
Info@War.Mil: Nonlinear Science and the Emergence of Information 
Age Warfare in the United States Military 

by 

Sean Trevor Lawson 

A Thesis Submitted to the Graduate 

Faculty of Rensselaer Polytechnic Institute 

in Partial Fulfillment of  the 

Requirements for the degree of 

DOCTOR OF PHILOSOPHY 

Major Subject: Science and Technology Studies 

 

Approved by the  
Examining Committee: 
 

_________________________________________ 
Michael Fortun, Thesis Adviser 
 

_________________________________________ 
Kim Fortun, Member 

 

_________________________________________ 
Atsushi Akera, Member 

 

_________________________________________ 
Ron Eglash, Member 

 

_________________________________________ 
John Terino, Member 

 

Rensselaer Polytechnic Institute 
Troy, New York 

May 2008 
(For Graduation August 2008) 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Copyright 2008 

by 

Sean Trevor Lawson 

All Rights Reserved 

 ii



 

CONTENTS 

LIST OF TABLES............................................................................................................ vi 

ACKNOWLEDGMENT ................................................................................................. vii 

ABSTRACT ..................................................................................................................... ix 

1. The Enlistment of Nonlinear Science into U.S. Military Discourse: An Introduction 1 

1.1 Iraq, Spring 2003................................................................................................ 1 

1.2 Overview............................................................................................................ 7 

1.3 Situational Awareness...................................................................................... 22 

1.3.1 Military History and the History of Military Technology ................... 23 

1.3.2 STS and the History of Science ........................................................... 29 

1.3.3 Military Professionals .......................................................................... 41 

1.4 Order of Battle ................................................................................................. 43 

2. Science in the Western Military Tradition: Enlightenment to WWII........................ 49 

2.1 Introduction...................................................................................................... 49 

2.2 The Enlightenment Ideal .................................................................................. 50 

2.3 The Romantic Challenge.................................................................................. 58 

2.4 The Evolution of a Positivist-Romanticist Hybrid........................................... 64 

2.5 Theories of Industrial, Mechanized Warfare ................................................... 75 

2.5.1 War in the Air ...................................................................................... 77 

2.5.2 Mechanized Warfare on Land.............................................................. 87 

2.5.3 A Science of War for the Industrial Age.............................................. 96 

2.6 Conclusion ..................................................................................................... 103 

3. The Birth of “Big” Military Science: The Rise of and Battle over the Systems 
Sciences ................................................................................................................... 108 

3.1 Introduction.................................................................................................... 108 

3.2 Operations Research during World War II .................................................... 110 

3.3 The Establishment of Big Military Science ................................................... 113 

 iii



 

3.4 Defining OR and Systems Sciences............................................................... 119 

3.5 Seeds of a Nonlinear Worldview ................................................................... 134 

3.6 The Battle over Systems Sciences within the U.S. Military .......................... 146 

3.6.1 The Offense........................................................................................ 153 

3.6.2 The Defense ....................................................................................... 171 

3.7 Conclusion ..................................................................................................... 180 

4. “Doing Things the Same or Differently”: Post-Vietnam Military Reform and the 
Emergence of an Informatic Theory of War............................................................ 185 

4.1 Introduction.................................................................................................... 185 

4.2 The “New Lethality,” the “Offset Strategy,” and the “Active Defense” ....... 186 

4.3 From “OODA Loops” to “Maneuver Warfare” ............................................. 195 

4.4 Spreading the Gospel of Maneuver................................................................ 214 

4.5 The Emergence of Informatic Warfare .......................................................... 226 

4.5.1 Army AirLand Battle: The Emergence of the “Nonlinear” Battlefield
 226 

4.5.2 Marine Warfighting: Thriving on Chaos ........................................... 234 

4.5.3 Airpower’s “Five Rings”: The Enemy as a System........................... 240 

4.6 Conclusion ..................................................................................................... 246 

5. A Pudding with a Theme: The Enlistment of Nonlinear Science and the Emergence 
of Network-Centric Warfare.................................................................................... 252 

5.1 Introduction.................................................................................................... 252 

5.2 New World (Dis)order and the Revolution in Military Affairs ..................... 253 

5.3 Nonlinear Science: Finding the Theme in the Pudding ................................. 267 

5.3.1 A Science for the Information Age .................................................... 268 

5.3.2 Metaphors of/as Complex Systems.................................................... 276 

5.3.3 The Lessons of Nonlinear Science..................................................... 285 

5.4 Network-Centric Warfare and the Global Transaction Strategy.................... 298 

5.5 Conclusion ..................................................................................................... 319 

 iv



 

6. After Action Report and Lessons Learned .............................................................. 326 

6.1 Introduction.................................................................................................... 326 

6.2 After Action Report........................................................................................ 326 

6.3 Science(s) and Rhetoric(s) of/and (Postmodern) Military Theory................. 334 

6.3.1 Theorizing Military Theory................................................................ 335 

6.3.2 Revisiting Military-Science-Society Relationship............................. 340 

6.3.3 The Question of Postmodernism........................................................ 347 

6.4 Lesson-Learning Lessons............................................................................... 359 

References...................................................................................................................... 363 

Appendix: Chaos in the Schools.................................................................................... 383 

 

 v



 

LIST OF TABLES 

Table 1: Shifts in Systems Science Values.................................................................... 145 

 

 vi



 

ACKNOWLEDGMENT 

Nothing deepens one’s appreciation for the most fundamental lesson of science and 

technology studies like undertaking a project such as this: Knowledge is indeed socially 

constructed.  I hesitate even to begin making acknowledgments, knowing that it is not 

possible to mention all those who have had a hand in making this project possible.  

Though I can’t, I must, so here goes... 

Let me begin by thanking my committee members for doing generous readings of 

my work, at times maybe more generous than it deserved, especially in its early stages, 

but also for providing detailed and helpful feedback along the way.  I would especially 

like to thank the Fortuns.  Not an insignificant amount of the thinking that has gone into 

this project was done in their kitchen, with Mike manning the stove and Kim deftly 

maneuvering between poststructuralism, pampers, and pets.  I don’t know how she does 

it.  They are good people with which to think (and have dinner).  Next, while Atsushi has 

provided valuable input for this dissertation project, he has also shaped my appreciation 

for this program and my thinking as an instructor.  His “Technology and Social Theory” 

course was my first experience in this department.  From the first day, I knew that I had 

found the right place.  Likewise, I have been inspired by his innovative approach to 

teaching, his enthusiasm in the classroom, and his commitment to student success.  I 

hope that I can live up to those standards in my own future teaching career.  Finally, I 

thank Lt. Col. John Terino for agreeing to serve on this committee even as he serves his 

country.  He has helped to remind me that there are real issues of life and death in 

military theory discourse. 

The idea for this project began before I even applied to the STS program at 

Rensselaer.  As a Master’s student at Georgetown I became interested in the uses that 

military theorists were making of nonlinear science.  It was only after coming across one 

of Ron’s articles on the Internet that I began to think I could turn this interest into a 

longer-term research project.  His willingness not only to respond to an email from a 

complete stranger, but also his willingness to encourage and assist me in applying to this 

program are acts of kindness that I have not forgotten.  Nor will I forget the hours that 

he, and I, and Matt Francisco have spent chatting about nonlinear science and 

cybernetics. 

 vii



 

One cannot grow and prosper intellectually in isolation.  Luckily, isolation was not a 

concern.  I cannot think of a better cohort of fellow graduate students with whom to have 

gone through the STS program.  Casey O’Donnell in particular deserves mention.  We 

have spent many an hour "talking shop," munching bagels, and sipping coffee in the grad 

offices, and maybe even more time doing the same in cyberspace.  He has quite possibly 

listened to more of my ramblings and rantings than anyone, always with patience and 

generosity.  Beyond my own cohort, a number of the "older kids" have been gracious in 

offering their advice on all sorts of issues related to research and the navigation of 

graduate school, inlcuding Lane DeNicola, Erich Scheinke, Jeanette Simmonds, and 

Hector Postigo. 

This project was greatly aided by the award of a Rensselaer Humanities, Arts, and 

Social Sciences Fellowship.  In turn, receiving that award was made possible by Linnda 

Caporael’s willingness to meet on a Saturday morning to assist in revising a proposal 

that otherwise would not have been successful. 

I should also thank those instructors from my days as an undergraduate and as a 

Master’s student who inspired and aided my journey into academia, including Larry 

Giventer, Sam Oppenheim, Tom Carter, Ida Bowers, and As’ad AbuKhalil at California 

State University Stanislaus, as well as John Anderson at Georgetown, who first 

suggested that I look to STS as a potential intellectual home.  It was advice I am glad 

that I followed. 

Finally, I am grateful for the support and encouragement of family and friends, even 

when they did not know or understand what I was up to or why.  Of course, most 

important of all has been the support of my wife, Cynthia.  She has had to hear more 

about maneuver warfare, John Boyd, OODA loops, complexity theory, and more, than 

any sane person not writing a dissertation on those subjects should have to endure.  She 

has been everything at one time or another during this process: friend, coach, adviser, 

cheerleader, butt-kicker, brainstormer, copy editor, and more.  She is the one person 

without whose support this entire thing would not have been possible.  Thank you 

Cynthia!  

 viii



 

ABSTRACT 

This study traces the enlistment of concepts and metaphors from nonlinear science 

(e.g. chaos and complexity theories) by the U.S. military in its attempts to cope with the 

perceived demands of new information and communication technologies (ICTs), as well 

as an emerging post-industrial, “information age.” In the last three decades, the U.S. 

military has increasingly conceived of information gathering, processing, and 

distribution; knowledge formation; and decision-making—along with the denial of those 

capabilities to the adversary—as the central activities of a new mode of warfare referred 

to in this study as “informatic warfare.” Over the last thirty years, nonlinear science has 

played an increasingly important role in the various attempts to theorize informatic 

warfare, the most recent example of which is the theory of “network-centric warfare” 

(NCW), which has both shaped and been shaped by U.S. actions on the battlefields of 

Afghanistan and Iraq. In NCW, the world of the information age is seen as more 

complex and chaotic; the battlefield as a nonlinear, chaotic space; and enemies as 

networks that behave like complex adaptive systems. In response, military theorists have 

increasingly asserted that the U.S. military itself must adopt both the behavioral 

characteristics (flexibility, adaptability, self-organization), as well as structural 

characteristics (networked, decentralized, distributed), of a complex adaptive system. 

Military-specific ICTs, such as those used for Command, Control, Communications, 

Computers, Intelligence, Surveillance and Reconnaissance (C4ISR), are seen as the key 

enablers of this “military transformation.”  Nonlinear science, then, has emerged as a 

key “node” in the network that is the articulation of informatic warfare, providing a 

common conceptual grounding for linking military understandings of ICTs, information-

driven warfare, and the Information Age. 

By combining a science studies perspective with a number of concepts from recent 

rhetorical theory, this study is able to trace the rhetorical, intellectual, and institutional 

conditions that have allowed for the enlistment of nonlinear science into the service of 

U.S. military theory.  In short, it accounts not only for the uses that military theorists 

have made of nonlinear science, but for the conditions that have made that use possible 

in the first place.  To accomplish that task, the enlistment of nonlinear science is 

examined in relation to the longer-term, wider historical role that the sciences in general 
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have come to play in the ways that Western militaries have understood the “nature” of 

warfare; the general requirements for victory in warfare; the relationships among 

society, technology, and war; the military organization’s relationship to the “outside” 

world; as well as the military organization’s understanding of itself, its culture and 

values, and what it means to be a military professional.  In doing so, this study deepens 

our understanding of the construction of military theories, doctrines, and strategies; the 

relationship between the military and the sciences in the postwar period; the ways that 

the sciences are enlisted for various purposes in realms typically considered “outside” 

the sciences; and finally, the way that recent changes in the U.S. military map onto those 

larger patterns of social and intellectual change often characterized as “post-industrial” 

or “postmodern.”  
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1. The Enlistment of Nonlinear Science into U.S. Military Discourse: 
An Introduction 

 

“First, what did we see when we looked at Operation Iraqi Freedom through the lens of 
transformation? [...] We certainly saw the power of transformation itself. [...] We want 

all of our enemies, current and future, to look at us and say, ‘Wow. How do they do 
that? We see it unfold before our very eyes, but we don’t understand what’s really 

happening, and we can’t stop it’. That’s the power of transformation.” 
 

—VADM Arthur Cebrowski (ret.), Director, Office of Force Transformation, 20031

 
 

“The culture in which militaries fight determines whether thousands of mostly innocent 
young men are alive or rotting after their appointed hour of battle.  Abstractions like 

capitalism or civic militarism are hardly abstract at all when it comes to battle, but 
rather concrete realities... [I]t [is] a sort of immorality: the idea that...a putrid corpse 

has little to do with larger approaches to science and culture. [...] We owe it to the dead 
to discover at all costs how the practice of government, science, law, and religion 

instantaneously determines the fate of thousands on the battlefield—and why. [...] There 
is also a cultural crystallization in battle, in which the insidious and more subtle 

institutions that heretofore were murky and undefined become stark and unforgiving in 
the finality of organized killing.” 

 
—Victor Davis Hanson2

 

Science works on more that it explains—which explains some of the ways it has 
shaped war. [...]  It works, but in strange ways, not just on nature but on ourselves.  And 

on our idea of nature.  And on our idea of ourselves. 
 

—Chris Hables Gray3

1.1 Iraq, Spring 2003 

General Raad Hamdani awoke on the morning of 7 or 8 April in an orchard ten 

kilometers north of the town of al-Mahmudiyah.  He could not remember what day it 
                                                 
1 Arthur K. Cebrowski, “Speech to the Heritage Foundation,” presentation to The Heritage Foundation, 

Washington, D.C., May 13, 2003 
2 Victor Davis Hanson, Carnage and Culture: Landmark Battles in the Rise of Western Power (New York: 

Doubleday), 2001, 7-9 
3 Chris Hables Gray, Postmodern War: The New Politics of Conflict (New York: Guilford Press), 1997, 

76-77. 

 1



 

was, exactly, but for him it no longer seemed to matter.  His war had ended several days 

prior when he had looked out the window of his headquarters building only to find 

enemy tanks occupying the courtyard.  “We had no more weapons and no more morale.  

Looking out the window was like being in some kind of movie,” he told his captors 

afterwards.4  It was clear that for he and his staff, the war was over.  He ordered his staff 

to leave and return to their homes.  He would hide in his headquarters building for the 

next several days, spending his nights sleeping in an orchard next to the building.  On 

the morning of 7 or 8 April, a local civilian informed him that what he already knew to 

be inevitable had finally occurred: Baghdad had fallen.  Not only was his war over, but 

now, it appeared, so was Saddam’s 

General Hamdani, commander of the Iraqi Republican Guard II Corps, had not 

fought the same war as Saddam Hussein, or at least he had tried hard not to fight the 

same war.  Hamdani, one of the few professionals in a military that rewarded loyalty to 

Saddam above military competence, had figured out what every viewer of cable or 

satellite television around the world already knew: The main thrust of the U.S. attack 

was coming from the south, from Kuwait.  But his view was not the view of Saddam and 

the top Iraqi leadership.  The “truth” was that the Americans and the Israelis—Saddam 

and his top leadership were convinced that the Israelis would be part of the invasion 

force—would mount their ground offensive from the West, from Jordon, but only after a 

prolonged period of aerial bombardment similar to the one seen in 1991.  Besides that, 

everyone knew that even when the ground offensive came, the Americans, whose 

military performance in Vietnam, the Gulf War, Somalia, and Kosovo proved that they 

could not take casualties, would never dare to enter Baghdad.  Hamdani had attempted to 

convince Qusay Hussein, the Minister of Defense, the Chief of Staff of the Republican 

Guard, any superior who would listen to him, but none would.  After the war, Hamdani 

recounted that, on one occasion some two weeks into the war, after attempting to 

convince the Minister of Defense that the Americans were coming from the south, “The 

minister went on to explain that what had happened over the last two weeks was a 
                                                 
4 Kevin M. Woods et al., Iraqi Perspectives Project: A View of Operation Iraqi Freedom from Saddam’s 

Senior Leadership (Norfolk, VA: Joint Center for Operational Analysis, Joint Forces Command), 2006, 

148. 
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‘strategic’ trick by the Americans.  He told us American forces were going to come from 

the direction of Jordan, through Al-Ramadi, and into northern Baghdad.”5  Thus, while 

Saddam arranged the bulk of his forces to the west and northwest of Baghdad, Hamdani 

was left to his own devices to defend the southern approach through the Karbala Gap. 

Saddam’s view was not entirely unwarranted.  After all, a long air campaign 

followed by a ground assault through the Western Desert had been the American modus 

operandi during the war of 1991.  Additionally, the U.S. was, in fact, employing 

“strategic tricks” meant to deceive the Iraqis.  On 20 March 2003, the first full day of the 

war, Saddam received reports that the Americans had taken out a great number of 

monitoring stations throughout the country.  Of particular concern was the fact that the 

General Military Intelligence Directorate reported the rapid loss of monitoring stations in 

the western border areas near Jordan, including thirty-four stations attacked, destroyed, 

or otherwise rendered inoperable on 20 March alone.  Combined with other reports 

which indicated “a massive presence of [American] armor” in the border regions near 

Jordan, there was only one possible conclusion: The Americans were coming from the 

West.  Unfortunately for the Iraqis, this was the “strategic trick.”  The “massive 

presence” of American armor in the West had been nothing more than a number of 

American special forces units sent to the area for precisely that purpose, to fool the 

Iraqis.  Hamdani had been correct; the main attack was coming from the South.6

By the time the Chief of Staff of the Republican Guard was willing to believe that 

the Americans were coming from the south, they had already begun to move through the 

strategic Karbala Gap and to move across the al-Qa’id Bridge, a key Euphrates River 

crossing that Hamdani had ordered destroyed a week before, only to have those orders 

countermanded by Saddam himself.  Realizing that the Karbala Gap had been breached, 

Hamdani ordered what remained of his Medina Division, which had been hit hard by 

American airpower during the sandstorm of 25-28 March, to attempt to contain and 

harass the Americans while he organized a defensive position north of Karbala, near the 

town of al-Latifiyah.  When he reported his plan the Chief of Staff, he was instead 

                                                 
5 Ibid., 144. 
6 Ibid., 131. 
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ordered to mount a nighttime counter-attack against the Americans.  He warned his 

superior that a counter-attack against the Americans, who had the advantage of night 

vision, would leave his own forces at a serious disadvantage, in effect fighting blind.  

His objections were dismissed, however, and preparations for the attack began.  He had 

hoped to carry out the attack before 4:00AM on 3 April 2003, believing that in darkness 

he would enjoy a greater degree of freedom from aerial attack.  It was not to be.  

Hamdani reported after the war that “At 0200 American jets attacked our force as we 

moved down the road.  We were hit by many missiles.  Most of the Medina Division’s 

staff were killed.  My corps communication staff was also killed.  When we reached the 

area near the bridge where the special forces battalion had set up a headquarters, we 

immediately came under heavy fire.”  By 4:30AM all of the division’s tanks and 

ammunition trucks had been destroyed and “At around 0445 the sky started to lighten 

and the jets returned and started killing us one after another.  In the early light I saw 

more than 60 tanks on the bridge.  The firing from the American armored vehicles 

increased in all directions.”7

By 6:30AM he had reported to Republican Guard Headquarters that the counter-

attack had failed.  His forces had been destroyed in less than four hours.  He now called 

for reinforcements and began to organize a defense which could prevent the Americans 

from heading for Baghdad.  Yet again his plans were foiled.  By 10:30AM, he received 

reports from local civilians that 150 American tanks were already on the move again, 

this time headed straight for Baghdad.  He raced to his forward headquarters north of al-

Mahmudiyah, arriving just before the Americans.  He had barely begun to assess the 

situation when he looked out the window and saw the American tanks in his courtyard.8

The fate of Hamdani’s forces was the same as that of many other Iraqi units.  Even 

during the infamous sandstorm of 25-28 March, when Western media was reporting that 

American forces were “exhausted,” “bogged down,” and were “sitting ducks,” the reality 

for the Iraqis was much different.  Based on their experience with American airpower in 

1991, when a sandstorm had grounded most close air support aircraft, the Iraqis believed 

                                                 
7 Ibid., 146-147. 
8 Ibid., 146-147. 
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that the sandstorm would provide them with the opportunity to mount a counter-attack 

against the Americans without the threat of aerial attack.  The Iraqis did not know that as 

they moved their forces to engage the American Army’s V Corps and the Marines’ I 

MEF they were being observed by JSTARs and Global Hawk UAVs9 that were passing 

the Iraqis’ coordinate information to B-1 bombers and F-16 fighters that subsequently 

dropped GPS-guided bombs on their positions.  In one such incident, near the town of 

An-Najaf, the movement of a formation of Iraqi T-72 main battle tanks was observed by 

American surveillance aircraft.  The subsequent attack by U.S. aircraft, involving the use 

of GPS-guided bombs, destroyed at least thirty of the vehicles in the Iraqi formation and 

halted its advance.10

The experience of the al-Nida Armoured Division of the Republican Guard, which 

never actually engaged American ground forces, demonstrates the kinds of losses, 

through both death and desertion, that the Americans’ integrated psychological 

operations and aerial attacks were able to inflict upon the Iraqi forces.  After the war, 

commander of the al-Nida Division, Abd Al-Karim Jasim Nafus Al-Majid, recounted the 

effects of such attacks on his forces: 

The air attacks were the most effective message.  The soldiers who did 
see the leaflets and then saw the air attacks knew that the leaflets were 
true.  They believed the message after that, if they were still alive.  
Overall they had a terrible effect on us.  I started the war with 13,000 
soldiers.  By the time we had orders to pull back to Baghdad, I had less 
than 2,000; by the time we were in position in Baghdad, I had less than 
1,000.  Every day the desertions increased.  We had no engagements with 
American forces.  When my division pulled across the Diyala Bridge, of 
the more than 500 armored vehicles assigned to me before the war, I was 

                                                 
9 JSTARS stands for Joint Surveillance and Target Attack Radar System.  Based on a Boeing 707 

airframe, the JSTARS uses ground-looking radar to identify ground vehicles and helicopters on the 

battlefield, information that is passed to both Army and Air Force units, thereby creating a common 

operating picture.  The Global Hawk Unmanned Aerial Vehicle (UAV) is a high-altitude intelligence, 

surveillance, and reconnaissance (ISR) platform that can loiter over the battlefield for extended periods of 

time, providing real-time information to Army and Air Force personnel. 
10 Williamson Murray and Robert H. Scales, The Iraq War: A Military History (Cambridge, Mass: 

Harvard University Press), 2003, 171-172. 
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able to get fifty or so across the bridge.  Most were destroyed or 
abandoned on the east side of the Diyala River.11

The Iraqi forces were trapped in their own nation as the entirety of Iraq became the 

scene of a massive ambush.  There were no “frontlines” and “rear areas,” no sanctuaries 

where the Iraqi Army was not under threat.  Iraqi units that remained stationary were 

easily struck by American aircraft.  Likewise, Iraqi units which attempted to move 

attracted the attention of American surveillance aircraft and were, yet again, prime 

targets.  The Iraqi systems of monitoring and communication were largely destroyed in 

the first days, even hours, of the war, making it difficult or impossible for them to know 

what was happening or to share what they did know with one another.  Even when 

communications capabilities did exist, such as the al-Nida commander’s possession of a 

satellite phone, fear of attracting the Americans’ attention and bombs prevented their 

use.12  Seemingly always at least one step behind the Americans, the Iraqis were 

purposefully kept on the defensive, always responding, but always just a bit too late. 

Even Saddam and the top Iraqi leadership did not escape the double-bind.  Though 

the American air strike on Dora Farms early on the morning of 19 March did not achieve 

its goal of “decapitation” (i.e. killing Saddam), it did hit too close for comfort, signaling 

to Saddam and the Iraqi leadership that they were targets.  This forced them to either 

remain in hiding or stay on the move, both of which left them increasingly out-of-touch 

and largely uninformed as to the progress of the war and, thus, unable to effectively lead 

the Iraqi forces.  By 7 April, Saddam had finally realized that Baghdad was under threat.  

But it was too late.  As he met with his remaining commanders, ordering the 

repositioning of Army and Republican Guard units—units that had long-since been 

destroyed—in preparation for the defense of Baghdad, one American armored brigade 

already occupied the Baghdad International Airport, and another was occupying 

Saddam’s palace in the center of Baghdad.13

                                                 
11 Woods et al., Iraqi Perspectives Project: A View of Operation Iraqi Freedom from Saddam’s Senior 

Leadership, 126. 
12 Ibid., 129. 
13 Ibid., 148-149. 
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1.2 Overview 

The conduct of U.S. forces on the battlefields of Iraq and Afghanistan has been 

exemplary of an emerging, information superiority-driven, information technology-

enabled conception of warfare in the U.S. military, one in which the ability to gather, 

process, distribute, and act on information faster than the enemy is seen as the key to 

victory.  When former Secretary of Defense Donald Rumsfeld appeared before the 

Senate Armed Services Committee in July 2003 to provide a “Summary of Lessons 

Learned” from Operation Iraqi Freedom (OIF), two of his “Key Lessons So Far” 

emphasized “The importance of: Speed and the ability to get inside the enemy’s decision 

cycle and strike before he is able to mount a coherent defense... [and] Intelligence and 

the ability to act on intelligence rapidly, in minutes, instead of days and even hours.”14  

In reality, the Iraq war served more to confirm old lessons than it did to learn new ones.  

As we will see, the U.S. military had learned the lesson of knowing more, better, and 

faster, along with acting faster, prior to OIF, prior to Operation Enduring Freedom in 

2001, and to some degree, even before the first Gulf War in 1991. 

So, while the Iraq war certainly represents a way of war that puts information, 

knowledge, and decision at the center of all warfare activities,15 it also serves as an 

embodiment in torn flesh, spilled blood, and twisted metal of U.S. military visions of 

warfare both past and future.  It is the embodiment of U.S. military attempts to come to 

grips with technological, social, cultural, and international changes over the last forty 

years.  It is an embodiment of a vision of future warfare.  Finally, and more surprisingly, 

it is the embodiment of the relationship between the sciences and military thought that 

                                                 
14 Senate Armed Services Committee, Summary of Lessons Learned, Prepared Testimony by Secretary of 

Defense Donald H. Rumsfeld and General Tommy R. Franks, July 9, 2003 
15 One might, for example, contrast the current American way of war to previous theories and doctrines of 

warfare which saw industrial production/destruction as key to victory or defeat—i.e. producing more and 

better war materiel, faster than the enemy, all while destroying the enemy’s ability to produce and utilize 

material resources, is the key to victory.  As we shall see in the chapters that follow, in many ways, the 

logic of current theories and doctrines of warfare are much the same, only with information, knowledge, 

and decision-making seen as most important, rather than material production and distribution. 
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has emerged over the last century in Western militaries and in the U.S. military in 

particular. 

While I do not wish to naturalize such terms, these developments are intimately 

related to what some have referred to as the emergence of “post-industrial society,” 

“network society,” or an “information age.”  Discussions of the potential meanings of 

such shifts in society, economy, and technology have not only been prevalent in 

academic discourse,16 but also in American popular culture more generally over the last 

three decades.  As such, it is not surprising that military discourse would, to one degree 

or another, be shaped by this wider discourse.17  Likewise, given the impact that various 

new forms of information and communication technologies (ICTs) have had on all 

aspects of society, economy, and culture, it is not surprising that ICTs would have a 

profound impact upon the military as well.18  The military importance of various ICTs 

for the ability to know more and act faster has been readily apparent to even the casual 

observer since Operation Desert Storm in 1991.  Less apparent, however, and potentially 

more surprising, has been the importance of the military’s use of concepts and 

metaphors from the sciences in its efforts to understand and respond to the perceived 

demands of new ICTs and an emergent Information Age.  Over the last forty years, the 

nonlinear sciences in particular, including the fields of chaos theory and complexity 

                                                 
16 Some of the most prominent examples include, Daniel Bell, The Coming of Post-Industrial Society: A 

Venture in Social Forecasting (New York: Basic Books), 1973; James R. Beniger, The Control 

Revolution: Technological and Economic Origins of the Information Society (Cambridge, Mass: Harvard 

University Press), 1986; and Manuel Castells, The Rise of the Network Society (Oxford: Blackwell 

Publishers), 2000. 
17 Where popular press accounts are concerned, the work of the Tofflers has had an important influence 

upon military discourse.  Examples include, Alvin Toffler, The Third Wave (New York: Bantam), 1984 

and Alvin Toffler, War and Anti-War: Survival at the Dawn of the 21st Century (Boston: Little Brown & 

Co), 1993.  It is also not uncommon to find references in military publications to Castells’ work. 
18 Again, of course, I do not mean to suggest that it was inevitable or “natural” that ICTs and notions about 

an emerging “information age” would have a profound impact upon the military.  Indeed, as we shall see 

in Chapter 4, if those identifying themselves as part of the “Military Reform Movement” during the 1970s 

and 1980s had gotten their way, many of the military-specific ICTs that have had such an impact would be 

absent from the U.S. military. 
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theory, have played an increasingly important role in attempts to develop theories and 

strategies of Information-Age warfare.  The most recent of these theories and strategies, 

“network-centric warfare” (NCW), both shaped and has been shaped by U.S. operations 

in Afghanistan and Iraq.19

First articulated in 1998 by then-Vice Admiral Arthur Cebrowski, who would go on 

to become a key advisor to Secretary of Defense Donald Rumsfeld following the attacks 

of September 11, 2001, NCW depicts the world of the Information Age as more complex 

and chaotic; the battlefield as a nonlinear, chaotic space; and enemies as networks that 

behave like complex adaptive systems. In response, military theorists have repeatedly 

asserted that the U.S. military itself must adopt the behavioral characteristics (e.g. 

flexibility, adaptability, self-organization) and structural characteristics (e.g. networked, 

decentralized, dispersed) of a complex adaptive system. Military-specific ICTs, such as 

those used for command, control, communications, computers, intelligence, surveillance 

and reconnaissance (C4ISR), as well as precision-guided munitions (PGMs), are seen as 

the key enablers of the military’s “transformation” into a complex adaptive system, the 

supposed requirement for victory on the seemingly more chaotic and complex 

battlefields of the Information Age.  In short, NCW is meant to respond to the world as a 

complex system by making the military itself into a complex system.20

                                                 
19 Network-centric warfare cannot be said to have entirely shaped, or to have been the only influence upon, 

the conduct of operations in Afghanistan or Iraq.  First articulated in 1998, it did not begin to have an 

influence at the highest reaches of the U.S. defense establishment until the appointment by Donald 

Rumsfeld in October 2001 of VADM Arthur Cebrowski (ret.) as director of the newly-formed Office of 

Force Transformation.  Second, as we shall see, NCW itself was shaped by prior ways of thinking.  

Nonetheless, it did have an influence on operations, as well as efforts at “military transformation.”  

Finally, Cebrowski and Rumsfeld saw in U.S. operations in Afghanistan and Iraq the promise of NCW and 

efforts to fully implement it via “transformation.” 
20 The notion of NCW was first introduced by VADM Arthur Cebrowski and John Garstka in 1998.  See 

Arthur K. Cebrowski and John J. Garstka, “Network-Centric Warfare: Its Origin and Future,” Proceedings 

of the U.S. Naval Institute, January (1998).  The nonlinear science concepts in their work come from their 

reading of the work of Brian Arthur, a co-founder of the Santa Fe Institute, the hub of complexity theory 

research in the U.S.  In particular, they cite W. Brian Arthur, Increasing Returns and Path Dependence in 

the Economy (Ann Arbor: University of Michigan Press), 1994.  Cebrowski also learned about nonlinear 

science and evolutionary biology from the works of business strategist and MIT professor Eric 
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Empirically, this dissertation traces the intellectual, rhetorical, and institutional 

conditions that have allowed for the successful enlistment of concepts and metaphors 

from nonlinear science into U.S. military discourse.  At a descriptive level, driving 

questions have included: What use have U.S. military professionals made of nonlinear 

science?  How have they used it to understand the world, themselves, and their place in 

the world?  At an analytical level, driving questions have included: What allows a 

military professional to invoke concepts and metaphors of nonlinear science, for 

whatever reason, and be understood by his or her peers as has having “made sense?”  

What has allowed nonlinear science metaphors to have such high currency or 

“transaction value” in the system of military discourse?  I have attempted not only to 

account for the uses that military professionals have made of nonlinear science, but to 

examine what has made that use possible in the first place. 

To accomplish that task, I have sought to understand the enlistment of nonlinear 

science in relation to the longer-term, wider historical role that the sciences more 

generally have come to play in the ways that Western militaries have understood the 

“nature” of warfare; the general requirements for victory in warfare; the relationships 

among society, technology, and war; the military organization’s relationship to the 

“outside” world; as well as the military organization’s understanding of itself, its culture 

and values, and what it means to be a military professional.  Thus, this dissertation 

focuses on the role of the sciences in military theory, doctrine, and strategy. 

Military theory involves both the descriptive and normative analysis of war for the 

purposes of creating high-level, theoretical understandings of both how war operates, but 

also general principles for the successful conduct of warfare.  In doing so, military 

theory specifies and articulates military understandings of society, economy, politics, 

and culture, their interrelationships, and their relationship to war and the military 

institution.  Military theorists often use military history as “empirical data” from which 

to create such theories.  However, as we shall see, concepts and metaphors gleaned from 

                                                                                                                                                
Beinhocker, including Eric D. Beinhocker, “Strategy at the Edge of Chaos,” McKinsey Quarterly, 1 

(1997); Eric D. Beinhocker, “On the Origin of Strategies,” McKinsey Quarterly, 4 (1999); and Eric D. 

Beinhocker, “Robust Adaptive Strategies,” MIT Sloan Management Review 40, 3 (1999).  We will spend 

much more time discussing the role of nonlinear science in NCW in Chapter 5. 
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the natural sciences have become increasingly important to military theory over the last 

century.  The most important military theorists have typically been uniformed military 

professionals themselves (e.g. soldiers, sailors, airmen, or marines), but the last century 

has also seen increased participation in military theorizing by civilians, including 

historians, as well as social and natural scientists.  Classic examples of military theory 

include Clausewitz’s On War and Sun Tzu’s The Art of War. 

