests were served to some degree and the Lab 

had, in fact, prospered.

Academic versus Sponsor Interests 

As with Hackett's (2001) studies, there were conscious decisions to move the 

Lab toward more conformity with the university’s educational mission, i.e. employment 

of graduate students rather than regular staff, while at the same time to institute 

operational procedures for meeting sponsor deadlines and the development of 

applications, i.e. weekly project meetings and brown bag seminars.  While research 

projects were necessary for the survival of the Lab, they were also a means for enhancing 

the position of the Lab and OALS within the university setting.  Students were needed to 

provide the cheap labor essential for the Lab to remain competitive in the grants and 

contracts game and because faculty were expected to participate in the educational 

function of the university.  Alternately, students used the Lab both as a training ground 

and as a way to finance their degree work.

Ultimately, however, the Lab's bottom line rested with the sponsor.  For the 

Associate Director, "the situation is the sponsor comes first because the sponsor's paying 

the bills and I realize that, and the students realize that, and there is kind of no getting 

around it."  If the Lab is to survive, it must operate as a small business and develop the 

required products and services in the timeframe demanded by the sponsors.  One student, 
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in particular, noted with some irony the advantages for sponsors in contracting out work 

to the Lab, "[they get] a great deal… put out a solicitation and lots of good proposals 

[come in], they pick the nicest ones, they get nice reports, and go back to Congress and 

say, here look what we've done.  Isn't it great?"  It is true students did persuade Lab 

administrators to make decisions resulting in projects designed for potential dissertations 

or theses.  They also influenced decisions to create a work structure that was open and 

friendly and which was organized and operated to accommodate their need for flexible 

schedules.  The reality, however, was that both faculty and students alike knew they must 

answer first to this higher authority.  That the real power rested with the sponsors of the 

Lab's projects was a fact well understood by all.   
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CHAPTER SEVEN: CONCLUSIONS

Introduction

This study investigated the evolution and operations of one academic 

organizational research unit (ORU), the Office of Arid Lands Studies (OALS) at the 

University of Arizona (UA), focusing particularly on its productivity, organizational 

structure, and faculty and student relationships, as well as its connection to the theories of 

academic capitalism, institutional organizational change, resource dependence, and 

power.  This chapter will summarize the findings of this three-part investigation and 

address implications for practice, recommendations for future research, and conclusions.

Research Questions and Study Findings

OALS and Its Role in Academic Capitalism:  A Drain or a Gain?

The research question for Chapter 4 asked how the productivity of OALS 

compared to other ORUs and if that productivity could be related to changes in U.S. 

science policy, and especially to the alterations in higher education characterized by 

academic capitalism.  To inform this discussion, trends in science policy for academic 

science since World War II were summarized.  This followed with a description of the 

University of Arizona’s historical involvement in arid lands research and of the 

development of OALS as a phenomenon that grew out of both institutional and science 

policies and interests.  To determine the consequences of this development, a time-series 

review of OALS funding and other outcomes data was compiled with the results 

compared to other ORUs and, to a certain extent, to traditional departments.  These data 

provided the basis for a discussion of ORU legitimacy and resource allocation.



184

In tracing U.S. science policy from the 1950s into the early 1970s, the study 

revealed a substantial interest in utilizing the academy for furthering the military-medical 

industrial complex to fight the Cold War and to find cures for disease (Slaughter & 

Rhoades 1996).  To this end, considerable federal resources were funneled to institutions 

of higher education particularly through the combination of the DOD/DOE/NASA 

agencies and, even more significantly later on, through NIH (Brooks 1996; Geiger 1993; 

Rhoades & Slaughter 1997; Slaughter 1990; Slaughter & Leslie 1997; Slaughter & 

Rhoades 1996).  During this period, universities with previous little involvement in 

contracted research saw an opportunity to expand their programs and increase 

institutional ranking by pursuing these new funding mechanisms.  This was especially 

true for public land-grant universities with their already formalized and long-held ties to 

societal needs and community economic interests.  As the case in point, the UA, led by a 

few entrepreneurial administrators and faculty members, became actively engaged in 

developing an arid lands research program and in soliciting support for that effort.  In 

keeping with the trends of the time, funding first was gained from a private foundation, 

Rockefeller, which was later supplanted by an even larger DOD Army Research Office 

grant.  The result was the birth of the interdisciplinary research unit, OALS.  Its first 

years, primarily funded by a defense agency, the U.S. Department of the Interior, and 

NSF, were characterized by more basic or fundamental research to increase 

understanding of arid lands processes, although a strong outreach component also was 

present.  However, this soon was expanded to a more broadly-based operational 

framework which mirrored other changes at the national level.
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As has been described by academic capitalist theorists, the early to mid-1970s 

were a turning point for government support for higher education (Rhoades & Slaughter 

1997; Slaughter & Leslie 1997; Slaughter & Rhoades 1996; Slaughter & Rhoades 2004).  

The generally positive relationship between the two was eroded as a result of Vietnam 

War demonstrations, and was further impacted by fallout from the oil embargo and 

increased global economic competition.  This led to a significant downward trend in the 

amount of support academia received both in terms of block grants, or unrestricted funds, 

from state governments and in the type and size of funding for federal research programs, 

particularly basic or curiosity-based.  National policies instituted to promote economic 

development and a “competitiveness agenda” in the 1980s and into the 1990s made it 

easier for universities to become involved in profit-making ventures and encouraged 

partnerships with private industry.  This also contributed to a redirection of internal 

institutional funds toward those fields that could most easily participate in this mandate 

and that could successfully bring in grants and contracts (Slaughter 1990; Slaughter & 

Leslie 1997; Slaughter & Rhoades 1997; Slaughter & Rhoades 2004).  Profit-driven 

policies also were reflected in the actions of the mission agencies to implement more 

applications-oriented research that had the potential for resulting in marketable products.  

Thus, while the federal government continued to fund the largest portion of academic 

science, the purpose of those projects were increasingly to fulfill specific mission agency 

goals (Rhoades & Slaughter 1996).

The data collected on OALS funding from the 1970s through 2003 document 

many of these trends.  In general, the findings revealed a nearly continual rise in the 
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amount of extramural funding it received each year, although with considerable variation 

during the 1980s, and a concurrent rise in institutional state support that averaged more 

than a four to one positive ratio of extramural to state funds.  These data does substantiate 

the premise from academic capitalism that universities financially reward those units able 

to bring in research dollars.  The origin of these funds also provides additional support for 

the theory.  By the end of the 1970s, the Office’s research directions had clearly become 

applications-dominant.  NASA had begun its long-term support for developing and 

utilizing remote sensing and geographic information systems technologies that led to the 

formalization of the Arizona Remote Sensing Center (ARSC).  The private industry-

established Bioresources Research Center began by developing potential new arid lands 

crops and related commercial products, and which later became the Natural Products 

Center (NPC) as it transitioned to its current NIH-related biomedical emphasis.  The 

Desert Research Unit (DRU), on the other hand, derived its applied research support 

largely from USDA for conducting first environmental assessments as required by federal 

legislation and later from Arizona state agencies for addressing the state’s critical water 

issues through water conservation and reuse demonstration projects.  Taken as a whole, it 

is clear OALS has relied primarily on its partnership with government for the majority of 

its support and that the University has subsidized that partnership with its own funds, a 

characteristic in keeping with academic capitalism.

Another tenant of academic capitalism supported by the Office’s activities is the 

evidence of broad networking by its faculty resulting in the continued growth of 

collaborative partnerships with on-campus and off-campus colleagues.  For instance, the 
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largest amount of funding for the Arid Lands Information Center (ALIC) division has 

come from participating in cooperative ventures with the College of Pharmacy funded 

through NIH.  What is not readily apparent in the data is that the longest running of these 

projects also involved a pharmaceutical company in drug discovery from arid lands 

plants.  Thus, even ALIC has been involved, although indirectly, in industry-driven new 

product development which is a tenant of the competitiveness agenda.  On the other hand, 

the extent of campus partnering also demonstrates the continued interest of the Office in 

facilitating and participating in interdisciplinary activities, one of its early missions.  It 

also has maintained a focus on, and has gained considerable funding from, providing 

international technical assistance and information dissemination, while it has had less 

involvement with industry than the average ORU in terms of percentage of its overall 

funding.  The extent of its outreach/service orientation, in particular, appears to be 

unusual in the nature of science policy, academic capitalism, and in the operations of 

other ORUs.

In the comparison of other evidence of OALS productivity, there were a number 

of similar findings.  In many respects OALS is reflective of the basic ORU structure and 

scope.  It is slightly less than average in its number of personnel and slightly more in the 

size of its budget.  It has developed its applied research programs in fields which are 

typical of many other ORUs and which are in areas of interest to funding agencies.  In 

addition, OALS faculty appear to be at least as productive as other ORU professionals 

and departmental faculty in the number and type of publications they produce.  However, 

those numbers are reversed when considering numbers of graduate student degrees 
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awarded and patent applications submitted.  This may be attributable in the first place to 

the relative narrowness of the arid lands topic which necessarily has a limited pool of 

students and, in the second, to the smaller than average percentage of OALS involvement 

with industries that might drive patenting activity. 

The insights gained from this study suggest there is a direct correlation between 

science and academic policies in the creation and operation of ORUs and, specifically, 

the OALS.  The merging of institutional interests in developing areas of prestige and new 

funding streams with the federal government’s science policies first led to the creation of 

the Office and, later, to the support it continued to receive from the institution, 

specifically the College of Agriculture and Life Sciences.  At the same time, these 

policies and the actions of OALS have substantiated to a large degree many of the 

attributes defined by the theory of academic capitalism.  Although it could be said OALS 

is not a direct product of academic capitalism because it began prior to the 1973 initiation 

date, it certainly evolved in a way that is characteristic of the theory.   It has relied on 

mission agencies for the most significant portion of its funding, focused on applied 

research projects, pursued collaborations with private industry when possible, and has 

increased its share of internal subsidy from the institutional.  Several OALS faculty 

members did mention pressure from university administrators to patent their work and, as 

a result, a small number of patent applications had been submitted, although only from a 

single division.  In addition, there are an increasing number of projects involving 

partnerships, although those involving industry total a smaller portion of overall funding 

than at most other ORUs.  It is also true faculty have been rewarded for their success in 
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gaining extramural funds both in terms of tenured positions and institutional support for 

salaries.  

At the same time, OALS faculty have continued to become more involved over 

time in the University’s educational programs both in teaching courses and in advising 

students, albeit at the graduate level.  They have also published as widely and broadly as 

most other ORU senior personnel and departmental faculty.  This suggests OALS may be 

involved in a merging of the research and teaching cultures with potential benefits to 

both.  Similarly, the ratio of internally allocated funds to extramural support has remained 

on the positive side for the University and College.  Thus, in spite of periods of volatility 

through the years, this study suggests OALS has established a strong research niche with 

an international reputation, while at the same time making at least a modest contribution 

to the educational mission of the University. 

Institutional Placement: College-based or Free Agent?

The second study’s research questions asked how the cultural climate at the UA 

was manifested during the early years of OALS and if that climate may have contributed 

to a 1981 organizational change.  It began with a description of the beginnings of the arid 

lands program in the 1950s and 1960s based on personal accounts of administrators who 

were present at the time.  These accounts and a trail of memoranda also documented 

growing conflicts between OALS and the then College of Agriculture.  At the same time, 

several informants noted the vulnerability of the Office’s funding due to the vagaries of 

federal research interests and policies.  That an ORU, such as OALS, presented issues 

about its placement in the existing, and often ambiguous, university administrative 
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structures and funding mechanisms also was revealed through interviews with seventeen 

UA administrators, faculty, and staff members who were involved with OALS at the 

time.  Based on the results of those interviews five primary reasons were identified for 

the final administrative move of OALS from the Vice President for Research Office to 

the College of Agriculture.  Those five – operating styles, research turf, personalities, 

indirect costs, and tenure-track positions – were described in relations to institutional and 

resource dependence organizational change theories and to the role of leadership, politics, 

and power.

Through the stories told by the informants, the entrepreneurial and 

interdisciplinary operating style of OALS during its early years placed it well outside 

existing norms and operating paradigms.  During this same period, the Office also had 

little involvement in the formal education of students.  At the same time, and most 

especially, OALS extramural project activities as summarized in the previous section 

were often in areas that were also the focus of traditional departmental interests, 

particularly those in the College of Agriculture.  Thus, there were increasing conflicts, 

particularly over research turf and, also, over the allocation of the indirect costs that 

resulted from successful grants and contracts.  However, most of those interviewed did 

not consider resources to be the primary fuel for the conflict, but rather territory over 

professional domains.  Similarly, while several informants thought the need for more 

secure positions for its senior research staff drove the Office to look for new 

administrative support, most felt this was not a significant reason for the move of OALS 

into the College at the time.  Closely related to the issue of turf, were the views of the 
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informants about the distinctive personalities involved and their plays of power.  

Ultimately, with the impending loss of an intellectually and financially supportive Vice 

President for Research and the advance of a strong new Dean of Agriculture, it may have 

been inevitable that the director of OALS would feel compelled to make peace.  In fact, it 

has been shown that small academic units existing outside traditional structures need to 

have champions among institutional leaders if they are to survive times of turmoil and 

budget cuts (Eckel 2002).

In examining these findings in relation to organizational change theories, there 

were some unexpected results.  At both the College and Office levels, there appeared to 

be moves to gain access to internal resources and raise levels of prestige, the primary 

premises of Pfeffer and Salancik’s resource dependence theory (1978).  For the College 

of Agriculture, the promise of OALS was in building its research portfolio and 

interdisciplinary activities, and in leveraging the indirect costs that resulted from OALS 

extramural funding.  For OALS, the College would provide a home where its senior 

researchers could be moved into tenure-track positions and where there was the potential 

for more stable operating funds.   On the other hand, DiMaggio and Powell’s (1983) 

institutional theory also informs the findings with its emphasis on the isomorphic 

tendency of organizations to make changes to achieve legitimacy in the eyes of other 

organizations perceived to be more successful.  In this case, the College of Agriculture’s 

desire to appear more involved in entrepreneurial activities and to increase its control 

over units operating effectively in this arena support an institutional theory perspective.   

Similarly, the move by OALS to become a player in the educational function of the 
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University with tenured faculty and teaching responsibilities, could be seen as a 

conscious attempt to change its image to fit more closely within traditional norms. 

What was not found in these organizational change theories was a clear 

recognition or understanding of the role that personalities, politics, and power play in the 

directions that organizations take and, particularly, in institutions of higher education.  

Given the many layers of academic life and the sometimes ambiguous nature of the 

connections between them, the possibilities for conflicts are rife.  Although this situation 

can occur due to a scarcity of resources as in resource dependence theory, ultimately, the 

decisions that are made to alleviate those circumstances lead back to the individuals 

involved and the power that each holds.  Thus, at least in this instance, it is necessary to 

go beyond the broad frameworks of organizational change theories and look closely at 

the politics of individual action.

In retrospect and with 20/20 hindsight, it now seems apparent that the move of 

OALS into the College of Agriculture has provided benefits to both units.  OALS gained 

stability for a core group of faculty, access to a potentially more consistent financial 

foundation, and a less volatile institutional environment than it had during its early years.  

The College, on the other hand, also gained new resources and presumably greater

prestige by drawing on the broad-based reputation and record of OALS accomplishment.  

It also gained a measure of control over the operations of an entity that was perceived by 

some as being in direct competition with COA units and reestablished its professional 

boundaries.  Could this stability and peaceful coexistence have occurred without the 

administrative move?  Perhaps.  With continued strong backing and financial support 
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from the Vice President for Research Office, OALS might have been able to weather the 

storm.  There are other research units in the University of Arizona who do continue to 

report directly to the Vice President’s office.   However, with research units conducting 

work in areas clearly within the purview of a particular College, and especially if there is 

conflict over that turf, it is probably best to follow the lead of OALS.  The caveat, 

however, is that in most cases the College in question must be willing to provide some 

foundational support for the ORU if it is to survive and thrive in the long run.  In the case 

of OALS and the College of Agriculture, both units made adjustments to accommodate 

the merger and, as a result, both have been the beneficiaries of more than twenty years of 

cooperation.

Student Workers and Faculty Supervisors:  Conflicts of Interest or Mutual Benefits?

The questions providing the framework for the third study were focused on the 

interplay of various factors affecting decision-making processes of faculty and students 

working in an ORU lab setting.  In particular, the literature suggested student workers 

with expertise in highly technical areas might have influence over faculty not normally 

found in those relationships.  This situation might be evidenced by the faculty’s 

dependence on student workers as a source of an inexpensive and readily available 

supply of labor to fulfill extramural project objectives.  At the same time, the sponsors of 

those projects also could be expected to have leverage over decision-making.  To gain a 

better understanding of how these factors played out in an ORU lab, interviews were 

conducted with the faculty, technician, and students working in the OALS Arizona 

Remote Sensing Center.
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The findings of this study revealed that, indeed, students did exert some control 

over how the ARSC Lab was run, although this power appeared to be little understood.  It 

is clear students were consciously hired to replace expensive technicians, but also to 

better conform to the educational mission of the University of Arizona.  Faculty saw the 

lab as an opportunity for students to gain the skills needed for gainful employment after 

graduation and, in some respects, the lab operated as a jobs shop.  Students also 

recognized and even sought out this experience for the same reason.  However, it was 

also well recognized that the students often had technical expertise beyond the level of 

the faculty.  Thus, the faculty were inherently dependent on the students to fulfill project 

goals.  As a result, the faculty and supervisory technician had developed a variety of 

procedures and operating processes, as well as a flexible management style, to 

accommodate students’ complicated schedules and multiple coursework demands.  By 

taking a team approach, incorporating frequent opportunities for communication, and 

involving the students in all aspects of the Lab’s work from project development and 

proposal writing to the publication of scholarly works, there were few openly expressed 

areas of conflict.  

The one area of difficulty from the students’ perspective was in ensuring their 

Lab work was in some way related to their thesis or research interests, a situation that did 

not always occur.  For the faculty, the problem was in meeting project sponsor deadlines 

knowing that students might have time constraints that did not fit into their needs.  In 

such cases, the faculty members and technician were aware they either had to be 

extremely structured in defining project timelines or they would have to pick up any slack 
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that might occur.  However, even more clearly understood by both the ARSC staff and 

the student workers was that Lab work was driven by the requirements of the sponsors of 

their funded projects.  They all knew their jobs depended on meeting those demands.  

The difference was that student needs also were considered of enough importance to 

influence how the faculty and technician managed the work of the Lab.  

Obviously, the ARSC Lab is just one example of a university-based ORU unit.  

The fact it had survived and, in fact, prospered appeared to be due to the unique make-up 

of its administrators and to the type of students the Lab attracted.  Their collective ability 

and, even, enthusiastic willingness to juggle individual research programs and other 

academic responsibilities with the demands of sponsors for product results, appears to be 

unusual when compared to other ORU studies (Bowie, 1994; Croissant & Restivo, 2000a; 

Hackett, 2000b; Johnson, 2000).  Although conflicts of interest did exist between the 

Lab's student workers and administrators, they were apparently mitigated by the 

collaborative and collegial atmosphere that had developed between them.

Implications for Practice

Depending on the perspective taken, ORUs can be seen as either contributing to 

or detracting from academic values and norms or, perhaps more likely, as some 

combination of the two.  If the primary mission of academia is to produce basic, 

curiousity-driven research which may or may not be directly related to a societal need 

and to teach undergraduate curriculum using traditional pedagogy, then OALS and its 

faculty exist outside the boundary of the mission of its parent institutional.  In such a 

case, the unit would not warrant institutional financial support for facilities and their 
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maintenance, or for the salaries of its faculty members.  However, the results of this study 

suggest OALS does have certain positive impacts on the University.  It appears to bring a 

greater number of resources to the institution than it consumes and adds a measure of 

prestige as a result of its accomplishments.  OALS also has considerable ties to local, 

national, and international organizations which have the potential for creating new 

funding opportunities not only for OALS, but for other academic units, as well as a 

heightened reputation.  Although it offers generally a more non-traditional learning 

environment for students, faculty members are participating at least to a degree in the 

institution’s teaching and advising functions.  The question is whether the contributions 

OALS, or any ORU, makes to the institution outweigh the potential and less apparent 

results.  

The results of this study first documented the nearly 40-year trends in OALS 

funding.  As was noted, the total amount of extramural support and institutional state 

allocation received have both continued to rise in parallel.  Although there have been 

fluctuations, there has been a slightly more than four to one ratio in favor of the 

extramural numbers during the past four decades.  This would appear to support the case 

that ORUs, such as OALS, have the potential to add new financial resources to the 

university and that institutions should consider continuing their financial support as a 

cost-effective measure.  It also appears there is a correlation between the successful 

operation of the ORU and both a critical level of institutional support and its 

administrative situation.  For example, after the Office had been placed in the College of 

Agriculture and its researchers transitioned to teaching faculty lines and other positions 
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with state support, the amount of its extramural research grew dramatically and has 

remained fairly constant throughout the past decade.  In this case, the support of the 

College’s leadership, both administratively and financially, was essential to achieving a 

stable and productive working environment.    