Doctrine often serves as a formalized embodiment or reflection of the dominant 

military theory within a military organization.  It expresses the military organization’s 

official understanding of the nature of warfare and the general requirements for victory 

in warfare.  It also serves as a statement of organizational identity, specifying and 

formalizing the organization’s understanding of itself, including the organization’s roles 

and missions, its main methods of accomplishing its mission, and its relationship to other 

military organizations and elements of national power.  It serves as an official, common 

understanding of these matters for members of the organization.  It also outlines, in a 

general way, how the military organization will conduct itself during times of war.  In 

the United States, each service has its own set of doctrinal manuals, which are typically 

organized hierarchically, with the top-most manual dealing with the service’s general 

understandings of the nature of warfare, requirements for victory, and the service’s 

mission and means of accomplishing the mission.  There are typically a number of 

lower, more specific doctrinal statements covering more specific issues such as 

command and control, strategy, logistics, etc.  Doctrine is typically written by uniformed 

military professionals themselves.  But, like military theory, the twentieth century has 

seen more participation and greater influence by civilians in the process of doctrine 

writing.  Doctrine is and has been created in various institutional locations depending on 

time-period and service branch.  In general, however, doctrine is usually closely 

associated with institutions of military professional education, such as “command and 

general staff colleges” or “war colleges.”21  Military professional journals, often 

                                                 
21 U.S. Army doctrine is developed through the Training and Doctrine Command located at Ft. Monroe, 

VA, but in close coordination with the Department of Tactics at the Army’s Command and General Staff 

College at Ft. Leavenworth, KS.  (The Army War College is located at Carlisle Barracks, PA.  The Army 

is the only branch for which its command and staff college and war college are at separate locations.)  Air 
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published by institutions of military professional education, often serve as forums for 

debate about matters of theory and doctrine.22

Doctrine is not the same as strategy.  While doctrine formalizes general 

understandings of the nature of warfare, the requirements for victory, and the general 

means that a service will use to achieve victory, strategy is a more specific application of 

those general understandings to a particular situation.  For example, while doctrine 

might specify that the employment of a “maneuver style” of operations is generally more 

likely to lead to victory and, hence, is the officially preferred method, there could be any 

number of strategies that combine various weapons, tactics, formations, etc. in a specific 

way, to meet a specific challenge, but which are still consistent with a “maneuver 

style.”23  Of course, it is possible for strategies to be developed and implemented that do 

not reflect official doctrine, just as it is possible to have doctrine that does not reflect 

dominant theory.  In general, however, the employment of weapons and forces on the 

battlefield reflects the official embodiment of a service’s understandings of itself and its 

world found in doctrine. 

So, the goal of this study is to draw out U.S. military understandings of itself in its 

world that shape the conduct and outcomes of warfare, all with an eye on the role of 

                                                                                                                                                
Force doctrine is currently developed at the Air Force Doctrine Center is located at Maxwell Air Force 

Base in Montgomery, AL.  Maxwell is the home of Air University, which includes the Air Force’s 

Command and Staff College and Air War College.  Navy doctrine is developed in the Doctrine 

Department of the Naval Warfare Development Command and is located at the Naval War College in 

Newport, RI.  Finally, Marine Corps doctrine is developed at the Marine Corps Combat Development 

Command and is located at the Marine Coprs base at Quantico, VA, home of Marine Corps University. 
22 The main professional journals for the Army are the Military Review, published by the Command and 

General Staff College, and Parameters, published by the Army War College.  The main professional 

journal for the Air Force is the Air and Space Power Journal, published at Air University.  The main 

journals for the Navy are the Naval War College Review, published by the Naval War College, as well as 

the Proceedings of the U.S. Naval Institute, published by the U.S. Naval Institute, a nonprofit, Navy-

related service organization.  Finally, the main professional journal for the Marine Corps is the Marine 

Corps Gazette, published by the Marine Corps Association, a nonprofit organization similar to the U.S. 

Naval Institute.  The Joint Chiefs of Staff also publish a professional journal called the Joint Forces 

Quarterly. 
23 We will talk more about what a “maneuver style” means in Chapter 5. 
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concepts and metaphors from the sciences in these understandings.  One may think of 

this goal as closely related to what Fortun and Fortun have termed “the study of 

imaginaries” in scientific communities in their study of the impact of informatics in the 

field of toxicogenomics.  They see the study of imaginaries as allowing one “to examine 

how large-scale change happens and is understood at the local level,” “to study the 

forces constitutive of subjectivity and also how subjects negotiate those forces,” and 

finally, “to study how people shape and are shaped by complex technical, social, and 

political-economic systems.”24  The goal is also similar to Luhmann’s asking “Why does 

society describe itself as postmodern?” as opposed to “What is postmodern society?”  In 

line with Luhmann’s notion of “second-order observation,” the goal here is to examine 

the role that the sciences in general, and nonlinear science in particular, have played in 

the way that the U.S. military has described its world, itself, and itself in its world, often 

in ways that acknowledge the emergence of an “information age” and that could be 

characterized as “postmodern.”25  In the case of a heterogeneous and dispersed entity 

such as a military organization, the analyst must literally and figuratively “draw out” the 

“imaginary” of the organization as collective entity.  “Drawing out” the imaginary 

entails both extracting the necessary pieces from the available data, but also combining 

them to create a “picture” for the reader.  As such, it is not possible for the analyst to 

remain “pure” and “outside”; the process of “drawing out” imaginaries is not merely one 

that is about observation and re-presentation.  Rather, it is a constructive process that 

makes the analyst in some way complicit in the processes of knowledge and subject 

formation of his or her research subjects. 

This dissertation starts from the conviction that while war may ultimately be 

constituted by innumerable unthinking acts of violence, the power of the unthought 

should not be ignored.  At the moment in which a warrior releases his weapon, the 

                                                 
24 See Michael Fortun and Kim Fortun, “Scientific Imaginaries and Ethical Plateaus in Contemporary U.S. 

Toxicology,” American Anthropologist 107, 1 (2005), 44.   
25 See Niklas Luhmann, “Why Does Society Describe Itself as Postmodern?,” in Observing Complexity: 

Systems Theory and Postmodernity, ed. William Rasch and Cary Wolfe (Minneapolis: University of 

Minnesota Press, 2000) and Niklas Luhmann, “Deconstruction as second-Order Observing,” New Literary 

History 24, 4 (1993). 
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insidious and subtle institutions of science and culture are nowhere to be found.  They 

need not make their presence known on far-off battlefields, for in their absence they 

effect an even more powerful and pervasive form of command and control.  In our own 

recent history, bullets, bombers, and brigades have been powered as much by these 

notions of “transformation” and “network-centric warfare” as they have by gun powder, 

jet fuel, and MREs.  If instead of viewing argument as war26 we viewed war as 

argument, these notions would be the necessary assumptions, the “present absences,” 

unthought and unseen, which are crucial nonetheless for conclusions to be understood as 

logical consequents of the resources that produced them.27

There will be very little death or organized killing, and certainly no putrid corpses, 

in this dissertation.  After beautifully articulating the stark and unforgiving force that 

science and culture exert in war, Hanson unfortunately reverts to a well-worn argument 

made by countless military historians: “Military history must never stray from the tragic 

story of killing, which is ultimately found only in battle.”28  But we cannot repay the 

dead, nor avoid the kind of immorality that Hanson describes, if we do not leave the 

battlefield; they died there so that we do not have to.  Yet it is exactly there, on the 

battlefield, that most military history begins and (meets its) end(s).  Consequently, 

military historians have told us little more than that science, culture, ideas, and 

institutions exert a powerful force in war.  The gene-ration of those forces (i.e. their 

creation and dissemination) has gone largely unexamined. 

As such, this dissertation will leave the battlefield in an attempt to gain a better 

understanding of it.29  It begins with the assumption that strategies and technologies as 

                                                 
26 George Lakoff and Mark Johnson, Metaphors We Live By (Chicago: University Of Chicago Press), 1980 
27 My use of the notions of the “unthought” and “present absences” comes from my reading of Richard 

Doyle, On Beyond Living: Rhetorical Transformations of the Life Sciences (Stanford, CA: Stanford 

University Press), 1997, which was based on his readings of Jacques Derrida. 
28 Hanson, Carnage and Culture: Landmark Battles in the Rise of Western Power, 7. 
29 My thinking regarding the idea of gaining an objective by letting it go has been shaped by my reading of 

Kierkegaard, in particular, Soren Kierkegaard, Fear and Trembling and The Sickness Unto Death (Garden 

City, NY: Doubleday and Company, Inc.), 1954.  Ironically, there is a degree of resonance between 

Kierkegaard’s ideas and the notion of “the indirect approach” in military strategy as developed by B.H. 

Liddell Hart.  One could think of the theoretical and methodological approach taken in this dissertation as 
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employed on the battlefield are powered by a knowledge of the world that precedes their 

use.  Thus, it will focus on the processes of military knowledge and subject formation 

that occur during peacetime in places as far flung as the halls of the Pentagon, 

classrooms of institutions of military professional education, and pages of military 

professional journals and defense industry trade publications.30  We will see that the 

sciences are not merely the wellspring of practical technological artifacts, but rather, an 

important source of concepts and metaphors used in the formation of military theory and 

doctrine, so much so that there has been an ongoing “battle for truth” within the U.S. 

military over the proper role of the sciences in processes of military knowledge and 

subject formation.31  The enlistment of nonlinear science is a result of this ongoing 

battle. 

Informed by postmodern and poststructural understandings of history and language, 

as well as a number of concepts from contemporary rhetorical theory, this dissertation 

builds upon a strong tradition of STS scholarship that has demonstrated that language, 

rhetoric, and metaphor are central to the construction of scientific knowledge.32  It 

                                                                                                                                                
a kind of “indirect approach” to the study of military history.  B.H. Liddell Hart, Strategy: The Indirect 

Approach (London: Faber & Faber), 1967. 
30 I have followed a grounded-theory based approach to analyzing a wide variety of military texts from the 

last century, but mainly focused on the post-WWII and post-Vietnam periods respectively.  These sources 

include articles from military professional journals, doctrine manuals, vision statements, planning 

documents, correspondence, thesis papers from schools of professional military education, contractor and 

think tank reports, and transcripts of speeches, briefings, Congressional testimony, and press conferences. 
31 Here I mean “battle for truth” in the Foucauldian sense.  That is, a battle not so much over what is 

true—though it is that as well—but a battle over the proper means of finding out what is true and then 

figuring out what can/should/will be done as a result of the true.  See Michel Foucault and Colin Gordon, 

Power/Knowledge: Selected Interviews and Other Writings, 1972-1977 (New York: Pantheon Books), 

1980, 132. 
32 Examples include Bruno Latour and Steve Woolgar, Laboratory Life: The Construction of Scientific 

Facts (Princeton, N.J: Princeton University Press), 1979; Steven Shapin and Simon Schaffer, Leviathan 

and the Air-Pump: Hobbes, Boyle, and the Experimental Life (Princeton, NJ: Princeton University Press), 

1985; Evelyn Fox Keller, Refiguring Life: Metaphors of Twentieth-century Biology (New York: Columbia 

University Press), 1995; and Doyle, On Beyond Living: Rhetorical Transformations of the Life Sciences. 
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begins with the assumption that the military is an “epistemic culture”33 or an “observing 

system.”34  This means that, as an institution, the military does more than fight; as a 

collective entity it creates and warrants knowledge about the world and itself in relation 

to that world.  It is a discursive process that involves iteratively identifying and 

responding to “exigencies.”  Responses in the form of theories, strategies, and doctrines 

of warfare are fundamentally “rhetorical” in the sense that they use language as a tool to 

produce change in the world by mediating the thought and action of military 

professionals.35

                                                 
33 K. Knorr-Cetina, Epistemic Cultures: How the Sciences Make Knowledge (Cambridge, Mass: Harvard 

University Press), 1999. 
34 Luhmann, “Why Does Society Describe Itself as Postmodern?.”. 
35 My use of the term “exigency” and the notion of “rhetorical response” is a result of my reading of the 

literature on the theory of “rhetorical situation” as first formulated by Lloyd Bitzer and subsequently re-

interpreted and re-constructed (often in a poststructuralist way) by a number of other scholars over the last 

forty years.   As such, I adopt Bitzer’s definition of rhetoric as action, as opposed to the colloquial 

understanding of rhetoric as mere verbal decoration, trickery, or hollow, meaningless speech.  Bitzer 

explains that “a work of rhetoric is pragmatic; it comes into existence for the sake of something beyond 

itself; it functions ultimately to produce action or change in the world; it performs some task.  In short, 

rhetoric is a mode of altering reality, not by the direct application of energy to objects, but by the creation 

of discourse which changes reality through the mediation of thought and action.  The rhetor alters reality 

by bringing into existence a discourse of such a character that the audience, in thought and action, is so 

engaged that it becomes mediator of change” (3-4). 

 Bitzer describes that “something beyond itself” as a “rhetorical situation.”  A “rhetorical 

situation” is said to be composed of a number of elements, including a speaker or “rhetor,” an “exigence,” 

“constraints,” and an “audience” capable to effecting change.  Bitzer defined an “exigence” (or 

“exigency”) as “an imperfection marked by urgency; it is a defect, obstacle, something waiting to be done, 

a thing which is other than it should be.”  An exigence is a “rhetorical exigence” when it is perceived to be 

“capable of positive modification and when positive modification requires discourse or can be assisted by 

discourse” (6-7).  See Lloyd F. Bitzer, “The Rhetorical Situation,” Philosophy & Rhetoric 1, 1 (1968). 

 Theories, strategies, and doctrines of warfare often come into being in response to a perceived 

exigency in the world.  While they are not physical actions in the traditional sense, they are also not 

“merely” rhetoric in the colloquial meaning of the term.  Rather, they are quite practical in that they seek 

to properly orient the military institution in relation to the “outside world” by means of shaping the 

thought and action (in the present and on the future battlefield) of military professionals.  Military 

sociologist Roger Beaumont has argued that military language and rhetoric as found in various types of 
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Such responses, explicitly or implicitly, often serve to “articulate” military 

conceptions of society, science, technology, and war.  “Articulation” here implies both 

calling forth or establishing certain conceptions of each of these categories, but also 

working to link each to the other and to make each consistent with the others.  

Articulations serve both as tools of sense-making, as well as warrants for action.36  

Perceived changes in society, technology, processes of knowledge formation, warfare, or 

the perception of incongruence among these, are often identified by the military theorist 

as an exigency that demands a response in the form of changes to the military’s own 

doctrines, organizational structures, or technologies.37

But each of these articulations is not entirely unique to the situations that they 

inhabit.  Prior articulations, and even the ongoing process of articulation itself, serve as 

powerful “constraints” upon the initial perception of exigencies, the formulation of 

                                                                                                                                                
official military publications are themselves a type of rhetorical technology for dealing with chaos: “field 

manuals, service school curricula, and SOPs (standing operating procedures) serve as pristine 

administrative valves and conduits that channel and unleash the  flow of death and destruction.”  See 

Roger A. Beaumont, War, Chaos, and History (Westport, Conn: Praeger), 1994, 28.  The goal here is to 

better understand the role of concepts and metaphors from the sciences in the construction of those 

rhetorical technologies and the knowledge that they embody. 
36 See Lawrence Grossberg, “On Postmodernism and Articulation: An Interview with Stuart Hall,” Journal 

of Communication Inquiry 10, 2 (1986); Kevin DeLuca, “Articulation Theory: A Discursive Grounding 

for Rhetorical Practice,” Philosophy & Rhetoric 32, 4 (1999); Kevin DeLuca, Image Politics: The New 

Rhetoric of Environmental Activism (New York: Guilford Press), 1999; Ernesto Laclau and Chantal 

Mouffe, Hegemony and Socialist Strategy: Towards a Radical Democratic Politics (London: Verso), 

1985; and Jennifer Daryl Slack, “The Theory and Method of Articulation in Cultural Studies,” in Stuart 

Hall: Critical Dialogues in Cultural Studies, ed. David Morley and Kuan-Hsing Chen (London: 

Routledge, 1996).  For the use of articulation in an STS context, see Michael Fortun and Herbert J. 

Bernstein, Muddling Through: Pursuing Science and Truths in the 21st Century (Washington, DC: 

Counterpoint), 1998. 
37 In this way, then, even beyond explicit discussions about what it means to be a military professional 

(which are a prominent feature of military discourse), the ongoing process of discourse is itself a process 

of subject formation.  Drawing on Derrida’s notion of differánce, Biesecker has extended Bitzer’s notion 

of rhetorical situation by arguing that the subjectivities of rhetorical actors are always in a state of 

becoming and are themselves (in part) an effect of discourse.  See Barbara A. Biesecker, “Rethinking the 

Rhetorical Situation from Within the Thematic of Differánce,” Philosophy & Rhetoric 22, 2 (1989). 
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responses to them, and the connections that can be made among the elements in the 

articulation.38  Thus, it becomes necessary to examine such articulations through time, 

tracing the production, reproduction, and extinction of elements and the connections 

among them.  Neither the articulation of particular military conceptions of society, 

science, technology, and war, nor the problematization of change or incongruence in and 

among them, are natural or inevitable, but rather, are social processes to be traced 

through/in time. 

                                                 
38 Bitzer explained that “constraints” are “made up of persons, events, objects, and relations which are 

parts of the situation because they have the power to constrain decision and action needed to modify the 

exigence.  Standard sources of constraint include beliefs, attitudes, documents, facts, traditions, images, 

interests, motives, and the like; and when the orator enters the situation, his discourse not only harnesses 

constraints given by situation but provides additional important constraints” (8).  Although “constrain” in 

this sense can involve “restricting” response, thought, decision, or action, it need not always take the form 

of restriction.  It may be more accurate to think of “constraints” as “powering” or “channeling.”  Bitzer, 

“The Rhetorical Situation.” . 

 Bitzer’s original formulation of “rhetorical situation” was a realist one in which the “exigence” 

was assumed to be independent of the rhetor who identified it.  The success or failure of the rhetorical 

response was said to be a function of the appropriateness of the response to the “reality” of the “exigence.”  

A number of scholars immediately took issue with this realist stance, most notably Richard Vatz, who 

argued that the “exigence” was not “real” but was, in fact, merely constructed by the rhetor.  But Vatz’s 

view seemed to ignore the notion of “constraints” altogether, portraying the field of discourse as wide 

open such that rhetors were free to say anything.  Others took a more moderate view, one that allowed for 

both the reality and “constructedness” of the “exigence.”  One of the best attempts came in the work of 

Kathleen Hall Jamieson who identified what she called “generic constraints,” meaning that the genre of 

the discourse can have a constraining effect not only on what can be said in response to an “exigence,” but 

also upon the initial perception of an “exigence” as well.  In this way, “constraints” work to channel or 

limit the field of discourse, but also to account, at least in part, for the constructedness of exigencies.  

Garret and Xiao used a case study of the Chinese response to the Opium Wars to go one step further, 

pointing out that responses are not always unique to the exigency to which they respond.  Often, actors 

will respond to new situations with standard forms of response.  See Richard E. Vatz, “The Myth of the 

Rhetorical Situation,” Philosophy & Rhetoric 6, 3 (1973); Kathleen M. Hall Jamieson, “Generic 

Constraints and the Rhetorical Situation,” Philosophy & Rhetoric 6, 3 (1973); and Mary Garret and 

Xiaosui Xiao, “The Rhetorical Situation Revisited,” RSQ: Rhetoric Society Quarterly 23, 2 (1993). 
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Methodologically then, we must be sensitized to pay special attention to the play of 

sameness and difference over time.  Prior articulations never entirely go away, but 

neither are new articulations merely “the same,” an exact reproduction of what came 

before.  We must pay attention to the way that instabilities, differences, and tensions 

over time (the differing and deferral of differánce)39 are generative of change and new 

patterns of organization, but often in ways that are at least partially constrained by what 

came before.  It means that we must question stories that are too smooth and 

unproblematic, told without instabilities, conflict, or change.  Rather, we should look to 

these moments of difference, instability, or conflict as places where change happens, 

while at the same time taking special note of those things that endure.  That is what I 

have attempted to do in the pages that follow. 

Recent attempts by the Department of Defense to effect “military transformation” 

and the implementation of “network-centric warfare” are exemplary of this process.  

These common-language terms of contemporary U.S. military discourse are like 

“densities” which simultaneously bring together knowledge of the past with visions of 

the future, at once embodying institutional knowledge of the “information age,” its 

processes of knowledge formation (“nonlinear science”), forms of warfare (“information 

warfare”), and dominant technologies (networked ICTs), as well as the proper 

organization (decentralized, dispersed) and use of military forces (as “global systems 

administrator”).40  The term “network-centric warfare” simultaneously embodies a 

number of beliefs: that the sciences have undergone a paradigm shift from a linear, 

Newtonian worldview to a nonlinear, post-Newtonian worldview; that society has 

shifted from the “industrial age” to the “information age;” that such shifts have led to 

dangerous “gaps” or “mismatches” in the international system from which “system 

perturbations” like the attacks of 9/11 flow; and that the nature of warfare itself has 

                                                 
39 Jacques Derrida, Margins of Philosophy (Chicago: University Of Chicago Press), 1982. 
40 We might think of these terms, and others like them, as what Michael McGee has called “ideographs.”  

Kevin DeLuca has fruitfully combined the notion of the ideograph with articulation in his work on the 

rhetoric of contemporary environmental movements.  See Michael Calvin McGee, “THE “IDEOGRAPH”: 

A LINK BETWEEN RHETORIC AND IDEOLOGY,” Quarterly Journal of Speech 66, 1 (1980) and 

DeLuca, Image Politics: The New Rhetoric of Environmental Activism. 
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fundamentally changed.  Because it is believed that the U.S. military has not kept pace 

with these changes (incongruence as exigency), “military transformation” has been an 

attempt to bring the military into sync with the world by making the organizational, 

cultural, and technological changes necessary to implement network-centric warfare, a 

theory of warfare informed by nonlinear science that is supposedly more in tune with the 

demands of information-age society, science, technology, and warfare.  Nonlinear 

science, then, has emerged as a key “node” in the network that is the articulation of 

NCW, providing a common conceptual grounding for linking military understandings of 

ICTs, information-driven warfare, and the Information Age. 

There is much that is “the same” in NCW, as well as much that is “different.”  It is 

“the same” in the sense that information, knowledge, and decision have always been 

important in warfare.  It is “different,” however, in the sense that it represents a “central 

mode” of warfare that places information, knowledge, and decision at the center of all 

warfighting activities.41  While these things have always been important in warfare, it is 

only recently that many within the profession of arms have begun to think of them not 

just as one aspect of warfighting, but as the most important aspect of warfighting and the 

surest path to victory.  As we shall see in the next chapter, industrial, mechanized 

theories of warfare from the early twentieth century tended to place material production 

and destruction at the center of all warfare activities.  So, NCW is different when 

compared to these industrial theories.  Yet, as we shall see, there are also a number of 

concepts and traditions from industrial theories that have endured and found their way 

into NCW.  Of course, if we shift our perspective to the last thirty years, then NCW 

seems less distinct.  It is certainly not the first theory of warfare to put information, 

knowledge, and decision at the center.  As we will see in Chapter 4, that move was 

made, to a great extent, as early as 1982 with the adoption of the AirLand Battle doctrine 

by the U.S. Army.  Indeed, AirLand and the style of “maneuver warfare” that it 

implemented were even influenced by concepts from the sciences.  So, in these ways 

                                                 
41 The notion of a “central mode” of warfare comes from Tami Davis Biddle’s work, which we will 

discuss in more detail in the next section.  See Tami Davis Biddle, Rhetoric and Reality in air Warfare: 

The Evolution of British and American Ideas about Strategic Bombing, 1914-1945 (Princeton, N.J: 

Princeton University Press), 2002. 
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NCW is “the same.”  But it is not merely the same.  For NCW represents a very 

particular linking of military understandings of society, science, technology, war, and the 

military institution that is “different” than what came before.  Again, paying attention to 

the play of sameness and difference, as well as instabilities and change over time, has 

guided the research and analysis presented in the chapters that follow. 

By exploring the enlistment of concepts and metaphors from the nonlinear sciences 

by U.S. military theorists over the last three decades with a combination of perspectives 

provided both by STS and rhetorical theory, this dissertation makes a valuable 

contribution to our general understanding of the way military theory is formulated, the 

way change occurs in military theory, and the way that those patterns of change reflect 

the way that change happens in the sciences.  In particular, we will see that while 

military theorists have typically held a rather traditional, positivist understanding of the 

sciences and have assumed that all elements of military theory as articulation do/should 

change in a congruent, coperiodized way, it is more often the case that change in military 

theory occurs in a much more discontinuous or “intercalated” way than military theorists 

have recognized or would like to admit.  Next, by exploring the way that developments 

in the sciences have “fed back” into the system of postwar American science to affect 

the way military professionals understand the “nature” of warfare and what it means to 

be a military professional, this study also contributes to our understanding of the 

relationship between the state/military and the sciences in the postwar period, 

complicating a narrative that has typically posited a linear, unidirectional pattern of 

influence from the state/military to the sciences.  Additionally, by examining the way 

that the enlistment of nonlinear science has been shaped by various constraints and 

traditions of military theory discourse in the United States, this dissertation contributes 

to our understanding of the way that the sciences get enlisted in areas of society typically 

seen as “outside” the sciences.  By reminding us that when the sciences travel, they do 

not travel to uninhabited lands, this study contributes to recent work that has sought to 

problematize the “canonical view” of science popularization and the public 
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understanding of science.42  Finally, this study contributes to our understanding of the 

way that change in United States military theory over the last century maps onto larger 

social and intellectual changes, namely, the degree to which changes in military theory 

can be said to have constituted a “postmodern” transition. 

In the following section, I will review what other scholars have contributed to our 

understanding of the role of science and technology in military knowledge and subject 

formation, as well as the ways that this dissertation relates to and extends upon that 

work.  Finally, I will provide an overview of each of the subsequent chapters. 

1.3 Situational Awareness 

In general, while the literature from each of a number of fields, including military 

history, the history of military technology, the writings of military professionals 

themselves, and STS and the history of science, shed some light upon the role of the 

sciences in military thought, none of these literatures, either individually or in 

combination, can fully account for the role of nonlinear science in recent U.S. military 

thought.  If the only thing we knew about the relationship between science and U.S. 

military thought since WWII were from the above literatures, we could only reach one or 

some combination of the following conclusions: 

1) That the relationship between the sciences and U.S. military thought is 
already well known; 

2) That there has been no change in U.S. military thought or its 
relationship to the sciences; 

3) That nonlinear science has had no impact upon U.S. military thought, 
including NCW; 

4) That nonlinear science has had an impact, but that the origins, 
development, and extent of that impact are unknown; 

5) That nonlinear science has had a profound impact upon changes in 
U.S. military thought since Vietnam, but that these changes are solely the 
result of the efforts of one lone, rebel, genius and his band of underdog, 
misfit reformers. 

                                                 
42 For a good review of this literature, see Greg Myers, “Discourse Studies of Scientific Popularization: 

Questioning the Boundaries,” Discourse Studies 5, 2 (2003). 
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Individually, these explanations are inadequate; in combination, they are contradictory.  

In this section, then, I will attempt to provide the reader with “situational awareness.”  

That is, I will discuss the relationship between this dissertation and the relevant literature 

from each of the areas mentioned above.  I will begin by examining works that have 

looked at the relationship between science, technology, culture, and the military more 

generally and end by examining those works that have engaged more specifically with 

the relationship between nonlinear science and the U.S. military and/or with the 

emergence of a “postmodern military” and form of “postmodern war.” 

1.3.1 Military History and the History of Military Technology 

In general, both traditional military history and the history of military technology 

have been focused on militaries or weapons in combat and on the battlefield.  

Nonetheless, there have been some important contributions that have helped each to 

move beyond their traditional interests.  This dissertation has benefited from and 

attempted to extend upon a number of those works, which are reviewed here. 

As previously mentioned, traditional military history has been focused mainly upon 

militaries in combat and on the battlefield.43  This so-called “drums and trumpets”44 

form of military history has shown little interest in the relationships between society, 

culture, science, technology, and military institutions or military thought during 

peacetime.  It is the form of military history to which military professionals most often 

turn in an attempt to develop “lessons learned.”  In the 1960s, 1970s, and early 1980s, 

however, military history made important steps toward overcoming its traditional, 

exclusive concern with battles and generals.  The so-called “new military history” sought 

to “demilitarize military history,” to make it more relevant to those outside the military 

profession by broadening the scope of military history to include an interest in militaries 

as institutions, including “their relation to social process, social change, and social 

                                                 
43 John Keegan has noted the power that the traditional rhetoric of battle history has had within the field: 

“[It] is so strong, so inflexible and above all so time-hallowed that it exerts virtual powers of dictatorship 

over the military historian’s mind.”  See John Keegan, The Face of Battle (New York: Viking Press), 

1976, 35. 
44 Dennis E. Showalter, “A Modest Plea for Drums and Trumpets,” Military Affairs 39, 2 (1975). 
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control...the social origins...and values of military personnel,” as well as “the 

development of more and more sophisticated managerial techniques for manipulating 

advanced weapons systems and the men who operate them.”45

But, while the new military history was an improvement over the more traditional 

“drums and trumpets” battle history approach, it too has had its own limitations, chief 

among them the continued privileging of battle even among some prominent reformers.  

As mentioned early, Victor Davis Hanson serves as a prime example.  Though he 

exhorts his readers to take seriously the impacts of society, culture, and science upon the 

conduct of warfare, he is ultimately reluctant to leave the battlefield.46  John Keegan, one 

of the most important figures in the new military history, is another example.  Even 

though he sought to shift his focus from generals and grand strategy to the experiences 

of average soldiers, he still maintained that battle is the only true subject of military 

history.  “Armies… are for fighting. Military history, we may infer, must in the last 

resort be about battle.”47  Thus, he was reluctant to make the switch to studies of military 

institutions and military thought during peacetime, seeing as their major weakness “that 

                                                 
45 Peter Karsten, “Demilitarizing Military History: Servants of Power or Agents of Understanding?,” 

Military Affairs 36, 3 (1972), 90.  For more on the “new military history,” see Peter Karsten, “The ‘New’ 

American Military History: A Map of the Territory, Explored and Unexplored,” American Quarterly 36, 3 

(1984); Barton C. Hacker, “Military Institutions, Weapons, and Social Change: Toward a New History of 

Military Technology,” Technology and Culture 35, 4 (1994), 793; and Edward M. Coffman, “The New 

American Military History,” Military Affairs 48, 1 (1984). 
46 He expressed the same position seen earlier in his work which has had the most lasting influence within 

academic military history, Victor Davis Hanson, The Western Way of War: Infantry Battle in Classical 

Greece (New York: Knopf), 1989.  It should also be noted that Hanson’s position within contemporary 

military discourse has been complicated by his overt political advocacy since 9/11, in which he has 

become vocal in using his knowledge of military history to champion the ongoing “war on terrorism.”  His 

long term impact upon the field military history, however, has come from his work which postulated a 

“Western way of war.”  At its best, Hanson’s scholarship can make us more aware of the broad social and 

cultural forces which shape the conduct of militaries in battle and sensitize us to their moral and political 

gravity.  However, Hanson’s scholarship can tend towards social determinism at times.  Finally, his 

political writings often go beyond even social or cultural determinism to become a form of social or 

cultural chauvinism. 
47 Keegan, The Face of Battle, 27-28. 
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weakness endemic to the study of ideas, the failure to demonstrate connection between 

thought and action.”48  The attempt to contribute to a new military history while 

maintaining the privileged position of battle led to confusion and contradiction in 

Keegan’s work.  While on the one hand he emphasized the importance of understanding 

military professional education,49 on the other he asserted that “what the soldiers did or 

did not read is irrelevant” because “soldiers did not learn to fight their battles from 

reading books.”50  And while he used a technological framework to organize his study,51 

he argued later that, “So many other factors besides climate, terrain and ethos intrude, 

most obvious among which are those of technology and economics. Luckily, 

however,…most may be excluded.”52  This dissertation will demonstrate that what 

military professionals read and the means that they use to form knowledge not only 

shape what they know of the world, themselves, and their place in the world, but also the 

way that they conduct themselves on the battlefield. 

Two works of the new military history genre that are of particular relevance to this 

dissertation are Judith Stiehm’s history of the U.S. Army War College and Tami Davis 

Biddle’s examination of the development of ideas about strategic bombardment in the 

United States and Great Britain in the first part of the twentieth century.53  Unlike 

Keegan, Stiehm takes the subject of military professional education seriously, examining 

how the U.S. Army War College responded to what they called the “volatile, uncertain, 

complex, and ambiguous” (VUCA) post-Cold War world of the 1990s.  As we shall see 

in the chapters that follow, institutions of military professional education have played an 

important role in the formation of military theory and doctrine.  This dissertation extends 

Stiehm’s work by demonstrating that, to a certain degree, ideas of a VUCA world 

                                                 
48 Ibid.. 
49 Ibid., 18-19. 
50 Ibid., 62. 
51 Ibid., 76. 
52 Ibid., 304. 
53 Judith Stiehm, The U.S. Army War College: Military Education in a Democracy (Philadelphia: Temple 

University Press), 2002 and Biddle, Rhetoric and Reality in air Warfare: The Evolution of British and 

American Ideas about Strategic Bombing, 1914-1945. 
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existed before the collapse of the Soviet Union and by examining the connections 

between the VUCA worldview and nonlinear science, a subject that she did not explore.  

We will also see that there has been a long-running debate over the proper role of the 

sciences in military professional education, one which has mirrored the debate over the 

proper role of the sciences in theory and doctrine. 

Biddle has overcome Keegan’s critique of military institutional and intellectual 

histories by clearly demonstrating the real-world impacts of ideas about strategic 

bombing and by taking military thought and rhetoric seriously as forms of action in and 

of themselves, with their own consequences.  First, she argues that ideas and rhetoric 

both inform action and are forms of action themselves.54  Similarly, this dissertation 

takes military thought, discourse, and rhetoric seriously.  But, whereas Biddle did not 

draw in any way from the theoretical literature on discourse or rhetoric, this dissertation 

has been informed by a number of concepts from contemporary rhetorical theory.  

Second, her notion of a “central mode” of warfare draws attention to the way certain 

activities of warfare, whether new or not, can rise to the level of central importance over 

time.55  The “central mode” of warfare of concern in this dissertation is one that puts 

information, knowledge, and decision at the center of all warfare activities.  Third, she 

argues that military ideas cannot be understood in a vacuum, without looking at larger 

political and cultural influences.56    This dissertation adds to Biddle’s work in this 

regard, first by examining the influence of popular science upon theories of industrial, 

mechanized warfare (a topic to which she alludes but does not explore), but also by 

examining the influence of these theories in subsequent interactions between the 

sciences and military knowledge and subject formation.  In particular, I argue that 

theories of industrial, mechanized warfare of the early twentieth century represent the 

first example of military theory which fully articulated military conceptions of society, 

science, technology, war, and the military institution.  The next time that we would see 

such a complete or total articulation of each of these categories by military theorists 

would not be until the advent of NCW in the mid to late 1990s.  Thus, if such industrial 
                                                 
54 Ibid., 6-7. 
55 Ibid., 3. 
56 Ibid., 7-8 and 73. 
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theories of warfare mark the pinnacle of modernist military theory, then NCW or a 

similar theory may mark the pinnacle of informatic, postmodernist military theory. 

Like military history more generally, the history of military technology, in addition 

to its traditional, exclusive interest in weapons, has also been focused on the battlefield.  

But also like military history, the scope of its interests has broadened in recent times.  