At the same time, the merging of research and teaching activities seems to 

eliminate potential areas of conflict and may ameliorate to a degree the trend noted in 

academic capitalism where institutional resources are provided to those units seen as 

potential revenue-generators to the detriment of instructional concerns.  It seems apparent 

that the more these two functions can be integrated into ORU operations, the more there 

are potential benefits for both the smaller unit and for the parent institution as a whole.  

This, then, suggests the placement of ORUs within appropriate College structures may be 

the most effective strategy for building more institutional cohesiveness.   

 On the other hand, it is true the Office’s resources are directed largely toward 

applications-based research rather than toward education and instruction.  As a land-grant 

university with a stated mission to serve societal needs, this orientation would seem to be 

appropriate.  For other research universities, the connection might not be so clear.  

However, given the current difficult budgetary times for higher education as a whole, it 

may be that the more institutions can build partnerships outside their walls, and 

particularly with local communities, the more likely other support might be forthcoming.  

In this case, the contributions OALS makes to the state of Arizona may be particularly 

beneficial and should be encouraged and supported.  If community is also defined as 

global, then the Office’s international partnerships could also bring potential positive 



198

benefits to the University.  Certainly, there is the prestige factor in having greater 

visibility which may result not only in increased funding, but in the number of quality 

students who apply.  

In relation to the educational training function, if opportunities for students to 

build experience in using their technical expertise are to be considered part of the 

academic experience, the ORU setting could be said to play an integral part in academic 

life.  As a training ground for gainful employment, the case could be made that ORUs, 

and specifically units such as the ARSC Lab, should be recognized and supported for the 

part they play in preparing students for the "real world."  Part of this recognition might be 

in a revision and expansion of the current faculty evaluation process for promotion and 

tenure to include the informal teaching conducted in labs.  At the same time, the status of 

student research assistants would merit reconsideration as being as important as teaching 

assistants and, thus, in line to receive the same protections and financial support from the 

university.  Through such support and a less tenuous existence, the areas of conflict for 

faculty and students caused by the current need to place sponsor interests first could be 

decreased.  

Recommendations for Future Research

The various aspects of this study of one particular ORU suggest a number of 

questions for future research.  At the first level, given the changing government policies 

and interests since the events of 9/11, it will be necessary to examine the effect these 

changes might have on ORU research directions in the coming years.  Certainly, the 

relation of ORU activities, and academic science in general, to such changes may be 
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further examined in the context of academic capitalism and of continually evolving 

science policies.  Such studies might also address the possibility of growing constraints 

on unbiased scientific inquiry, as well as timing and coverage of the publication of 

research results by either industry or government sponsors.  

Within this context, there are also issues of gender and equity.  At the time of 

this writing, there were no studies that documented the contribution or lack of 

contribution of the ORU to the education and training of women or ethnic minorities.  

Related to this are questions of how ORU administrative structure and operational 

procedures most effectively support the educational function of the university.  It would 

be useful to know if other successful ORUs have become more departmental like in 

structure and operation, and if those moves had been made to alleviate conflicts or for 

some other purpose.  In general, the issue of how ORUs either contribute to or detract 

from academic goals should be looked at more closely.

In the case of the ARSC Lab, the findings revealed that highly skilled students, 

both men and women, did influence how it operated.  They also provided the cheap labor 

that is necessary for the Lab to survive in exchange for the opportunity to increase their 

technical skills and "real world" project experience.  Other studies might compare the 

power structure and operation of this particular Lab with others that similarly employ 

students or conversely with those that rely on staff technicians.   As a part of such studies, 

it might be useful to determine the success of students with lab work experience 

compared to those without such experience in gaining employment following graduation.  

There is also the question of how different universities approach the provision of 
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technical training.  Is there a trend in other major research universities to attract new 

monies and retain students by building more applied training opportunities into their 

academic programs?  If there is, it would further substantiate studies that document a 

fundamentally changed academic environment with closer ties to business and industry.  

Conclusion

As many others have demonstrated (Hackett 2001; Kraatz & Zajac 1996; 

Slaughter 1990; Tolbert 1985; Volk, Slaughter & Thomas 2001), there are advantages to 

using multiple theoretical lens to understand the complex layers that make up academic 

organizations.  Institutional theory suggests the birth of an ORU initially may be a move 

by university administrators to gain external prestige and legitimacy, but also in the 

expectation that the ORU will increase the institution’s access to new financial resources, 

a premise of resource dependence theory.  Once in place, an ORU itself is placed in a 

resource dependent position where it must work to obtain the resources it needs to 

continue operation.  To survive, ORU personnel must then make strategic decisions on 

how to gain those resources, just as the parent institution did to create the ORU the first 

place.  In their search for financial stability, a number of considerations are balanced that 

may take the ORU closer to or further from traditional academic norms.  From an 

academic capitalism perspective, it would be expected to find evidence of marketplace 

ideology and language, institutional subsidies, collaborations with private industry, and 

decisions that create projects with market potential.  In such cases, the ethical 

ramifications of choices made will most likely be lost in the rhetoric of the academy 

oriented to productivity and excellence.  If funding from questionable sources has been 
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accepted, generating new demands on worker time, research faculty, technicians, and 

even students will have to decide how far they are willing to go to retain their jobs and 

livelihoods.  For instance, if the unit is working in the area of environmental issues, will 

it accept funds from private industries that may be significant polluters of the 

environment and that may put constraints on public access to the research results?  

Although this may be an example where a clear-cut decision can be made, others might 

not be so easily discerned.  If the government is funneling its funds for certain work 

through defense industries, will researchers consider the money tainted or accept the 

work?  When people’s jobs are at stake, there may be little external funding that would 

not be acceptable.  So, too, it is likely in difficult economic times that most technicians 

and students would unquestioningly provide the skills needed to develop the products.

As one of the distinct layers of university culture, ORUs are involved in these 

often conflicting realities of academic life in today’s world.  They are placed at an 

intersection of missions where the question is raised about the appropriate level of 

commitment to research, and applied research in particular, in institutions whose 

existence is predicated on education and the transfer of knowledge to the next generation.  

Even more specifically, questions can be raised about the implications for redirecting 

internal university funds toward fields and units that are able to garner grants and 

contracts and away from primarily teaching units.  In the long run, it must also be asked 

whether the ORU can be an effective mechanism for contributing to both the research and 

educational missions of the university.   OALS, as an example of one ORU, is an 

evolving entity that both reflects on and adds to the internal and external directions of the 
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university.  This research suggests there are methods for managing ORUs that can make 

them both a source of entrepreneurship and a contributor to the educational function of 

the university.  

In an article by Gary Rhoades, the story is told of a department head who once 

asked, “Who’s doing it right?” (2002).  The question was in reference to ineffective 

practices in guiding the diverse academic environment through times of economic 

turbulence.  Rhoades rephrased the question as to who is “contributing to thoughtful 

growth in public research universities by facilitating, supporting, and encouraging 

constructive strategic thinking and activity in academic units toward multiple goals?” (p. 

42).  A number of principles were outlined describing how academic leaders and faculty 

might work together to achieve clear, fair, and rational approaches to resource allocation 

that build on the pluralistic character of the academy and its multiple goals.   In the 

course of the essay, he also called attention to the role of small, interdisciplinary, 

innovative units which, while not “central” had been  “key to universities” past success 

and critical to their future” (Rhoades 2000, p.56).  The point being that in developing 

long-term strategies, universities would do well to consider supporting not just the “big 

science” initiatives, but the smaller, productive units where they have had historic 

strengths in areas of competitive advantage.   Not only might OALS be considered one of 

those units, but it also might be the beginning of a model for how the cultures of research, 

teaching, and service can be brought together in a new partnership.

It remains to be seen how OALS will fare in the near future as there may be a 

new shift taking place which will move academic science away from the current 
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competitiveness focus to a security-dominated and even more market-driven agenda than 

in the past.  At the same time, more university budget cuts are planned at the University 

of Arizona that could have severe impacts on small units.  OALS began with support 

from the military-medical complex in the 1960s, continued to benefit from those policies 

in the 1970s even while it also transitioned to the interests of the competitiveness agenda 

in the 1980s.  Its entrepreneurial activities could be said to be both strategic and 

opportunistic as it solidified its gains during the 1990s.  Will the Office as a whole be 

able to tie its areas of interest to new government policies and directions?  The 

expectation might be that NPC will become further grounded in biomedical rather than 

agriculture-related concerns as the NIH continues to gain ever larger appropriations from 

Congress.  For ARSC, the possibilities might be in continuing to look for ways to 

commercialize remote sensing and GIS technologies for the public, but also for homeland 

security if that is not considered a conflict of interest by its faculty.  DRU, on the other 

hand, may benefit from increased interest in the western region on water issues as the 

current drought persists.  For ALIC, the key will most likely be whether it is successful in 

convincing new partners of the importance of freely disseminating information and in its 

ability to remain competitive in the face of advancing information technology.  In terms 

of the Office’s support for education, there are plans to become involved with a proposed 

Master’s program in arid lands studies.  As the second generation of OALS faculty 

begins to retire, the next stage in the evolution of the Office of Arid Lands Studies is 

open for discussion.  What is known is that the Office has been part of the development 

of the University of Arizona as a major research institution.  It has also effectively 
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navigated through times of turmoil and economic constraint.  The small and resourceful 

staff has had considerable success in building a viable applied research program and in 

working toward developing stronger ties to student interests.  However, only time will 

tell if its historical foundation and entrepreneurial strengths will be enough to see it 

through the almost certain policy and economic changes that will occur in the coming 

years. 
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Appendix A

SUBJECT’S CONSENT FORM

Research Project for Higher Education 646c:
Organizational Culture and Organizational Change
Spring 2001

Title:  Organizational Change in a University-based Organized Research Unit

Principal Investigator:  Barbara Hutchinson

Superviser:  Dr. John Levin, Professor, Higher Education

This study will explore the evolution and development of an Organized 
Research Unit (ORU) at the University of Arizona.  Specifically, it will look at the 
factors that led to the 1981 administrative move of the Office of Arid Lands Studies 
(OALS) from the Vice President for Research Office to the College of Agriculture.  
Interviews are to be conducted with previous administrators in the University, College of 
Agriculture, and OALS, as well as with relevant faculty and staff members.  It is 
expected that the results of the study will provide additional understanding of and 
literature on organized research units affiliated with universities.

Participating in this study is purely voluntary and your responses will be 
confidential.  Names will not be used in the written assessment of the study.  The 
interview will take approximately one hour of your time.  Please indicate your 
willingness to participate in the study by sighing in the space below.  Thank you!

___________________________________________________________________
NAME DATE



206

Appendix B

Interview Questions, Spring 2002
Organizational Change in an Organized Research Unit:  

The Case of the Office of Arid Lands Studies

Perceptions of OALS in the Beginning:

• When did you first hear about OALS and what did you know about it as an 
organization?