With the rise of the new military history, military historians themselves began to take 

more interest in the relationships among changing technology, social organization, and 

military organization.57  For their part, historians of military technology have worked to 

move beyond a narrow focus on technology as merely tools or physical artifacts, with 

some arguing that doctrines, institutions, and organizational forms can also be seen as 

technologies.58

Historians of military technology have shown more interest recently in the 

relationship between military technologies and the societies and cultures that they 

inhabit.  This dissertation has been shaped by and has attempted to extend upon a 

number of the insights that they have developed.  First, Bart Hacker has pointed to the 

relationship between the development of various new military technologies, the notion 

of “military science” (as opposed to “military art”), the rise of the middle class, and the 

resultant changes in military organization and professional education in the nineteenth 

century.59  Second, both Hacker and Alex Roland have argued that recent studies in the 

history of military technology have problematized the boundary between what we 

typically think of as “military” and “civilian.”60  Roland has argued that “the distinction 

between things military and civilian is becoming increasingly blurred, and traditional 

definitions of these realms will likely prove increasingly inadequate…  The focus must 

become the military as a social institution, one that plays an enormously important but 

                                                 
57 Hacker, “Military Institutions, Weapons, and Social Change: Toward a New History of Military 

Technology,” 790 and 793. 
58 Ibid., 824-825 and 829.  See also, Barton C. Hacker, “Engineering a New Order: Military Institutions, 

Technical Education, and the Rise of the Industrial State,” Technology and Culture 34, 1 (1993), 4-5. 
59 Ibid., 2 and 8. 
60 Hacker, “Military Institutions, Weapons, and Social Change: Toward a New History of Military 

Technology,” 833. 
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very complex role in the development of science and technology.”61  This blurring of the 

civilian/military boundary is a theme we will see repeated often in the following 

chapters.  Third, as a result of studies that have explored the dynamic relationship 

between ideas and doctrine on the one hand and hardware on the other, historians have 

noted that it is not the case the military technologies are entirely shaped by the intentions 

of their designers or users.  Rather, it is just as often the case that technologies are the 

source of theories and doctrines as it is the other way around, again a pattern we will see 

repeated in industrial theories of warfare, the post-Vietnam “offset strategy,” and in 

NCW as well.62  Finally, some have gone so far as to explore the role of military 

technologies as symbols, rhetorical technologies, or cultural artifacts.  This is certainly 

the case in Biddle’s work, as well as David Mindell’s work on the U.S.S. Monitor as 

both “a symbol as well as a machine.”63

In the coming chapters, we will see that for many military professionals, technology 

has served not only as an exigency that demands a response, but also as a symbol of 

science or of particular ways of knowing and habits of mind.  As such, we will explore 

the ongoing struggle to define the proper relationship between technology and what it 

means to be a military professional.  Part of that struggle, which is ongoing even today, 

is a debate over the proper relationship between technology and doctrine which is in part 

a result of the perceived “convergence” of civilian and military technologies.  Finally, in 

both industrial, mechanized theories of warfare, as well as the theory of network-centric 

warfare, we find technologies serving as symbols of society, its organization, operation, 

and values.  As this study proceeds, we will explore the dense interconnections that have 

been made in military discourse among science, society, technology, and war, and how 

certain of those patterns of interconnection have emerged, shifted, died out, and re-

emerged over time. 

                                                 
61 Alex Roland, “Science, Technology, and War,” Technology and Culture 36, 2 (1995), S96-S97. 
62 Hacker, “Military Institutions, Weapons, and Social Change: Toward a New History of Military 

Technology,” 813-817. 
63 David A. Mindell, “‘The Clangor of the Blacksmith’s Fray’: Technology, War, and Experience Aboard 

the USS Monitor,” Technology and Culture 36, 2 (1995), 248. 
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1.3.2 STS and the History of Science 

From the work of historians and STS scholars alike we know that military funding 

had profound impacts on both the direction and content of scientific and technical 

research during the Cold War.  Yet, the story that they have told has often been one 

about the corruption, contamination, and fragmentation of the sciences at the hands of 

the military.64  As such, it is not surprising that, with only a few notable exceptions, STS 

has been less interested in how the military has been influenced by changes in postwar 

science.  MacKenzie noted in 1986 that STS had not dealt adequately with the 

relationship between the sciences and the military.  He wrote, “I am embarrassed for at 

least that section of our discipline that deals with science...  There is, it might not be too 

strong to argue, a form of intellectual treachery here... [T]he topic of the relationship of 

science to the military has been marginalized...”65

While there have been several notable exceptions, the situation has not improved 

markedly since MacKenzie’s observation.  First, the existing literature focuses very little 

on how the sciences and technology have impacted the military beyond the development 

and use of new weapon systems.  Second, it is mainly concerned with issues related to 

nuclear weapons.  Third, the story of science, technology, and the military in the post-

WWII period typically ends with Vietnam, reducing the 1980s to the Reagan build-up 

and the “Star Wars” initiative.  In contrast, this dissertation demonstrates 1) that, beyond 

the development of new weapon systems, concepts and metaphors drawn from the 

sciences have had a profound impact on the way the U.S. military comes to know and 

plan for the world it inhabits; 2) that many of the most profound changes within the U.S. 

military over the last three decades have come in conventional, rather than nuclear, 

                                                 
64 Paul Forman, “Behind Quantum Electronics: National security as Basis for Physical Research in the 

United States, 1940-1960,” Historical Studies in the Physical and Biological Sciences 18, 1 (1987); Daniel 

Lee Kleinman, Politics on the Endless Frontier: Postwar Research Policy in the United States (Durham: 

Duke University Press), 1995; Stuart W. Leslie, The Cold War and American Science: The Military-

Industrial-Academic Complex at MIT and Stanford (New York: Columbia University Press), 1993 
65  Donald A. Mackenzie, Knowing Machines: Essays on Technical Change (Cambridge, Mass: MIT 

Press), 1996, 362-363. 
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warfare; and 3) that the story of science, technology, and the military in the 1980s is 

much more than the Reagan build-up and the “Star Wars” initiative. 

Of course, MacKenzie’s own subsequent work is one of those notable exceptions.  

He has used guidance systems for ICBMs as a window into Cold War politics, defense 

planning, and nuclear strategy, arguing that the quest for more accurate missiles 

reflected a shift in strategy from MAD (mutually assured destruction) to counterforce 

targeting.  According to MacKenzie, the development of guidance systems not only 

shaped the way that the U.S. conducted the Cold War, but was also shaped by those 

same politics and strategies.66  He makes an important contribution by dealing explicitly 

with the relationship between military technologies and strategy, and the question of 

which one drives the other.67  Yet, while he is interested in the relationship between 

technology and strategy, he does not examine the relationship between technology and 

the formation of a knowledge of the world towards which strategy is directed.  Second, 

his study does not address changes in military strategy for conventional warfare.  This is 

significant because the most important changes in U.S. military thought in the last thirty 

years were in strategies of conventional, non-nuclear warfare and have their roots in the 

military reform debates of the late 1970s and early 1980s.  Third, he has not looked 

directly at the relationship between the sciences and the military.  When we do, we find 

that the sciences were, in one form or another, at the heart of the reform debates in the 

1970s and 1980s. 

Paul Edwards’ The Closed World is another example of STS scholarship which has 

examined the relationship between technology, particularly information technology, and 

military strategy.  He has documented the rise of what he calls a “closed-world 

discourse” in the immediate postwar years, “a language, a worldview, and a set of 

practices” which is geared towards technocratic control, associated with the rise of the 

systems sciences and computer technology, and which values formalism and 

                                                 
66 Donald A. Mackenzie, Inventing Accuracy: An Historical Sociology of Nuclear Missile Guidance 

(Cambridge, Mass: MIT Press), 1990, 2-3, 23. 
67 Ibid., 16.  He writes, “Different technical pathways are seen by those involved as having different 

military and political meanings. Most important, how accurate one strives to make one’s missiles is related 

intimately to the targets one envisages.” 
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quantification over personal experience and situated knowledge.68  Edwards identifies 

the Vietnam War, including Robert McNamara’s Office of Systems Analysis, his 

Planning, Programming, and Budgeting System (PPBS), and Operation Igloo White69 as 

“the apotheosis of closed-world politics.”70  While Igloo White was ultimately a failure, 

according to Edwards, the Vietnam War and the dream that was Igloo White would 

provide military leaders a hi-tech, computer-mediated vision of future war that would 

persist into the 1980s, as evidenced by Ronald Reagan’s Strategic Defense Initiative 

(SDI).71  As such, he asks, “How did tradition-bound military services, oriented toward 

leadership based on battlefield experience, become transformed into managers of 

automated systems embodying preprogrammed plans based on abstract strategies? What 

held the official strategic discourse of the Vietnam era together, in the face of what could 

have been construed as glaring evidence of failure?”72  The answer to Edwards’ question 

is that, in fact, the official Vietnam-era strategic discourse did not remain intact in the 

face of severe criticism from reformers in the 1970s and 1980s.  Vietnam was no 

apotheosis.  Even more ironic is that one of the key figures in overturning the Vietnam-

era strategic discourse and enlisting nonlinear science into the service of U.S. military 

discourse, an Air Force Colonel named John Boyd, was a former commander of the U.S. 

base at Nakhon Phanom, Thailand, the home of Operation Igloo White, and carried out 

many of his reform efforts from within McNamara’s old Office of Systems Analysis.73  

We will return to Boyd, his theories, and their influence in Chapter 4. 

                                                 
68 Paul N. Edwards, The Closed World: Computers and the Politics of Discourse in Cold War America 

(Cambridge, MA: MIT Press), 1996, 15. 
69 Igloo White was a network of sensors meant to detect North Vietnamese infiltration along the Ho Chi 

Minh trail.  It was also sometimes called the “McNamara Line.” 
70 Ibid., 137. 
71 Ibid., 144-145 275-276. 
72 Ibid., 7. 
73 Boyd was the base commander from 1972 to 1973.  He worked on the Igloo White project while he was 

there, generally performing well in his duties, in particular the creation of a system to improve the 

response time of Igloo White counter-artillery operations.  Overall, he was reportedly unimpressed with 

the “electronic battlefield” and worked to have the operation shut down, a task in which he ultimately 

succeeded.  While at Nakhon Phanom, based on his reading of psychology and other science literature 
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Chris Hables Gray has also examined the relationship between computer technology 

and U.S. military thought.  He is also one of few STS scholars to examine the 

relationship between nonlinear science and military theory in his work on information-

driven theories of warfare and what he calls “postmodern war.”  He points to Norbert 

Wiener’s cybernetics, Gödel’s incompleteness theorem, Heisenberg’s uncertainty 

principle, Bateson’s work on recursion, and the development of complexity theory as 

important advances in our understanding of information theory in the last fifty years.  He 

concludes, however, that “The irony is that the concept of infowar [which for Gray 

includes NCW] is almost totally uneffected [sic] by what we already know and are 

                                                                                                                                                
found in the base library, he began formulating what he called a “theory of learning” that would ultimately 

serve as the foundation for his now infamous Observation-Orientation-Decision-Action (OODA) Loop 

theory of conflict.  Later in the 1970s and early 1980s, he would have an important influence upon the 

U.S. Army’s adoption of the AirLand Battle doctrine and would play a defining role in introducing the 

U.S. military to nonlinear science.  Beyond the irony of Boyd’s involvement in Igloo White is the fact that 

a number of Boyd’s closest acolytes were involved in the conduct of military systems science of one form 

or another.  Possibly Boyd’s closest confidant, statistician and operations researcher Pierre Sprey, was one 

of the “Whiz Kids” that came to the Pentagon with Alain Enthoven, founding director of McNamara’s 

Office of Systems Analysis (OSA) within the Office of the Secretary of Defense.  Sprey worked under 

Enthoven in OSA from 1966 to 1970.  Later, Boyd and a group calling themselves the “Fighter Mafia” 

would operate for much of the 1970s and 1980s out of what they commonly called the “TacAir shop,” 

which was shorthand for the “Tactical Air Program” within OSA.  While the name of OSA would 

ultimately be changed to “Program Analysis & Evaluation” (PA&E), the “TacAir shop” and its power 

remained and would be used to push for reforms from the highest reaches of DoD.  We will see much 

about Boyd, Sprey, the “Fighter Mafia,” and his followers in Chapter 4.  For Boyd’s involvement with 

Igloo White and his early theorizing while at Nakhon Phanom, see Robert Coram, Boyd: The Fighter Pilot 

Who Changed the Art of War (Boston: Little, Brown), 2002, 268-274 and Grant Tedrick Hammond, The 

Mind of War: John Boyd and American Security (Washington: Smithsonian Institution Press), 2001, 93-

94.  For more on Igloo White in general, see John T. Correll, “Igloo White,” Air Force Magazine, 

November 1, 2004.  For more about Sprey and his early involvement with systems analysis, Enthoven, and 

OSA, see Hammond, The Mind of War: John Boyd and American Security, 83-84; Coram, Boyd: The 

Fighter Pilot Who Changed the Art of War, 196-197; and James G. Burton, The Pentagon Wars: 

Reformers Challenge the Old Guard (Annapolis, Md: Naval Institute Press), 1993, 10.  For more on the 

“TacAir shop” and its position within OSA, see Coram, Boyd: The Fighter Pilot Who Changed the Art of 

War, 290, 340-342. 
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learning about information theory, especially the limits of our knowledge and the 

impossibility of controlling, or even predicting the behavior of, most complex systems. 

Instead, military infowar doctrine is focused on an infatuation with the growing 

computational power of machines and on illusions about their military usefulness.”74  

The assumption in Gray’s argument is that “we” know exactly what the lessons of 

information theory are.  Thus, what we know becomes shorthand for what is known.  As 

such, being unaffected by what we know is to be unaffected by what is known, hence, to 

be unaffected.  Unfortunately, Gray has missed the mark in his assessment of nonlinear 

science’s impact upon U.S. military thought.  John Boyd’s OODA loop theory of 

conflict, unmentioned by Gray, has been enormously influential within the U.S. military 

and had at its core the very developments that Gray cites—i.e. cybernetics, 

incompleteness, uncertainty, recursion, and eventually complexity theory as well.  And 

as we will see in Chapter 4, Boyd and his followers were no fans of the computer.  

Ultimately, then, we will see that it is not the case that the U.S. defense establishment 

has been unaffected by the supposed lessons of nonlinear science.  Rather, it is that they 

have been affected in ways other than Gray would have expected or approved. 

Ron Eglash has noted the incongruence between the military’s adoption of nonlinear 

science in the early 1980s and the analyses offered by Edwards and Gray, arguing that 

“The military adoption of chaos theory, however, is in direct contradiction to these 

analyses.”75  He calls the “use of chaos in military institutions” a “romanticist ideology” 

which is in direct contradiction to the hyper-rational, technocratic mindset identified by 

Edwards and Gray.76  Unlike Edwards and Gray, he notes the increasing emphasis on 

nonlinear science-based concepts and metaphors within the U.S. defense establishment 

during the late 1970s and early 1980s, especially with the development of the Army’s 

new AirLand Battle doctrine in 1982.77  This dissertation has sought to extend Eglash’s 

                                                 
74 Chris Hables Gray, “The Crisis of Infowar,” in Infowar, ed. Gerfield Stocker and Christine Schopf (New 

York: Ars Electronica, 1998), 2. 
75 Ron Eglash, “Chaos, Utopia, and Apocalypse: Ideological Readings of the Nonlinear Sciences,” Nunc 

Sumus 1, 1 (2000), 5. 
76 Ibid., 1. 
77 Ibid., 5. 
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work on the cultural history of nonlinear science,78 partially explaining the reluctance to 

define just what nonlinear science “is” that the reader may have noticed.  That reluctance 

is based on the fact that an important part of what nonlinear science “is” is constituted by 

the cultural uses to which it has been put.  Nonlinear science is not just a collection of 

sciences or scientists which explore general topics like “chaos” or “complexity” via the 

study of such subjects as ant colonies or neural networks by using techniques such as 

agent-based computer modeling or genetic algorithms.  Those things are all certainly 

part of what nonlinear science “is.”  But nonlinear science also has life as a cultural 

force.  And the cultural meanings and lessons that have been read into/from it are just as 

much a part of what it “is” in a wider sense as are the topics, subjects, techniques, and 

technologies employed by nonlinear scientists.  This dissertation adds one more, small 

piece to a much larger definition of what nonlinear science “is”—i.e. it helps to define 

what nonlinear science is as a source of concepts, metaphors, and lessons for military 

theory, doctrine, and strategy, what nonlinear science is in the military “imaginary.”  So, 

while Eglash has put us on the right track by identifying the beginnings of a nonlinear 

science-inspired, romanticist shift in the U.S. military’s worldview, he did not recognize 

that Boyd and the post-Vietnam “reformers” were an important driving force behind this 

shift, nor did he place it into the larger context of the role of the sciences in U.S. military 

thought, important topics that will be explored in the following chapters. 

In fact, Boyd is never mentioned in the STS literature, and the self-styled “military 

reform movement” 79 that, for the most part, paid intellectual allegiance to Boyd, is only 

                                                 
78 See Ron Eglash, “A Cybernetics of Chaos” (PhD Thesis, University of California, Santa Cruz, 1992), 

Ron Eglash, “Cybernetics and American Youth Subculture,” Cultural Studies 12, 3 (1998), Ron Eglash, 

African Fractals: Modern Computing and Indigenous Design (New Brunswick, NJ: Rutgers University 

Press), 1999, and Eglash, “Chaos, Utopia, and Apocalypse: Ideological Readings of the Nonlinear 

Sciences.” . 
79 Throughout the text I will generally avoid referring to Boyd and his followers as the “reform 

movement” or as “reformers.”  When I do, I will put those terms in quotation marks.  The reason, as we 

shall see in Chapter 4, is that by calling themselves “the military reform movement” and “reformers,” 

Boyd and his followers were making a quite deliberate rhetorical move meant to capture the mantle of 

“reform” all for themselves.  In fact, calling Boyd and his followers “the military reform movement” is a 

misnomer.  Most everyone in the U.S. defense establishment following Vietnam was in favor of reform.  
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rarely mentioned.  When the “reform movement” has been mentioned, it has been 

misunderstood. 80  MacKenzie mentions the “reform movement” in his 1986 article, 

arguing that the movement rejected the military’s “emphasis on performance” and 

“achieving high values of selected characteristics.”81  In fact, if Boyd and his acolytes’ 

plans for tactical fighter aircraft are any indication, exactly the opposite was the case.  

The “reformers” felt as though too many performance characteristics were emphasized 

in the design of new weapon systems, yielding systems that did not perform any of their 

tasks very well.  Instead, they advocated for the development of weapons meant to do 

one task extremely well—e.g. air-to-air combat in the case of the F-16 or close air 

support in the case of the A-10.  Edwards also misunderstands what he calls the “so-

called defense reform movement” when he argues that they advanced a “generic cost 

effectiveness critique” related to weapons procurement, concluding that the movement 

“had little impact on Reagan-era military planning,” citing President Reagan’s 

announcement of the Strategic Defense Initiative in March 1983 as evidence.82  Again 

the analysis is off the mark.  As we shall see, there was more to Boyd and his followers’ 

critique than just cost effectiveness.  They critiqued the same hyper-rational, 

                                                                                                                                                
The debate was really over the shape and direction of reform.  Boyd and his followers were not, therefore, 

the reformers, but rather, one group among many who wanted reforms, and in this case, some very 

particular reforms that we will examine in more detail in Chapter 4.   
80 The fact that Boyd and his “reformers” have been overlooked and misunderstood by STS is all the more 

puzzling considering the fact that one of the most successful and outspoken advocates for Boyd and his 

band of “reformers” was author, journalist, and former chief speechwriter for President Jimmy Carter, 

James Fallows.  Fallows’ bestselling, National Book Award-winning 1981 book, National Defense, was 

based entirely upon the theories and positions of Boyd and his closest associates within the old Office of 

Systems Analysis, including Pierre Sprey and Franklin Spinney.  A portion of the book dealing with the 

development of the M-16 rifle, which relied heavily upon data and analysis from Sprey, appears in Donald 

MacKenzie and Judy Wajcman’s 1999 work, The Social Shaping of Technology.  See James M. Fallows, 

“The American Army and the M-16 Rifle,” in The Social Shaping of Technology, ed. Donald MacKenzie 

and Judy Wajcman (New York: McGraw-Hill, 1999) and James M. Fallows, National Defense (New 

York: Random House), 1981.  
81 Donald MacKenzie, “Science and Technology Studies and the Question of the Military,” Social Studies 

of Science 16, 2 (1986), 366. 
82 Edwards, The Closed World: Computers and the Politics of Discourse in Cold War America, 287-288. 
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technocratic, McNamara-era tendencies in military thinking that Edwards also indicts.  

Their critique included an adamant rejection of “complex, hi-tech” weapons and an 

implicit theory of technological change which favored revolutionary over evolutionary 

developments.  Their efforts were focused on conventional, non-nuclear warfare, so the 

announcement of SDI is not evidence of their supposed lack of effect.  In fact, in the area 

of Army and Marine Corps doctrine for conventional warfare, Boyd and his followers 

had a major impact: Both services adopted the “maneuver warfare” principles that the 

“reformers” had advocated. 

Next, both Edwards and Gray are in agreement that systems sciences such as 

operations research (OR) and systems analysis are inherently technocratic, managerial, 

and hierarchical, and that the military accepted these sciences unproblematically because 

the military shares these values.83  However, as we shall see in Chapter 3, their 

interpretation of systems science is at odds with much of what can be read by historians 

who have written on the subject, as well as with the statements made by many of the 

most important figures in systems science themselves, including some of those most 

highly placed within the McNamara DoD.  While there is no doubt that OR and systems 

analysis often had as a dominant characteristic a technocratic, managerial, and 

hierarchical kind of worldview, it is also the case that systems science could never be 

defined so neatly.  As we will see in Chapter 3, there was always disagreement among 

systems scientists themselves over the values of the systems sciences, their status as 

“science,” and who could participate as “scientist.”  Additionally, even from the 

beginning, there were countervailing tendencies towards a more human-centered, 

nonhierarchical, and nonlinear worldview.  These tendencies would be in ascendance by 

                                                 
83 For example, see Gray, Postmodern War: The New Politics of Conflict, 24, 70, 77-78, 80, 95, 118-119, 

129-130, 139, 149 and Edwards, The Closed World: Computers and the Politics of Discourse in Cold War 

America, 6,-7, 14-15, 109, 114, 127-128, 130-131, 139, 144-145, 275-276.  To his credit, Edwards does 

admit that there was some opposition to systems science from within the U.S. military during the 

McNamara years (71-72).  However, he implies that any such opposition effectively ended with the 

“apotheosis” of Vietnam and then SDI.  In fact, as we shall see, the opposition never ended and was at the 

heart of post-Vietnam changes in military discourse. 
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the end of the Vietnam War.84  Finally, the critique of the technocratic, managerial, and 

hierarchical aspects of systems science that was a key component of the case made by 

Boyd and his followers in the wake of Vietnam found a home within a military that had 

never entirely accepted the systems sciences.  We will see that there was criticism of the 

systems sciences and of Robert McNamara from the highest reaches of the U.S. military, 

including from none other than General Curtis LeMay, the enormously influential 

former head of Strategic Air Command and a Chief of Staff of the Air Force,85 the 

highest ranking position in the Air Force.86

                                                 
84 See Keller, Refiguring Life: Metaphors of Twentieth-century Biology; David A. Mindell, Between 

Human and Machine: Feedback, Control, and Computing Before Cybernetics (Baltimore: The Johns 

Hopkins University Press), 2002; Thomas Parke Hughes, Rescuing Prometheus: Four Monumental 

Projects That Changed the Modern World (New York: Pantheon Books), 1998; and Eglash, “A 

Cybernetics of Chaos,” 73-74. 
85 Again there is irony to this.  While Gray has used the fact that a young McNamara did OR work related 

to General LeMay’s firebombing efforts against Japan during WWII as evidence of the acceptance of 

systems science by the military, he has apparently missed the fact that LeMay later became a harsh critic 

of systems science, over-reliance upon computers, and of Robert McNamara as Secretary of Defense.  For 

more on Gray’s interpretation, see Gray, Postmodern War: The New Politics of Conflict.  For LeMay’s 

critique, see Gen. Curtis E. LeMay and Maj. Gen. Dale O. Smith, America is in Danger (New York: Funk 

and Wagnalls), 1968.  We will return to LeMay in Chapter 3. 
86 Each of the services has a position similar to the Chief of Staff.  The Army and the Air Force have 

Chiefs of Staff, the Navy has the CNO, Chief of Naval Operations, and the Marines have a Commandant 

of the Marine Corps.  Each of the service chiefs has primary responsibility for raising, equipping, and 

preparing his or her respective service in line with Title 10 of the U.S. Code.  Each chief reports directly to 

the civilian secretary of his or her respective service department—i.e. Secretary of the Army and 

Department of the Army, Secretary of the Navy and Department of the Navy, or Secretary of the Air Force 

and Department of the Air Force.  (There is no secretary/department of the Marine Corps.  Though the 

Marine Corps has gained a great deal more independence over the years, the Marine Corps is still within 

the Department of the Navy.)  Each of the service chiefs serves on the Joint Chiefs of Staff, with one 

member appointed as the Chairman of the Joint Chiefs of Staff (CJCS).  The CJCS has traditionally been 

from the Army, Navy, or since 1947, the Air Force.  General Peter Pace, who retired in 2007, had been the 

first CJCS appointed from the Marine Corps.  The CJCS is the chief uniformed military advisor to the 

President and the Secretary of Defense. 
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I agree with Gray’s identification of what he calls “infowar theories”87 as 

“postmodern” because they privilege information and information technology.88  He also 

points us in the right direction by arguing that to understand the development of 

“postmodern war” we should pay attention to military discourse and rhetoric.89  

However, he contradicts himself when he argues that postmodern military discourse is a 

result of WWII-era ideas about strategic bombing.  He writes, 

Strategic bombing, systems analysis, and computers were the great 
military victors of World War II. […]  Indeed, these trends from the 
world wars have blossomed in the last 50 years into the system of 
postmodern war we now live with. They have become metarules in war’s 
discourse system. […]  The discourse metarules that justified strategic 
bombing are behind the current computerization of war that is the core of 
postmodern war.90

Unless we can consider WWII-era ideas about strategic bombing, which were developed 

in the 1920s and earlier, as “postmodern,” then he has, in effect, said that there has been 

no change in military discourse since the 1920s, which both contradicts his main 

argument and is patently false.  As this dissertation progresses, we will see that, in fact, 

ideas about industrial, mechanized warfare (which includes strategic bombing) have had 

a profound influence upon the postmodern, “infowar theories” to which he points, but 

not in the way that he claims.  It is neither correct to say that such “infowar theories” are 

“the same as,” nor that they are “entirely different from,” what preceded them.  As usual 

in life, the truth is somewhere in the messy middle.   To better understand the role of 

nonlinear science in “infowar theories” like NCW, we must, as he has claimed, engage 

with military discourse and rhetoric.  Yet, an examination of the use he has made of his 

sources indicates that he has not engaged in any serious way with any of the sources that 

                                                 
87 He has provided a whole list of such theories on two different occasions, first in Chris Hables Gray, 

Real War 2000: The Crisis in Postmodern War ·(2000 ); available from http://www.routledge-

ny.com/ref/cyborgcitizen/cycitpgs/realwar.html. and then in Chris Hables Gray, Peace, War, and 

Computers (New York: Routledge), 2005, 24-25.  Among them he includes NCW, as well as a many 

others, such as cyberwar, netwar, neocortical warfare, and AirLand Battle, to name but a few. 
88 Gray, Postmodern War: The New Politics of Conflict, 22. 
89 Ibid., 96. 
90 Ibid., 149. 
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could have given him insight into the dynamic role of the sciences in the dynamic field 

of military discourse.  On two occasions, he has provided lists of military publications 

which have introduced various “infowar theories.”91  But merely listing them is the 

extent of his engagement with them, which is really no engagement at all.  The reasons 

are twofold, both of which involve a commitment to a strict realist perspective.  First, he 

does not take “infowar theories” seriously because he sees them as “superficial” and “in 

denial” of “the bloody reality” of war.  He writes, “[U]nder the many layers of talk about 

war, from the art of war to infowar, there is war itself, feeding upon dead and maimed 

bodies. […]  This book is written against denial. […]  It [denial] is the infatuation with 

new superficial theories of pseudowar, such as cyberwar, in the face of the apocalyptic 

dangers of real war.”92  He ultimately reverts to the same kind of battlefield mentality 

that has held sway over the minds of the most traditional of military historians: “For all 

its mumbo jumbo about pure information… War is, and always must be, not just for the 

hearts and minds of people but for their bodies as well.  Demonizing, or deifying, 

information won’t change this, nor does it help.”93  What’s more, he makes a rhetorical 

move that is common among military professionals themselves.  He naturalizes war by 

presenting it as a force or a phenomenon that is ultimately underneath, behind, or beyond 

what we think and say about it.  The old Clausewitzian dictum that Gray rejects—”War 

is the continuation of politics by other means”—should have suggested that war is 

socially constructed, that it is the product of human minds and actions, not some natural 

force over which we have no control.  In the end, it is Gray who ignores the very real 

impact of those supposedly superficial pseudowar theories such as network-centric 

warfare—tell Raad Hamdani and the rest of the Iraqi Army that what they experienced 

was not “real”—instead focusing on a dystopian vision of “apocalyptic war” which, 

while a frightening possibility, has yet to be “realized.”  For its part, this dissertation has 

attempted to make good on the promise to engage seriously with military discourse, 

precisely because it begins with the belief that such discourse has a real impact upon real 

war. 
                                                 
91 See Gray, “The Crisis of Infowar.” and Gray, Peace, War, and Computers, 24-25. 
92 Gray, Postmodern War: The New Politics of Conflict, 9-10. 
93 Ibid., 25. 
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Finally, the mode of engagement that I have attempted to pursue is different from 

that pursued by Gray, as well as Manuel De Landa, both of whom have written about 

nonlinear science, ICTs, and contemporary warfare.  Gray has used concepts from 

nonlinear science in an attempt to understand the relationships between computers and 

warfare, in particular pointing to what he calls the “crisis of infowar,” which is the 

supposed impossibility of “infowar” theorists reaching their supposed goals of total 

knowledge and total control in war.94  Similarly, Manuel De Landa has used analogies to 

nonlinear science in an attempt to understand the impact of computers upon war.  He 

writes, “[M]y approach will remain more analogical than mathematical: I will begin with 

an image that has a clear physical meaning (turbulence, for instance) and then apply it 

analogically to warfare and computers.”  The goal, he says, is “to create a rough ‘map’ 

of all the different areas of the military that could be studied by chaos science.”95  In 

their attempts to “apply” nonlinear science in an effort to understand the role of ICTs in 

contemporary war, including the possibilities and limits of theories and strategies of 

contemporary warfare, they have taken up positions as “first-order observers” not much 

different from the position of those military professionals who have themselves 

attempted to “apply” nonlinear science for the same basic purposes.  For my part, I have 

attempted to engage in what Niklas Luhmann calls “second-order observation.”96  Rather 

than jumping into the debate over what nonlinear science can tell us about what ICTs 

and the Information Age mean for military affairs, I have attempted to view the debate 

itself as the object of inquiry.  I am not so much interested in applying nonlinear science 

to these problems, but rather, in understanding how it is that so many within the military 

profession have come to believe that nonlinear science is of value in addressing these 

problems, as well as the value that they have ascribed to nonlinear science. 

                                                 
94 It is an argument that he has repeated often, including in Gray, “The Crisis of Infowar.”; Gray, Real War 

2000: The Crisis in Postmodern War; and Gray, Peace, War, and Computers. 
95 Manuel De Landa, War in the Age of Intelligent Machines (New York: Zone Books), 1991, 9. 
96 Luhmann, “Deconstruction as second-Order Observing,” 773. 
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1.3.3 Military Professionals 

Finally, there have been a number of accounts written by military professionals, 

including one-time “reformers” and their contemporary sympathizers, which have dealt 

specifically with the theories of John Boyd and his impacts upon the U.S. military.  

These include two biographies of Boyd, one by a professor at the Air War College, The 

Mind of War: John Boyd and American Security, one by author Robert Coram, Boyd: 

The Fighter Pilot Who Changed the Art of War,97 the personal memoir of “reformer” and 

Boyd acolyte, Fred Burton, The Pentagon Wars: Reformers Challenge the Old Guard,98 

and finally, the most comprehensive and academic look at the role of the sciences in 

Boyd’s thinking, Science, Strategy and War: The Strategic Theory of John Boyd, by 

Colonel Franz Osinga of the Netherlands Air Force.  In general, while these works are 

valuable because they make it clear that STS has missed the role of science in U.S. 

military thinking since Vietnam, and because they have provided solid accounts of the 

role of the sciences in Boyd’s thinking, their stories have largely taken the “great man, 

lone genius, underdog” narrative form.  As such, they have not done enough to 

understand Boyd in the context of the history of science during his day, specifically the 

history of the systems sciences. 

The biographies by Hammond and Coram have been the most prominent works on 

Boyd thus far, both among military professionals and in the popular press.  Both provide 

solid accounts of Boyd’s life, the trajectory of his career, including his role in the 

“reform movement,” and finally his theory of conflict and the role of concepts from 

science in its development.  Since this dissertation is not solely focused on Boyd, I have 

relied upon their work for the factual details about Boyd’s career.  I have felt no need to 

re-invent the wheel in that regard.  I have, however, attempted to move beyond the kind 

of great man, lone genius, underdog narrative found in both of their works.  On 

numerous occasions, Hammond refers to Boyd in these terms, calling him an “intuitive 

genius,” saying that he did not just follow but lived the “scientific method,” that Boyd 
                                                 
97 While Coram is not, in fact, a military professional, he has served, in many respects as a literary “hired 

gun” for the Reformers.  The story that he has told is largely the story that Reformers themselves tell. 
98 In 1998, Burton’s story was turned into an HBO-produced comedy film of the same name starring 

Kelsey Grammar. 
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was a “true scientist,” that he was a “maverick” and a “rebel,” that the “reformers” were 

“upstarts,” and that Boyd led the “reform movement” as a guerrilla, David vs. Goliath 

campaign.99  Coram depicts Boyd and the “reformers” in the same way, arguing that it is 

surprising that such a small group of rebels had such a long-term impact upon the U.S. 

military.100  In Chapter 4, however, I demonstrate that the facts about Boyd and the 

Reformers’ position within the U.S. defense community (i.e. well-respected and well-

placed) which are available in Hammond and Coram’s biographies betray the David vs. 

Goliath, underdog story that they tell, partially helping to explain the impact that Boyd 

and the “reformers” were able to have. 

Of the works on Boyd and his thinking, Osinga’s is the most scholarly.  An 

adaptation of his Ph.D. thesis in political science, Osinga’s work has as its main goal an 

examination of the “formative factors” that shaped Boyd’s thinking and, in particular, 

the role of the sciences as a formative factor.  For his research, he read the same books 

that Boyd himself read, using Boyd’s handwritten notes, marginalia, and markings in 

those books to determine from where Boyd was drawing specific ideas, as well as which 

authors and books had the greatest impact upon Boyd’s thinking.101  With these 

formative factors in mind, he provides an exhaustive explanation of Boyd’s thinking.  

Not only does he demonstrate the profound impact of concepts from the sciences upon 

Boyd’s thinking, but he also demonstrates the equally profound impact that two theorists 

of industrial, mechanized warfare (B.H. Liddell Hart and J.F.C. Fuller) had upon Boyd’s 

thinking.  We will look at the ideas of Hart and Fuller in the next chapter, and the 

convergence of their ideas with nonlinear science in Boyd’s thinking in Chapter 4. 

                                                 
99 Hammond, The Mind of War: John Boyd and American Security, xvii-ix, 6-7, 9-10, 12, 14-15, 21, 30-

31, 35. 
100 Coram, Boyd: The Fighter Pilot Who Changed the Art of War, 354. 
101 This was a monumental undertaking considering that Boyd never published any of his work.  His 

“magnum opus” was a 14-hour briefing titled “A Discourse on Winning and Losing.”  As such, all that 

remains of Boyd’s work are the briefing slides.  Since they are 95% text, it is still possible to get a very 

clear idea what Boyd was saying.  Nonetheless, in Osinga’s work, he used Boyd’s personal library, 

including his personal notes and marginalia, not only to put the “Patterns” briefing into narrative form, but 

also to document as mush as possible from where each of Boyd’s ideas had been taken. 
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In general, Osinga has written an exhaustive account of Boyd’s use of concepts and 

metaphors from twentieth century science.  As such, it has been invaluable to my own 

efforts.  However, Osinga’s work has a number of limitations that I have worked to 

overcome.  First, because he has relied upon Hammond and Coram for his information 

about both Boyd’s career and about the “reform movement” more generally, he 

uncritically adopts the kind of lone genius, underdog narrative provided by Hammond 

and Coram.  Next, while his examination of what he calls the “scientific Zeitgeist” 

during Boyd’s lifetime helps to explain where Boyd’s ideas came from, it does not 

explain why Boyd’s ideas were successful, why they persisted while so many others 

failed.  Additionally, while Osinga provides a needed corrective to the literature on the 

relationship between the sciences and the military, he may have gone too far in the other 

direction.  In his account, “science” as a monolithic entity seems to come from out of 

nowhere to impact military thinking.  However, there was (and still is) very much a 

circular relationship between the military and science.  This dissertation has worked to 

better integrate Boyd’s thinking with what historians of science have already written 

about postwar American science, particularly the histories of cybernetics, operations 

research, and systems analysis, each of which were important to the military but receive 

little or no attention in Osinga’s account.  Finally, while Osinga correctly points to the 

explosion in interest by military professionals in nonlinear science during the 1990s, 

largely attributing this increased interest to Boyd’s influence, he has not examined most 

of that work.  In Chapter 5, I will explore the various ways that members of the U.S. 

defense community during the 1990s sought to learn the supposed lessons nonlinear 

science for the conduct of warfare and foreign policy. 

1.4 Order of Battle 

Given what we have seen from the existing literature, the enlistment of nonlinear 

science into the service of U.S. military discourse would seem quite improbable.  It 

would seem improbable that a military which valued technocratic, managerial ways of 

thinking and used machine metaphors in its quest for top-down, linear control, would 

have any interest in sciences that have been described as inherently humanistic, peaceful, 

organic, and nonhierarchical.  Given those values and institutional environment, it would 
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seem improbable that a small group of rebels and underdogs would succeed in 

overturning old habits of mind and bringing about reform.  As a first pass at an 

explanation, in the next several pages I will outline the “order of battle” for this 

dissertation.  I will summarize each of its chapters, paying special attention to the 

conditions of possibility for the enlistment of nonlinear science that emerge in each. 

In the next chapter, “Science in the Western Military Tradition: Enlightenment to 

WWII,” I will begin the story of nonlinear science’s enlistment by examining the 

historical relationship between science and military thought in Western militaries.  In the 

first half of the chapter, we will see that, beginning with the European Enlightenment, 

science began to play an increasingly important role in Western militaries: as a body of 

knowledge increasingly seen as crucial to an officer’s professional education, as a way 

of thinking that held the promise of the development of a true “science of war,” and as a 

source of concepts and metaphors for use in the construction of “military theory,” a term 

which itself was a product of Enlightenment military thought.  So, the first condition of 

possibility for the enlistment of nonlinear science is a tradition from the Enlightenment 

of seeing the sciences, in one form or another, as central to both processes of military 

knowledge and subject formation.  When John Boyd drew concepts and metaphors from 

the sciences in the 1970s and when theorists of network-centric warfare invoke nonlinear 

science today, he and they were/are able to be understood as having made a legitimate 

move in the game of military discourse, in part, because it is a move that has been made 

by many before them. 

Nonetheless, part of the tradition of the sciences in Western military discourse has 

been an ongoing battle about the proper role of the sciences in the military institution.  

The Enlightenment ideal of a universal, positivist “science of war” was never able to 

fully dominate Western military thought, as evidenced by the emergence of a romanticist 

backlash in military thought during the nineteenth century, which emphasized the 

intangible, human aspects of war such as intuition, creativity, and emotion.  What’s 

more, even where “science” has been accepted, it has not had only one meaning and has 

not been valued in the same way at all times and in all places.  So, the second condition 

of possibility is an ongoing “battle for truth” in Western militaries which has resulted in 

the constant reinterpretation of the meaning and value of the sciences. 
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In the second half of the first chapter, the case of theories of industrial, mechanized 

warfare from the interwar period will be used to illustrate that the ongoing “play” and 

struggle between Enlightenment and Romanticist forms of military thought was 

generative of a hybrid, positivist-romanticist form of military thought that was at the 

heart of WWII-era strategies of combat on land and in the air.  Where the sciences were 

concerned, these theories and strategies not only drew concepts and metaphors from the 

emerging sciences of their day.  Indeed, much like network-centric warfare, concepts 

and metaphors from sciences like crowd psychology and eugenics provided the 

conceptual ground which allowed theorists to articulate their understandings of the 

workings of society and war in what they saw as an emerging “industrial age” with the 

promise of a “mechanized” military.  But they also articulated a vision of a “science of 

war” that was able to reconcile the positivist quest for universal laws and principles with 

the romanticist ideal of the great captain on horseback. 

Chapter 3 will explore the struggle between this more traditional notion of a 

“science of war” and the “systems sciences” as military science that emerged during and 

after WWII.  While theories and strategies of industrial, mechanized warfare were 

carried out on the battlefields of WWII, we will see in Chapter 3, “The Birth of ‘Big’ 

Military Science: The Rise of and Battle over the Systems Sciences,” that the vision of 

“military science” articulated in those same theories of industrial warfare would, by the 

end of the war, largely be supplanted by the new “systems sciences” such as operations 

research, and later, systems analysis.  Systems science as “big” military science would 

blur the boundaries between the “inside” and the “outside” of the military institution, 

between “military” and “civilian.”  In a pattern first exemplified by teams of operations 

research scientists during World War II, postwar systems science would constitute a new 

form of military science that was carried out not by a lone, great captain military 

scientist, but by large teams of civilians and military professionals together.  It would be 

highly quantitative, reliant upon a new technology (the digital computer), and would be 

focused on practical, “operational” problems rather than the discovery of universal laws 

and principles.  With the rise of systems science as military science, we see the 

formation of two more conditions of possibility for the later enlistment of nonlinear 

science.  First, we will see that even though systems science often displayed a dominant 
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technocratic, managerial kind of worldview, even from the beginning the systems 

sciences held the seeds of an emergent, “nonlinear” worldview which saw the world as 

a complex system and which placed ever-greater emphasis on information, 

communication, and human decision-making under conditions of constant change and 

uncertainty. 

Second, we will see that, as a result of an ongoing struggle within the academic 

systems science community about the degree to which systems science could 

legitimately be called “science” and who could participate as “scientist,” the systems 

sciences were subject to the ongoing battle over the proper role, meaning, and value of 

the sciences for military theory, doctrine, and strategy.  As such, in the second half of 

Chapter 3, we will examine the criticisms of technocratic, McNamara-style systems 

science leveled by U.S. military professionals in the 1960s and 1970s.  We will see that, 

contrary to what Edwards and Gray claim, the U.S. military never entirely accepted the 

systems sciences.  There was resistance from the beginning, with a number of prominent 

military professionals questioning the legitimacy of systems science as a way of 

knowing, railing against the increased influence of civilians in military matters, worrying 

about the impact of systems science upon both military subjectivities and organizational 

structure, and, ultimately, seeing the failures of Vietnam as a result of an over-reliance 

upon systems science and computers.  So, two more conditions emerge in Chapter 3: a 

U.S. military in crisis as a result of defeat and a nascent, romanticist backlash among 

U.S. military professionals. 

In Chapter 4, “‘Doing Things the Same or Differently’: Post-Vietnam Military 

Reform and the Emergence of an Informatic Theory of War,” we will begin by seeing 

that the U.S. Army’s initial response to the failures of Vietnam and the seemingly 

intractable problems of the early 1970s only served to exacerbate the sense of crisis and 

fuel the backlash.  Out of this situation would emerge another condition of possibility, a 

group of well-placed and well-respected individuals capable of effecting change by 

taking advantage of both the emerging nonlinear worldview and the nascent romanticist 

backlash that we saw in the previous two chapters.  Ironically, John Boyd and many of 

his closest acolytes within the defense community were themselves enabled by their 

close ties to the military systems science community.  Collectively, he and many of his 
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closest confidants had backgrounds in engineering, computing, operations research, 

systems analysis, statistics, mathematics, or business.  They would even run much of 

what they called the “military reform movement” out of the Tactical Air Program office, 

itself part of the Office of Systems Analysis created by McNamara within the Office of 

the Secretary of Defense.  Boyd and his acolytes were not lacking credibility where 

systems science was concerned.  Thus, when he and his followers criticized both systems 

science and ICTs—which for them were seen as virtually synonymous—for fostering 

what they saw as a technocratic, managerial mindset among military professionals, they 

were listened to, both because of their standing, and because such sentiment was already 

widespread within the military at that time.  Thus, at the moment in the late 1970s and 

early 1980s when the U.S. military was becoming more and more reliant upon ICTs of 

all types, and as information, knowledge, and decision were moving to the center of 

warfighting, because of their perceived connection to systems science, the role of ICTs 

on the battlefield came under serious attack, with a number of vocal “reformers” 

rejecting the notion of an “information revolution” and calling for less reliance upon 

military ICTs such as precision-guided munitions and computerized command and 

control systems.  Finally, in Boyd’s use of concepts and metaphors from emerging 

science in his advocacy for the adoption of a doctrine of “maneuver warfare” that put 

information, knowledge, and decision at the center of warfighting, we see another 

condition of possibility, the first example of nonlinear science’s use in the construction 

of military theory and strategy.  In 1982, the U.S. Army adopted a “maneuver” form of 

warfare with the adoption of the AirLand Battle doctrine.  Later in the decade, the 

Marine Corps would follow suit. 

But the enlistment of nonlinear science was not complete.  While soldiers and 

marines in the 1980s began to talk about the battlefield as being “chaotic” and 

“nonlinear,” about “decision cycles,” and about the central importance of knowledge and 

information to the military professional both on and off the battlefield, widespread 

discussion of the meaning and value of nonlinear science by military professionals 

would only occur in the 1990s, following the collapse of the Soviet Union and a U.S. 

military victory in Iraq that seemed to surprise the U.S. military as much as the Iraqis.  

Thus, in Chapter 5, “A Pudding with a Theme: The Enlistment of Nonlinear Science in 
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the Post-Cold War U.S. Military,” we will explore some of the hundreds of attempts that 

were made in the 1990s to “apply” chaos theory and complexity theory to various 

aspects of military affairs.  In particular, we will look at the way that concepts and 

metaphors from nonlinear science have been deployed in an attempt to make sense of the 

promise of ICTs and the meaning of the Information Age for military affairs.  After the 

first large-scale and dramatic use of ICT-driven military systems of all types in 1991, the 

1990s saw a widespread debate within the U.S. defense community about the possibility 

of an ICT-driven “revolution in military affairs” (RMA), as well as discussions of the 

implications of an emerging “information age.”  Nonlinear science would come to play a 

crucial role in these debates.  By the end of the decade, network-centric warfare had 

emerged as the most explicit attempt to articulate understandings the military value of 

ICTs and the implications of the Information Age with concepts and metaphors gleaned 

from nonlinear science. 

Finally, the last chapter, “After Action Report and Lessons Learned,” will conclude 

the dissertation by summarizing briefly the relationship between the sciences and 

military theory that we will see develop across the following chapters.  Next, I will 

review the contributions that this study has made not only to our understanding of the 

way military theory is constructed, but also the relationship between the sciences and the 

military more generally, as well as the way science travels to areas of society typically 

seen as “outside” the realm of science.  Finally, I will return to a question raised by a 

number of scholars and eluded to on a number of occasions here and throughout the 

pages that follow.  That is, we will return to the question of whether or not recent 

changes constitute a “postmodern” shift in U.S. military theory and doctrine in 

particular, and in warfare more generally.  I will end by arguing that the increasingly 

blurred military/civilian boundary, combined with the very particular and “constructed” 

way that nonlinear science has been articulated with dominant military conceptions of 

information-age society and economy, leave open the possibility that STS scholars could 

make important contributions to “disarticulating” such views, as well as to learning more 

effective and peaceful lessons from both the nonlinear sciences, as well as their critics. 
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2. Science in the Western Military Tradition: Enlightenment to WWII 

 

2.1 Introduction 

The enlistment of nonlinear science for the purposes of military theory is not without 

precedent.  Since at least the eighteenth-century European Enlightenment, there has been 

a tradition in Western militaries of drawing upon the natural sciences for concepts and 

metaphors for use in the construction of military theory.  In fact, the sciences were an 

important factor in the development in the eighteenth and nineteenth centuries of modern 

notions of “military theory” and a “science of war,” as well as the rise of a professional 

officer class and schools of professional military education.  Nonetheless, part of that 

tradition has been an ongoing debate about the proper role of the sciences in military 

thought.  The Enlightenment ideal of a universal, positivist science of war was never 

able to entirely dominate Western military thought.  There was resistance from the 

beginning, and some of the most consequential military thinking of the last century was, 

in many respects, a positivist-romanticist hybrid. 

While the entire history of the sciences’ role in Western military thought is beyond 

the scope of the current study, the first half of this chapter will provide the background 

necessary to understand the enlistment of nonlinear science by describing briefly the 

relationship between the sciences and Western military thought from the Enlightenment 

to the eve of World War I.  The second half of the chapter will focus more specifically 

on the use that early twentieth century British and American theorists of industrial, 

mechanized warfare made of concepts and metaphors gleaned from sciences such as 

crowd psychology and eugenics.  We will see in later chapters that both the content of 

those theories, as well as the understandings of the meaning and value of “science”1 

                                                 
1 As we shall see, military theorists have often understood “science” as one universal method and/or body 

of knowledge in search/composed of the universal laws and principles of nature.  As this understanding is 

quite different from contemporary understandings among scholars in STS and the history of science, who 

typically refer to “the sciences” rather than “science,” denoting the multiplicity of methods, topics of 

inquiry, and participants involved in the production of scientific knowledge, I will use “science” (in 

quotes) when referring to the views of military theorists. 
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expressed by those theorists, would have a profound impact upon the enlistment of 

nonlinear science in the closing decades of the twentieth century. 

2.2 The Enlightenment Ideal 

Though it is common today to recognize both the sciences and technology as central 

to the preparation for and conduct of war (and vice versa), this was not always the case.  

Certainly, since ancient times, technology in the form of weapons and other battlefield 

implements has been vitally important in warfare.  Additionally, from Caeser in the West 

to Sun Tzu in the East, military men2 have thought systematically about war, recording 

their insights for the benefit of their contemporaries and descendants alike.  And it would 

be “historical observation” and the “imitation of stratagems” employed by the great 

generals in the great battles of history that would dominate classical military theory.3  

Even still, John Alger has noted that “nearly all [classical theorists] spoke of the 

principles, axioms, maxims, or rules of the military art in such a way that it is apparent 

that they accepted that such principles, axioms, maxims, or rules exist,” but added the 

caveat that “no one presented all or even the most important principles of war in a single 

list or even said precisely or approximately how many principles exist. Also, there was 

little agreement even in the lists that were presented concerning the substance of the 

concepts.”4  As for the sciences and technology, Alex Roland has argued that, “Though 

we now think of these fields as the desiderata of modern warfare, ancient practitioners 

did not...  [T]hey seldom thought of these fields as the primary source of military 

power.”5

However, in the following pages we will see that, beginning in the eighteenth 

century, the situation would undergo a dramatic shift.  Military thought was not immune 

                                                 
2 Throughout war’s history, all of its noted thinkers have been men.
3 Azar Gat, A History of Military Thought: From the Enlightenment to the Cold War (Oxford: Oxford 

University Press), 2001, 3.  He continues, “Military theory was then simply a synthesis of the best military 

models of the known cultural past.” 
4 John I. Alger, The Quest for Victory: The History of the Principles of War (Westport, Conn: Greenwood 

Press), 1982, 14. 
5 Roland, “Science, Technology, and War,” S97. 
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to the cultural and intellectual changes that would come to be called the Enlightenment 

and the “Scientific Revolution.”  The modern notion of “military theory,” meaning the 

systematic study of warfare in search of universal laws and principles that can be 

discovered, taught, and applied, had its genesis in the military thought of the 

Enlightenment.6  There would be no shortage of Enlightenment military thinkers who 

would attempt to go beyond their ancient counterparts, to once and for all discover and 

spell out exactly the universal “principles of war.” 

Reflecting general intellectual trends during the latter half of the eighteenth century, 

military thinkers adopted a new understanding of the value of historical knowledge that 

was, in part, a result of the increasing prominence of the natural sciences during this 

period.  Whereas classical military theorists had generally seen human history as 

unchanging and cyclical, seeing the study of ancient battles as just as valuable for 

contemporary military men as studying more recent battles—i.e. ancient and recent 

battles could yield the same lessons because, at a fundamental level, they were the 

same—Western military theorists of the Enlightenment increasingly saw the value of 

“science” as the ability to discover universal laws and principles within phenomena that 

were quite different from one another.7  As such, and for various social and technical 

reasons which we shall examine shortly, Enlightenment military thinkers attempted to 

equate their work with the sciences in three ways.  First, military theory, like the other 

natural sciences, was believed to be in search of universal patterns or laws in what was 

seen as a natural phenomenon—i.e. war.  Second, military thinkers increasingly used the 

language and rhetoric of the sciences, even if they did not exactly follow scientific 

methods or achieve results on par with those of the sciences.  Third, “science” (and 

technology), both as a systematic means of acquiring and transmitting knowledge and as 

a body of knowledge to be learned, was instrumental to the rise of institutions of military 

professional education and the creation of a permanent cadre of professional military 

officers. 

                                                 
6 Azar Gat, The Development of Military Thought: The Nineteenth Century (Oxford: Clarendon Press), 

1992, 1. 
7 Gat, A History of Military Thought: From the Enlightenment to the Cold War, 10-11. 
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First and foremost, any doubt that there were, indeed, universal principles of war 

which could be discovered seemed to all but disappear.  By the end of the eighteenth 

century, military thinkers were citing the likes of Galileo and Newton, arguing that they 

too were in search of “laws” of nature.8  Leading French military reformers argued that 

“Military science…must adopt the methods that brought success in other sciences.  The 

works of Newton, Leibniz, and D’Alembert are the modes to be followed.  [They were] 

not satisfied with anything less than the top of mathematical science.”9  It is a trend that 

would continue throughout the nineteenth and into the twentieth centuries.  Gat points to 

the 1889 work of French General Theodore Jung, War and Society, as the most 

remarkable example of positivist, Enlightenment military thought: 

He cites every prominent name in European science and positivist 
thought to support his main thesis: that the study of war is part of that 
growing science of society which takes its example from the older and 
more established exact and natural sciences. Like mathematics, physics, 
and biology, it searches for uniform patterns of cause and effect and 
formulates them into simple, necessary, and universal laws.10

Even though military theory often fell short of its goals of finding “simple, necessary, 

and universal laws” of war, military theorists were not dissuaded from using the 

language of the sciences nonetheless.  “Military theory increasingly used the language of 

science, and the word ‘principle’ became a central part of the language of both science 

and war.”11  As we shall see, military theory would come to borrow much more from the 

sciences than just the word “principle.” 

The sciences would come to represent a goal for military thinkers (i.e. the discovery 

of universal principles of war), but also a symbol of the power of reason and 

empiricism,12 a systematic means of acquiring and transmitting knowledge, and a body 
                                                 
8 Alger, The Quest for Victory: The History of the Principles of War, 7-8. 
9 Gat, A History of Military Thought: From the Enlightenment to the Cold War, 49. 
10 Gat, The Development of Military Thought: The Nineteenth Century, 121-122. 
11 Alger, The Quest for Victory: The History of the Principles of War, 7-8. 
12 “Most of the thinkers of the Enlightenment were not interested in physics as such and did not delve into 

the mathematical subtleties of science. Newtonian science was for them a symbol of the ability of the 

human mind to master reality, and they sought to extend its astonishing achievements to include the whole 

intellectual world. The scientific model was perceived by them as a general method for the foundation of 
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of knowledge about the world that was increasingly seen as crucial to the successful 

conduct of war.  In each sense, “science” seemed to demand more highly educated 

officers.  Alger notes that “the need for scientific education among the officer corps of 

an army in general was a primary factor in rekindling an awareness in the value of 

formal military education.”  Along with that scientific education, “‘Principles’ were 

established as an accepted part of the educational system of the professional soldier.”13  

From now on, both the study and the conduct of war were to be seen as a form of 

science.  Bart Hacker notes that, during the 18th century, “Reformers conceived the 

possibility of a military science allied to improved formal education for officers...  By 

the later 19th century, the concept of military science had become a commonplace.”14

As a result of the poor performance of French troops in the Seven Years War (1756-

1763), which ended in the French loss of most of their power in the Americas and left 

Great Britain as the world’s ascendant colonial power, French officers set about 

reforming both their doctrine and system of military education.  In doing so, they took 

the lead among European militaries in incorporating the sciences into professional 

military education in the eighteenth century.  This renaissance in French military 

thinking, with its attendant experiments and reforms, “made the French army the most 

progressive in Europe.”15  It was possible, in part, because there was already an 

institutional foundation to support it.  As early as 1670, the French had “established 

schools to teach naval officers math, hydrography, navigation, and artillery,” while a 

dedicated artillery school for the army was established in 1679 and an engineering 

school in 1748.16  For all the bitter internal debates, French reformers of the time were in 

                                                                                                                                                
all human knowledge and activity on an enduring basis of critical empiricism and reason.”  Gat, A History 

of Military Thought: From the Enlightenment to the Cold War, 28-31. 
13 Alger, The Quest for Victory: The History of the Principles of War, 8. 
14 Hacker, “Engineering a New Order: Military Institutions, Technical Education, and the Rise of the 

Industrial State,” 6. 
15 Gat, A History of Military Thought: From the Enlightenment to the Cold War, 39-40. 
16 David D. Bien, “Military Education in 18th Century France; Technical and Non-technical 

Determinants,” in Science, Technology, and War: The Proceedings of the Third Military History 

Symposium, ed. Lt. Col. Monte Wright and Lawrence Paszek (Washington, D.C.: U.S. Government 

Printing Office, 1969), 53. 
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agreement that the single most important subject that officers should study was 

mathematics. 

As mentioned above, there were both social and technical reasons for increasing ties 

among military theory, professional military education, and the sciences.  First, at a time 

when most civilian leaders and aristocrats studied literature, poetry, art, and rhetoric,17 

subjects that military reformers increasingly came to see as useless to the professional 

officer, the study of mathematics served to set military professionals apart.18  While 

reformers argued that a literary education turned out self-indulgent, insubordinate fops, 

they saw a technical education rooted in mathematics as “important because it trains the 

mind and forms the judgment…[as] useful because it has at its base only truth, requires 

evidence, and accustoms the mind to demonstration.”19

Second, as Thomas Hughes has argued, there were also technical reasons for an 

increased emphasis on mathematics in military education.  Knowledge of mathematics 

and physics was necessary preparation for enrollment in the specialty schools (artillery, 

engineering, etc.) and for the planning and design of fortifications and siegecraft.  He 

notes, 

In the eighteenth century, military engineers…systematically tried the 
exact methods of mathematics, geometry, and statics, and performed 
strength tests to determine the dimensions of structures, retaining walls, 
and other building elements. Several military engineers published 
outstanding treatises explaining such methods... The popularity of the 
military engineer’s books are evidence of the existence of a French 
military culture based on practical science and technology.20

                                                 
17 John Shy, “Western Military Education, 1700-1850, a Commentary on Bien’s ‘Military Education in 

18th Century France; Technical and Non-technical Determinants’,” in Science, Technology, and War: The 

Proceedings of the Third Military History Symposium, ed. Lt. Col. Monte Wright and Lawrence Paszek 

(Washington, D.C.: U.S. Government Printing Office, 1969), 65.  Although, he also notes that, even at this 

time, the Germans generally emphasized historical study to a greater degree than their French 

counterparts. 
18 Bien, “Military Education in 18th Century France; Technical and Non-technical Determinants.”, 56-59. 
19 Ibid., 54-55. 
20 Thomas P. Hughes, “A Commentary on Bien’s ‘Military Education in 18th Century France; Technical 

and Non-technical Determinants’,” in Science, Technology, and War: The Proceedings of the Third 
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After the Revolution, Napoleon would further reform and expand this system of 

military education, a system that had already come to be emulated throughout Europe.21  

John Shy points out that “The Ecole polytechnique, Saint-Cyr, Sandhurst, West Point, 

and the reformed General War School at Berlin all had their origins in a very short 

period around 1800,” and that all generally followed the French model, emphasizing a 

technical education rooted in mathematics.22  For example, though there were certainly 

differences between French and German military thinking, and though Germany would 

eventually be in the vanguard of a backlash against the Enlightenment ideal, German 

military thought and education between 1770 and 1800 generally followed the French 

Enlightenment trend.23  As in France, Germany saw “the emergence of the new idea that 

the military profession could be studied theoretically, and therefore required academic 

instruction.”  Positive feedback was at work such that “There was therefore a close 

interplay between the proliferation of military academies and schools and the emergence 

and expansion of a community of officers, who were advocates of the idea of military 

science and education.”24

United States military thought and institutions of professional military education 

were also grounded in the French Enlightenment tradition.  Gat notes that “The most 

notable manifestation of this was the founding of the United States Military Academy at 

West Point,” which was “established by [George] Washington...in 1794 to remedy the 

acute lack of technical expertise in the young army” and came to reflect “the 

                                                                                                                                                
Military History Symposium, ed. Lt. Col. Monte Wright and Lawrence Paszek (Washington, D.C.: U.S. 

Government Printing Office, 1969), 70-72. 
21 Shy, “Western Military Education, 1700-1850, a Commentary on Bien’s ‘Military Education in 18th 

Century France; Technical and Non-technical Determinants’.”, 64. 
22 Ibid., 65-66.  Gunther Rothenberg demonstrates that Austria also followed the French lead. Gunther E. 

Rothenberg, “Some Observations on the Evolution of Technical and Scientific Education in the Austrian 

Army during the Eighteenth Century, A Commentary on Bien’s ‘Military Education in 18th Century 

France; Technical and Non-technical Determinants’,” in Science, Technology, and War: The Proceedings 

of the Third Military History Symposium, ed. Lt. Col. Monte Wright and Lawrence Paszek (Washington, 

D.C.: U.S. Government Printing Office, 1969), 75. 
23 Gat, A History of Military Thought: From the Enlightenment to the Cold War, 56-59. 
24 Ibid., 61-63. 
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Enlightenment ideal of military education.”25  He also points to the social factors which 

supported the adoption of Enlightenment military thought in the United States, including 

a 

strong aversion to the institution of standing armies, mistrusted as a 
potentially dangerous instrument of despotism and selfish interests and as 
alien to the values of civil society. The natural preference reflecting both 
the prevalent sentiment among the philosophes as well as existing 
American institutions was for a militia of free citizens, called up in time 
of danger to defend their country.26

If the nation was to go without a standing army, all while retaining the ability to defend 

itself effectively, it would require a cadre of professional, full-time officers who could, 

in time of war, turn “a militia of free citizens” into a capable, modern army.  Whether 

standing or created in short order during a time of crisis, both in Europe and in the 

United States, the increasing size of armies, the greater lethality of their weapons, and 

the resulting increase in logistical requirements for such armies, led to the need for more 

officers than the traditional sources of military leaders (e.g. noble families and 

aristocrats) could provide.  As a result, Hacker has noted that “Like other 

professionalizing fields, notably engineering, the armed forces of Europe and America 

faced an influx of middleclass men seeking careers.”  As such, the discovery of universal 

laws and principles of warfare were not only seen as desirable, but increasingly as 

necessary for educating the “growing numbers of nontraditional candidates for officer 

status,” all of whom were “presumably lacking the genetic predisposition of their 

aristocratic comrades.”  The universal laws and principles of “military science” would 

provide the “needed concrete and readily reproducible examples: schematic maps all 

could see, war games all could play, rules all could memorize.”27

Finally, as we shall see throughout the course of this chapter, even beyond 

emulating the French example in professional education, there was generally a great deal 

                                                 
25 Gat, The Development of Military Thought: The Nineteenth Century, 16-17. 
26 Ibid., 16-17. 
27 Hacker, “Engineering a New Order: Military Institutions, Technical Education, and the Rise of the 

Industrial State,” 6-8. 
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of intellectual traffic among European militaries of the time.28  It was common for 

officers in the military of one country to read the professional journals and publications 

of the other militaries in Europe, both friend and foe, as a source of “intelligence” if 

nothing else.  In fact, as in the case of France and Germany in the nineteenth century, 

rivalry was often the greatest cause of such traffic as each military worked to stay 

abreast of developments in rival militaries.  In the second half of this chapter, in the case 

of J.F.C. Fuller, a British theorist of mechanized warfare, we will see that it was not 

uncommon for officers of one military to publish articles in the professional journals of 

allied militaries.29  It was also not unheard of for an officer to attend the professional 

school of an allied military, a practice that continues today.  In the pages that follow, we 

will see that the ongoing interplay and rivalry between Enlightenment and Romantic 

schools of military thought would shape Western military thought more generally well 

into the twentieth century. 

                                                 
28 In fact, there still is much intellectual traffic between and among the world’s militaries.  It is common, 

for example, for the U.S. military to provide training to foreign militaries, either in the home country of 

the foreign military, or by inviting officers from foreign militaries to attend schools of professional 

military education in the United States.  United States military professionals monitor the professional 

journals and other publications of foreign militaries, both friend and foe.  Conversely, officers in foreign 

militaries often read U.S. military professional journals as well.  The Army, for example, has made this 

easier by publishing the Military Review, its main professional journal published by the Command and 

General Staff College, in a number of different languages, including Portuguese, Spanish, and more 

recently, Arabic.  Of course, beyond such “open source” information, U.S. intelligence agencies collect 

information about the activities of foreign militaries.  As we shall see in Chapter 5, for example, the 

emergence of the idea of an IT-enabled “revolution in military affairs” (RMA) in the 1990s was based in 

large part upon U.S. defense establishment readings of the Soviet literature on the subject.  In particular, it 

was the Office of Net Assessment (ONA) that carried out early work on the RMA thesis.  As we shall see 

in Chapter 5, a major part of ONA’s work was specifically devoted to monitoring and understanding 

internal debates within the Soviet military, all with the goal of understanding how the Soviets understood 

the current state and future direction of the ongoing competition between themselves and the United 

States. 
29 Again, this is a practice that continues today.  We will see an example in Chapter 3 of an article critical 

of systems science and originally published by a French officer in a French journal that was republished in 

the U.S. Army’s Military Review. 

 57



 

2.3 The Romantic Challenge 

The Enlightenment ideal would not go unchallenged.  While it has become quite 

common for Prussian military theorist Major-General Carl von Clausewitz (1780-1831) 

to be held up as the best example of rationalist, Enlightenment military thought,30 in fact, 

he and Prussia (and after 1871, Germany) were in the vanguard of a romanticist backlash 

in military thought in 19th century Europe.  Of the military thinkers of the Prussian 

“Counter-Enlightenment” or “German Movement,” Gat gives credit “above all, [to] 

Clausewitz, [for] breaching the hitherto absolute hegemony of the military school of the 

Enlightenment.”31

Both the career-path and thinking of Clausewitz were shaped to a great degree by 

the Prussian officer, educator, author, and later, reformer, Gerhard Johann David 

Scharnhorst.32  As mentioned in the previous section, there was a great deal of 

intellectual traffic among European militaries in the latter half of the 18th century, with 

the doctrines and institutions of professional education of most generally conforming to 

the French model, especially after the Revolution.  In Prussia during this period, 

Scharnhorst played a key role in enabling the flow of ideas from France.  In the 1780s, 

                                                 
30 Chris Hables Gray has argued that “Clausewitz’s desire for war coexisted with his attempts to rationally 

explain it.”  See Gray, Postmodern War: The New Politics of Conflict, 95.  Pick makes a similar point in 

Daniel Pick, War Machine : The Rationalisation of Slaughter in the Modern Age Yale University Press), 

1996.  Prominent military historian John Keegan has helped to perpetuate the misunderstanding.  He has 

called Clausewitz the father of “the most pernicious philosophy of war making yet conceived”, arguing 

that he “was polluting civilized thought about how wars could and should be fought” by promoting the 

“dictum that war limits itself rationally, if not morally, by the automatic operation of calculation of state 

interest.” John Keegan, War and Our World (New York: Vintage Books), 1998, 41-43.  In each case, it is 

Clausewitz’s supposed emphasis on rationalism, calculation, and universal “principles” that is found to be 

objectionable.  We will return to Clausewitz in a later chapter, where we will find him being re-read 

through the lens of nonlinear science. 
31 Gat, The Development of Military Thought: The Nineteenth Century, 1-3. 
32 Peter Paret, the foremost contemporary Clausewitz scholar, has claimed that “The impact that 

Scharnhorst exerted on Clausewitz’s life and on the development of his ideas cannot be emphasized 

enough.”  See Paret’s introductory essay, “The Genesis of On War,” in Carl von Clausewitz, On War 

(New York: Alfred A. Knopf), 1993, 9. 
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for example, he founded and edited a number of professional journals that were widely 

read among Prussian officers.  While the journals did have some original, Prussian 

content, they mainly translated and republished the latest military literature from other 

militaries throughout Europe.  As a result of French dominance at that time, French 

military literature was a major interest.  Scharnhorst’s efforts, then, were instrumental in 

familiarizing Prussian officers in general, and as we shall see, Clausewitz in particular, 

with the latest in French military thought.  Scharnhorst had also been a champion of 

professional education for officers during this period and was an important influence 

upon the founding of such institutions in Prussia, which again generally followed the 

French model.  In fact, Clausewitz first met Scharnhorst at the newly-formed War 

College in Berlin, where Clausewitz was Scharnhorst’s student from 1801 to 1803.33

Scharnhorst’s views were initially very much in line with the Enlightenment ideal.  