• How did you become involved with OALS and in what capacity?
• What is your understanding of why OALS began?  Who was involved?  What was 

its original mission and goals?
• What were the critical problems for OALS in the beginning?

Perceptions of the University during the Advent of OALS:

• How did OALS operate within the University environment?  Who did OALS 
report to?  How was it perceived by the University administration?

• What was the climate of the University toward OALS and interdisciplinary 
programs in general in the beginning?  At the time of the move to COA?  Now?

Perceptions of OALS by the College of Agriculture and Its Administrative Change:

• How do you think OALS was perceived by other COA departments? By COA 
administrators?

• Why do you think OALS was moved to the COA administratively?
• What did you know about plans to move OALS to the COA?  What was the 

sequence of events?
• What do you think was the reason for the move?  Who was involved?  What were 

their motivations?
• Were you involved in the move?  Or, were you consulted?  If so, how?
• How did the administrators, faculty, staff perceive the move? (Was anything done 

to alleviate concern, inform, etc?)
• Did you think it a good move at the time?  Now?  
• What do you think has led to the longevity and success of OALS over the long-

term?
• What do you think are the critical problems for OALS today?
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Appendix C

CONSENT FORM

Research Project for Higher Education 646c: 
Information Technology, Science/Technology Policy and Faculty Work
Spring 2001

Title:  Graduate Students, Faculty, and Technology in a University Research Unit

Principal Investigator:  Barbara Hutchinson

Supervisor:  Dr. Gary Rhoades, Chair, Center for the Study of Higher Education

This study will attempt to determine the role of graduate students and technology 
in the operations and relationships of a particular organized research unit at the 
University of Arizona.  Interviews are to be conducted with teaching faculty and graduate 
student workers at the Office of Arid Lands Studies to assess how technology is used in 
the conduct of research and contractual activities and to what extent graduate students 
influence research decisions.  It is expected that the results of the study will provide 
additional understanding of and literature on organized research units affiliated with 
universities.  The issue of balancing educational and research interests of faculty and 
graduate students in such settings will be examined.  In addition, the contributing factor 
of technology will be looked at in terms of the dynamics of research work and training 
activities.

Participating in this study is purely voluntary and your responses will be 
confidential.  Names will not be used in the written assessment of the study. The 
interview will take approximately one hour of your time.  Please indicate your 
willingness to participate in the study by signing on the space below.  Thank you!

________________________________________________________________________
NAME DATE
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Appendix D

Interview Questions, Spring 2001
 Information Technology, Science/Technology Policy and Faculty Work

A Case Study of the Arizona Remote Sensing Center

FACULTY QUESTIONS

1) When did you first start working at OALS?
2) Describe your original position and job responsibilities; have they changed over time?
3) What are the areas you feel exert the most pressure on you professionally?(For 

example: need to (a) bring in funded projects; (b) advise more students; (c) attract 
more students to the program; (d) keep up with technology, etc.)

4) Besides yourself, who or what has the most influence over your time and schedule? 
Over your professional career?

5) Do you feel you are confronted with ethical issues in the conduct of your research: 
i.e. balancing your personal research interests with that of a funding agency or student 
needs?

6) Is there a usual procedure for incorporating students into research projects? Are 
graduate students a part of the decision-making process in these projects?  Do you 
meet regularly?  Do the students participate in meetings with the funding agencies?

7) How much influence does a funding agency have over a project agenda and schedule?
8) What are the most important technologies in your work?
9) Who makes the decisions on which technologies to use or purchase?
10) How do these technologies impact your work and your relationships with other 

faculty?  With students?
11) Are there pressures to use certain technologies?  If so, what is the origination of these 

pressures and how do you respond to them? 
12) In an average work week, how much time do you spend with students?  Using 

technology? Teaching? Doing research?
13) How are students trained in the use of the technologies used in doing the work on 

OALS projects?
14) Do you incorporate technologies into your teaching?  If so, what caused you to do 

this?  How is technology used in your classes?
15) Who or what pushes you to use new or different technologies in your research?  In 

your teaching?
16) How does technology contribute to or hinder your work?
17) Do you think technology has improved your work routine and work environment?
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Appendix D(a)

Interview Questions, Spring 2001
 Information Technology, Science/Technology Policy and Faculty Work

A Case Study of the Arizona Remote Sensing Center

STUDENT QUESTIONS: 
1)  What degree are you pursuing? In what program? For how long?
2)  What made you choose this program?
3)  How long have you worked at OALS?
4)  What type of work are you doing at OALS?
5)  Does the job you hope to get after you finish your degree relate to what you are doing 
at OALS?  If so, in what way?
6)  Who is your supervisor?
7)  How often do you meet with your supervisor?
8)  How much are you involved in making decisions about how a research project is 
conducted?  How often are there meetings about a project?
9)  How is the project you are working on related to your thesis work?
10) Who makes decisions on how you spend your time on a project?
11)  Do you feel your input is wanted on how projects are conducted?
11) What technologies do you use in your job at OALS?
12)  About what percentage of time do you spend using each technology?
13) Where did you acquire the skills you use in working on projects?
14)  Are you involved in making decisions about how technologies are used or which 
ones are selected?
15)  Are there pressures to use certain technologies?  If so, what is the origination of 
these pressures and how do you respond to them?
16) In an average work week, how much time do you spend using technology? Doing 
research?
17) Which technologies do you expect to use on the job your expect to have when you 
finish your degree?
18)  Are you involved in the development of new technologies or new uses of a particular 
technology?
19)  What do you feel are the factors that guide the way OALS functions?
20) Would you want to work at OALS or in a place like OALS after you finish your 
degree?
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Appendix E: OALS FUNDING BY COMMERCIAL SPONSORS BY  DECADE

Table E: Funding by Commercial Sponsor and Decade

Commercial Enterprise Amount % of 
Total

1960s 1970s 1980s 1990s 2000s

A.C. Martin and Assoc. 68,644 0.86 0 68,644 0 0 0
Anschultz Corporation 30,669 0.38 0 30,669 0 0 0
Arizona Businesses 118,127 1.48 0 0 79,463 38,664 0
Arizona Public Service 417,021 5.23 0 0 417,021 0 0
B.W. Jorden and Company 20,149 0.25 0 0 0 20,149 0
Bigham Brothers, Inc. 5,216 0.07 0 0 0 5,216 0
Border Industrial Development 9,000 0.11 0 0 0 9,000 0
Chemical Discoveries, S.A.. 275,000 3.45 0 0 0 275,000 0
Chemonics International 33,991 0.43 0 0 0 33,991 0
Ciba-Geigy Corporation 2,000 0.03 0 0 0 2,000 0
Commonwealth Agricultural Bureaux 
International

812,439 10.20 0 300 237,456 574,683 0

Cotton, Inc. 44,000 0.55 0 0 0 44,000 0
Diamond Shamrock 1,670,800 20.97 0 1,670,800 0 0 0
Dow Chemical Company 5,000 0.06 0 0 5,000 0 0
Duke Energy Maricopa, LLC. 150,096 1.88 0 0 0 0 150,096
E.I. Du Pont De Nemours and 
Company

139,468 1.75 0 0 37,250 102,218 0

Eli Lilly and Company 106,950 1.34 0 0 0 106,950 0
Environmental Solutions, Inc. 44,111 0.55 0 0 0 44,111 0
Esso 30,000 0.38 0 30,000 0 0 0
Federal Land Exchange, Inc. 11,803 0.15 0 0 11,803 0 0
Fletcher Challenge Canada, Ltd. 60,833 0.76 0 0 0 60,833 0
Ford Motor Co. 10,357 0.13 0 0 10,357 0 0
Goldfields Operating Company 130,791 1.64 0 0 0 130,791 0
HDR Engineering, Inc. 129,626 1.63 0 0 0 16,886 112,740
Hefzi Est for Trading 501,952 6.30 0 0 0 501,952 0
Hercules, Inc. 490,830 6.16 0 0 490,830 0 0
International Flora Technologies, Ltd. 19,990 0.25 0 0 0 19,990 0
James River Corporation 526,754 6.61 0 0 73,258 453,496 0
Kochia Industries 500 0.01 0 0 0 500 0
Lockheed Martin Corporation 27,602 0.35 0 0 0 27,602 0
Merck and Company 160,600 2.02 0 0 80,000 80,600 0
Mesquite Power, LLC 205,088 2.57 0 0 0 0 205,088
Mining Remedial Recovery Company 4,479 0.06 0 0 0 4,479 0
Nus Corporation 96,662 1.21 0 0 96,662 0 0
Peat, Marwick, Mitchell and Co. 55,000 0.69 0 55,000 0 0 0
Pioneer Hi-Bred International 700 0.01 0 0 0 700 0
Raytheon Company (NASA) 1,121,938 14.08 0 0 0 0 1,121,938
Riken 80,000 1.00 0 0 0 80,000 0
Shell Agricultural Chemical Co. 4,850 0.06 0 0 4,850 0 0
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Shimizu Construction Co., Ltd. 135,881 1.71 0 0 5,000 130,881 0
Smithkline Beecham Pharmaceuticals 2,000 0.03 0 0 0 2,000 0
Sunco Marketing 3,726 0.05 0 0 0 3,726 0
Texaco, Inc. 3,890 0.05 0 0 0 3,890 0
Union Oil Company of California 170,000 2.13 0 0 0 170,000 0
W.J. Sales Corporation 6,500 0.08 0 0 0 6,500 0
Wellton-Mohawk Irrigation and 
Drainage

13,915 0.17 0 0 0 13,915 0

Zenon Torino 7,352 0.09 0 0 0 7,352 0
Total 7,966,300 100.00 0 1,855,413 1,548,950 2,972,075 1,589,862
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Appendix F:  TOTAL OALS FUNDING BY SPONSOR BY DECADE

Table F: Amounts by Funding Agency and Decade Sorted by Amount

Agency Amount %of 
Total

1960s 1970s 1980s 1990s 2000s

U.S. Department of Agriculture 9,716,212 13.817 0 51,175 1,670,185 4,605,360 3,389,492
U.S. Agency for International 
Development

7,483,540 10.642 0 292,850 456,812 5,733,878 1,000,000

NASA Headquarters 5,963,198 8.480 0 1,274,975 976,500 1,222,929 2,488,794
U.S. Forest Service 5,520,981 7.851 0 572,173 0 3,128,486 1,820,322
National Institutes of Health 3,730,348 5.305 0 0 0 1,995,569 1,734,779
Arizona Disease Control Research 
Commission