For example, he agreed that war was susceptible to intellectual study and rigorous 

theorizing, as well as the formulation of rules or principles, and that such knowledge 

should be taught in institutions of professional education.  He even agreed that 

instruction in mathematics should be an important part of the curriculum at such 

institutions, especially for those entering fields such as artillery or fortification.  Over 

time, however, he developed a much more ambivalent relationship to Enlightenment 

military thought, becoming a critic of a number of more radical attempts to provide 

extremely precise, even mathematical formulas for the conduct of war which gained 

popularity throughout Europe at the turn of the 19th century.  In particular, he criticized 

the theories of Swiss-French theorist Antoine Jomini, who had distilled what he claimed 

were universal principles of warfare based on his study of Napoleonic strategy, as well 

as the theories of Prussian theorist Adam Heinrich Deitrich von Bülow, who had created 

what he believed to be a mathematical and predictive theory of operations focused 

almost entirely upon geographic and logistic factors.34

                                                 
33 Gat, A History of Military Thought: From the Enlightenment to the Cold War, 165-166.  Paret reports 

that Clausewitz graduated at the top of his class.  See Paret, 9. 
34 Ibid., 165-166.  Paret notes that, under the influence of Scharnhorst, Clausewitz would go on to write his 

own critiques of both Jomini and von Bülow, making many of the same points that Scharnhorst had made.  

Paret, 11. 
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In contrast, and by the time that Clausewitz came to know Scharnhorst, the latter 

had already begun to emerge as an early exponent of a Prussian counter-enlightenment 

or romantic school of military thought, itself both a response to increasing French 

intellectual dominance and the result of a rising sense of Prussian nationalism.35  In 

general, Scharnhorst, Clausewitz, and their fellow travelers of the romantic school 

questioned the Enlightenment conception of the nature of reality, as well as the nature 

and value of historical study.  Where Enlightenment thinkers had assumed that nature 

was governed by relatively few, universal, simple, precise, and knowable laws or 

principles, the highest example of which were Newton’s laws of motion, Scharnhorst, 

Clausewitz, and others of the romantic school saw nature as complex, given to chance, 

and always in flux.36  Next, the Prussian romantics believed that the empiricism of 

Enlightenment thinkers had led them to adopt an unacceptably presentist view of history, 

which was marked by a tendency to develop supposedly universal laws or principles 

based solely upon the study of their own time and place (e.g. Jomini’s work on 

Napoleonic strategy).  Not only was this perspective too limited to yield truly universal 

laws or principles, the romantics asserted, they also disapproved of the tendency of 

Enlightenment military thinkers to use those “universals” to critically judge not only 

other militaries of their own time (which might be operating under very different social, 

economic, and political circumstances), but also to critically judge the performance of 

individual commanders, militaries, or entire historical eras.37  Such a narrow, parochial 

view made historical study virtually useless.  In contrast, Scharnhorst and Clausewitz 

were representative of an emerging, historicist outlook among Prussian scholars more 

generally, one which argued that historical actors, be they individuals, militaries, or 

                                                 
35 Ibid., 151. 
36 Ibid., 144. 
37 Paret has argued that it is understandable given the dramatic changes following the French Revolution, 

along with Napoleon’s equally dramatic battlefield victories, that military thinkers during this period 

would have been tempted to see in Napoleonic warfare a universal standard by which all wars and 

militaries (past, present, and future) should be judged.  See Paret, 10. 
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entire societies, should be understood and evaluated on their own terms, as shaped by the 

unique circumstances of their own times, places, and histories.38

It would be historically-minded military theory that Scharnhorst would teach to his 

pupils at the War College, Clausewitz among them.  He taught them that history and 

theory were intimately related.  Where the purpose of theory was seen as the creation of 

concepts and principles capable of improving understanding of reality and guiding 

action, historical study was seen as not only vital to the creation of those concepts and 

principles, but also as an important means of providing the (vicarious) experience 

necessary for an officer’s ability to form the judgment needed to effectively apply those 

concepts and principles in action.39

Clausewitz’s own views on theory, history, professional education, and the nature of 

reality mirrored those of Scharnhorst.  Where theory and history were concerned, though 

he believed that political, social, and economic variables of a particular time and place 

meant that no one, universal system of principles would ever be sufficient to master war, 

he nonetheless maintained that war should be studied, as much as possible, in an 

objective, systematic, and scientific manner.40  A comprehensive theory of war, he 

believed, required finding the enduring elements of war, not just those related to 

contemporary warfare.41  In this regard, historical study was seen as indispensable, but 

not because it provided direct analogies with the present, from which principles or rules 

could be derived and applied, a position with which Clausewitz adamantly disagreed.  

Rather, he believed that while the study of history would highlight certain recurring 

patterns, the fact that those patterns were always manifested in forms specific to 

particular times and places, the ultimate value in the study of history was as a means of 
                                                 
38 Ibid., 149-150.  As Gat notes, this historicist outlook would come to have a profound influence upon the 

humanities, especially the academic study of history, in the West, and in particular the United States, 

where academic history departments were based largely on the German model.  See Peter Novick, That 

Noble Dream: The ‘Objectivity Question’ and the American Historical Profession (Cambridge: 

Cambridge University Press), 1988. 
39 Gat, A History of Military Thought: From the Enlightenment to the Cold War, 162-163.  See also Paret, 

9. 
40 Paret, 6. 
41 Ibid., 12. 
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developing the officer’s judgment and creativity.42  Indeed, based on his own study of 

military history, Clausewitz highlighted individual human judgment, emotion, and 

willpower as the most important of the enduring elements central to the conduct of 

warfare.43  As such, and like Scharnhorst, he believed that the true purpose of instruction 

in theory and history in institutions of professional education should not be merely the 

transmission of technical information, and certainly not the teaching of formulaic 

prescriptions for the conduct of military operations, but rather the formation of the 

officer’s character, judgment, creativity, morale, initiative, and will.44  Ultimately, these 

were the characteristics that he believed essential for not only coping with but exploiting 

the true nature and reality of war, which he said was dominated by chance, or what he 

called “friction.”  In the notion of “friction,” which he believed was natural, inevitable, 

and affecting both sides in a conflict, Clausewitz sought not to avoid the effects of 

chance, as had many of the Enlightenment thinkers that he critiqued, but rather, to 

employ the creativity, initiative, and judgment of the commander to exploit the effects of 

friction on the battlefield.45

Clausewitz’s work in military history and theory was not just an idle, academic 

affair.  Through his association with Scharnhorst, he was able to exert a great deal of 

influence over Prussian doctrine and professional education, especially in the years 

following the shocking French defeat of Prussian forces at the Battle of Auerstädt in 

1806, which left France not only intellectually dominant, but politically dominant as the 

last roadblock to the formation of Napoleon’s empire crumbled.  After graduating top of 

his class from Scharnhorst’s War College in 1803, Clausewitz had been appointed in 

1804 as adjutant (e.g. executive officer) to Prince August, cousin to the King.  He served 

in this position at Auerstädt, where both men were taken prisoner and held captive by the 

new French empire until 1807.  Upon his return, he was appointed assistant to 

Scharnhorst in the newly-formed War Ministry, where Scharnhorst was leading a group 

of reformers in efforts to re-equip the army and to create new doctrine in preparation for 

                                                 
42 Ibid., 26. 
43 Ibid., 12. 
44 Ibid., 9 and 16. 
45 Ibid., 7 and 19-20. 
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the time when Prussia would take part in the overthrow of the French empire.  

Clausewitz played an important role in the development and teaching of that new 

doctrine between 1809 and 1812 while serving both as an instructor at the War College, 

as well as personal military tutor to the Prussian crown prince.  With Napoleon’s 

invasion of Russia in 1812, Clausewitz would get the opportunity to fight the French for 

which he had longed.  He and a number of other Prussian general officers resigned their 

commissions in the army of Prussia and offered their services to Russia.  During the war, 

Clausewitz served in the Russian army as a colonel, where he negotiated the surrender of 

those Prussian forces that had been forced to serve as part of Napoleon’s Grand Armée.  

He later regained his commission in the Prussian army and served as a staff officer at the 

Battle of Waterloo in 1815, where Napoleon was decisively defeated.  From 1818 to the 

end of his career, which ended with his death from cholera in 1831, he served as the 

Superintendent of the War Academy in Berlin, a position from which he continued to 

influence Prussian military doctrine and education.46

Clausewitz’s theories continued to have a powerful influence even after his death, 

both because of the publication by his widow in 1832 of his life’s work, On War, as well 

as via the efforts of one of his former students at the War Academy, Helmuth von 

Moltke.  As Chief of Staff for thirty years, Moltke worked to spread and implement 

Clausewitz’s ideas, a task which was made easier after he successfully led his forces in 

the defeat of France in 1871, resulting in the unification of Germany and creation of the 

German empire.47  Post-unification German military theory differed in a number of 

respects from what Clausewitz had taught.  First, German military theorists increasingly 

subordinated the political to the military aspects of conflict, even though Clausewitz had 

argued that it should be the other way around.  Second, they increasingly saw the 

offensive as the stronger form of war, while Clausewitz had argued that the defensive 

was stronger.  Nonetheless, German officers found Clausewitz’s emphasis on 

psychological factors such as morale, creativity, judgment, and will extremely appealing 

because it seemed to provide hope that the increasingly geographically dispersed armies 

                                                 
46 Ibid., 174-175 and Paret, 10, 14, 20-21. 
47 Michael Howard, “The Influence of Clausewitz,” in Clausewitz, On War, 32. 
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at the end of the 19th and turn of the 20th centuries, which suffered from a lack of 

effective means of command, control, and communication on the battlefield, could still 

operate effectively as long as soldiers had the creativity and judgment to act on their own 

local initiative.48

2.4 The Evolution of a Positivist-Romanticist Hybrid 

Though there were stark differences between Enlightenment and Romantic military 

thinkers, the examples of Scharnhorst and Clausewitz indicate that the two schools were 

not entirely alien to one another.  As we have seen, even though the romantics rejected 

the notion of universal theories or principles of war, they were still in agreement with 

Enlightenment thinkers that there was at least a true, unchanging essence or spirit of 

warfare that could be grasped to some degree through careful study. 49  Additionally, 

there was general agreement between the two camps over the need for professional 

education for officers.  In general, while romantics were more likely to stress the 

teaching of history as necessary for the successful understanding and conduct of war, 

with Enlightenment schools stressing technical competence, here again it would be a 

mistake to see too stark a divide between the two.  Prussian officers continued to receive 

training in engineering, fortification, artillery, and the other relevant technical subjects of 

the day.  And though Prussian professional military education became less mathematics-

centered after 1815, mathematics instruction was never altogether abandoned.50  

Likewise, for example, in the American context, while both West Point and Annapolis 

were originally established for the purposes of technical education, their curriculum 

stressing mathematics and engineering above history, U.S. professional military 

education in the latter half of the 19th century was not devoid of instruction in history.  

Rather, beginning in the 1880s, for both the Army and the Navy it was mainly at the 

staff and war college levels that officers studied history as a way of learning the 

principles of war.  Additionally, “By 1920 the army and navy, as well as the U.S. Marine 

                                                 
48 Ibid., 34-38. 
49 Gat, The Development of Military Thought: The Nineteenth Century, 67-68. 
50 Shy, “Western Military Education, 1700-1850, a Commentary on Bien’s ‘Military Education in 18th 

Century France; Technical and Non-technical Determinants’.”, 67. 
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Corps, established historical offices in Washington, D.C., whose principal mission was 

to support service policy-making and administration, not just unit morale and officer 

education.”51

Just as the Enlightenment school did not entirely reject the usefulness of history, 

neither did it entirely overlook the role of human factors like initiative, training, and 

morale which figured so prominently in the Romantic school.  At the same time that 

Enlightenment military thinkers valued formalization and sought after universal 

principles of war, they also recognized that war “escaped formalization in part, while the 

rules and principles themselves always required circumstantial application by the 

creative genius of the general.”52  As a result of their defeat at the hands of Moltke’s 

Prussian forces in the war of 1870-71, France experienced a renaissance in military 

thought that would lead to the development of the “doctrine of the offensive,” what Gat 

has called a “flight to moral strength” in the face of lingering material weakness vis-à-

vis the Germans.  Gat quotes French Colonel Hippolyte Langois, a chief proponent of 

the “doctrine of the offensive,” 

‘We cannot . . . fight Germany nowadays with equal numbers [wrote 
Langlois in 1903]. Are we therefore to think that our cause is 
irremediably the weaker for this reason? I do not agree with this. The 
belief in the all power of numbers is demoralizing, it has always been 
wrong, and it is more so now than ever. Individual training, military 
education and above all morale are the dominant factor in the fight.’53

Douglass Porch summed up the French situation and response quite succinctly: “With 

these substantial material handicaps, France had to oppose mind to Germany’s main.”54

The defeat of 1870 and lingering material weakness, together with wider calls for 

social reform, “a ‘moral’ French renaissance,” and warnings about the “dangers of an 
                                                 
51 Allan R. Millet, “American Military History: Clio and Mars as ‘Pards’,” in Military history and the 

military profession, ed. David Charters, Marc Milner, and J. Brent Wilson (Westport, Conn: Praeger, 

1992), 6-7. 
52 Gat, A History of Military Thought: From the Enlightenment to the Cold War, 31. 
53 Quoted in Gat, The Development of Military Thought: The Nineteenth Century, 144-145. 
54 Douglas Porch, “The French Army and the Spirit of the Offensive, 1900-14,” in War and Society: A 

Yearbook of Military History, ed. Brian Bond and Ian Roy (New York: Holmes & Meier Publishers, Inc., 

1975), 137. 
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over-emphasis on ‘Prussian’ materialism,” led French officers to search for a uniquely 

French approach to war, one that would place more “emphasis on the human and 

spiritual qualities of the soldier and the Army.”  Studies of military history, which had 

grown in popularity after 1870, seemed to indicate that “French élan and ‘impetuosity’ 

were best expressed in offensive warfare.”55  Finally, technological developments, 

particularly the increased rates of fire and lethality of modern weapons, seemed to 

demand greater emphasis on “moral forces” and offensive action.  Higher rates of fire 

meant that soldiers would need to disperse to increase their chances of survival.  Porch 

quotes one French officer who explained the resultant dilemma: 

‘When a company deploys a rank, on a 290-meter front…many will not 
hear orders.  The men will no longer see their leaders.  They have no-one 
in front to lead them, no-one behind to push them… Nothing is left to 
keep them moving forward but the individual will to conquer… History 
testifies that the soldiers who fight best when dispersed are those with the 
strongest patriotism and will to conquer, and the strongest devotion to 
their leaders and comrades.  Soldiers without these feelings can be led 
into the attack only in relatively close formations… The more armaments 
are developed, the more dispersal becomes necessary and the more 
individual moral strength is needed.’56

Ardant Du Picq, a French Colonel and military theorist who had been killed early in 

the war of 1870, was one of the first French officers to call for a “return to the offensive 

and greater reliance upon the ‘moral’ factors in war.”57  Based primarily upon his study 

                                                 
55 Robert A. Nye, The Origins of Crowd Psychology: Gustave LeBon and the Crisis of Mass Democracy in 

the Third Republic (London: Sage Publications), 1975, 126-127. 
56 Quoted in Porch, “The French Army and the Spirit of the Offensive, 1900-14.”, 135-136.  Arguing 

against the idea that the doctrine of the offensive was a result of ignorance regarding the lethality of 
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57 Nye, The Origins of Crowd Psychology: Gustave LeBon and the Crisis of Mass Democracy in the Third 

Republic, 132.  According to Gat, little is known about Du Picq’s life and career beyond what is available 

in a brief biographical sketch written by his brother upon Du Picq’s death.  Du Picq’s first study had been 

of ancient battle and was distributed privately among colleagues and friends in 1868.  That same year he 

began a study of modern combat that involved using a questionnaire to elicit information from 

 66



 

of ancient military history and supplemented by surveys of contemporary French 

soldiers and commanders, Du Picq discounted the material factors in war and counseled 

that military theory should focus upon the mental, moral, emotional, and spiritual aspects 

of the individual soldier.  For Du Picq and his intellectual fellow travelers, it was there 

that the secrets of victory and defeat would be found.58  Those sympathetic to his views 

would represent the top of the military profession in France in the years leading up to 

World War I.  From 1884 to 1902, the directors of the École de Guerre Supérieure, 

Generals Maillard and Bonnal, would use Du Picq’s ideas to further their own theory of 

offensive warfare.59  Beyond Du Picq, Maillard, and Bonnal, however, the most 

prominent advocate of the offensive and of the reliance upon “moral forces” was the 

future Supreme Commander of Allied Forces in World War I, Ferdinand Foch.  Like Du 

Picq, he believed that “a battle was only lost when one believed it to be lost; war was 

reduced to psychological states of mind.”60  Indeed, Foch is famous, in part, for his 

equation: “War = the domain of moral force.  Victory = will.”61  In 1913, the doctrine of 

                                                                                                                                                
contemporary soldiers and officers about their individual experiences in combat.  Though Du Picq was an 

avowed positivist and viewed his use of the questionnaire as bolstering the scientific credibility of his 

work, Gat has indicated that he had reached all of his main conclusions about the importance of 

psychological and emotional factors in combat before he had begun his survey work in 1868.  Du Picq was 

killed in 1870 before completing his study.  His previous work on ancient combat, along with what he had 

managed to write on modern combat before his death, were published posthumously in 1880 as Études sur 

le combat, “Battle Studies.”  While his writings had little impact during his life, his influence grew after 

his death, particularly after the publication of the second edition of “Battle Studies” in 1903.  As Gat has 

noted, although Du Picq himself had not been a proponent of the “doctrine of the offensive” (an idea that 

would only develop after his death), proponents of the doctrine of the offensive, who themselves had been 

primarily focused on psychological and emotional aspects of combat, were drawn to Du Picq’s work 

because of his interest in those same issues.  For more on Ardant Du Picq, his ideas, and his influence, see 

Gat, The Development of Military Thought: The Nineteenth Century, 296-309 and 408-409. 
58 Nye, The Origins of Crowd Psychology: Gustave LeBon and the Crisis of Mass Democracy in the Third 

Republic, 127. 
59 Ibid., 128. 
60 Ibid., 133-134. 
61 Quoted in Porch, “The French Army and the Spirit of the Offensive, 1900-14.”, 138. 
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the offensive became official policy,62 making “‘mental factors’ and the cult of the 

offensive…the official teachings and foremost presumptions of the commanding elite of 

the French Army in the years preceding the war of 1914-18.”63

But we should not be fooled by the claims to have developed a uniquely “French” 

way of warfare.  Not only were French ideas about moral forces and the offensive during 

this period not unique to France, they had, in fact, been borrowed to a great degree from 

Clausewitz via his contemporary German interpreters who, as we recall, had also 

admired his emphasis on psychological factors, but who had also added an emphasis on 

the offensive where none had existed in Clausewitz’s work.  The German victory in 

1871 had left Europe’s newest empire as the continent’s new model army; others copied 

German doctrine and methods of training, including France.  As they did, they implicitly 

adopted a number of Clausewitzian ideas.  But the French were even more deliberate 

than most in adopting Clausewitz’s teachings.  By the mid 1880s, for example, courses 

on Clausewitz were being offered at the École de Guerre Supérieure.  As we have seen, 

one of those who had attended one of these courses at the Ecole, Ferdinand Foch, 

became one of the most important advocates of the “neo-Clausewitzian” view that 

subordinated the political to the military and emphasized moral forces, psychology, and 

the offensive.64

While the initial turn to moral factors and offensive warfare was purely internal to 

the Army, French officers soon found justification and inspiration in contemporary 

scientific theories like evolution and the emerging field of crowd psychology, in 

particular the ideas of the French crowd psychologist and populizer of the sciences, 

Gustave LeBon.  Indeed, by itself, the emphasis on moral forces and the offensive would 

seem to be military romanticism pure and simple.  But as we shall see, throughout the 

nineteenth and well into the twentieth century it became commonplace to see this new, 

seemingly romantic thinking, as supported by the latest in biological and social science. 
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The defeat of 1870-71 sparked widespread belief that the decay or degeneration of 

French society and education were at the heart of France’s troubles.  Robert Nye has 

argued that “Even the skeptical agreed that the ‘new idol’ of science and scientific 

method was a major hope for regeneration.”65  Many French intellectuals simultaneously 

found hope in the prospects of progress, but also fear at the prospects of degeneration.  

Nye points out that positivism and progress often “serve[d] two masters, the one full of 

confidence in man and nature, the other predicting degeneration, decay, and 

extinction.”66  Put simply, if it was possible to progress, then the belief was that it must 

also be possible to regress.  Developments in both biology and physics seemed to lend 

support to the views of social critics who warned of decay and called for reform.  

Popular works in the area of hereditary theory, such as Charles Lucas’ De L’Hérédité 

Naturelle (1847) and B.H. Morel’s Traité des Dégénérescences (1857), introduced the 

idea of evolutionary degeneration.67  In physics, the same social critics believed that the 

newly “discovered” laws of thermodynamics and attendant concepts of entropy and 

equilibrium held great explanatory power where the subject of societal decadence was 

concerned.  For example, Ernest Renan, the French philosopher and writer, equated 

equilibrium with death, decadence, and decay.  Conversely, he equated rupture, 

movement, and disequilibrium with life and progress.68

But where military affairs were concerned, perhaps the most influential social 

critic/scientist was the crowd psychologist Gustave LeBon.  While a full discussion of 

LeBon’s life and work are beyond the scope of this project, a brief introduction to his 

more popular ideas about degeneration and crowd psychology are in order due to their 

                                                 
65 Ibid., 20. 
66 Ibid., 22. 
67 Ibid., 22. 
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influence upon French military thought of the time.69  In his work of greatest lasting 

influence, La Psychologie des foules (The Psychology of Crowds), published in 1895, 70 

LeBon presented Darwinian evolution as a universal law which provided the ability to 

study not only natural evolution, but also the evolution of societies and cultures.71  When 

he turned this Darwinian gaze upon his own society, he saw degeneration and decay.  

Nye explains that, for LeBon, industrialization and urbanization were responsible for 

“wear[ing] away the behavioral characteristics which had evolved since civilized times, 

to expose the ‘savage’ and ‘primitive’ characteristics underneath… Similarly monstrous 

regressions appeared in the patently ‘emotional’ and ‘unconscious’ behavior of modern 

crowds.”72  LeBon saw the inhabitants of modern, industrial, urban centers in particular 

as “unadapted, “hereditarily tainted,” and as “degenerates.”73  Many collective 

psychologists extended their analysis beyond specific crowds or even urban populations 

to argue that society as a whole was entering an “era of crowds” brought on by the 

pressures of industrialization and urbanization.74  Following LeBon’s lead, they 

increasingly saw societies as organisms possessing their own “racial minds” or “souls.”75  

The danger was that entire populations could therefore go mad in times of crisis, leading 

to the spread of social disorder and chaos much like a disease.76  Luckily, however, 

collective psychologists viewed group psychologies as largely the sum of the individual 
                                                 
69 As the reader will most likely have already guessed, Nye’s work provides a fascinating account of 

LeBon’s life and ideas, with an entire chapter devoted to the impact of his ideas on the development of the 

doctrine of the offensive.  Gat has also noted the influence of LeBon upon those who developed the 

doctrine of the offensive.  Gat, A History of Military Thought: From the Enlightenment to the Cold War, 

539. 
70 The book was first translated into English the following year and was titled simple, The Crowd.  Gat has 

noted that the book “went through forty-five editions in France alone, and was translated into sixteen 

languages.” Ibid., 539. 
71 Nye, The Origins of Crowd Psychology: Gustave LeBon and the Crisis of Mass Democracy in the Third 

Republic, 40. 
72 Ibid., 49. 
73 Ibid., 90. 
74 Ibid., 73-74. 
75 Ibid., 61-62. 
76 Ibid., 52-53 and 63. 
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psychologies which composed them.77  Thus, with the proper education and training of 

the individual, the spread of collective madness and social disorder could be prevented.  

For his part, LeBon was, therefore, an outspoken advocate for educational reform and 

militaristic revival as cures for social degeneration.78

Nye has convincingly demonstrated that LeBon’s ideas “were gradually 

incorporated into what became official [military] dogma in 1914.”79  Increasingly, in the 

years leading up to World War I, psychology was added to history as a subject necessary 

to the development of good leadership skills.  In fact, the two seemed to reinforce one 

another.  As military professionals added works on the psychology of emotion and 

crowds to their reading lists, their simultaneous study of military history seemed to turn 

up “evidence that armies of the past which had been motivated by the ‘sentiment of 

solidarity’, had mustered the ‘necessary cohesion’ to triumph.”80  General Henri Bonnal 

and the École de Guerre Supérieure again provide a good illustration of LeBon’s 

influence upon French military thought.  Bonnal was a personal friend of LeBon’s and 

admitted to making use of LeBon’s ideas, in addition to a number of what he called 

“non-official theories of science.”81  In 1906, four years after retiring as director of the 

École, he argued that “Biology has made such progress in the last fifty years that it has 

become a sure guide for statesmen concerned about developing the grandeur of their 

country…  It is thus on biological science that the high command will be educated if one 

expects it to fulfill its purpose.”82  Others must have agreed because by 1908 a number 

of courses in physiology and “applied psychology” were being taught by friends of 

LeBon at both the St. Cyr military academy and the École de Guerre Supérieure.83  

LeBon’s friend at the École, Colonel Louis de Maud’huy, taught his students that 

“habitual training, long association, and stable leadership will cause a ‘foule’ [crowd] to 
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81 Quoted in Ibid., 137. 
82 Quoted in Ibid., 135. 
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be transformed into a ‘troupe’ [troop].”  The ‘troupe’ would, according to Maud’huy, 

posses “all the virtues of a crowd and few of its defects.”  The ‘troupe’ was seen as an 

organism in which “the chief would be the brain, the cadres (sous-officiers) the nervous 

system, and the troops the muscles… [A] wise chef, drawing on the high emotional 

content of the troop could compose his unit into a ‘moral force’ of great solidarity and 

power.”  As a result of Bonnal and Maud’huy’s teaching of LeBon’s ideas at the École, 

the notion of the ‘troupe’ as a disciplined crowd became widespread among French 

officers in the decade before the outbreak of the war.84  Some officers even went so far 

as to experiment with the use of hypnotism as a means “by which the ‘chef’ could 

convert collective panic into collective heroism, or create reflexes or counter-currents of 

contagion which might offset fear or cowardice.”85

Where offensive warfare, a belief in the power of “moral forces,” and the use of 

concepts from the sciences were concerned, France was not alone.  Where the sciences 

were concerned, though romantics rejected the positivist, overly scientistic approach of 

the Enlightenment thinkers, they too would use the sciences, both as metaphor and as 

justification.  Of course, Clausewitz’s use of the term “friction,” as well as “mass” and 

“center of gravity,” provide the most famous examples of the use of “Newtonian 

metaphors” by a romantic military thinker.  In general, however, as a result of dominant 

racist ideologies and the belief that history followed a violent but teleological path, 

German military thinkers at the end of the 19th and beginning of the 20th centuries, like 

the French and others, also began to use biological metaphors related to evolution and 

social Darwinism.  “Human evolution was the scene of a perpetual life-and-death 

struggle between races, peoples, and nations over space, resources, and power; only the 

fittest survived, while the others were doomed to extinction, disintegration, or 

subjugation. Side by side with scientific racism, a very powerful culture of popular 

racism developed, which in Germany ran from the Kaiser himself downwards.”86
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Military thinkers in the United States and Great Britain would also be affected by 

social Darwinism, crowd psychology, and notions of the nervous bodies of modern men 

and women.87  In the U.S., the theories of naval power developed by Alfred Thayer 

Mahan, which would influence navies around the world for years to come, had strong 

social Darwinist, racist, and imperialist overtones.  Gat summarizes the role of social 

Darwinism in Mahan’s views: 

Mahan explained that ‘growth is a property of healthful life’. One state 
does not interfere in the affairs of another unless ‘its stage of political 
development corresponds to that of childhood or decay’: 
 
‘The claim of the indigenous population to retain indefinitely control of 
territory depends not upon natural right but upon political fitness ... in 
such a manner to insure the natural right of the world at large that 
resources should not be left idle, but be utilized for the general good.’ 
 
‘The onward movement of the world has to be accepted as a fact.’ Virile 
states compete in a process of natural evolution which inevitably breeds 
struggle and suffering.88

Nye notes that two other Americans, Captain LeRoy Eltinge and Colonel Edward L. 

Munson, in their respective books, Psychology of War (1911) and The Management of 

Men (1921), “provided nearly carbon copies of the system propounded by LeBon’s 

French disciples.”89  As the date of Munson’s publication should indicate, these trends 
                                                                                                                                                
number of military thinkers arguing that his ideas were in line with the nonlinear worldview suggested by 

chaos and complexity theories. 
87 In addition to social Darwinist metaphors and analogies, metaphors of neurosis, panic, nerves, and 

paralysis were also quite common.  Such metaphors may have been drawn from popular psychiatric ideas 

from that time, particularly the diagnosis of “neurasthenia”.  See Roy Porter and Marijke Gijswijt-Hofstra, 

“Cultures of Neurasthenia from Beard to the First World War,” Clio Medica 63 (2001).  What is 

interesting, and in need of more investigation, is that, despite the fact that neurasthenia was typically 

considered an affliction of the upper-classes in modern, urban, industrialized societies, the symptoms of 

neurasthenia were commonly projected onto the lower and working classes in the military literature of the 

day, especially in the early literature on the use and effects of strategic bombardment on “industrial 

populations,” a shorthand term for the working class. 
88 Quoted in Gat, A History of Military Thought: From the Enlightenment to the Cold War, 456. 
89 Nye, The Origins of Crowd Psychology: Gustave LeBon and the Crisis of Mass Democracy in the Third 

Republic, 145.  The works by Eltinge and Munson, as cited by Nye, are Capt. LeRoy Eltinge, Psychology 
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continued in the U.S. even into the interwar period.  A prime example (to which we will 

return shortly), was the work of Major William C. Sherman.  One of the chief U.S. 

theorists of aerial warfare, his 1926 book, Air Warfare, combined a penchant for the 

offensive, a belief in the power of “moral forces,” a conviction that “mass psyches” 

could be induced to “mass hysteria,” and the recognition of the interdependencies and 

fragility of industrial societies.  The result was his “industrial fabric” theory of aerial 

bombardment.90

Finally, the same trends can be seen in both pre-WWI and interwar British military 

thought.  Military historian T.H.E. Travers has argued that the British largely followed 

the French lead in promoting the offensive.  He noted that the Commandant of the Staff 

College from 1907 to 1910, Brigadier General Henry Wilson, was influenced directly by 

the thinking of Ferdinand Foch.91  Likewise, his review of military professional journals 

from the period indicated that British officers “sought every opportunity…to promote 

the value of the offensive.”92  One of the most influential “military” thinkers of the day, 

however, was not a military man at all, but rather a civilian writer, futurist, and 

sometimes historian: H.G. Wells.  His ideas would help to shape the thinking of two of 

the most important military theorists of the twentieth century, B.H. Liddell Hart and 
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Society: A Yearbook of Military History, ed. Brian Bond and Ian Roy (New York: Holmes & Meier 
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J.F.C. Fuller, both of whom wrote during the interwar period about mechanized 

warfare.93  Like so many of his day, Wells was responding to the social changes brought 

about by industrialization and mechanization.  He worried that working class, urban 

populations—whom he called the “people of the abyss”94—would be particularly 

vulnerable to panic and disorder during times of war, especially in the event that they 

were subject to bombardment from the air.95  Travers has explained that, for Wells, 

mechanization “produced new weapons which inexorably applied the law of evolution 

and change to war.  As in biology, the law was the same, adapt or perish… [H]is 

scientific training predisposed Wells to think in organic, evolutionary and integrated 

terms: the nation must evolve as an efficient whole or perish.”96  The two new weapons 

that Wells believed would have the greatest impact upon future warfare were the tank 

and the airplane.  Not surprisingly, his ideas would influence many of the early theorists 

of industrial, mechanized warfare on land and in the air.  In the next section, we will 

examine a number of those theories and theorists. 

2.5 Theories of Industrial, Mechanized Warfare 

The early twentieth century saw a number of attempts by British and American 

military professionals to theorize industrial, mechanized warfare.  Most notable were 

those that attempted to come to grips with new weapon technologies such as the airplane 

and the tank.  Yet, it would be a mistake to see these theories and theorists as solely 

concerned with technology.  Rather, in attempting to deal with the impacts of new 

technologies, they often implicitly or explicitly articulated theories of science, 

technology, and society as well.  Airpower and mechanized warfare theorists alike were 

responding to rapid and dramatic changes in society and technology which seemed to 

have altered the very nature of war itself.97  In response, the “prophets of 
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mechanization,” as Bart Hacker has called them, “urged, even demanded, change to 

meet the crisis of modern war and to align the army ‘with the trend of civil life and 

modern scientific thought.’”98  For many of these military theorists, the “progress” of 

military thought was out of sync with the progress taking place in other areas of science, 

technology, and society.  Additionally, war itself was seen as having a nature distinct 

from military theory or technique.  Not only was contemporary military theory seen as 

out of sync with science, technology, and society, it was seen as out of sync with war 

itself, a “fact” that was cause for great concern.  Thus, to a number of prominent 

theorists of mechanized warfare, contemporary military thought suffered from a failure 

to adapt to changes in its environment—i.e. it was “degenerate.”  Just as “science” was 

seen as a cure for degeneracy in other areas of society, so it was for the art of war as 

well.  Hacker explains that, “To many advocates of mechanization, science applied to 

war was the key.”  To illustrate his point, he quotes Britain’s foremost military thinker, 

and the world’s leading theorist of mechanized warfare, J.F.C. Fuller, “There is nothing 

too wonderful for science—we of the fighting services must grasp the wand of this 

magician and compel the future to obey us.”99  The sciences that they would most often 

attempt to grasp were, not surprisingly, biology and psychology. 

In the next two sections, I will examine the ways that theorists of airpower and of 

mechanized warfare articulated their understandings of science, society, and war with 

recommendations for the use of these new weapons.  I will also examine what “science,” 

including its methods, participants, and products, meant to these thinkers.  In later 

chapters, we will see that these articulations and understandings of “science” help us to 

understand better the battle that developed within the U.S. military after World War II 

over the proper role of the so-called “systems sciences” in military affairs, as well as the 

enlistment of nonlinear science, whose military recruiters in the 1980s and 1990s often 

adopted the same understanding of “science” that we will see explicated in the next two 

sections. 
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2.5.1 War in the Air 

Early twentieth century Anglo-American theories of strategic bombardment provide 

a case which demonstrates the complex interweaving of elements of Enlightenment and 

Romantic military thought with popular science.  Tami Davis Biddle, in her study of the 

development of theories of strategic bombardment in the U.S. and Britain between 1914 

and 1945, has demonstrated that military planners and policymakers at the turn of the 

century were well aware of the technological and societal shifts that were contributing to 

an emerging “industrial age,” and that such shifts were cause for great concern.100  In 

turn, Anglo-American theories of strategic bombardment implicitly or explicitly saw 

societies as factories writ large, where the central activity of warfare was the denial, 

disruption, or destruction of an adversary’s ability to collect raw materials and then 

produce, distribute, and utilize war materiel.  During World War I it was believed that 

“attacking the foundation” of the enemy’s “war economy would mean keeping war 

materiel out of the hands of the enemy.”  This meant that those portions of the enemy’s 

society identified as “vital centers,” “critical nodes,” or “the bottleneck of production” 

must be attacked.101  Targets therefore included industrial, commercial, railway, and 

military infrastructure which were, of course, often located in densely populated, urban 

areas.102  In fact, Biddle notes that one post-WWI British survey of the effects of 

strategic bombardment used the terms “town” and “industrial center” interchangeably.103  

“To be urban was now to be subjected to the industrialized instruments of 

                                                 
100 Biddle, Rhetoric and Reality in air Warfare: The Evolution of British and American Ideas about 

Strategic Bombing, 1914-1945, 15, 18.  In Great Britain, for example, military theorists such as J.F.C. 

Fuller, whose theories we will examine in the next section, were influenced by such writings on industrial 

society as the enormously popular works of H.G. Wells, but also John Maynard Keynes’ 1920 work, The 

Economic Consequences of the Peace, which posited the increasing interdependence and fragility of 

modern, industrial, and increasingly global economies.  See Gat, A History of Military Thought: From the 

Enlightenment to the Cold War, 538 and 552-553. 
101 Biddle, Rhetoric and Reality in air Warfare: The Evolution of British and American Ideas about 

Strategic Bombing, 1914-1945, 38-39. 
102 Ibid., 55. 
103 Ibid., 58. 

 77



 

destruction.”104  So, to target an enemy’s “nerve centers” or “vital points” was to target 

cities directly.  Such views continued into the interwar period and were explicated best 

by the British theorist of mechanized warfare, B. H. Liddell Hart, as well as the 

American airpower theorist, William C. Sherman.  The theories of both will be 

examined in the following pages. 

In general, industrialization represented both a promise and a curse.  B.H. Liddell 

Hart, a former Royal Tank Corps officer, developer of the British Army’s infantry drill 

system, author of the official Infantry Training manual for the British Army, and 

military correspondent for various British newspapers, expressed this view in his 

influential 1925 book, Paris, or the Future of War, where he argued that “in the 

mechanical future of war supremacy will go to the nation with the greatest industrial 

resources.”105  At the same time, modern industry, with its attendant systems of transport 

and communication, were also seen as highly interdependent and fragile such that “in a 

modern nation at war its industrial resources and communications form its Achilles’ 

heel.”106  This fragility seemed to provide a unique opportunity for the use of aircraft in 

warfare.  He explained that “A modern state is such a complex and interdependent fabric 

that it offers a target highly sensitive to a sudden and overwhelming blow from the 

air.”107  He continued, “a nation’s nerve-system, no longer covered by the flesh of its 
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troops, is now laid bare to attack, and, like the human nerves, the progress of civilization 

has rendered it far more sensitive than in earlier and more primitive times.”108  Others 

used similar, bodily metaphors, such as Royal Air Force Commander Arthur Harris, who 

explained that cities “were to Germany what ganglia are to a living body. If enough of 

them were destroyed, the body would succumb.”109  But what exactly should the targets 

be?  For Hart, cities constituted the “vital points” or “nerve-centers” of the national 

nervous system.  So, for example, he described the city of Paris variously as “the nerve 

center of the French will to resist,” as well as “the nodal point of France.”110

Major William C. Sherman agreed with Hart.  Biddle describes Sherman as having 

taken “the lead in outlining what would come to be embraced by Americans as the 

‘American’ view of air warfare.”111  Together with Major Thomas DeWitt Milling, he 

had overseen the founding of the Air Service Field Officers’ School in 1920 and 

authored the 1922 “Air Tactics” text used at the school.  His 1926 book, Air Warfare, 

further expanded his ideas and echoed many of the points that Hart had made.  He 

believed that industry was at the very heart of the modern nation’s ability to wage war, 

such that a massive strike against an enemy’s “key plants” could have the effect of 

delivering a knock-out blow.  He explained, 

In the modern conception of war, the mobilization of the army and navy 
is accompanied by a mobilization, similar in all respects, of the entire 
industry of the state.  This is an exceedingly complex arrangement, and 
this very quality of modern industry renders it vulnerable…  Industry 
consists…of a complex system of interlocking factories, each of which 
makes only its allotted part of the whole.  This is an era of specialization.  
Accordingly, in the majority of industries, it is necessary to destroy 
certain elements of the industry only, in order to cripple the whole.  These 
elements may be called the key plants. 
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… Accordingly the destruction of an enemy’s industries assumes a 
tremendous military importance.112

After noting that “The commander of today is tied fast to his roads and railroads” and 

that “The modern system of supply is a thing far more complex than in former days, and 

perhaps even more vital,” Sherman also identified the enemy’s “system of supply” as 

“the military objective of bombardment aviation, par excellence.”113  The system of 

supply included the system of transport, which also constituted the enemy’s “lines of 

communication.”  He argued that “various depots…may be included in the lines of 

communication, since they are in effect the termini of the lines.”  The equivocation 

between supply, transport, and communication continued when he wrote, “Where 

supplies must be transported over land, the railroad is far and away the most important 

agency…  The railroad is the backbone of overland transportation, and as such is the 

commonly selected objective of air attacks on the lines of communication.”114  So, in 

Sherman’s “industrial fabric” theory of aerial bombardment, there is a recommended 

hierarchy of targets to be struck.  “First, in order of importance…comes the 

bombardment of large centers of population…  The next class of objectives to be 

considered is the enemy’s system of supply; this includes the factories where munitions 

are made, the most advanced depots where final issue takes place, and the intervening 

means of transportation and storage.”  The least important targets were enemy battlefield 

forces, fortifications, or naval vessels.115

Confusion might arise at this point.  If industry was so important, why would it not 

be the first target in the hierarchy of targets?  Why would one first target “large centers 

of population,” which ran the risk of killing civilians by the tens of thousands?  Far from 

being disturbed by the notion of massive bombardment of largely civilian areas, planners 

at the time spoke of the militarily useful “morale effects” that such bombing could 

have—i.e. direct attack against enemy civilian populations constituted a direct attack 

upon the enemy’s will to resist.  While seeing societies as factories and victory as a 
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function of industrial production certainly represented strong technocratic strains in early 

British and American thinking about the use of airpower, there were also strong 

romanticist and social Darwinist strains as well.  It was the confluence of the 

technocratic, romanticist, and social Darwinist elements which allowed for the 

justification of targeting civilian populations. 

Of course, the now infamous bloody, frontal assaults of WWI, which saw men 

charging headlong into a hail of machine-gun fire, were a result of the doctrine of the 

offensive.  But so were the first attempts at strategic aerial bombardment.  And the 

emphasis on the offensive and “moral forces” did not die in the trenches of WWI; but 

rather, was carried into the interwar period on the wings of the strategic bomber and, as 

we shall see shortly, in the armored belly of the tank.  Biddle points out that the British 

and the Americans were both influenced by the French “doctrine of the offensive,” the 

idea that constant offensive action was the key to breaking the enemy’s will to fight.  As 

such, many proponents of the use of strategic bombing viewed it as “an aerial shortcut to 

the accomplishment of a Clausewitzian dictum: to end a war one must destroy the 

enemy’s will to fight.”116  Biddle quotes Sir Hugh Trenchard, first Chief of the Air Staff 

in Britain as saying, “The one that stood it [aerial bombardment] longest would win...  If 

we could keep going longer than the enemy, that was where we would score.  It was not 

a matter of mathematical calculation.”117

Again, Hart and Sherman serve as prime examples of the continuation of the 

emphasis on the offensive and “moral forces” after the war.  Both quite clearly 

advocated the targeting of civilians and justified their recommendations through 

recourse to the doctrine of the offensive.  Hart argued that “in the human will lies the 

source and mainspring of all conflict,” concluding from this that “it becomes 

transparently clear that our goal in war can only be attained by the subjugation of the 

opposing will.”  For force to be directed against the will, he insisted that “the destruction 

of the enemy’s armed forces is but a means—and not necessarily an inevitable or 
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infallible one—to the attainment of our goal.”118  Sherman agreed, writing, “War is 

essentially a conflict of moral forces.  A decision is reached not by the actual physical 

destruction of an armed force, but by the destruction of its belief in ultimate victory and 

its will to win…  It is apparent then that what may be called spiritual phenomena are of 

vast importance in war.”119  Sherman concluded from this that the offensive was the key 

to victory. 

War holds no clearer example of the preponderance of the moral factors 
over the purely material ones than in the everlasting truth of the principle 
of the offensive…  [N]o mechanical development has changed the 
fundamental truth of the moral nature of the struggle.  Because of this 
fact, the offensive must be taken whenever possible, and held to with the 
utmost tenacity.120

Just as the targeting of the enemy army was but a means to an end, the targeting of 

industry, the system of supply, and lines of communication were also means to subduing 

the enemy’s will, but were not the most direct method.  Rather, according to Hart, “The 

enemy nation’s will to resist is subdued by the fact or threat of making life so unpleasant 

and difficult for the people that they will comply with your terms rather than endure this 

misery.”121  Again, aircraft seemed to offer the possibility of directly attacking the 

enemy will: “Aircraft enables us to jump over the army…and so strike direct and 

immediately at the seat of the opposing will and policy.”122  Sherman echoed this 

sentiment, which he had identified in the post-war writings of Ferdinand Foch, when he 

wrote that aircraft offered “the possibility of bringing such pressure to bear on civilian 

populations as to end the war through the action of the air force alone.”123

Hart, Sherman, and others were not convinced by ethical objections “based on the 

seeming brutality of an attack on the civilian population.”  For Hart and many others, the 

                                                 
118 Hart, Paris; or The Future of War, 20. 
119 Sherman, Air Warfare, 6. 
120 Ibid.. 23-24. 
121 Hart, Paris; or The Future of War, 31. 
122 Ibid., 37.  Emphasis in original. 
123 Sherman, Air Warfare, 5. 

 82



 

“morale objective” was also the “moral objective” in war.124  Through the use of an 

ends-justifies-the-means type of argument, they argued that the promise of a quick 

victory justified the targeting of civilians.  Hart saw the targeting of civilians as 

distinctly more “moral” or “ethical” than the kind of “cannon-fodder war” seen in World 

War I.  He wrote, 

The events of the last war have, however, in some measure acclimatized 
the world to the idea that in a war between nations the damage cannot be 
restricted merely to the paid gladiators.  When, moreover, the truth is 
realized that a swift and sudden blow of this nature inflicts a total of 
injury less than when spread over a number of years, the common sense 
of mankind will show that the ethical objection to this form of war is at 
least not greater than to the cannon-fodder wars of the past.125

Based on this kind of reasoning, Hart advocated the use of chemical weapons in future 

wars and criticized arms control advocates as being “blind to the lessons of history.”126  

In his view, because “Chemical science has provided mankind with a weapon which 

reduces the necessity for killing and achieves decisive effects with far less permanent 

injury than in the case of explosives,” he concluded that “Gas may well prove the 

salvation of civilization from the otherwise inevitable collapse in case of another world 

war.”127  Hart went so far as to speak favorably of the vision of future warfare expressed 

in a contemporary German military manual, Der Chemische Krieg, which had said, 

“Entire regions inhabited by peaceful population will be continually threatened with 

extinction.  The war will frequently have the appearance of a destruction en masse of the 

entire civil population rather than a combat of armed men.”128  He concluded his study 

into the future of war by reiterating that “the only true objective is the moral one of 

subduing the enemy’s will to resist” and that, therefore, “these weapons [airplanes, 
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poison gas, and tanks] will be directed against the nerve centers and arteries of civil 

life.”129

The targeting of civilian populations, especially the working class dwellers of 

densely populated urban areas, was also justified by beliefs in the inferiority or 

degeneracy of these peoples.  Just as the original French formulation of the doctrine of 

the offensive and the notion of “moral forces” was heavily influenced by concepts 

borrowed from crowd psychology and social Darwinism, so too were interwar theories 

of industrial, mechanized warfare.  In light of widespread urban unrest in both the U.S. 

and Britain at the time, along with notions of the “nervous complexion of the modern 

mind,” there was widespread concern among military and civilian leaders alike over how 

the urban poor and working classes would respond to the stresses of aerial bombardment 

of their homes and places of work.130  Many military professionals believed that these 

“industrial populations” were more prone to hysteria and panic than others.131  Thus, 

“industrial populations” constituted one more area of weakness in industrial society 

which could be profitably exploited during times of war. 

Ideas about the discipline, steadfastness, and emotional constitution of the urban 

poor and working classes would affect both the expectations for and recollections of the 

impacts of strategic bombardment.  Of the official British survey of the effect of WWI 

strategic bombing, Biddle writes, “In reference to the workers, the survey authors were 

prepared to make the extreme claim that ‘constant alarms and raids ruined their nerves, 

in some cases for life’.”132  Official Royal Air Force historian Richard Titmuss argued, 

“[I]t seems sometimes to have been accepted almost as a matter of course that 

widespread neuroses and panic would ensue.”133
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Such views were also expressed in Hart’s look at the future of warfare.  Hart 

valorized the “great captains” and “military geniuses” of history, but took a dim view 

indeed of the “masses” of “normal men” which made up the bulk of society.  To Hart, 

the masses were mere imitators or followers, incapable of independent thought.  “The 

idea of preserving a broad and balanced point of view is anathema to the mass, who 

crave for a slogan and detest the complexities of independent thought.”134  Such “normal 

men” were also supposedly easy to overpower. 

The normal man, immediately he recognizes a stronger, directly he 
realizes the hopelessness of overcoming his enemy, always yields… 

Armies and nations are mainly composed of normal men, not of abnormal 
heroes, and once these realize the permanent superiority of the enemy 
they will surrender to force majeure.135

Beyond their proclivity to surrender in the face of superior force, “normal men,” 

especially those of “the slum districts,” could, as a result of aerial bombardment, be 

“maddened into the impulse to maraud.”136  Such ideas are clearly in line with the tenets 

of crowd psychology and social Darwinism from that time. 

William Sherman, though he did not cite Gustave LeBon directly in Air Warfare—

indeed, there were no references or bibliography provided in the book—nonetheless 

used language and ideas that were clearly in line with the teachings of LeBon’s crowd 

psychology.  Echoing LeBon’s notion of a “racial soul” or “racial mind,” Sherman 

declared that “It is a well known fact of psychology that the reaction of a crowd to a 

given stimulus is by no means a mere composite of what the reactions of the individuals 

composing the crowd would be…  There is a definite mass psyche.”137  In considering 

the requirements for the transmission of a “wave of hysteria” through a crowd, he 

concludes that “these essential conditions for the propagation of panic are absent in the 
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case of fleets of aircraft.”138  “[T]he transmission of this spirit throughout bodies of 

men,” he explained, 

necessitates the close contact, the elbow-to-elbow touch, and the ability to 
see the expression of a neighbor’s face and appreciate the play of emotion 
in the varied tones of his voice.  Only under these conditions will there be 
a complete submergence of the individual in the mass, and the definite 
production of a mass psyche.139

Thus, the fact that the airman is physically isolated from his comrades, unlike an 

infantryman, meant that “he is incapable of transmitting his panic to another.  The 

disease does not spread.”140  One suspects, however, that while airmen were “immune” 

to panic and hysteria due to their isolation, the urban poor and working classes who 

would be the target of the airmen’s bombs would be particularly susceptible to this 

“disease” due to their “elbow-to-elbow” living conditions.141

Thus, while important geographic and political differences led early American 

airpower theorists to emphasize the “morale effects” of bombing less than their British 

counterparts, there was no doubt among the American theorists that such effects could 

be attained and that they were militarily useful.142  The American theorists largely shared 

the British view of the working class, often using the same metaphors of nerves, panic, 

hysteria, and paralysis.  As such, even if bombs did not find their way to their intended 
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targets, it was believed that the psychological effects on factory workers, and the lower 

classes in general, would be enough to slow or stop production and to generally cause a 

state of panic and the breakdown of order in the enemy society. 

These views, combined with inaccurate interwar estimations of the value of aircraft 

and strategic bombardment during WWI, as well as inflated projections of the 

development of the aircraft, ordnance, and tactics of strategic bombing in the coming 

years, would shape the air campaigns that would be waged over Germany and Japan 

during World War II.  In particular, Biddle has demonstrated that the promised ability to 

cause mass destruction from the air that military planners had repeatedly offered to 

policymakers throughout the 1920s and 1930s factored heavily into the British decision 

to abandon Czechoslovakia in 1938—i.e. by creating the fear of a massive, German 

reprisal from the air—and not to enter the war sooner to stop Hitler’s aggression.143  But 

once the war had begun, the promises of the airpower theorists were quickly proved 

false: bombers were more vulnerable; bombs were more inaccurate; and modern 

societies were more resilient than they had assumed.  Yet, the failure of their “ideal” 

vision did not lead them to give up on the dream of strategic bombardment, but only to 

“heavier, less discriminate bombing.”  As Biddle has argued, “The result was nothing 

less than a form of aerial Armageddon played out over the skies of Germany and 

Japan.”144

2.5.2 Mechanized Warfare on Land 

Theories of mechanized warfare on land—i.e. theories regarding the proper use and 

future impact of tanks and other armored, motorized vehicles—were also touched by 

concepts from crowd psychology and social Darwinism.  B.H. Liddell Hart, for all of his 

prognostication upon the future of airpower, was actually more widely known for his 

work on mechanized warfare.  His ideas on the potential battlefield impact of the tank 

relied upon many of the same assumptions as did his ideas about the impact of the 

airplane.  He argued that “the sight of the modern tanks racing towards one at 20 m.p.h.” 

is enough to “freeze the blood of a witness with imagination to grasp the demoralizing 
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effect if their guns and machine-guns were actually spitting forth death.”145  Hart 

believed that the “moral effect” of the tank, to say nothing of its destructive capabilities, 

held the promise of actually making war less mechanical, of restoring “art” and 

“generalship” to warfare. 

[T]heir true military use is obvious—to be concentrated and used in as 
large masses as possible for a decisive blow against the Achilles’ heel of 
the enemy army, the communications and command centers which form 
its nerve system.  Then not only may we see the rescue of mobility from 
the toils of trench-warfare, but with it the revival of generalship and the 
art of war, in contrast to its mere mechanics.  Instead of machines 
threatening to become the master of men, as they actually did in 1914-18, 
they will give man back opportunities for the use of his art and brain…146

But Hart was not the chief theorist of tank warfare.  In fact, some have even claimed 

that he plagiarized his ideas from Major General J.F.C. Fuller.147  As a Colonel in the 

Tank Corps General Staff during the war, Colonel J.F.C. Fuller had been the chief 

architect of a plan (“Plan 1919”) that would have seen the first major use of tanks in 

what we would now recognize as blitzkrieg-style attacks.  The armistice of November 

1918 intervened, however, ending the war before the plan could be put into effect. For 

his part, Hart called the plan “the dawn of scientific military thought in its grasp of the 

truth that even the military objective is a moral one—the paralysis of the enemy’s 

command and not the bodies of the actual soldiers.”148

Plan 1919 was the outgrowth of Fuller’s experience serving on the Tank Corps 

General Staff, and in particular his involvement with the 20 November 1917 attack on 

Cambrai, which involved the use of 476 tanks and constituted the largest armored assault 

to date.  The reports about the progress of the assault that Fuller received at his post at 
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Tank Corps headquarters would serve as the initial fodder for what would become Plan 

1919.  While the overall result of the attack was a mixed bag, the initial surprise with 

which the British had been able to attack the Germans, causing many German infantry 

units to break and run, led to the notion of “tank-fright.”  “A British officer sent forward 

to interrogate enemy prisoners reported: ‘Without exaggeration some of the infantry 

seemed to be off their heads with fright.’”149  Clearly, the notion that tanks could achieve 

a “moral effect” was already in the air. 

Fuller later explained that Plan 1919 rested upon the assumption that “The strength 

of the enemy’s fighting forces depended on the solidarity of their organization, which, in 

its turn, rested on the integrity of the enemy’s command and system of supply.”150  Thus, 

Plan 1919 had two main components: 

(i.) A force of fast moving machines which, under cover of darkness or 
smoke, would, at top speed, rush through the enemy’s fighting body and, 
making for all Divisional, Corps and Army Headquarters, paralyze these 
brain and nerve centers by direct attack; simultaneously, other fast 
machines were to attack all railheads, supply and signal centers, and 
reduce the personnel at these points to a state of panic. 

(ii.) A force of slower and more heavily armored machines were to 
precede the attacking infantry and assault the enemy’s front at the 
moment the faster machines were demoralizing and destroying the brains 
and stomach.151

The ultimate goal of the attack was to deliver “such a demoralizing blow…that the 

greater part of the German front in France would crumble and produce such a condition 

of despair within Germany that the Germans would accept defeat.”152  Thus, the ultimate 

objective of the plan was the “moral objective” par excellence, the destruction of the 

German will to fight.  As such, Fuller, like Hart, believed that Plan 1919 constituted 

military “progress” because it offered “a method of attack…which all but ignored brute 
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force and which for slaughter substituted nervous shock, aiming a moral blow at the 

brain in place of a physical blow at the body of the enemy’s army.”153

While the influence of crowd psychology is implicit in the writings of Hart and 

Sherman, Fuller is even more explicit in his use of Gustave LeBon’s crowd psychology.  

As if arguing that tanks would make enemy soldiers into a “demented mob” and destroy 

their morale was not clear enough indication of his intellectual debt to crowd 

psychology,154 Fuller cites Gustave LeBon’s The Crowd in his 1925 work, The 

Foundations of the Science of War.155  But the influence of crowd psychology and social 

Darwinism went far beyond this single, direct reference; and via Fuller’s influence, 

crowd psychology-based military theory would be spread throughout Great Britain, 

Europe, and the United States during the interwar period.  First, Gat has noted that Fuller 

was initially introduced to the ideas of LeBon via his reading of French theorists of the 

offensive such as de Maud’huy and Langois, who we encountered earlier in this chapter, 

and that such ideas showed up in Fuller’s work as early as 1910 in the pages of his first 

(unpublished) book, “The Foundation of an Imperial Army.”156  Fuller’s most important 

publications, including Foundations, as well as his 1923 book, The Reformation of War, 

(arguably his work of greatest lasting influence) were replete with the ideas of crowd 

psychology and social Darwinism.157  Thus, we might say that Fuller’s military theory 

was, in fact, “powered by” such “knowledge.”  Indeed, Fuller admitted as much when he 

wrote that “the science of psychology is little by little discovering the hidden machinery 

of human actions.  It is for this reason that I shall so frequently refer to the human 
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element, and it is for this reason that the whole of my theory of war is based on man.”158  

In addition to LeBon, Fuller drew heavily from the works of Karl Pearson, the Galton 

Professor of Eugenics at the University of London; the University College Hospital 

professor of neurosurgery Wilfred Trotter’s Instincts of the Herd in Peace and War, 

which was itself an extension of LeBon’s theories; as well as the works of social-

Darwinist, Darwin popularizer, and coiner of the phrase “survival of the fittest,” Herbert 

Spencer, in particular his First Principles: A System of Synthetic Philosophy.159

Second, Fuller was instrumental in spreading crowd psychology-, eugenic-, and 

social-Darwinist-based military theory throughout Western militaries in the interwar 

period.  Even before his major publications in the mid-1920s, he had been able to 

influence Army planning and doctrine.  Following the war, in 1918, he had been 

assigned to a branch of the War Office devoted to the creation of a permanent Tank 

Corps.  As part of his work, he wrote a memorandum titled “A New Model Army” that 

outlined a list of principles of war that he had developed even before the First World 

War.160  That memorandum was morphed into a longer essay that was submitted to the 

1919 Royal United Services Institute essay contest, the topic of which was “The 

Application of Recent Developments in Mechanics and Other Scientific Knowledge to 

Preparation and Training for Future War on Land.”  Fuller’s essay was awarded the gold 

medal.161  The French Army subsequently ordered his essay translated and distributed to 

all senior commanders.162  The list of principles that he provided in those works were 

made a part of official British Field Service Regulations in the early 1920s and were 

subsequently appropriated by other armies, including the American Army.163  Fuller was 

also able to influence the future of the British Army officer corps as chief instructor at 

the Staff College from 1923 to 1925.  He not only taught his theories to students, but 
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placed LeBon’s The Crowd on the required reading list.164  It was during his time at the 

Staff College that he wrote The Foundations of the Science of War.165  Fuller’s theories 

of modern, mechanized warfare served as the foundation for the official armored warfare 

doctrines of all Western militaries in the 1930s, including the United States, Russia, and 

most notably, Germany, whose chief theorist of blitzkrieg, General Heinz Guderian, has 

admitted his intellectual debt to Fuller.166  In fact, in April of 1939, Fuller was invited to 

attend a military parade in Berlin that was hosted by Adolph Hitler himself.  Fuller 

biographer Mark Urban reports that following the parade, “Hitler seized Fuller by the 

hand and, knowing what he would have enjoyed in the parade, asked, ‘I hope you were 

pleased with your children’.  Fuller replied, ‘Your Excellency, they have grown up so 

quickly that I no longer recognize them.’”167

Thus, given the profound influence of Fuller’s military theories rooted in his 

understanding of the “human element,” we shall inquire as to Fuller’s view of humanity, 

the foundation upon which the rest of his theory was based.  Like Hart and Sherman, he 

took a dim view of “normal man,” arguing that “human beings may be divided into two 

categories—the masters (super-men) and the slaves (super-monkeys); in fact, into 

creators and imitators.”168  Normal man, the super-monkey, the slave, he argued, “is a 

product of fears and not of facts.  He is a poor, receptive creature, obsessed by prejudices 

and fearful of novelty and innovation.”169  He described most men as “a vibrating mass 

of unreasoning instincts” and as “mental malingerers.”170  Finally, the slave, the super-

monkey, or the normal man was seen as exhibiting distinctly “feminine” (and hence 

negative) characteristics, as opposed to the “masculine” characteristics exhibited by the 

masters, super-men, or geniuses.  Fuller wrote, “Genius may be classed, therefore, as 

masculine in character, for it produces the seed of a new life, while labour, the work of 
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the slaves, is feminine, for it takes many months, many years, to build the finished 

article, and, then, it frequently spoils it in the process.”171

Collected into a crowd, individuals of this type were, therefore, an undoubtedly 

negative force, for the “crowd instinct,” like the individual instinct, “shows little 

reasoning-power and relies on imitation.”  Borrowing LeBon’s notions of a “crowd soul” 

and a “crowd mind,” he explained that 

[T]he combination of many minds results in the creation of a crowd ‘soul’ 
which, though related to each individual soul, is uncontrolled by any 
rational thinking organ, for the ‘mind’ of the crowd itself is completely 
dominated by it. 

…accepting it as an entity, we discover that that part of it which I have 
called its ‘mind’ is swayed by that part of it which I have called its ‘soul’, 
and that this ‘soul’ is dominated by the instincts.172

Fuller concludes from this that “The crowd is always latently mad, and its study is 

virtually one belonging to mental pathology.”173

Fuller identified a number of necessary consequences to this situation.  First, the 

mental and moral unfitness of normal men seemed to demand that proper military 

strategy and, ultimately, victory, must be the work of military geniuses and “great 

captains.”  To the normal man of the crowd, Fuller contrasts the “the man of genius”: 

[He] transcends mere copying; he refuses to swim with the stream; he 
strikes out in a direction of his own; and, what appears almost a miracle 
to the crowd, he frequently succeeds in diverting the stream from its 
course by compelling it to swirl forward in his own direction.174

For Fuller, it was the mental power of the great captain that was the root of his power on 

the battlefield.  He explained that “From the mind, through the soul, we thus gain our 

ends by means of the body.”175  Thus, he concluded that “It is his [the military genius’ or 

great captain’s] mind which tramples down his enemies, though seemingly the weapons 

of his men accomplish this end.  If moral is to the physical as three to one, then genius is 
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to the normal as thirty to one.”176  But the powers of the military genius were said to 

extend beyond the battlefield, to exert an inevitable and irresistible influence upon the 

course of military history in particular and human history more generally.  Fuller insisted 

that “in every period in which the art of war has progressed rapidly, the cause of this 

progress is the mind of one man”177 and that revolutions in the art of war “are rapid and 

short, for they invariably coincide with the life of some genius.”178  He even goes so far 

as to claim that “One man possessed by genius may alter the course of history, in fact, 

such a man has always altered the course of history, when alteration has been rapid.”179

The second consequence was that, like Hart, Sherman, and others, Fuller’s crowd-

psychology based theory of man seemed to justify, even to demand, the targeting of 

civilians during times of war.  Based on his research he derived three “psychological 

principles” of war, including 1) determination, 2) demoralization, and 3) endurance.  He 

explained each principle: 

There is, first of all, a desire or ‘determination’ to fight, either on one side 
of both.  The contest opens, therefore, with two wills in opposition.  The 
giving and aiming of blows is made in order to enforce the will, and the 
avoiding of them to prevent the will being enforced.  This enforcement I 
will call ‘demoralization’, and the avoidance of it ‘endurance’.180

Since the destruction of the enemy’s will to resist—i.e. the enemy’s ‘demoralization’—

was the goal of the “moral attack,” and since, in Fuller’s estimation, “soldiers are 

controlled by discipline [and] civilians by fear,” owing to their being “normal men,” he 

could conclude only that “the main targets of the moral attack are the civilian inhabitants 

of the country attacked.”181  He absolutely rejected the moral objections raised to the 

targeting of civilians.  He justified the targeting of civilians by using the same kind of 

ends-justifies-the-means argument that Hart would later adopt.  After pointing to the 

bloody nature of army vs. army warfare, what he called “traditional warfare,” he argued 
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that there was no moral difference between the killing of soldiers and the killing of 

civilian women and children.  Writing in retrospect about the war against Germany, he 

considered the possibility of a war-stopping, “sudden blow” against German civilians, as 

opposed to the bloody, four-year war in the trenches.  He asked, “supposing even if this 

sudden blow had cost the lives of a few thousand German women and children, would 

this loss have rendered this novel type of war immoral?”182  His answer was clearly 

“no”.  He reasoned that since war is a contest to impose one’s will (i.e. policy), and since 

civilians and not soldiers create national policy, “if a few civilians get killed in the 

struggle they have nothing to complain of.”183  He did not only justify the hypothetical 

targeting of civilians.  He rejected the notion that aerial bombardment of civilians was 

“baby-killing,” arguing instead that it was “in truth…the direct attack on the source of all 

military power—the nerves and will of the civil population.”184

Finally, it was believed that “the understanding of crowd psychology is the 

foundation of leadership,” as well as for the successful preparation and training of 

armies.185  According to Fuller, an army should conform to LeBon’s description of a 

“psychological” or “homogenous” crowd, as opposed to a “heterogeneous” crowd.  He 

explained that “as the heterogeneous crowd is swayed by the voice of instinct, a well-

ordered army—that is, a homogeneous and psychological crowd—is swayed by the 

voice of training, uniformity of environment having created within it a uniformity of 

character and spirit.”  Nonetheless, he recognized that “However perfectly trained a 

body of soldiers may be, it always tends to become once again the crowd,” especially if 

it is subjected to “a sudden calamity or surprisal [sic],” in which case he explained that 

“the natural instincts will intervene, and the will to win will be replaced by the instinct of 

self-preservation.”186

The countervailing force to the one that tends to impel an army towards the 

disorganized madness of the crowd was, not surprisingly, the “moral force.”  Just as the 
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demoralization of the enemy was seen as the objective in war, Fuller argued that the 

objective of peacetime training should be 

to train and organize it [the army] in such a manner that during war this 
reversion [to the heterogeneous crowd] will become extremely slow; in 
other words, we should aim at adding to each individual the quality 
known as moral, so that, when the intellect and reason fail, man is not 
ruled by his instincts and sentiments alone, but by his moral, which has 
become part of his very nature.187

But of course, it must be remembered, “an army is made up of such individuals [normal 

men]” who are given to instinct and imitation, not geniuses or great captains.  Thus, to 

achieve in peacetime the creation of an army that, through the power of morale, could 

endure on the battlefield, Fuller asserted that 

the only common sense course open to us is to turn this limitation to our 
advantage by compelling men to imitate what scientific thinking has 
decided to be the most advantageous for a whole body of men, and not 
necessarily for each individual.  In other words we must discover and 
establish a common doctrine by a universal method.  My object is, 
therefore, not to destroy authority, but to chasten it.188

Of course, “science” was the “universal method” that would chasten authority and lead 

to a common doctrine.  “Science,” then, was to be not only a source of concepts and 

metaphors, but a new way of thinking that military men must adopt and adapt to their 

own purposes. 

2.5.3 A Science of War for the Industrial Age 

Part of the crisis of self-confidence and erosion of traditional forms of social 

authority that swept Europe and, to a lesser degree, the U.S. in the aftermath of the First 

World War, was the belief that the war had been either a misapplication or failure to 

apply “science” to the conduct of war, the formation of policy, and the affairs of state.  

Such sentiment led to a “renewed dedication to scientific investigation and technological 

innovation” as the keys to reversing social decline and promoting progress, as opposed 

to the unscientific, stubborn traditions which were believed to have been the cause of the 
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bloodbath in the trenches.189  Likewise, theorists of industrial, mechanized warfare like 

Fuller and Hart argued that a new, scientific way of thinking about, planning for, and 

conducting war was necessary to avoid the kind of unscientific war witnessed in 1914-

18. 

Even though, in retrospect, it seems clear that the thinking of Fuller and Hart was 

not that far removed from that of the pre-WWI, French advocates of the doctrine of the 

offensive,190 seeing as they all relied heavily on concepts from crowd psychology and 

social Darwinism to emphasize the power of “moral forces” and the necessity of 

offensive action, Fuller and Hart were harshly critical of pre-WWI military thinkers, 

whom they believed were ruled by blind adherence to tradition and imitation.  In 

contrast, they advocated the creation of an entirely new, “scientific” approach to warfare 

that was to be more in line with the demands of the Industrial Age. 

In 1925, Hart argued that from 1870 to 1918 the general staffs of Europe had been 

“obsessed with Napoleonic legend” instead of using history as an empirical basis from 

which to understand the future of war.  This obsession with tradition led to a “blind 

worship of quantity rather than quality” that Hart believed was the cause of the millions 

of casualties during the war.191  He was thus particularly unhappy to report that, even 

after the war, “it is the worst of omens that the orthodox military school, still generally 

in power as the advisers of governments, cling[s] obstinately to this dogma.”192  Using a 

medical analogy, Hart described war as an incurable disease.  The goal of the military-

theorist-as-doctor, therefore, was “to limit its ravages and by scientific treatment ensure 
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Enlightenment to the Cold War, 661-662 and 668-669.  Travers has noted the many essential similarities 

between the pre-WWI thinking of H.G. Wells and the thinking of Fuller.  See Travers, “Future Warfare: 

H.G. Wells and British Military Theory, 1895-1916.”, 81-82. 
191 Hart, Paris; or The Future of War, 8-9. 
192 Ibid., 7. 
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the speedy and complete recovery of the patient.”193  The “scientific treatment” in this 

case involved, first and foremost, a “more scientific conception of war” to provide the 

basis for a “more scientific and economic military policy” whose objective would be “to 

wage war in a manner less injurious to the interwoven fabric of modern civilization.”194

As before, however, it was J.F.C. Fuller who wrote first and most extensively on the 

development of a science of war meant to replace the older ways of thinking.  In The 

Reformation of War, Fuller explained that advances in physical science in the previous 

century had led to a technological, intellectual, and moral revolution that had utterly 

remade society, but that, unfortunately, these changes had not been recognized by pre-

WWI military leaders. 