3,083,661 4.385 0 0 89,919 382,272 2,611,470

Kellogg Foundation 2,278,280 3.240 0 806,070 1,457,210 15,000 0
U.S. Department of Commerce 1,853,544 2.636 0 1,268,548 265,996 319,000 0
Pima County, Arizona 1,831,040 2.604 0 17,296 238,403 1,064,186 511,155
Diamond Shamrock 1,670,800 2.376 0 1,670,800 0 0 0
National Science Foundation 1,427,431 2.030 55,200 508,103 501,112 347,599 15,417
Foundation for Research 1,150,112 1.636 0 0 0 1,150,112 0
Raytheon Company (NASA) 1,121,938 1.595 0 0 0 0 1,121,938
Clark University 1,050,436 1.494 0 0 0 1,050,436 0
U.S. Economic Development 
Administration

944,515 1.343 0 0 100,000 404,515 440,000

U.S. Department of the Interior 912,690 1.298 0 659,899 252,791 0 0
Commonwealth Agricultural 
Bureaux International

812,439 1.155 0 300 237,456 574,683 0

Arizona Department of Water 
Resource

804,404 1.144 0 0 0 657,302 147,102

Wayne State University 774,028 1.101 0 0 0 405,070 368,958
Tucson, City of 769,199 1.094 0 2,517 184,045 496,591 86,046
United Nations 704,052 1.001 0 0 127,270 576,782 0
National Cancer Institute 687,641 0.978 0 0 0 0 687,641
Consortium for International 
Development (USAID)

629,398 0.895 0 0 611,076 18,322 0

Utah State University 571,626 0.813 0 0 0 303,850 267,776
James River Corporation 526,754 0.749 0 0 73,258 453,496 0
U.S. Army Medical Command 520,220 0.740 0 0 0 0 520,220
Hefzi Est for Trading 501,952 0.714 0 0 0 501,952 0
Hercules, Inc. 490,830 0.698 0 0 490,830 0 0
International Arid Lands 
Consortium

488,943 0.695 0 0 0 331,973 156,970

National Park Service 441,134 0.627 2,655 137,518 0 175,034 125,927
Arizona Department of 
Environmental Quality 

424,789 0.604 0 0 45,284 319,505 60,000

Arizona Public Service 417,021 0.593 0 0 417,021 0 0
Ford Foundation 400,000 0.569 0 0 0 400,000 0
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U.S. Bureau of Indian Affairs 392,497 0.558 0 382,200 297 10,000 0
Cash Donation – Miscellaneous 376,389 0.535 0 16,243 287,756 72,390 0
Associates in Rural Development 355,224 0.505 0 0 0 282,057 73,167
Non-Cash Donation - Industry 344,045 0.489 0 0 39,945 175,100 129,000
Meteorology and Environmental 
Protection Administration 

312,985 0.445 0 0 0 312,985 0

National Oceanic and 
Atmospheric Administration 

298,374 0.424 0 0 0 0 298,374

U.S. Department of the Army 293,858 0.418 0 19,450 167,611 76,797 30,000
U.S. Fish and Wildlife Service 290,000 0.412 0 0 0 290,000 0
U.S. Environmental Protection 
Agency 

287,953 0.409 0 0 0 9,611 278,342

Chemical Discoveries, S.A.. 275,000 0.391 0 0 0 275,000 0
U.S. Geological Survey 257,005 0.365 0 124,173 0 120,032 12,800
Association of Teachers of 
Preventive Medicine 

253,828 0.361 0 0 0 0 253,828

U.S. Department of the Army, 
Army Research Office 

250,000 0.356 250,000 0 0 0 0

U.S. Office of Economic Security 216,527 0.308 0 216,527 0 0 0
Mesquite Power, LLC 205,088 0.292 0 0 0 0 205,088
Henry Ford Health Sciences 
Center 

177,832 0.253 0 0 0 0 177,832

Union Oil Company of California 170,000 0.242 0 0 0 170,000 0
Arizona DHS Environmental 
Quality 

166,341 0.237 0 0 0 0 166,341

American Institute for Cancer 
Research 

164,693 0.234 0 0 0 0 164,693

Merck and Company 160,600 0.228 0 0 80,000 80,600 0
Arizona Dept. of Agriculture 160,045 0.228 0 0 0 6,546 153,499
Duke Energy Maricopa, LLC. 150,096 0.213 0 0 0 0 150,096
Navajo Nation 149,013 0.212 0 136,416 12,597 0 0
University of Arizona Foundation 146,849 0.209 0 5,245 125,231 15,773 600
U.S. Department of Health, 
Education, and Welfare 

145,800 0.207 0 145,800 0 0 0

Cash Donation - Industry 140,093 0.199 0 1,540 33,400 80,153 25,000
E.I. Du Pont De Nemours and 
Company 

139,468 0.198 0 0 37,250 102,218 0

Shimizu Construction Co., Ltd. 135,881 0.193 0 0 5,000 130,881 0
Jet Propulsion Laboratory 135,000 0.192 0 0 135,000 0 0
USDI, Office of Water Resources 
Research 

134,017 0.191 22,466 111,551 0 0 0

Goldfields Operating Company 130,791 0.186 0 0 0 130,791 0
HDR Engineering, Inc. 129,626 0.184 0 0 0 16,886 112,740
Phoenix, City of 125,438 0.178 0 0 15,878 60,984 48,576
Arizona Businesses 118,127 0.168 0 0 79,463 38,664 0
Arizona State University 115,848 0.165 0 0 7,000 0 108,848
U.S. Department of Energy 113,481 0.161 0 50,000 0 63,481 0
Arizona Game and Fish 110,127 0.157 0 6,305 0 103,822 0
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Eli Lilly and Company 106,950 0.152 0 0 0 106,950 0
New Mexico State University 106,400 0.151 0 0 14,000 92,400 0
U.S. Bureau of Land Management 103,396 0.147 0 0 0 100,896 2,500
Arizona Department of Economic 
Security

102,000 0.145 0 0 102,000 0 0

Cap Cure 100,000 0.142 0 0 0 0 100,000
U.S. Bureau of Reclamation 100,000 0.142 0 0 0 0 100,000
Nus Corporation 96,662 0.137 0 0 96,662 0 0
Care International 87,249 0.124 0 0 0 87,249 0
Riken 80,000 0.114 0 0 0 80,000 0
Project CENTRL 74,640 0.106 0 0 0 74,640 0
Dine College 70,288 0.100 0 0 0 0 70,288
Association for Farming Systems 
Researc

69,606 0.099 0 0 0 69,606 0

A.C. Martin and Assoc. 68,644 0.098 0 68,644 0 0 0
U.S. Army Corps of Engineers 64,009 0.091 0 64,009 0 0 0
San Diego State University 63,218 0.090 0 0 0 63,218 0
Niger, Republic of 62,214 0.088 0 0 62,214 0 0
Fletcher Challenge Canada, Ltd. 60,833 0.087 0 0 0 60,833 0
Desert Research Unit 60,000 0.085 0 0 0 60,000 0
Office of Economic Planning and 
Development 

58,848 0.084 0 40,000 18,848 0 0

Cash Donation - Private Gift 58,589 0.083 0 6,622 36,671 12,296 3,000
Souther Peru Ltd. 56,625 0.081 0 0 0 56,625 0
Agropecuaria, el Valle, S.A. 55,912 0.080 0 0 0 55,912 0
Peat, Marwick, Mitchell and Co. 55,000 0.078 0 55,000 0 0 0
John D. and Catherine T. 
MacArthur Foundation 

50,000 0.071 0 0 0 50,000 0

American Distance Education 
Consortium 

50,000 0.071 0 0 0 0 50,000

Desert Botanical Garden 45,405 0.065 0 0 0 45,405 0
Foundation of the Development of 
Northern Patagonia 

45,004 0.064 0 0 0 45,004 0

Environmental Solutions, Inc. 44,111 0.063 0 0 0 44,111 0
Cotton, Inc. 44,000 0.063 0 0 0 44,000 0
For Corners Regional 
Commission

43,275 0.062 0 43,275 0 0 0

Chemonics International 33,991 0.048 0 0 0 33,991 0
Apache Marketing Cooperative 
Assoc., Inc. 

32,529 0.046 0 32,529 0 0 0

Anschultz Corporation 30,669 0.044 0 30,669 0 0 0
Esso 30,000 0.043 0 30,000 0 0 0
U.S. Department of the Army, 
Natick Laboratories 

30,000 0.043 30,000 0 0 0 0

Japanese Businesses 29,576 0.042 0 29,576 0 0 0
Salt River Project 28,565 0.041 0 0 16,378 12,187 0
Lockheed Martin Corporation 27,602 0.039 0 0 0 27,602 0
Argentina, Government of the 25,500 0.036 0 0 0 25,500 0
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Province of Salta 
Rockefeller Foundation 25,193 0.036 0 0 0 25,193 0
Comisión Regional del Río 
Bermejo 

25,000 0.036 0 0 0 25,000 0

University of California, 
Riverside 

22,885 0.033 0 0 0 22,885 0

Arizona-Sonora Desert Museum 22,093 0.031 0 0 0 22,093 0
Arizona State Land Department 22,000 0.031 0 0 0 0 22,000
Maricopa County, Arizona, 
Highway Department 

21,956 0.031 0 0 21,956 0 0

Arizona Humanities Council 21,675 0.031 0 0 20,175 1,500 0
B.W. Jorden and Company 20,149 0.029 0 0 0 20,149 0
Centro Internacional de 
Agricultura Tropical 

20,000 0.028 0 0 0 20,000 0

University of California 20,000 0.028 0 0 0 20,000 0
Arizona Dept. of Health Services 20,000 0.028 0 0 20,000 0 0
International Flora Technologies, 
Ltd

19,990 0.028 0 0 0 19,990 0

Arizona Iceberg Lettuce Research 
Council

19,978 0.028 0 0 0 0 19,978

Fogarty International Center 
(NIH)

19,000 0.027 0 0 0 19,000 0

Milheim Foundation 18,000 0.026 0 0 0 18,000 0
Universidad de Sonora 16,480 0.023 0 0 0 16,480 0
Institut du Sahel, Bamako, Mali 16,250 0.023 0 0 0 16,250 0
Peace Corps, U.S. 15,940 0.023 0 0 918 15,022 0
Cash Donation - foundation 15,573 0.022 0 0 9,773 3,800 2,000
Amideast 14,912 0.021 0 0 0 0 14,912
Non-Cash Donation - Foundation 14,090 0.020 0 0 0 14,090 0
Wellton-Mohawk Irrigation and 
Drainage 

13,915 0.020 0 0 0 13,915 0

Arizona, State of 13,262 0.019 0 8,262 5,000 0 0
Lund University 12,500 0.018 0 0 0 0 12,500
U.S. Department of Education 12,300 0.017 0 0 0 12,300 0
Arizona State Parks Board 12,000 0.017 0 0 0 0 12,000
Federal Land Exchange, Inc. 11,803 0.017 0 0 11,803 0 0
World Resources Institute 11,588 0.016 0 0 0 11,588 0
University of California, Santa 
Barbara 

10,950 0.016 0 0 0 10,950 0

Ford Motor Co. 10,357 0.015 0 0 10,357 0 0
Cash Donation - Educational 
Institution 

10,040 0.014 0 40 10,000 0 0

University of California, Berkeley 10,000 0.014 0 0 0 10,000 0
Border Industrial Development 9,000 0.013 0 0 0 9,000 0
Patricia P. Paylore 8,965 0.013 0 0 8,965 0 0
Arizona State Water Commission 8,568 0.012 0 8,568 0 0 0
Arizona Department of Economic 
Planning and Development 

8,426 0.012 0 8,426 0 0 0
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State of Arizona, Arizona Solar 
Energy Research Commission 

8,407 0.012 0 8,407 0 0 0

Nature Conservancy 7,841 0.011 0 4,833 0 3,008 0
Southwestern Endangered Arid 
Land Resource Clearing 

7,483 0.011 0 0 0 7,483 0

American Water Resource 
Association

7,415 0.011 0 0 5,565 1,850 0

Zenon Torino 7,352 0.010 0 0 0 7,352 0
Jojoba Growers Association 7,293 0.010 0 0 7,293 0 0
Northern Arizona University 6,667 0.009 0 0 0 6,667 0
W.J. Sales Corporation 6,500 0.009 0 0 0 6,500 0
Mohave County, Arizona 6,000 0.009 0 0 0 6,000 0
American Association for the 
Advancement of Science 

5,500 0.008 0 0 0 5,500 0

U.S. Government 5,400 0.008 0 0 5,400 0 0
Bigham Brothers, Inc. 5,216 0.007 0 0 0 5,216 0
Wenner Gren Foundation 5,000 0.007 0 0 5,000 0 0
Dow Chemical Company 5,000 0.007 0 0 5,000 0 0
World Bank 5,000 0.007 0 0 5,000 0 0
Shell Agricultural Chemical Co. 4,850 0.007 0 0 4,850 0 0
Colorado River Indian Tribes 4,701 0.007 0 0 4,701 0 0
Mining Remedial Recovery Co. 4,479 0.006 0 0 0 4,479 0
Winrock International 4,084 0.006 0 0 0 4,084 0
Argonne National Laboratory 4,000 0.006 0 4,000 0 0 0
Texaco, Inc. 3,890 0.006 0 0 0 3,890 0
Sunco Marketing 3,726 0.005 0 0 0 3,726 0
Fincas de Ambato, S.A. 3,250 0.005 0 0 0 0 3,250
Non-Cash Donation - Private Gift 3,065 0.004 0 0 0 3,065 0
University of Mississippi 3,000 0.004 0 0 0 0 3,000
Santa Cruz Planning and Zoning 2,969 0.004 0 2,969 0 0 0
Kuwait Government 2,705 0.004 0 0 2,705 0 0
Macquarie University 2,257 0.003 0 0 0 2,257 0
Oregon State University 2,165 0.003 0 0 2,165 0 0
Ciba-Geigy Corporation 2,000 0.003 0 0 0 2,000 0
Colorado State University 2,000 0.003 0 0 2,000 0 0
Smithkline Beecham 
Pharmaceuticals 

2,000 0.003 0 0 0 2,000 0

Organization of American States 2,000 0.003 0 0 2,000 0 0
Arizona Solar Energy Research 
Commission 

1,871 0.003 0 0 1,871 0 0

University of Wisconsin 1,800 0.003 0 0 1,800 0 0
Cactus and Succulent Society of 
America

1,077 0.002 0 0 0 1,077 0

Mexican Government 1,005 0.001 0 0 1,005 0 0
American Water Works 
Association

800 0.001 0 0 0 800 0

University of Michigan 800 0.001 0 0 800 0 0
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Miami, Florida, City of 750 0.001 0 0 0 0 750
Pioneer Hi-Bred International 700 0.001 0 0 0 700 0
Kochia Industries 500 0.001 0 0 0 500 0
Michigan State University 89 0.000 0 0 89 0 0
Totals 70,319,850 100.000 360,321 8,923,503 9,744,560 30,932,457 20,359,009
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Appendix G: ARID LANDS INFORMATION CENTER FUNDING HISTORY

Table G: Funding by Sponsor and Decade for ALIC

Funding Agency Amount %Total 1960s 1970s 1980s 1990s 2000s
National Institutes of Health 1,421,021 21.040 0 0 0 603,307 817,714
Commonwealth Agricultural Bureaux 
International 

812,439 12.029 0 300 237,456 574,683 0

U.S. Department of Agriculture 784,050 11.609 0 47,291 563,757 126,297 46,705
U.S. Department of the Interior (USDI) 732,563 10.847 0 481,272 251,291 0 0
Consortium for International Dev’t 524,188 7.761 0 0 520,490 3,698 0
International Arid Lands Consortium 411,955 6.100 0 0 0 254,985 156,970
Ford Foundation 400,000 5.923 0 0 0 400,000 0
U.S. Agency for International Dev’t 345,329 5.113 0 221,100 23,007 101,222 0
Utah State University 267,776 3.965 0 0 0 0 267,776
United Nations 232,020 3.435 0 0 125,020 107,000 0
U.S. Forest Service 142,821 2.115 0 142,821 0 0 0
National Science Foundation 139,500 2.065 55,200 84,300 0 0 0
USDI Office of Water Resources Res. 102,632 1.520 22,466 80,166 0 0 0
Assoc. for Farming Systems Research 69,606 1.031 0 0 0 69,606 0
Raytheon Company 69,391 1.027 0 0 0 0 69,391
Niger, Republic of 62,214 0.921 0 0 62,214 0 0
American Distance Ed. Consortium 50,000 0.740 0 0 0 0 50,000
Cash Donation – Miscellaneous 27,521 0.407 0 0 27,521 0 0
Care 26,474 0.392 0 0 0 26,474 0
Arizona Department of Health Services 20,000 0.296 0 0 20,000 0 0
Kellogg Foundation 15,000 0.222 0 0 0 15,000 0
University of Arizona Foundation 14,800 0.219 0 5,245 3,300 6,255 0
Arizona Humanities Council 12,675 0.188 0 0 11,175 1,500 0
Cash Donation - Educational Institution 10,000 0.148 0 0 10,000 0 0
Cash Donation - foundation 9,773 0.145 0 0 9,773 0 0
Patricia P. Paylore 8,965 0.133 0 0 8,965 0 0
Arizona State Water Commission 8,568 0.127 0 8,568 0 0 0
Arizona, State of 7,440 0.110 0 7,440 0 0 0
U.S. Government 5,400 0.080 0 0 5,400 0 0
Winrock International 4,084 0.060 0 0 0 4,084 0
Cash Donation - Private Gift 3,546 0.053 0 1,041 2,505 0 0
National Park Service 2,655 0.039 2,655 0 0 0 0
Jojoba Growers Association 2,293 0.034 0 0 2,293 0 0
Oregon State University 2,165 0.032 0 0 2,165 0 0
Organization of American States 2,000 0.030 0 0 2,000 0 0
American Water Resource Association 1,800 0.027 0 0 1,800 0 0
Pioneer Hi-Bred International 700 0.010 0 0 0 700 0
Salt River Project 500 0.007 0 0 500 0 0
Totals for ALIC 6,753,864 100.000 80,321 1,079,544 1,890,632 2,294,811 1,408,556
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Appendix H: ARIZONA REMOTE SENSING CENTER FUNDING HISTORY

Table H: Funding by Sponsor and Decade for ARSC

Funding Agency Amount %Total 1960s 1970s 1980s 1990s 2000s
NASA Headquarters 5,900,374 30.325 0 1,274,975 976,500 1,222,929 2,425,970
U.S. Agency for International Dev’t 5,176,548 26.605 0 0 338,805 4,837,743 0
U.S. Department of Agriculture 1,065,045 5.474 0 0 110,434 945,811 8,800
Raytheon Company/NASA 1,052,547 5.410 0 0 0 0 1,052,547
Clark University 1,050,436 5.399 0 0 0 1,050,436 0
Hefzi/Kingdom of Saudi Arabia 501,952 2.580 0 0 0 501,952 0
National Park Service 438,479 2.254 0 137,518 0 175,034 125,927
United Nations 379,831 1.952 0 0 0 379,831 0
Associates in Rural Development 355,224 1.826 0 0 0 282,057 73,167
Meterology and Environmental 
Protection Administration 

312,985 1.609 0 0 0 312,985 0

National Oceanic and Atmospheric 
Administration 

298,374 1.533 0 0 0 0 298,374

U.S. Fish and Wildlife Service 290,000 1.490 0 0 0 290,000 0
U.S. Environmental Protection 
Agency 

287,953 1.480 0 0 0 9,611 278,342

National Science Foundation 255,317 1.312 0 0 0 239,900 15,417
U.S. Department of the Interior 180,127 0.926 0 178,627 1,500 0 0
Union Oil Company of California 170,000 0.874 0 0 0 170,000 0
Wayne State University 151,683 0.780 0 0 0 0 151,683
Jet Propulsion Laboratory 135,000 0.694 0 0 135,000 0 0
U.S. Forest Service (72) 130,000 0.668 0 0 0 130,000 0
Association of Teachers of Preventive 
Medicine 

125,770 0.646 0 0 0 0 125,770

Arizona Department of Agriculture 118,245 0.608 0 0 0 6,546 111,699
Arizona Game and Fish 110,127 0.566 0 6,305 0 103,822 0
U.S. Bureau of Land Management 96,396 0.495 0 0 0 93,896 2,500
Tucson, City of 93,983 0.483 0 2,017 0 15,601 76,365
Shimizu Construction Co., Ltd. 75,903 0.390 0 0 0 75,903 0
Arizona Department of Environmental 
Quality 

70,719 0.363 0 0 45,284 25,435 0

Dine College 70,288 0.361 0 0 0 0 70,288
Pima County, Arizona 68,696 0.353 0 17,296 0 51,400 0
Desert Research Unit 60,000 0.308 0 0 0 60,000 0
Non-Cash Donation – Industry 50,500 0.260 0 0 0 50,500 0
Navajo Nation 39,475 0.203 0 39,178 297 0 0
Cash Donation – Miscellaneous 39,455 0.203 0 0 39,455 0 0
Chemonics International 33,991 0.175 0 0 0 33,991 0
U.S. Department of the Army 30,000 0.154 0 0 0 0 30,000
Lockheed Martin Corporation 27,602 0.142 0 0 0 27,602 0
Rockefeller Foundation 25,193 0.129 0 0 0 25,193 0
Cash Donation – Industry 25,010 0.129 0 10 0 0 25,000
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Arizona State Land Department 22,000 0.113 0 0 0 0 22,000
U.S. Department of the Interior, 
Office of Water Resources Research