This intellectual and moral revolution, which was brought about through 
the growth in the physical sciences, was not grasped by the military 
mind…  It was not realized that, as the whole aspect of civilization had 
changed, so also must the whole aspect of warfare be changed, and, as 
science had accomplished the civil changes, so also must science 
accomplish the military ones.195

Fuller argued that, just as society had changed, so too had war, even if these changes 

“were left undiagnosed, because armies were obsessed by traditions, and blindly adopted 

maxims.”196  Fuller made no attempt to restrain his contempt for those military leaders 

who clung to traditionalism, which he described in crowd-psychological terms as a 

“herd-force” that fostered “mob-rule.”197  With such a description, he clearly placed 

military traditionalists into the category of “normal men” and “super-monkeys” rather 

than “geniuses” or “great captains.”  He was also fond of making allusions to the “Dark 

                                                 
193 Ibid., 3.  Of course, there is a contradiction in Hart’s analogy.  He describes war as a “hard fact” and, 

throughout Paris, speaks of the inevitability of war.  It is hard, then, to see how a patient afflicted with 

such a chronic disease could be subject to a “speedy and complete recovery.” 
194 Ibid., 16. 
195 Fuller, The Reformation of War, 102-103.  In line with his interest in psychology and penchant for 

physiological metaphors, one of the unrealized changes identified by Fuller was that, “while in the year 

1800, the nervous system of a civilized nation was of a low and ganglionic order, by 1900 it had become 

highly sensitive and centralized.” 
196 Fuller, The Foundations of the Science of War, 26. 
197 Ibid., 101. 
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Ages” and to “alchemy”.  Of traditionalists he wrote, “Novelty is a mental laxative 

which is not tolerated by the military monk.”198  In his estimation, the “military monks” 

had demonstrated little success in their attempts to understand warfare through the study 

of history unaided by scientific method, calling their results mere “drama” or 

“alchemy.”199  He brought crowd-psychological, social Darwinist, and Dark-Ages 

metaphors together to explain why civilian politicians, who lacked a true understanding 

of war, were capable of telling professional soldiers what to do and how to do it: 

It is because the soldier is ignorant of his own profession.  He will not use 
his brain save as an alchemist; consequently, the older he grows, the more 
his power of thought degenerates.  As in ‘the stalactite caves of Carniola 
the blind salamander, Proteus, is found in great numbers, also blind 
assels, blind cyclopida, blind insects, and snails’, so also in the fighting 
forces are to be found blind admirals, blind generals, and blind air 
marshals, because ‘any new set of conditions occurring to an animal 
which renders its food and safety easily attainable seem to lead as a rule 
to degeneration…  Let the parasitic life once be secured, and away go 
legs, jaws, eyes, and ears; the active, highly-gifted crab, insect, or 
annelid, may become a mere sack, absorbing nourishment and laying 
eggs’.  What a prospect for a Sandhurst cadet!200

Taken together, he could conclude only that the world had witnessed an unscientific, 

tragic form of war in 1914-18 because “The armies of 1914 were imitators of past 

methods of warfare, for they had been fed on past battles.  Science does not imitate, for 

science unravels and creates.”201

So, according to Fuller, what constituted “science?”  Who conducted “science” and 

what were their methods and products?  What promises did “science” hold for the 

military professional and the conduct of warfare?  Though Fuller would provide a 

number of definitions of “science” throughout his writings, in general, his understanding 
                                                 
198 Fuller, The Reformation of War, xii. 
199 Fuller, The Foundations of the Science of War, 19-20. 
200 Ibid., 17-18.  Fuller cites the first quote only as “The Open Court, No. 105, p. 1803,” most likely 

referring to an issue of The Open Court magazine, a popular magazine devoted to various topics in 

science, religion, and philosophy.  The second quote comes from an 1880 work by the British zoologist 

and Oxford professor, Sir Edwin Ray Lankester.  See E.  Ray Lankester, Degeneration: A chapter in 

Darwinism (London: Macmillan and Co), 1880, 33. 
201 Fuller, The Reformation of War, 25. 
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of “science” can be summed up as the deductive search for universal laws and principles 

by a lone genius.  However it was defined, a true science of war seemed to promise not 

only better military leadership, but wars that were both less barbarous and more 

profitable. 

In 1923, Fuller asked and answered the question “What is Science?” by borrowing a 

definition from one of Great Britain’s greatest public advocates of Darwin’s theory of 

evolution, as well as the expansion of scientific education, Thomas Huxley, who had 

said that “science is ‘organized common sense…the rarest of all the senses.’”202  

“Science” proceeded by “extract[ing] knowledge from the unknown by applying to it 

certain laws which universal inference has established.”203  He believed that because 

“War also has its laws and principles,” it should be possible, therefore, to “extract the 

elements of war and the principles of war and the conditions of war—the circumstances 

in which the principles must be brought to govern the elements.”204  He also described 

“the scientific method of discovery” in more practical terms as “the common sense 

method” for knowing “the truth about the past, and then how we can apply this truth to 

the conditions which surround us and which will probably exist during the next war.”205  

For all of his philosophizing, Fuller’s interests ultimately lay more on the practical end 

of the spectrum, for he argued that the value of “science” is to be found in its product 

rather than its method.206  And for Fuller, the product of “science,” indeed “science” 

itself in its final form, was “nothing else than true knowledge in place of haphazard 

                                                 
202 Ibid., 25.  Fuller had already described the possession of “common sense” as a quality of genius (pgs 1-

2).  Thus, common sense could be described as “the rarest of all the senses.”  By concerning science with 

common sense, Fuller implicitly made science the province of geniuses rather than normal men, a point 

that, as we shall see shortly, he made even more explicitly in his later works. 
203 Ibid., 27. 
204 Ibid., 25.  He explained that there was a hierarchical relationship between laws and principles, with 

laws being composed of principles.  See Fuller, The Foundations of the Science of War, 16.  Of course, 

this leads to a tautology in which universal laws, which are supposedly constituted by principles, are 

needed to “extract” from nature the very principles which constitute them. 
205 Ibid., 37-38. 
206 Ibid., 38. 
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knowledge, logical thinking in place of chaotic thinking, and, ultimately, truth itself in 

place of falsehood.”207

Just as it was the military geniuses and great captains that were solely responsible 

for progress in the art of war, it was the geniuses and great men of science that would be 

Fuller’s inspiration as he sought to formulate The Foundations of the Science of War.  

Isaac Newton and Charles Darwin (whom he called “the greatest scientist of the last 

century”) served as “the model we soldiers should follow.”208  He described the method 

of each as having begun with a flash of great inspiration or imagination, followed by a 

period of observation and collection of facts, a period of hypothesis and self-criticism, 

and finally the deduction of universal laws.209  Absent from Fuller’s depiction were 

experiment, laboratories, or the involvement of anyone other than the scientist himself 

(the scientist was always a man, of course).210  The “universal laws of science” were thus 

depicted as the result of the mental activity carried out by lone men of genius. 

Like Galileo and the other persecuted great scientists before him, Fuller saw himself 

as taking the part of the military “heretic” for his attempt to create a true science of 

war.211  “In this book I am attempting something new,” he explained, 

In a small way I am trying to do for war what Copernicus did for 
astronomy, Newton for physics, and Darwin for natural history.  My 
book, I believe is the first in which a writer has attempted to apply the 
method of science to the study of war; for Lloyd, Jackson, Clausewitz, 
Jomini, and Foch did not do this.212

Fuller sought to propound a “somewhat similar (military) axiom” to Descartes’ famous 

“cogito ergo sum,” an axiom which would provide a universal basis for the study and 

conduct of war.213  “My system,” he believed, would “also [provide] a scientific method 
                                                 
207 Ibid., 20. 
208 Ibid., 45. 
209 Ibid., 44-47. 
210 Laboratories, however, were not entirely absent from Fuller’s account, the brain itself, used properly, 

was seen as a laboratory.  He wrote that the brain “is a laboratory for the future—a creative centre in 

which new discoveries are made and progress is fashioned.”  See Ibid., 40. 
211 Fuller, The Reformation of War, xii. 
212 Fuller, The Foundations of the Science of War, 18. 
213 Ibid., 35 and 43. 
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of instruction.”  Again, it was the nature of “normal men” which made it necessary for 

men like Fuller to create such a system. 

Normal man will not think; thinking is purgatory to him; he will only 
imitate and repeat…  Let us look upon normal man as a piece of human 
machinery, a machine tool controlled by our brain.  Let us devise so 
accurate a system, and let us present it to him in so simple a form, that 
without thinking, without perhaps knowing what we intend, he with his 
hands will accomplish what our brains have devised.214

So, inspired by the great scientists before him, and believing the military “normal men” 

of his day unfit to the task,215 Fuller began to think and to deduce.  The highlights of his 

method are as follows: 

We start with man, and from man extract four elements… 

From these elements I evolved four elementary principles… 

I next postulated a law, which I called “The Law of the Conservation of 
Military Energy,” and from it extracted four accentuating principles of 
war… 

As regards mental action, I devised a co-efficient for each of them, and as 
regards moral action…I deduced three moral principles…216

Clearly, then, Fuller put himself into the category of geniuses possessed of the common 

sense and ability to carry out scientific inquiry for the purposes of directing the action of 

the normal men of the herd. 

Pointing to the many promises that “science” seemed to hold for the military, Fuller 

beckoned his readers to join him among the geniuses by grasping the wand of “science.”  

He argued that if soldiers spent more time studying “science,” instead of playing games, 

“we ought to produce a very fine crop of generals.”217  Taken together, a scientific 

method for understanding, planning, and conducting war, combined with a cadre of 

                                                 
214 Ibid., 35. 
215 He exhorted his reader to “remember that an army is not a band of geniuses, but of ordinary normal 

men” who are “poor, receptive creature[s], obsessed b prejudices and fearful of novelty and innovation.”  

See Ibid., 34-35. 
216 Ibid., 15. 
217 Ibid., 16. 
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scientifically trained generals, would allow for greater predictability in war,218 as well as 

the achievement of a “moral shock” that would allow for the ability to dictate the will of 

the enemy nation with less bloodshed,219 thereby making war both less barbarous and 

more profitable.220  He lamented the “fact” that soldiers did not have such scientific 

training or capabilities in the war of 1914-18, saying, “Had they been able to discover 

the true meaning—the truth—of facts, the rest of the problem would have all but solved 

itself.”221

2.6 Conclusion 

There are a number of important themes that have emerged during this quick 

examination of the relationship between the sciences and military thought in the West 

from the Enlightenment to the eve of World War II, themes that will recur and that have 

served as conditions of possibility for the enlistment of nonlinear science.  First and 

foremost, while there has been a tradition in Western militaries of drawing on the 

sciences for concepts and metaphors in the construction of military theory, part of that 

tradition has been an ongoing battle about the proper role of the sciences in military 

thought.  One notable feature of this tradition has been an Enlightenment/Romanticism 

split (both real and really perceived) in military thought which, as we shall see, 

continued to play a role in debates over the proper role of the “systems sciences” in the 

military during and after World War II, as well as debates over “military reform” in the 

post-Vietnam period.  

The case of theories of industrial mechanized warfare illustrate that the struggle 

between these two “ideal types” (Enlightenment and Romantic military thought) was 

ongoing; it never entirely settled; though one type may have been dominant in one 

context or another, neither one ever entirely took over.  There were always still shades of 

Romanticism in Enlightenment military thought, and vice versa.  Theories of industrial 

mechanized warfare were both highly technocratic (seeing societies as factories, seeing 

                                                 
218 Ibid., 38. 
219 Fuller, The Reformation of War, 103-104. 
220 Fuller, The Foundations of the Science of War, 32. 
221 Ibid., 29. 
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industrial production and distribution points as central targets, seeing new technologies 

as central to victory), but also highly romantic at the same time (willpower, emotion, 

biology, “moral forces” as key to victory).  Though viewing the situation from a 

privileged, historical perspective might lead us to conclude that there really never was a 

dichotomy between the Enlightenment and Romantic variants of military thought, such a 

view would only be partially correct.  For many of the participants in these debates, the 

differences did seem stark and many therefore acted based on this perception.  The 

answer to the question—”Were the Enlightenment and Romantic variants really the 

same or really different?”—can only be “yes!”  There were real differences that we can 

perceive even now.  There were also differences that seemed very real to the participants 

in these debates.  Those perceived incongruities, contradictions, dichotomies, served as 

an important impetus to action because they seemed to have very real impacts.  The fact, 

however, that the two schools of thought were not entirely alien to one another, the fact 

that the differences were perhaps not as stark as they may have seemed, that there was 

always still a degree of overlap between the two, allowed for intelligibility, 

communication, and ultimately for change. This play led to the hybrid, positivist-

romanticist military theory of J.F.C. Fuller, B.H. Liddell Hart, and others at the turn of 

the twentieth century.  As we will see in the next chapter, this play of similarities and 

differences continued after WWII in the rise of the “systems sciences.”  In a later 

chapter, we will see that the enlistment of nonlinear science also resulted in a hybrid, 

positivist-romanticist military theory. 

Next, we have seen a number of examples that demonstrate the strong relationship 

between the sciences and military subjectivities.  The relationship is demonstrated by the 

military theory of Fuller and Hart, as well as the importance of the sciences in processes 

of military professionalization prior to WWI.  In both cases, changes in the sciences 

and/or processes of knowledge production outside of the military led soldiers to re-

evaluate their own means of knowledge production.  Often, a scientific education or the 

belief that war could be studied as a science was used to differentiate military 

professionals from civilians.  In the case of both French reformers and J.F.C. Fuller, 

imbuing military theory with the status of “science” and the military professional with 
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the status of “scientist” served to open up space for the military professional to act 

without the “interference” of untrained, “unprofessional,” civilians. 

What’s more, the definitions of “science” and “scientist” that we encounter 

explicitly in Fuller’s works, and implicitly in the works of other military theorists of the 

time, have profound impacts for military subjectivities.  Fuller and others viewed 

“science” as a great man activity, not as a team sport.  There were no teams of 

researchers, no laboratories, no peer reviewed journals, no specialized equipment, no 

wealthy patrons.  There were only lone geniuses who, through the sheer force of their 

mental power, discovered the universal laws governing nature.  The great man view of 

the history of science fit well with the great captain view of the history of warfare 

expounded by Hart and Fuller, which has always been popular with military thinkers.  

Thus, it seems “natural” that military thinkers would have taken a great man view of the 

sciences, attempting to model themselves in the same way.  As for the conduct of the 

“science of war,” then, it was usually portrayed as an activity carried out in isolation by 

one great man (Clausewitz, Fuller, Hart, or later, John Boyd), who on his own would 

study the entire history of war, as well as the works of the previous great theorists, in an 

effort to come up with his own unique synthesis that would, once and for all, constitute 

“the science of war.”  Thus, the process was a positivist one in which we would finally 

arrive, in which “science” as an activity would come to an end.  The great military 

thinker would have discovered it, the universal laws and their lessons of right conduct, 

such that future war would merely be a matter of skillfully applying the rules to one’s 

own situation.  As for the “science of war,” there would be no more work left to be 

done.222

We have also seen a number of examples that illustrate that changes in the world 

and in society that are “external” to the military can serve as exigencies that seem to 

                                                 
222 There is also an ongoing debate over the role of history in the “science of war” and professional 

military education.  Some saw the study of history as an alternative (either better or worse) to the study of 

science by military professionals.  Some saw the study of history as valuable in its own right.  Others 

viewed history is merely “empirical data” for the conduct of the “science of war.”  The role of history in 

professional military education and the formation of military theory remains a contentious issue to this 

day. 
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demand the re-evaluation and reform of military knowledge production, organization, 

and strategy.  On two different occasions, defeat in battle led to re-evaluation and reform 

in the French military.  The unacceptably high cost of “victory” in WWI led to similar 

re-evaluations and reforms in Great Britain.  Taken together, reactions during this period 

to changes in the sciences and society represent the emergence of an ongoing process of 

problematization and articulation of society, science, technology, war, and military 

subjectivities that becomes most explicit in the military theories of Fuller, Hart, and 

Sherman, and continues to this day in theories of information-age warfare, most notably 

network-centric warfare.  This ongoing process is a way of thinking that begins with the 

assumption that there is or should be congruence between the organization of society, its 

dominant technologies, processes of knowledge production, modes of warfare, and the 

military’s own organization, processes of knowledge production, and conduct on the 

battlefield.  Changes in one of these categories; the incongruence, disarticulation, or 

antagonism among the categories; or some combination, are seen as an exigency that 

demands a response.  Such industrial, mechanized theories of warfare, in addition to 

being “total” articulations, would come to represent the pinnacle of modern theories of 

warfare.  As we shall see in the next chapter, the post-WWII years would see the 

emergence of the seeds of what we could term “postmodern” theories of warfare.  The 

next time that we would see such a “total” articulation would not be until the 

introduction of network-centric warfare in the late 1990s. 

Finally, we have seen that military theories developed in peacetime can have a 

dramatic influence upon the conduct of militaries in battle.  The results of the “doctrine 

of the offensive” were readily apparent in the trenches of WWI, and the results of early 

theories of strategic bombardment were evident in the “aerial Armageddon” over 

Germany and Japan in WWII.  Lawrence Freedman has made the connection to the 

sciences directly by pointing out the connection between theories of strategic 

bombardment and what he calls “amateur psychology.”  He has argued that the use of 

force has often been justified and directed by “amateur,” “crude,” or “intuitive” 

assessments of enemy psychology, and that the last century has witnessed much death 
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and destruction justified on the basis of such “amateur psychology.”223  Yet, as we have 

seen, the “doctrine of the offensive,” the focus on “moral forces,” and early theories of 

strategic bombardment were not based on “amateur” psychology at all.  Rather, to the 

extent that military theorists were influenced by social Darwinism, scientific racism, and 

LeBon’s theories of crowd psychology, they were drawing from mainstream, accepted 

sciences of their day.224  In no small way, then, the sciences have exerted a force upon 

the actual conduct of battle to a degree that few have recognized to this point.  The 

importance of the sciences for military thinking and the use of force would continue 

during and after WWII.  Nonlinear-science inspired theories of information-age warfare 

are but the latest example. 

                                                 
223 Lawrence Freedman, “Strategic Terror and Amateur Psychology,” The Political Quarterly 76, 2 (2005), 

161 and 170. 
224 That many of the ideas contained in early theories of strategic bombardment still have currency in 

contemporary military thinking may be evidence that they are outdated, that does not mean that they were 

amateur at the time that they were developed.  Freedman’s analysis implies that if only airpower theorists 

past and present had a non-amateur understanding of psychology in particular, or science in general, things 

would have been different.  Yet, this is exactly the argument made Fuller and Hart at the time and the 

reason that they sought to align their theories with “real science,” i.e. crowd psychology. 
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3. The Birth of “Big” Military Science: The Rise of and Battle over the 
Systems Sciences 

 

“There is a battle ‘for truth,’ or at least ‘around truth’—it being understood once again 
that by truth I do not mean ‘the ensemble of truths which are to be discovered and 

accepted,’ but rather ‘the ensemble of rules according to which the true and the false 
are separated and specific effects of power attached to the true’.” 

 

—Michel Foucault1

 

3.1 Introduction 

While the theories and strategies of industrial, mechanized warfare that we saw in the 

last chapter were carried out on the battlefields of World War II, by the end of the war, 

the vision of a “science of war” articulated in those same theories faced a serious 

challenge from the new “systems sciences” such as operations research, and later, 

systems analysis.  World War II saw the first “formal” use2 of an emerging form of 

interdisciplinary, applied science that would come to be called “operations research” 

                                                 
1 Foucault and Gordon, Power/Knowledge: Selected Interviews and Other Writings, 1972-1977, 132. 
2 I. B. Holley, “The Evolution of Operations Research and its Impact on the Military Establishment: The 

Air Force Experience,” in Science, Technology, and War: The Proceedings of the Third Military History 

Symposium, ed. Lt. Col. Monte Wright and Lawrence Paszek (Washington, D.C.: U.S. Government 

Printing Office, 1969), 90.  Holley points out that, “From the time of Archimedes onward, history is 

replete with examples of military commanders—and industrial managers—who have used a form of 

Operations Research to improve their effectiveness.  But not until the era of World War II did OR acquire 

its elaborate institutional basis and widespread military application, beginning with an Air Ministry unit 

established in 1937.”  Ellis A. Johnson, who had done operations research work for the Navy during 

WWII and who was the Director of the Operations Research Office at Johns Hopkins University agreed: 

“The great conceptual advance m our profession was the World War II idea that we ought to think about 

the operational problem as a formal research problem. Although the idea of doing operational research 

systematically was the important concept, there are many prior examples of the isolated practice of 

operational research that go back to antiquity.”  See Ellis A. Johnson, “THE LONG-RANGE FUTURE 

OF OPERATIONAL RESEARCH,” Operations Research 8, 1 (1960), 3. 
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(OR) in the American context.3  The advent of OR during the war represented the 

beginning of fundamental changes in the relationship between the sciences and the 

military in the United States.  In the first half of this chapter, we will see that OR was 

indicative of the emergence of “a new framework for expert advice to the armed services 

by civilian scientists.”4  The mixed civilian-military and scientifically interdisciplinary 

OR teams were reflective of the changes that would take place in the sciences more 

generally following the war, changes typically referred to as the emergence of “big 

science” or the “military-industrial-university complex,” both terms which capture the 

increasing scale of postwar scientific research, as well as the blurring of traditional 

boundaries, both institutional and disciplinary.  Additionally, WWII-era operations 

research was an important precursor to the development of a whole host of “systems 

sciences,”5 and eventually what could be called a “systems worldview,” which was 

increasingly concerned with issues of complexity, feedback, flows of information, 

networks of interaction, and human decision-making under conditions of constant 

change and uncertainty. 

In the second half of this chapter, we will see that, taken together, these institutional 

and intellectual changes challenged the positivist understandings of science that we 

encountered in the last chapter, including notions about who could participate as 

scientist, what constitutes scientific method, and what the products of science are.  First, 

                                                 
3 Originally developed by the British, it was called “operational analysis.”  When the Americans adopted 

it, they began to call it “operations research.”  Since this study is primarily concerned with the U.S. 

military experience, and for the sake of consistency, the American designation will be used throughout. 
4 Michael Fortun and S. S. Schweber, “Scientists and the Legacy of World War II: The Case of Operations 

Research,” Social Studies of Science 23, 4 (1993), 559. 
5 Historians have used a number of terms to identify the these new sciences, including “cybersciences” 

(see Keller, Refiguring Life: Metaphors of Twentieth-century Biology), “cyborg sciences” (see Philip 

Mirowski, “Cyborg Agonistes: Economics Meets Operations Research in Mid-Century,” Social Studies of 

Science 29, 5 (1999)), and “systems sciences” (see Hughes, Rescuing Prometheus: Four Monumental 

Projects That Changed the Modern World and Mindell, Between Human and Machine: Feedback, 

Control, and Computing Before Cybernetics).  Because the latter term seems to be more widely used, in 

addition to conveying better the importance of the “systems” concept for these new sciences, “systems 

sciences” will be used throughout this study. 
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where 18th century French reformers and prominent interwar theorists of mechanized 

warfare had seen the development of a “science of war” as a way to maintain the 

professional autonomy of military men in the face of supposed interference by inexpert 

civilians, OR and the subsequent systems sciences would blur the military-civilian 

boundary to a great degree, leading to sustained and often bitter disputes over who 

should have the authority to speak on military affairs and matters of national security.  

The “science of war” would no longer be the province of Fuller’s lone, “man of genius,” 

but rather, of large, often geographically dispersed, interdisciplinary teams of civilian 

scientists working together with military professionals.  Next, the interdisciplinary 

makeup of such teams would challenge the notion of a single “scientific method.”  

Simultaneously, the increasing use of the digital computer in such work would challenge 

the idea that science is purely a matter of mind, but rather, a highly technologically 

mediated activity.  Not only would the lone, “man of genius” now be required to work 

alongside others, he (and they) would also increasingly require the assistance of 

machines.  Finally, OR and the systems sciences did not produce the universal laws or 

principles that Jomini, von Bülow, Fuller, and others had desired.  In fact, the systems 

sciences often seemed to provide no definitive answers at all, instead striving merely for 

“insight” and “illumination.”  Yet, despite the ongoing battle over the meaning and value 

of systems science for military affairs that we will encounter in this chapter—indeed, 

perhaps because of this ongoing battle—in a subsequent chapter, we will see that a 

number of the most prominent “recruiters” of nonlinear science were enabled to a great 

degree by their contact with the systems sciences. 

3.2 Operations Research during World War II 

The first efforts at what would come to be called OR actually began before the war 

in Great Britain and were related to the development and use of radar for air defense 

operations.  In 1935, the British formed a group of scientists at Royal Air Force Station 

Biggin Hall to design a system that would use an as-yet experimental and unproved 

invention, radar, to direct air defense fighters to their targets.  The system that they 

designed would prove invaluable during the Battle of Britain in 1940: “It has been 

estimated that…radar increased the effectiveness of the British air defense system by a 
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factor of ten; and that operations research increased its efficiency by another factor of 

two.”6

One of the most prominent members of this early OR team was physicist P.M.S. 

Blackett.   A former naval officer during World War I, at that time Blackett was head of 

the physics department at Manchester.  He went on to win the 1948 Nobel Prize in 

physics.  Due to his work in early British OR efforts, Blackett is credited as being one of 

the first to conceive of placing teams of scientists at the operational level to conduct 

research on military operations for the benefit of military commanders.  Through the rest 

of the war, “Blackett’s circus,” as his interdisciplinary team of scientists was called, 

worked on a number of problems crucial to the war effort.  Blackett’s next assignment 

was again related to air defense, this time the placement of radar sets and gun batteries 

for the defense of London against German nighttime bombing raids.7  While he and his 

group’s work would continue to involve work related to radar and air defense, their 

talents would be used for naval and aerial attack operations as well.  Fortun and 

Schweber summarize the group’s work from 1942 until the end of the war: 

He and his staff worked on such problems as the Bay of Biscay anti-U-
boat offensive, the destruction of the German blockade runners in the 
South Atlantic, the optimal size of large convoys of ships in the Atlantic, 
the best allocation of resources between producing merchant ships and 
anti-submarine escorts, and the effectiveness of bombing raids by large 
numbers of aircraft.8

It has been argued that during the first year of its involvement in the war, the U.S. 

military “lagged significantly behind their British counterparts” in the effective use of 

new weapon technologies.  As a result of seeing the effectiveness of the British use of 

OR, throughout 1942 the U.S. military began to set up OR groups of its own.9  Once 

established, they would come to perform many of the same kinds of studies performed 
                                                 
6 Fortun and Schweber, “Scientists and the Legacy of World War II: The Case of Operations Research,” 

601. 
7 Ibid., 601-602. 
8 Ibid., 602. 
9 Erik P. Rau, “The Adoption of Operations Research in the United States During World War II,” in 

Systems, Experts, and Computers: The Systems Approach in Management and Engineering, World War II 

and After, ed. Thomas P. Hughes and Agatha C. Hughes (Cambridge, MA: MIT Press, 2000), 66-67. 
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by their British counterparts.  Clayton Thomas lists some of the uses that the U.S. 

military found for OR during the war: 

(a) The evaluation of new equipment to meet military requirements. 

(b) The evaluation of specific phases of operations (e.g., gun support, AA 
fire) from studies of action reports. 

(c) The evaluation and analysis of tactical problems to measure the 
operational behavior of new material. 

(d) The development of new tactical doctrine to meet specific 
requirements... 

(e) The technical aspects of strategic planning. 

(f) The liaison for the fleet with the development and research 
laboratories, naval and extra-naval.10

As in the British experience, U.S. military OR had some notable successes.  The two 

main areas of concern for OR groups were anti-submarine warfare and the use of 

airpower.  The first OR group in the U.S. military, the Anti-Submarine Warfare 

Operations Research Group (ASWORG), was formed by the Navy in 1942 with MIT 

physicist Philip Morse as its head.  As the name suggests, the group worked to develop 

tactics both for finding and destroying enemy submarines, but also tactics to aid convoys 

of transport ships in avoiding and defending against submarine attacks.  By 1944, the 

group’s efforts had paid off to such a degree that enemy submarines no longer posed a 

serious threat to Allied operations.  The group’s name was changed to the Operations 

Research Group and it began to take on tasks beyond the anti-submarine warfare 

mission.  Operations research also made significant contributions to the use of airpower 

by U.S. forces, both in strategic bombardment and air defense.  “In 1942 less than 15 

percent of the bombs dropped fell within one thousand feet of the aiming point. The rate 

improved gradually, and within two years had reached 60 percent.”11  U.S. scientists 

would also work on the anti-aircraft problem, with the development and effective 
                                                 
10 Clayton J. Thomas, “Military Operations Research,” unpublished manuscript, (no date). 
11 Ibid.  For more on the application of OR to the Allied bombing of Germany, see Leroy A. Brothers, 

“Operations Analysis in the United States Air Force,” Journal of the Operations Research Society of 

America 2, 1 (1954). 
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deployment of the proximity fuse as one of their greatest achievements.  Among those 

working on the anti-aircraft problem was Norbert Wiener, whose work on a radar-guided 

anti-aircraft gun called the “AA predictor” was crucial to the development of the field of 

cybernetics, the true impact of which would only be felt after the war.  For though the 

AA predictor never quite worked as Wiener had hoped, “Wiener came to see it as the 

articulated prototype for a new understanding of the human-machine relation, one that 

made soldier, calculator, and firepower into a single integrated system.”  And since his 

vision would eventually be shared by most of the U.S. military establishment, “His two 

thousand-odd dollars [his starting budget in 1941] would be conceptually stretched to 

blanket the earth.”12

3.3 The Establishment of Big Military Science 

From 1941 to the end of the war, science and engineering work devoted to aiding 

the war effort was coordinated via the Office of Scientific Research and Development 

(OSRD), which was headed by Vannevar Bush, a former head of the National Advisory 

Committee on Aeronautics, dean of engineering at MIT, and electrical engineer who had 

done important work on the development of analog computers during the 1930s.  In fact, 

efforts to coordinate the work of civilian scientists and engineers working in areas 

related to national defense began even before the United States became involved in the 

war when, in 1940, Bush convinced President Roosevelt to form the National Defense 

Research Council (NDRC).  Bush served as the chairman of the NDRC, and 

subsequently the OSRD, which subsumed NDRC in 1941.  Bush’s OSRD was 

instrumental to the development of a number of high-profile wartime technologies, 

including radar, sonar, the proximity fuse, and the atomic bomb, among many others. 

Even before the end of the war, in a letter to Bush dated 17 November 1944, the 

President not only recognized the achievements of OSRD as representing “a unique 

experiment of team-work and cooperation in coordinating scientific research and in 

applying existing scientific knowledge to the solution of the technical problems 

paramount in war,” but also asked Bush how “the lessons to be found in this 
                                                 
12 Peter Louis Galison, “The Ontology of the Enemy: Norbert Wiener and the Cybernetic Vision,” Critical 

Inquiry, Autumn (1994), 235. 
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experiment” could be “profitably employed in times of peace…for the improvement of 

the national health, the creation of new enterprises bringing new jobs, and the betterment 

of the national standard of living.”13  In Bush’s July 1945 response to the President, a 

report titled Science, the Endless Frontier, the director of OSRD advised that the “flow 

of new scientific knowledge” and “the application of that knowledge to practical 

purposes” was the key to meeting each of the President’s postwar goals, from health, to 

jobs, to national security.    However, he cautioned that individual, isolated scientific 

achievements would not be enough.  “Science can be effective in the national welfare,” 

he said, “only as a member of a team, whether the conditions be peace or war.”14  He 

advised, therefore, that there must continue to be some type of OSRD-like organization 

to coordinate the work of scientists who were dispersed both geographically and 

institutionally throughout the nation’s industries and universities.  As such, he 

recommended the formation of what he called the National Research Foundation.  

Although in its final form it was not comprised of all that Bush had wanted, the National 

Science Foundation (NSF), established by Congress in 1950, was the outgrowth of 

Bush’s July 1945 recommendation to the President.15

Where national security was concerned, Bush was convinced that scientific research 

had played the preeminent role in the United States’ victory over Germany and, at that 

time, ongoing but increasingly successful efforts to roll back Japanese control in the 

Pacific.  More than once during the report, he cited the development and use of radar, the 

battle against the German U-boats—which he called a “battle of scientific 

techniques”16—and the successful countering of the German V-1 attacks on London, as 

support for the claim that “it has become clear beyond all doubt that scientific research is 

                                                 
13 Vannevar Bush, Science, The Endless Frontier: A Report to the President on a Program for Postwar 

Scientific Research (Washington, D.C.: National Science Foundation), 1960, 3. 
14 Ibid., 5. 
15 For a detailed discussion of the debate over the creation of the National Science Foundation, as well as 

its similarities and differences to Bush’s proposed National Research Foundation, see Kleinman, Politics 

on the Endless Frontier: Postwar Research Policy in the United States. 
16 Bush, Science, The Endless Frontier: A Report to the President on a Program for Postwar Scientific 

Research, 6. 

 114



 

absolutely essential to national security.”17  He was therefore adamant in his 

recommendation that “There must be more—and more adequate—military research 

during peacetime.” 18  Nonetheless, though he was certain that “only the Government can 

undertake military research,” he was not convinced that the military services themselves 

were up to the task.  He explained to the President that 

While there must be increased emphasis on science in the future training 
of officers for both the Army and Navy, such men cannot be expected to 
be specialists in scientific research.  Therefore, a professional partnership 
between the officers in the Services and civilian scientists is needed… 
There should now be permanent civilian activity to supplement the 
research work of the Services in other scientific fields so as to carry on in 
time of peace some part of the activities of the emergency wartime Office 
of Scientific Research and Development.19

In his original vision, the National Research Foundation would be the civilian body that 

would coordinate the military research efforts of civilian scientists spread across the 

country. 