18,385 0.094 0 18,385 0 0 0

Universidad de Sonora 16,480 0.085 0 0 0 16,480 0
Amideast 14,912 0.077 0 0 0 0 14,912
Lund University 12,500 0.064 0 0 0 0 12,500
World Resources Institute 11,588 0.060 0 0 0 11,588 0
University of California, Santa 
Barbara

10,950 0.056 0 0 0 10,950 0

Cash Donation - Private Gift 8,935 0.046 0 660 8,275 0 0
Arizona Department of Economic 
Planning and Development 

8,426 0.043 0 8,426 0 0 0

Southwestern Endangered Arid Land 
Resource Clearing

7,483 0.038 0 0 0 7,483 0

Northern Arizona University 6,667 0.034 0 0 0 6,667 0
Nature Conservancy 4,833 0.025 0 4,833 0 0 0
Mining Remedial Recovery Company 4,479 0.023 0 0 0 4,479 0
Texaco, Inc. 3,890 0.020 0 0 0 3,890 0
Cash Donation - foundation 3,000 0.015 0 0 0 3,000 0
Santa Cruz Planning and Zoning 
Department 

2,969 0.015 0 2,969 0 0 0

Kuwait Government 2,705 0.014 0 0 2,705 0 0
University of Wisconsin 1,800 0.009 0 0 1,800 0 0
Care 1,775 0.009 0 0 0 1,775 0
U.S. Bureau of Indian Affairs 297 0.002 0 0 297 0 0
Cash Donation - Educational 
Institution 

20 0.000 0 20 0 0 0

Totals for ARSC 19,457,322 100.000 0 1,691,219 1,660,352 11,184,490 4,921,261
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Appendix I: DESERT RESEARCH UNIT FUNDING HISTORY

Table I: Funding by Sponsor and Decade for DRU

Funding Agency Amount %Total 1960s 1970s 1980s 1990s 2000s
Pima County, Arizona 1,753,594 18.337 0 0 238,403 1,004,036 511,155
U.S. Department of Agriculture 1,360,833 14.230 0 0 995,994 89,839 275,000
Arizona Department of Water Resources 804,404 8.412 0 0 0 657,302 147,102
U.S. Forest Service 692,109 7.237 0 258,688 0 413,099 20,322
Tucson, City of 593,574 6.207 0 0 102,903 480,990 9,681
Arizona Public Service 417,021 4.361 0 0 417,021 0 0
U.S. Agency for International 
Development 

389,913 4.077 0 0 95,000 294,913 0

Arizona Dept. of Environmental Quality 262,770 2.748 0 0 0 202,770 60,000
U.S. Department of the Army 244,408 2.556 0 0 167,611 76,797 0
Mesquite Power, LLC 205,088 2.145 0 0 0 0 205,088
Arizona Disease Control Research 
Commission 

185,637 1.941 0 0 0 0 185,637

Arizona DHS Environmental Quality 166,341 1.739 0 0 0 0 166,341
Duke Energy Maricopa, LLC. 150,096 1.570 0 0 0 0 150,096
U.S. Geological Survey 132,832 1.389 0 0 0 120,032 12,800
Goldfields Operating Company 130,791 1.368 0 0 0 130,791 0
HDR Engineering, Inc. 129,626 1.355 0 0 0 16,886 112,740
Phoenix, City of 125,438 1.312 0 0 15,878 60,984 48,576
U.S. Economic Dev’t Administration 125,000 1.307 0 0 100,000 25,000 0
Non-Cash Donation - Industry 124,600 1.303 0 0 0 124,600 0
Arizona State University 113,848 1.190 0 0 5,000 0 108,848
U.S. Department of Commerce 100,000 1.046 0 0 100,000 0 0
U.S. Bureau of Reclamation 100,000 1.046 0 0 0 0 100,000
Nus Corporation 96,662 1.011 0 0 96,662 0 0
United Nations 89,951 0.941 0 0 0 89,951 0
Arizona Businesses 80,121 0.838 0 0 41,457 38,664 0
International Arid Lands Consortium 74,988 0.784 0 0 0 74,988 0
Navajo Nation 73,189 0.765 0 73,189 0 0 0
A.C. Martin and Assoc. 68,644 0.718 0 68,644 0 0 0
San Diego State University 63,218 0.661 0 0 0 63,218 0
Fletcher Challenge Canada, Ltd. 60,833 0.636 0 0 0 60,833 0
Shimizu Construction Co., Ltd. 59,978 0.627 0 0 5,000 54,978 0
Care 59,000 0.617 0 0 0 59,000 0
Desert Botanical Garden 45,405 0.475 0 0 0 45,405 0
Environmental Solutions, Inc. 44,111 0.461 0 0 0 44,111 0
Cash Donation - Miscellaneous 39,883 0.417 0 0 39,883 0 0
NASA Headquarters 37,694 0.394 0 0 0 0 37,694
Peat, Marwick, Mitchell and Co. 35,000 0.366 0 35,000 0 0 0
For Corners Regional Commission 32,650 0.341 0 32,650 0 0 0
Anschultz Corporation 30,669 0.321 0 30,669 0 0 0
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Esso 30,000 0.314 0 30,000 0 0 0
Salt River Project 28,065 0.293 0 0 15,878 12,187 0
Arizona-Sonora Desert Museum 22,093 0.231 0 0 0 22,093 0
Maricopa County, Arizona, Highway 
Department 

21,956 0.230 0 0 21,956 0 0

Arizona Iceberg Lettuce Research Council 19,978 0.209 0 0 0 0 19,978
Institut du Sahel, Bamako, Mali 16,250 0.170 0 0 0 16,250 0
Peace Corps, U.S. 15,940 0.167 0 0 918 15,022 0
Federal Land Exchange, Inc. 11,803 0.123 0 0 11,803 0 0
Office of Economic Planning and 
Development

10,748 0.112 0 0 10,748 0 0

Ford Motor Co. 10,357 0.108 0 0 10,357 0 0
University of California, Berkeley 10,000 0.105 0 0 0 10,000 0
Arizona Humanities Council 9,000 0.094 0 0 9,000 0 0
U.S. Bureau of Land Management 7,000 0.073 0 0 0 7,000 0
Consortium for International Development 6,509 0.068 0 0 6,509 0 0
American Water Resource Association 5,615 0.059 0 0 3,765 1,850 0
Cash Donation - Industry 5,266 0.055 0 0 5,266 0 0
World Bank 5,000 0.052 0 0 5,000 0 0
Arizona, State of 5,000 0.052 0 0 5,000 0 0
Dow Chemical Company 5,000 0.052 0 0 5,000 0 0
Colorado River Indian Tribes 4,701 0.049 0 0 4,701 0 0
Argonne National Laboratory 4,000 0.042 0 4,000 0 0 0
Nature Conservancy 3,008 0.031 0 0 0 3,008 0
Arizona Solar Energy Research 
Commission 

1,871 0.020 0 0 1,871 0 0

University of Arizona Foundation 1,700 0.018 0 0 1,700 0 0
Cash Donation - Private Gift 973 0.010 0 0 973 0 0
Cash Donation - foundation 800 0.008 0 0 0 800 0
Shell Agricultural Chemical Co. 500 0.005 0 0 500 0 0
Totals for DRU 9,563,052 100.000 0 532,840 2,541,757 4,317,397 2,171,058



223

Appendix J: NATURAL PRODUCTS CENTER FUNDING HISTORY

Table J: Funding by Sponsor and Decade for NPC

Funding Agency Amount %Total 1960s 1970s 1980s 1990s 2000s
U.S. Department of Agriculture 2,819,100 16.481 0 3,884 0 1,899,541 915,675
National Institutes of Health 2,309,327 13.501 0 0 0 1,392,262 917,065
AZ Disease Control Research Com. 2,207,685 12.906 0 0 89,919 382,272 1,735,494
Diamond Shamrock 1,670,800 9.768 0 1,670,800 0 0 0
Foundation for Research 1,150,112 6.724 0 0 0 1,150,112 0
National Cancer Institute 687,641 4.020 0 0 0 0 687,641
Wayne State University 622,345 3.638 0 0 0 405,070 217,275
National Science Foundation 527,771 3.085 0 114,000 306,072 107,699 0
James River Corporation 526,754 3.079 0 0 73,258 453,496 0
U.S. Army Medical Command 520,220 3.041 0 0 0 0 520,220
U.S. Agency for International 
Development

500,000 2.923 0 0 0 500,000 0

Hercules, Inc. 490,830 2.869 0 0 490,830 0 0
Utah State University 303,850 1.776 0 0 0 303,850 0
Chemical Discoveries, S.A.. 275,000 1.608 0 0 0 275,000 0
Henry Ford Health Sciences Center 177,832 1.040 0 0 0 0 177,832
American Institute for Cancer Research 164,693 0.963 0 0 0 0 164,693
Merck and Company 160,600 0.939 0 0 80,000 80,600 0
U.S. Department of Health, Education, 
and Welfare 

145,800 0.852 0 145,800 0 0 0

E.I. Du Pont De Nemours and Co. 139,468 0.815 0 0 37,250 102,218 0
Association of Teachers of Preventive 
Medicine 

128,058 0.749 0 0 0 0 128,058

Eli Lilly and Company 106,950 0.625 0 0 0 106,950 0
University of Arizona Foundation 106,406 0.622 0 0 98,884 7,522 0
New Mexico State University 106,400 0.622 0 0 14,000 92,400 0
Cap Cure 100,000 0.585 0 0 0 0 100,000
Cash Donation - Miscellaneous 99,259 0.580 0 0 55,559 43,700 0
AZ Dept. of Environmental Quality 91,300 0.534 0 0 0 91,300 0
Tucson, City of 81,142 0.474 0 0 81,142 0 0
Riken 80,000 0.468 0 0 0 80,000 0
U.S. Department of Energy 63,481 0.371 0 0 0 63,481 0
Souther Peru Ltd. 56,625 0.331 0 0 0 56,625 0
Agropecuaria, el Valle, S.A. 55,912 0.327 0 0 0 55,912 0
John D. and Catherine T. MacArthur 
Foundation 

50,000 0.292 0 0 0 50,000 0

Foundation of the Development of 
Northern Patagonia 

45,004 0.263 0 0 0 45,004 0

Cotton, Inc. 44,000 0.257 0 0 0 44,000 0
Arizona Department of Agriculture 41,800 0.244 0 0 0 0 41,800
Arizona Businesses 35,006 0.205 0 0 35,006 0 0
Apache Marketing Cooperative Assoc. 32,529 0.190 0 32,529 0 0 0
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Japanese Businesses 29,576 0.173 0 29,576 0 0 0
Cash Donation – Industry 26,153 0.153 0 0 5,965 20,188 0
Argentina, Government of the Province 
of Salta 

25,500 0.149 0 0 0 25,500 0

NASA Headquarters 25,130 0.147 0 0 0 0 25,130
Comisión Regional del Río Bermejo 25,000 0.146 0 0 0 25,000 0
University of California, Riverside 22,885 0.134 0 0 0 22,885 0
B.W. Jorden and Company 20,149 0.118 0 0 0 20,149 0
Centro Internacional de Agricultura 
Tropical 

20,000 0.117 0 0 0 20,000 0

University of California 20,000 0.117 0 0 0 20,000 0
International Flora Tecnologies, Ltd. 19,990 0.117 0 0 0 19,990 0
Fogarty International Center 19,000 0.111 0 0 0 19,000 0
Milheim Foundation 18,000 0.105 0 0 0 18,000 0
U.S. Department of Education 12,300 0.072 0 0 0 12,300 0
Arizona State Parks Board 12,000 0.070 0 0 0 0 12,000
Non-Cash Donation - Foundation 8,987 0.053 0 0 0 8,987 0
State of Arizona, Arizona Solar Energy 
Research Commission

8,407 0.049 0 8,407 0 0 0

U.S. Bureau of Indian Affairs 8,200 0.048 0 8,200 0 0 0
Zenon Torino 7,352 0.043 0 0 0 7,352 0
W.J. Sales Corporation 6,500 0.038 0 0 0 6,500 0
American Association for the 
Advancement of Science 

5,500 0.032 0 0 0 5,500 0

Bigham Brothers, Inc. 5,216 0.030 0 0 0 5,216 0
Jojoba Growers Association 5,000 0.029 0 0 5,000 0 0
Wenner Gren Foundation 5,000 0.029 0 0 5,000 0 0
U.S. Department of Commerce 4,800 0.028 0 4,800 0 0 0
Shell Agricultural Chemical Co. 4,350 0.025 0 0 4,350 0 0
Sunco Marketing 3,726 0.022 0 0 0 3,726 0
Fincas de Ambato, S.A. 3,250 0.019 0 0 0 0 3,250
University of Mississippi 3,000 0.018 0 0 0 0 3,000
Ciba-Geigy Corporation 2,000 0.012 0 0 0 2,000 0
Smithkline Beecham Pharmaceuticals 2,000 0.012 0 0 0 2,000 0
Cactus and Succulent Society of 
America

1,077 0.006 0 0 0 1,077 0

Mexican Government 1,005 0.006 0 0 1,005 0 0
Kochia Industries 500 0.003 0 0 0 500 0
Michigan State University 89 0.001 0 0 89 0 0
Cash Donation - Private Gift 67 0.000 0 67 0 0 0
Totals for NPC 17,105,409 100.000 0 2,018,063 1,383,329 8,054,884 5,649,133
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Appendix K: GENERAL OALS FUNDING HISTORY

Table K: Funding by Sponsor and Decade for General OALS

Funding Agency Amount %Total 1960s 1970s 1980s 1990s 2000s
Arizona Disease Control Research 
Commission 

690,339 25.956 0 0 0 0 690,339

National Science Foundation 504,843 18.981 0 309,803 195,040 0 0
U.S. Dept. of the Army, Army Research 
Office 

250,000 9.400 250,000 0 0 0 0

U.S. Office of Economic Security 216,527 8.141 0 216,527 0 0 0
Non-Cash Donation - Industry 168,945 6.352 0 0 39,945 0 129,000
Cash Donation - Miscellaneous 156,549 5.886 0 2,521 125,338 28,690 0
U.S. Geological Survey 124,173 4.669 0 124,173 0 0 0
Consortium for International Development 84,077 3.161 0 0 84,077 0 0
Cash Donation - Industry 83,664 3.146 0 1,530 22,169 59,965 0
U.S. Agency for International Development 71,750 2.698 0 71,750 0 0 0
U.S. Army Corps of Engineers 64,009 2.407 0 64,009 0 0 0
Office of Economic Planning and 
Development 

48,100 1.808 0 40,000 8,100 0 0

Cash Donation - Private Gift 45,068 1.694 0 4,854 24,918 12,296 3,000
U.S. Department of the Army, Natick 
Laboratories 

30,000 1.128 30,000 0 0 0 0

University of Arizona Foundation 23,943 0.900 0 0 21,347 1,996 600
Peat, Marwick, Mitchell and Co. 20,000 0.752 0 20,000 0 0 0
U.S. Department of the Army 19,450 0.731 0 19,450 0 0 0
U.S. Department of the Interior, Office of 
Water Resources Research 

13,000 0.489 0 13,000 0 0 0

For Corners Regional Commission 10,625 0.399 0 10,625 0 0 0
U.S. Forest Service 9,989 0.376 0 9,989 0 0 0
Non-Cash Donation - Foundation 5,103 0.192 0 0 0 5,103 0
Non-Cash Donation - Private Gift 3,065 0.115 0 0 0 3,065 0
Arizona Businesses 3,000 0.113 0 0 3,000 0 0
Macquarie University 2,257 0.085 0 0 0 2,257 0
United Nations 2,250 0.085 0 0 2,250 0 0
Colorado State University 2,000 0.075 0 0 2,000 0 0
Arizona State University 2,000 0.075 0 0 2,000 0 0
International Arid Lands Consortium 2,000 0.075 0 0 0 2,000 0
Arizona, State of 822 0.031 0 822 0 0 0
Amercian Water Works Association 800 0.030 0 0 0 800 0
University of Michigan 800 0.030 0 0 800 0 0
Tucson, City of 500 0.019 0 500 0 0 0
Cash Donation - Educational Institution 20 0.001 0 20 0 0 0
Totals for OALS 2,659,668 100.000 280,000 909,573 530,984 116,172 822,939
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Appendix L: INTERNATIONAL ARID LANDS CONSORTIUM FUNDING HISTORY

Table L: Funding by Sponsor and Decade for IALC

Funding Agency Amount %Total 1960s 1970s 1980s 1990s 2000s
U.S. Forest Service 4,385,387 48.259 0 0 0 2,585,387 1,800,000
U.S. Department of Agriculture 3,687,184 40.576 0 0 0 1,543,872 2,143,312
U.S. Agency for International Development 1,000,000 11.004 0 0 0 0 1,000,000
Consortium for International Development 14,624 0.161 0 0 0 14,624 0
Totals for IALC 9,087,195 100.000 0 0 0 4,143,883 4,943,312
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Appendix M: ECONOMIC DEVELOPMENT RESEARCH PROGRAM 
 FUNDING HISTORY

Table M: Funding by Sponsor and Decade for EDRP

Funding Agency Amount % Total 1960s 1970s 1980s 1990s 2000s
U.S. Economic Development Administration 819,515 68.929 0 0 0 379,515 440,000
U.S. Department of Commerce 319,000 26.831 0 0 0 319,000 0
Wellton-Mohawk Irrigation and Drainage 13,915 1.170 0 0 0 13,915 0
U.S. Bureau of Indian Affairs 10,000 0.841 0 0 0 10,000 0
Border Industrial Development 9,000 0.757 0 0 0 9,000 0
Pima County, Arizona 8,750 0.736 0 0 0 8,750 0
Mohave County, Arizona 6,000 0.505 0 0 0 6,000 0
Cash Donation - foundation 2,000 0.168 0 0 0 0 2,000
Miami, Florida, City of 750 0.063 0 0 0 0 750
Totals for EDRP 1,188,930 100.000 0 0 0 746,180 442,750



228

Appendix N: NATIVE DEVELOPMENT, SYSTEMS ANALYSIS, AND APPLIED 
TECHNOLOGY (NADSAT)  FUNDING HISTORY

Table N: Funding by Sponsor and Decade for NADSAT

Funding Agency Amount %Total 1960s 1970s 1980s 1990s 2000s
Kellogg Foundation 2,263,280 51.092 0 806,070 1,457,210 0 0
U.S. Department of Commerce 1,429,744 32.276 0 1,263,748 165,996 0 0
U.S. Bureau of Indian Affairs 374,000 8.443 0 374,000 0 0 0
U.S. Forest Service 160,675 3.627 0 160,675 0 0 0
Arizona Department of Economic Security 102,000 2.303 0 0 102,000 0 0
U.S. Department of Energy 50,000 1.129 0 50,000 0 0 0
Navajo Nation 36,349 0.821 0 24,049 12,300 0 0
Cash Donation - Miscellaneous 13,722 0.310 0 13,722 0 0 0
Totals for NADSAT 4,429,770 100.000 0 2,692,264 1,737,506 0 0
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Appendix O

Office of Arid Lands Patent Activity

US Patent Number 4,806,285 entitled "Hydrogenated Grindelia Acids and Their Methyl, 
Glycerol and Pentaerythritol Esters” dated February 21, 1989. Inventors: Joseph 
Hoffmann and Louis Hutter.

UA 1351 entitled "Antifungal and Fungal Growth Inhibitors from Guayule Resin" dated 
October 6, 1995.  Inventors: Joseph Hoffmann, Galal Maatooq, David Stumpf, and Louis 
Hutter.

UA 1551 entitled "Semi-Synthetic Latex from Guayule for Medical Products” dated 
March 13, 1997.  Inventor: Joseph Hoffmann.

Australian Patent Application No. 40871/99 based on PCT/US99/11041 and U.S. Serial 
Nos. 60/085,997 and 60/099,066 entitled “Triterpene Compositions and Methods for Use 
Thereof".  Inventor:  Charles J. Arntzen, et al.

UA 1552 entitled “Antifeedants and Insecticides from Guayule” dated December 3, 1999.  
Inventors: Carmen Gutierrez, Azucena Gonzalez-Coloma, and Joseph J. Hoffmann.

UA 1553, December 3, 1999  "Partheniol, A Non-Toxic Control of Aphids (Myzus 
persicae)” Galal Maatooq dated December 3, 1999.  Inventor: Joseph Hoffmann

USSN 09/413,0652 entitled "Antibacterial and Antifungal Flavanones from Eysenhardtia 
texana”, D6091 dated June 1, 2000.  Inventors: Joseph Hoffmann and Gerald Waechter

Patent application submitted to the UA Office of Technology Transfer entitled "Natural 
Product Modulators of Stress Response" dated August 26, 2004.  Inventors: Leslie 
Gunatilaka, E.M. Kithsiri Wijeratne, Thomas J. Turbyville, and Luke Whitesell.
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