Many of the most influential leaders of the United States military agreed both with 

Bush’s assertion that scientific research had been crucial to Allied success, as well as his 

vision of greater cooperation among civilian scientists and military professionals in the 

years ahead.20  However, as the debate over the proper organization and responsibilities 

of a postwar, OSRD-type body continued year after year, each of the services took it 

upon themselves to form relationships with civilian scientists in private industry, in 

                                                 
17 Ibid., 17. 
18 Ibid., 17. 
19 Ibid., 17-18. 
20 Bush made this same point in his report, quoting a joint letter from the Secretaries of War and the Navy 

to the National Academy of Sciences, which stated, in part 

 This war emphasizes three facts of supreme importance to national security: (1) Powerful new 
 tactics of defense and offense are developed around new weapons created by scientific and 
 engineering research; (2) the competitive time element in developing those weapons and tactics 
 may be decisive; (3) war is increasingly total war, in which the armed services must be 
 supplemented by active participation of every element of civilian population. 
 
 To insure continued preparedness along farsighted technical lines, the research scientists of the 
 country must be called upon to continue in peacetime some substantial portion of those types of 
 contribution to national security which they have made so effectively during the stress of the 
 present war (17). 
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universities, and via the creation of civilian-run, non-profit corporations devoted 

primarily to military research.  For the services’ sake, it is probably a good thing that 

they did, for when the National Science Foundation was finally established in 1950, it 

had been decided by the Congress that it would not participate in military research.  In 

the next several pages, I will provide a brief sketch of the arrangements made by each of 

the services to continue the kind of OR work begun during the war. 

Indeed, the desire on the part of leaders from each service to continue and expand 

such work was an important factor contributing to U.S. military efforts to establish a 

number of federally funded “study and analysis centers” following the war. 21  The first 

three centers established by the Air Force, Army, and Navy were each meant for exactly 

that purpose.  In the last sixty years, the RAND Corporation has become perhaps the 

most publicly recognizable example of a military-funded study and analysis center.  In a 

letter to the Secretary of War at the close of the war, Commanding General of the Army 

Air Forces, General H. H. “Hap” Arnold, expressed the same sentiment as Bush when he 

argued that the vital role that scientific research had played during the war meant that it 

was “necessary to insure the continuance of teamwork among the military, other 

government agencies, industry, and the universities.”22  Under General Arnold’s 

leadership, in December 1945 the Army Air Forces established two organizations 

intended to make the General’s vision a reality.  The first was Project RAND, which 

operated under contract to the Douglas Aircraft Company.23  Project RAND would 

report to the second of the two organizations, the Deputy Chief of Air Staff for Research 

and Development, which would be headed by Major General Curtis LeMay, the hard-

hitting general who had led the U.S. strategic bombing campaign against the Japanese 

during the war.  Project RAND received its first official assignment in 1946 when it was 

                                                 
21 Office of Technology Assessment, A History of the Department of Defense Federally Funded Research 

and Development Centers (Washington, D.C.: U.S. Government Printing Office), 1995, 14. 
22 Quoted in “A Brief History of RAND,” available from http://rand.org/about/history.  On the same point, 

see also Ibid., 15. 
23 As a result of concern over the possibility of conflicts of interest when RAND analysts were asked to 

evaluate the merits of technologies developed by competitors of Douglas Aircraft, RAND became an 

independent, non-profit corporation in 1948. 
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given a ten million dollar contract to conduct “a program of research on the broad 

subject of intercontinental warfare, other than surface, with the object of recommending 

to the Army Air Forces preferred techniques and instrumentalities for this purpose.”  The 

result of the project, which had been conducted by an interdisciplinary team of fifty 

analysts, was a report titled, “Preliminary Design of an Experimental World-Circling 

Spaceship.”24  This early project and subsequent report set the tone for much of RAND’s 

later work, which would go beyond battlefield-level OR to focus on issues of long-term 

strategy and force planning.  Where day-to-day, battlefield-level OR was concerned, 

each of the services had learned during the war that such work was more successful 

when analysts reported directly to an operational military commander.  It was a lesson 

that was incorporated into the services’ institutionalization of OR after the war, and the 

Air Force was no exception.25  It created ten OR offices in the field commands, as well 

as an OR division at Air Force Headquarters (USAF HQ).26  This is, in part, what 

allowed RAND to focus on broader, longer-term, and future-oriented issues.  In the 

sections that follow, we will see that RAND made important contributions to the 

development of both systems analysis and computerized war-gaming techniques. 

Compared to the Army Air Forces or the Navy, the Army had very little in the way 

of OR programs to maintain or extend at the end of the war.  Nonetheless, in 1946, Chief 

of Staff of the Army, General Dwight D. Eisenhower, recommended that the Army 

establish an outside, civilian-run research organization to conduct research on matters of 

force planning, weapons development, and strategy.  Upon General Eisenhower’s 

recommendation, in 1948 the Army established what came to be called the Operations 

Research Office, which was operated under contract by the Johns Hopkins University, 

chosen in part because of its successful prior efforts at administering the Applied Physics 

                                                 
24 Ibid., 15. 
25 Fortun and Schweber, “Scientists and the Legacy of World War II: The Case of Operations Research,” 

605. 
26 Clayton J. Thomas and Robert Sheldon, S., “Air Force Operations Analysis,” in Encyclopedia of 

Operations Research and Management Science, ed. Carl Harris and Saul Gass (Norwell, MA: Kluwer 

Academic Publishers, 2001), no page. 
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Laboratory for the Navy.27  The ORO was never as independent as RAND, nor was it 

able, upon being established, to focus on issues as broad or future-oriented as RAND.  

Rather, the Army was ultimately more interested in having ORO conduct field-level 

work primarily focused on issues of supply and logistics.28  For example, whereas 

RAND did not conduct battlefield-level OR work for the Air Force during the Korean 

War, ORO provided support to the Army throughout the conflict, with over one hundred 

ORO staff members receiving the Korean Service Medal of the United Nations 

Command.29  The ORO was also instrumental to spreading OR methods throughout the 

Army and to establishing various internal Army organizations to conduct OR, including 

the Combat Operations Research Group, which ultimately became the U.S. Army 

Concepts Analysis Agency.30  Other internal OR groups included the Weapon Systems 

Analysis Directorate in the Office of the Assistant Vice Chief of Staff, headed by Major 

General William DePuy.  Following the Vietnam War, General DePuy would be 

instrumental in bringing systems analysis to the Army’s newly-formed Training and 

Doctrine Command (TRADOC).  We will see in the next chapter that the post-Vietnam 

doctrinal reforms that he instituted were based to a great degree on OR and systems 

analysis work conducted both by TRADOC, as well as by the Army Materiel Systems 

Analysis Activity, part of the Army Materiel Command.31  Beyond the Hopkins-run 

ORO, in 1957 the Army established the Special Operations Research Office under 

contract to American University in Washington, D.C.  The group conducted research on 

various aspects of guerrilla warfare.32

Finally, similar to the position of General Arnold, at the end of the war Chief of 

Naval Operations, Admiral Ernest J. King, did not want the Operations Research Group 
                                                 
27 Office of Technology Assessment, A History of the Department of Defense Federally Funded Research 

and Development Centers, 15-16. 
28 Ibid., 17. 
29 Ibid., 20. 
30 Ibid., 21. 
31 For more on the genealogy of Army OR groups, see Seth Bonder, “Army Operations Research: 

Historical Perspectives and Lessons Learned,” Operations Research 50, 1 (2002). 
32 Office of Technology Assessment, A History of the Department of Defense Federally Funded Research 

and Development Centers, 21. 
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to be disbanded.  The Navy approached MIT to administer the organization, whose name 

was changed to the Operations Evaluation Group (OEG).  The OEG had a central office 

in the Pentagon in addition to teams assigned to each of the field commands.33  Like the 

Army’s ORO, the Navy’s OEG conducted a great deal of work for the Navy during the 

Korean War, particularly in the areas of improving the effectiveness of shore 

bombardment, close air support, and aerial interdiction bombing by Naval aircraft.  In 

1961, the OEG was turned into a RAND-like non-profit corporation and renamed the 

Center for Naval Analyses, an organization that continues to this day to do work for the 

Navy, as well as other military services and civilian organizations.34

3.4 Defining OR and Systems Sciences 

All of this discussion of OR and systems science begs the question: Just what were 

they?  It is both the most fundamental but also one of the most difficult questions that a 

student of this period confronts, in part because answering that question was no easy task 

for OR practitioners and systems scientists themselves.  Like their presentation here, 

though they had been used with much success during the war, much of the debate over 

their definition came after the fact.  Operations research and its allied systems sciences 

have provided a distributed, heterogeneous, moving target to their participants and 

historians alike.35   

                                                 
33 Ibid., 14. 
34 Ibid., 22. 
35 In August 1955, speaking before the Seventh National Meeting of the Operations Research Society of 

America, George Parkhust of Standard Oil spoke of the difficulty of defining OR, stating, “In fact, in 

common with many other people, including perhaps many members of your SOCIETY, I have great 

difficulty in even defining the field of operations research.”  George L. Parkhurst, “A CHALLENGE TO 

OPERATIONS RESEARCH,” Journal of the Operations Research Society of America 3, 4 (1955), 376.  

He was correct in his estimation.  The previous year, in an address to the Informal Seminar in Operations 

Research at Johns Hopkins University, Omand Solandt, who had been the Superintendent of the British 

Army Operational Research Group during the war, stately flatly that “There is obviously no use trying to 

define it, because many wiser men have attempted this task and I do not think anyone has really 

succeeded.”  Omond Solandt, “Observation, Experiment, and Measurement in Operations Research,” 

Journal of the Operations Research Society of America 3, 1 (1955), 4. 
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In general, however, there seems to be agreement among historians and practitioners 

alike that what came to be known as the systems sciences, which are seen as broader in 

scope and range of application than OR, emerged to a large extent out of WWII-era 

operations research,36 which itself had become more broad during and immediately 

following the war.  Early practitioners of OR saw it generally as the application of the 

scientific method to operational issues on the battlefield and its use was generally limited 

to those kinds of quantifiable problems identified above.37  But, as the growing list of 

uses for OR identified by Thomas indicates, its scope expanded during the war, a trend 

                                                 
36 As both Mindell and Hughes have demonstrated, the postwar systems sciences were not entirely or only 

the outgrowth of operations research.  Various engineering traditions also contributed to the postwar 

systems sciences.  See Mindell, Between Human and Machine: Feedback, Control, and Computing Before 

Cybernetics and Hughes, Rescuing Prometheus: Four Monumental Projects That Changed the Modern 

World.  We will focus primarily upon OR and systems analysis here because of the importance that the 

development, implementation, and criticism of the two played in the enlistment of nonlinear science by 

U.S. military theorists (many of whom had strong connections to OR and systems analysis) later in the 

century. 
37 Fortun and Schweber, “Scientists and the Legacy of World War II: The Case of Operations Research,” 

606-607; 609-610.  Hughes makes a similar point.  See, Thomas P. Hughes and Agatha C. Hughes, 

“Introduction,” in Systems, Experts, and Computers: The Systems Approach in Management and 

Engineering, World War II and After, ed. Thomas P. Hughes and Agatha C. Hughes (Cambridge, MA: 

MIT Press, 2000), 8.  Fortun and Schweber cite a short piece from the Journal of the Operations Research 

Society of America in 1955, “It becomes obvious that operations research is simply the application of the 

scientific method in determining how best to prosecute a war, run a business, or, in general, to conduct any 

operation or group of operations.”  W. T.M. Johnson, “WHY OPERATIONS RESEARCH?,” Journal of 

the Operations Research Society of America 3, 1 (1955), 103-104.  Parkhust agreed, defining OR as “the 

scientific approach to the selection among alternatives under management control.” Parkhurst, “A 

CHALLENGE TO OPERATIONS RESEARCH,” 376.  Finally, Charles Hitch, a RAND economist, 

pioneer of systems analysis, and later Department of Defense Comptroller under Robert McNamara, 

reluctantly defined OR and systems analysis as scientific: “Both operations analysis and systems analysis 

are attempts to apply scientific method to important problems of military decision, even though the 

problems are not particularly appropriate for scientific method and would never be selected for the 

application of scientific method by a truly ‘academic’ researcher.”  Charles Hitch, “AN APPRECIATION 

OF SYSTEMS ANALYSIS,” Journal of the Operations Research Society of America 3, 4 (1955), 467. 
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which continued into the immediate postwar period.38  Where OR had begun its life 

focused on issues of air defense, bombing accuracy, and anti-submarine warfare, by the 

end of the war it had come to involve studies related to logistics, training, strategy, 

resource allocation, and weapons effectiveness.39  In the Air Force at least, in the 

immediate postwar period operations researchers were called upon increasingly to think 

“through the implications of new weapons for new types of combat operations,”40 which 

usually involved “starting with a hypothesis based on the experience of World War II, 

[making] theoretical extensions based on new assumptions, new weapon systems, 

tactics, etc., and then predict[ing] probable outcomes.”41  In 1955, Charles Hitch, head of 

the Economics Division at the RAND Corporation, outlined the major “extensions of 

operations analysis” since the war:  

1. The use of analysis to aid in force composition and development as 
well as operations decisions, 

2. A great increase in number of interdependent factors considered, 

3. The explicit treatment of problems of uncertainty, 

4. The explicit treatment of enemy reactions 

5. The explicit treatment of time-phasing, 

                                                 
38 Holley, “The Evolution of Operations Research and its Impact on the Military Establishment: The Air 

Force Experience.”, 93. 
39 Fortun and Schweber, “Scientists and the Legacy of World War II: The Case of Operations Research,” 

602.  Solandt recognized in 1955 how much the scope of OR had expanded in the ten years since the end 

of the war.  The impact of the new tasks being performed by OR, which often provided less opportunity 

for rigorous measurement, were cause for concern.  He wrote, “There is a real danger in this kind of 

situation, a danger that we will get out of the habit of resorting to measurement.  Once can see indications 

of that tendency every day in operations-research reports.” Solandt, “Observation, Experiment, and 

Measurement in Operations Research,” 13. 
40 Thomas, “Military Operations Research.”, 2. 
41 Holley, “The Evolution of Operations Research and its Impact on the Military Establishment: The Air 

Force Experience.”, 93. 
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6. A broader concept of objectives and criteria appropriate to the broader 
and longer-range problems of decision being analyzed.42

But Hitch was not only describing the changes that were taking place in OR, he was one 

of the most important individuals driving those changes.  From his position at RAND, 

the economist, Rhodes Scholar, and former editor of the Oxford Economic Papers, 

actively worked to broaden the scope of operations research.  As a result of those efforts, 

he is considered one of the founders of systems analysis.  Systems analysis was 

formalized and adopted by the Department of Defense under Secretary of Defense 

Robert McNamara in what was known as the Planning, Programming, and Budgeting 

System, which had been developed by Hitch while at RAND.  Hitch was one of those 

RAND “whiz kids” brought to DoD by McNamara.  Appointed Assistant Secretary of 

Defense and DoD Comptroller, Hitch worked between 1961 and 1965 to implement the 

PPBS he had developed.43  In short, not only had OR evolved from an activity focused 

on increasing the effectiveness and efficiency of operations conducted in the present 

with existing weapons to one that was focused on the probable use, effectiveness, and 

cost-benefit of weapons yet to be developed in future missions yet to be identified, 

Charles Hitch and RAND were instrumental to driving those changes.44

                                                 
42 Hitch, “AN APPRECIATION OF SYSTEMS ANALYSIS,” 467. 
43 Hitch received his Master’s degree in economics from Oxford in 1935.  He became the first American 

don at an Oxford college, in this case Queens College.  During his career he also served as the President of 

the Operations Research Society of America, a member of the Council on Foreign Relations, a Fellow at 

the American Association for the Advancement of Science, and the President of the University of 

California.  A brief biographical sketch of Hitch can be found in the digital archives of the University of 

California at http://sunsite.berkeley.edu/~ucalhist/general_history/overview/presidents/index2.html#hitch.  

Hitch’s obituary in OR/MS Today, written by his friend and colleague Alain Enthoven, also provides a 

good biographical sketch.  See Alain C Enthoven, “Tribute to Charles J. Hitch,” OR/MS Today, December 

(1995). 
44 One commentator summed up the situation this way: “A decade ago existing systems were to be 

rendered optimal in their performance. Now our dominant role is that of guiding developmental decisions 

toward effective future systems. We deal with equipment we may never see, much less test, in combat… 

Thus our work has become extensively diversified, indeed, visionary.”  See Donald W. Meals, “TRENDS 

IN MILITARY OPERATIONS RESEARCH,” Operations Research 9, 2 (1961), 253-254.  Emphasis in 

original.  Others noted the shift from a present to future orientation as well.  Solandt had insisted, for 
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In retrospect, under these circumstances it seems almost inevitable that OR would 

have spawned a number of different disciplines.  As OR interacted with its environment, 

incorporating new methods and tools of analysis (e.g. game theory, the digital computer, 

etc.) as well as new types of problems from its patrons, it became increasingly 

differentiated to the point of division.  It was a combination of OR’s successes and 

failures which led to the development of “systems analysis” and “systems engineering.”  

In the case of Air Force OR, I.B. Holley and Robert Perry have indicated that it was 

commanders’, planners’, and policy makers’ appreciation of OR that led them to an 

increasing reliance upon it in the postwar years.  Holley noted that “this elevation had its 

disadvantages too… And unfortunately for those analysts who enjoyed performing the 

kind of rigorously scientific investigations for which they had been trained, a subtle but 

nonetheless profound change had taken place in the kinds of questions being asked.”45  

In the end, Perry suggests, the expansion in focus was too much; OR was not able to 

successfully take on the new kinds of tasks that its patrons assigned.  Those tasks were 

essential nonetheless, and it would be organizations like RAND that would pick up the 

slack and become the “Mecca” of systems analysis.46

So, in its most common usage, the term “systems sciences” comes to encompass not 

only OR, but also systems analysis and systems engineering.  Others expand the list to 

include cybernetics, information theory, computer science, automation, systems 

                                                                                                                                                
example, that “The essential feature [of OR] is that it always studies the organization in operation.”  That 

is, OR was focused on the present.   Solandt, “Observation, Experiment, and Measurement in Operations 

Research,” 4.  Thus he worried about the implications of more recent work which helped the military in 

“imagining the performance of weapons systems where only a few of the parameters are actually known.”  

Ibid., 13.  Brothers also noted shift to a future orientation in 1954, pointing out that OR analysts 

increasingly focused on “hypothetical future wars.”  Brothers, “Operations Analysis in the United States 

Air Force,” 9-10. 
45 Holley, “The Evolution of Operations Research and its Impact on the Military Establishment: The Air 

Force Experience.”, 99-100. 
46 Robert L. Perry, “Commentary on I.B. Holley’s ‘The Evolution of Operations Research and its Impact 

on the Military Establishment: The Air Force Experience’,” in Science, Technology, and War: The 

Proceedings of the Third Military History Symposium, ed. Lt. Col. Monte Wright and Lawrence Paszek 

(Washington, D.C.: U.S. Government Printing Office, 1969), 116. 
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dynamics, control systems engineering, command and control, and automata theory.47  

Systems analysis by itself can be described as a heterogeneous, motley crew of 

techniques and disciplines.  David Hounshell writes, 

Systems analysis brought into play numerous methodologies developed 
earlier (including operations research from World War II, game theory 
that flowed from Oskar Morgenstern and John Von Neumann’s 1944 
book, probability and statistics, econometrics, and comparative worth 
assessment of military technologies, among others). Seeking to refine and 
complement these methods, RAND also fostered the development of 
linear programming and dynamic programming.48

While systems analysis did not receive much in the way of public attention until 

well into the 1960s, Hitch and others had been working to define and develop its 

techniques since the early 1950s.  In his 1955 article, “An Appreciation of Systems 

Analysis,” Hitch defined the types of problems towards which systems analysis was 

being directed, as well as the tools and methods of systems analysis, their advantages 

and disadvantages.  Hitch described the problems addressed by systems analysis as 

“problems of broader context and longer range,” “problems of immensely greater 

difficulty and complexity” than those addressed by operations research.49  Nonetheless, 

Hitch described OR and systems analysis as having “the same essential elements”: 

An objective or objectives which we desire to accomplish. 

Alternative techniques or instrumentalities (or ‘systems’) by which the 
objective may be accomplished. 

The ‘costs’ or resources required by each system. 

                                                 
47 See Keller, Refiguring Life: Metaphors of Twentieth-century Biology, 84-85 and Mindell, Between 

Human and Machine: Feedback, Control, and Computing Before Cybernetics, 316. 
48 David A. Hounshell, “The Medium is the Message, or How Context Matters: The RAND Corporation 

Builds and Economics of Innovation, 1946-1962,” in Systems, Experts, and Computers: The Systems 

Approach in Management and Engineering, World War II and After, ed. Thomas P. Hughes and Agatha C. 

Hughes (Cambridge, MA: MIT Press, 2000), 255. 
49 Hitch, “AN APPRECIATION OF SYSTEMS ANALYSIS,” 466-467.  Much of the “greater 

complexity” was due to the “broader context” and “longer range” of the problems: “Greater complexity is 

inevitable as we attempt analyses to aid decisions affecting more distant time periods” (466). 
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A mathematical model or models; i.e., the mathematical or logical 
framework or set of equations showing the interdependence of the 
objectives, the techniques and instrumentalities, the environment, and the 
resources. 

A criterion, relating objectives and costs or resources, for choosing the 
preferred or optimal alternative.50

The process of defining objectives, identifying systems and costs, creating models and 

criteria, and deciding upon preferred or optimal solutions for such broad, complex 

problems often involved what Hitch called “factoring”—i.e. cutting the problem down to 

a manageable size.  While he recognized the power of the new, high-speed, digital 

computers, he also recognized that even they were limited “when we are confronted with 

a million or billion decision cases to compute and compare.”51  Thus, it was necessary to 

…factor out those variables that are especially important for the decision 
with which we are concerned, and ‘suppress’ or ‘aggregate’ the rest. How 
do we do this?  To a limited extent by preliminary analyses and tests, but 
for the most part by sheer judgment. It is hard to do; it amounts to no less 
than deciding, in designing the analysis, what is important and what is 
not.52

Once the problem had been cut down to size, the computer could be combined with 

techniques such as game theory, cost-benefit analysis, and others to produce insight for 

decision-makers. 

Hitch did not paint too rosey a picture of the capabilities of these techniques, 

however.  He wrote, “Techniques available to the systems analyst for dealing with these 

complexities are less than satisfactory;” adding that “All routine or mechanistic 

approaches are deficient, e.g. expected value and minimax criteria.”53  Nonetheless, he 

also believed that, despite its limitations, systems analysis provided a number of 

advantages over “other methods—e.g. piecemeal analysis and intuition—[which] do not 

escape them [systems analysis’ limitations] and have limitations of their own.”  The first 

                                                 
50 Ibid., 467. 
51 Ibid., 468. 
52 Ibid., 469. 
53 Ibid., 466.  Later in the chapter we will explore more of the limitations of systems analysis identified by 

Hitch. 
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advantage that he identified for systems analysis was its interdisciplinarity, arguing that 

it “provides a framework for combining the knowledge of experts in many fields to 

reach solutions which transcend an individual expert’s judgment.”54  Next, he believed 

that a “systems approach” involved taking a broader view of the problem or problems 

under consideration.  Thus, he believed that “Systems analysis forces the systems analyst 

and his audience to think the problem through in a systems context,” meaning in a 

broader, more complete, or what others would call a “holistic” way.55

Of course, as Hounshell and Hitch both indicate, the general, digital computer 

would come to play an increasingly important role in the systems sciences, as well as 

SAGE, the first computerized air defense system, and later military command and 

control systems such as the Strategic Air Command Control System, the North Atlantic 

Air Defense Command, the NATO Air Defense Ground Environment, and the 

Worldwide Military Command and Control System.56  In the 1950s and 1960s, as the 

systems sciences exhibited an “increasing dependence…upon the digital 

computer…experts based their claims for decisionmaking authority in matters both 

military and civil upon putative mastery of a specifically computer-based approach.”57

One such approach that became closely allied to the systems sciences, and another 

product of RAND, was the computerized war game or simulation, which was 

played/used both by RAND researchers as a form of laboratory experiment, as well as by 

                                                 
54 Ibid., 466. 
55 Ibid., 478.  He also recognized the difficulties with taking such a broad view, making clear to his readers 

that he did not mean to suggest that broad views were good while narrower views were bad.  “It would be 

foolish to maintain that broad systems contexts are good, narrow contexts bad.  It all depends on the 

problem… Systems contexts can be too broad, and when they are, they are wasteful.  You pay a heavy 

price for a broad context” (477). 
56 SAGE, the Semi-Automatic Ground Environment, was an air defense system built upon the Whirlwind 

computer, originally designed by Jay Forrester of MIT.  The Worldwide Military Command and Control 

System (WWMCCS, pronounced “wimex”), as its name implies, was the first computerized, global 

command and control system for the U.S. military.  See Hughes, Rescuing Prometheus: Four Monumental 

Projects That Changed the Modern World, 66. 
57 Hughes and Hughes, “Introduction.”, 2.   
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military personnel as a training tool.58  Whereas “OR specialists gathered data about past 

operations in order to plan future ones; they functioned as applied historians, relying 

when possible on quantitative data and statistical analysis,” such that “History became a 

laboratory of experience,”59 systems analysis was often concerned not just with the 

future, but with problems like global nuclear war which (fortunately) did not have a 

history upon which to draw when attempting to make decisions regarding its future.  

Sharon Ghamari-Tabrizi, who has looked at the development of nuclear war gaming at 

RAND in the 1950s and 1960s, argues that, while game designers initially envisioned 

games as a sort of laboratory experiment which would yield scientifically rigorous 

answers to a whole host of complicated, contemporary military questions, war games 

and simulations quickly proved that their worth lie more in the realm of training and in 

the creation of “synthetic history.”60  She writes, “Gaming experience was characterized 

as a stimulus to group creativity, a training of intuition, the creation of a parallel world, 

and as synthetic history.”61  She continues, 

                                                 
58 Of course, as P.R. Rich of the Johns Hopkins Applied Physics Laboratory pointed out in 1955, gaming 

and simulation did not necessarily require computers in all cases, though computers did become 

increasingly prominent in war gaming as the years passed.  After recounting his work on the development 

and use of a simple simulator that was constructed from poster board and paper, he emphasized “the fact 

that the terms ‘simulator’ and ‘Monte-Carlo’ method do not necessarily imply a large-scale digital 

computer and several weeks or months of programming.”  See P. R. Rich, “SIMULATION AS AN AID 

IN MODEL BUILDING,” Journal of the Operations Research Society of America 3, 1 (1955), 19. 
59 Hughes, Rescuing Prometheus: Four Monumental Projects That Changed the Modern World, 147-148. 
60 This is a point that Charles Hitch made in 1960.  He wrote, “Gaming is not tied to two-person, constant-

sum assumptions, and is therefore a broader and more flexible device than two-person, constant-sum game 

theory.  I am all for gaming and other forms of simulation.  I think they are invaluable for teaching 

purposes—and of course they have long been so used by the military.  I think that free-play games can 

also be very useful in providing insights to players and observers, and in suggesting important factors that 

might otherwise be overlooked.  But as a problem-solving device, gaming m any of its numerous forms 

has severe limitations.”  See Charles Hitch, “UNCERTAINTIES IN OPERATIONS RESEARCH,” 

Operations Research 8, 4 (1960), 443. 
61 Sharon Ghamari-Tabrizi, “Simulating the Unthinkable: Gaming Future War in the 1950s and 1960s,” 

Social Studies of Science 30, 2 (2000), 192.  As an example, in 1961, Donald Meals of Technical 

Operations, Inc., a contractor based in Fort Monroe, VA, described the value of war games: “Doubtless, 

 127



 

Not only did gamers regard the exercises as a gestalt experience, they cast 
the total event—which included the game scenario and background 
papers, the experience of play, and the subsequent record of game 
transactions, up to and including the post-game assessment—as a species 
of forecasted or synthetic history.  The shift from synthetic history to 
future history was not a great leap. Herman Kahn extolled the merits of 
fabricating future history. From 1961 onwards, he and his associates at 
the Hudson Institute devised a series of Alternative Future Worlds as 
‘substitutes for relevant knowledge, experiment, judgment, perception, 
insight, and intuition’.  He argued that these imaginative forays should be 
understood as ‘artificial “case histories” and “historical anecdotes” to 
make up to some degree for the paucity of actual example’.62

In addition to providing valuable experience to the military personnel playing the games, 

war games were often valuable in helping the systems analysts in their work of creating 

analytical models to assist in decision making.  From the analyst’s perspective, a war 

game or simulation “can serve as a focus in the collection of data, as an aid in the 

construction of a mathematical model, and as a useful bridge between operations and 

research.”63  Just as military professionals often had no real-world experience with new 

weapons and forms of warfare, the systems analysts themselves were often “without 

adequate understanding of the complexities of armed conflict” such that “analytic 

models of relatively small segments of combat are often difficult or impossible to 

construct…  Consequently, the analyst has sought a tool which minimizes these 

limitations.  The appeal of gaming is that it tends to do so.”64

Yet again, however, it would be incorrect to conclude that these new methods and 

tools were adopted wholeheartedly and unproblematically by the systems sciences 

community.  From the beginning, there were disputes among practitioners about what 

                                                                                                                                                
much support, at least for the player-participation game, comes from our clients.  Richness of detail 

engenders confidence in results, but this is not its most important role.  Far more significant is the stimulus 

the game provides to military judgment for tactical decisions and other subjective aspects of combat.  

Thus, games compensate somewhat for the lack of operational experience with present-day weapon 

systems.  They generate synthetic history.”  See Meals, “TRENDS IN MILITARY OPERATIONS 

RESEARCH,” 255. 
62 Ghamari-Tabrizi, “Simulating the Unthinkable: Gaming Future War in the 1950s and 1960s,” 197. 
63 Rich, “SIMULATION AS AN AID IN MODEL BUILDING,” 19. 
64 Meals, “TRENDS IN MILITARY OPERATIONS RESEARCH,” 254. 
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the systems sciences meant, who could participate, and the tools and methods to be used.  

Early on, a number of prominent members of the OR community, including Ellis A. 

Johnson, director of the Army’s Operations Research Office, argued that social 

scientists, lawyers, and historians should be allowed into the ranks of the Operations 

Research Society of America (OSRA).  Some even went farther, arguing that the head of 

an OR unit should be a non-scientist such as “a mature lawyer or a trouble-shooting 

business executive, someone capable of selling the findings of the analysts to the 

commander in comprehensible terms.”65  Ultimately however, “these attempts were 

largely unsuccessful. Control of ORSA and the editorial policy of its journal remained 

firmly in the hands of the math-physics types.”66

From the beginning, and extending into the 1970s, there were also questions raised 

about the tools and methods themselves.  For example, in the 1950s, RAND broadened 

the systems analysis approach beyond that of OR, in part by including more social 

scientists and economists among its researchers.  However, the systems analysis 

approach came under internal criticism from a group of RAND economists, including 

Kenneth Arrow, the Stanford economist and future Nobel Laureate who would be a key 

player in the development of complexity theory decades later.  Critics charged that 

RAND studies designed by the systems analysts “depended on too many assumptions 

about the future conditions under which projected weapons systems would be deployed” 

and resulted in RAND “erroneously recommending procurement decisions before 

adequate research and development had been carried out for the weapons systems under 

consideration.”67

It may even be safe to add Charles Hitch to the list of systems analysis critics.  Even 

though he was a key figure in the development of systems analysis, he was, at times, also 

one of its harshest critics.  In general, he maintained that “military systems analysis as it 

                                                 
65 Holley, “The Evolution of Operations Research and its Impact on the Military Establishment: The Air 

Force Experience.”, 91. 
66 Ibid., 94. 
67 Hughes and Hughes, “Introduction.”, 15.  Hounshell also recounts this episode in Hounshell, “The 

Medium is the Message, or How Context Matters: The RAND Corporation Builds and Economics of 

Innovation, 1946-1962.”, 259. 
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exists today is an imperfect instrument, an advisory art with many limitations.”  He 

continued, “We have learned to make extensive calculations of uncertain contingencies, 

but still do not know what to recommend (except as ‘sensible men’) when, as is almost 

invariably the case, no dominant strategy emerges.”68  Of all the tools used by systems 

analysts, the RAND economist found the currently fashionable game theory, with its 

emphasis on “max-mining” and two-person, constant-sum games, to be the most limited.  

He argued on a number of occasions that such two-person, constant-sum games were 

both simplistic and unrealistic, that the situations the U.S. faced were neither two-person 

nor constant-sum and that game theory’s proclivity towards “max-mining,”—i.e. 

“choos[ing] the system which minimizes the worst that can happen to us”—was 

therefore “too conservative [because] it forfeits opportunities to exploit enemy 

mistakes.”69  Where the development of strategy was concerned, he argued that the 

situation faced by the U.S. was closer to an n-person, variable-sum game.  However, he 

held out no hope of finding ways of solving those kinds of games mathematically, at 

least not in his lifetime.  Instead, he urged his readers to understand that “the outcome in 

n-person games is likely to depend critically upon psychological and sociological factors 

that we cannot yet describe, explain, or manipulate in rigorous mathematical 

language.”70  Even where the development of technology was concerned, an area that 

seemed more amenable to the systems analyst’s quantitative techniques, Hitch pointed to 

the difficulties of measuring military worth, the lack of reliable data about weapons 

effectiveness or cost, and the lack of agreed, common standards for comparing the worth 

and effectiveness of weapons.  He concluded, 

Therefore, the preferred alternative in areas of advanced technology can 
rarely, if ever, be determined by the simple application of a formula 
Instead, we must rely on painstaking, step-by-step analysis, making our 

                                                 
68 Hitch, “AN APPRECIATION OF SYSTEMS ANALYSIS,” 475. 
69 Ibid., 471.  He made many of the same points again five years later.  See Hitch, “UNCERTAINTIES IN 

OPERATIONS RESEARCH,” 440-443. 
70 Ibid., 443. 
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decisions and commitments in manageable increments while we draw 
further data and guidance from our experience.71

Another systems science “insider” who leveled serious criticism against his own 

field was Lt. Gen. Glenn Kent, now a legend of military operations research.72  In 1967, 

he complained that analysts were placing too high of an emphasis on statistics and 

calculation and urged the use of “analog computers” (by which he meant charts 

constructed on graph paper by hand) over the use of digital computers.  In 2002, 

speaking in retrospect about his work on the “Damage Limiting Study”73 conducted in 

1963 and 1964, he proudly noted that the study’s “numerous computations were made 

on slide rules and Friden calculators and that the allocations were determined by 

measuring the slope of lines, by triangle and rulers, on utility plots fastened to a large 

table.”74  With not a little sarcasm, he described how relationships among the data were 

presented on what he referred to as “a flat panel display—commonly known as a piece 

of graph paper.”75

Kent displayed little patience for what he viewed as overly complex computer models.  

In 1967, he wrote, 

Computers can make some of the analytical tasks less tedious if properly 
used. Unfortunately, some executives have been led to believe that 
computer simulation models can make decisions automatically. A related 

                                                 
71 Charles J. Hitch, “PLANS, PROGRAMS, AND BUDGETS IN THE DEPARTMENT OF DEFENSE,” 

Operations Research 11, 1 (1963), 10. 
72 In 1980, Kent became the third recipient of the Vance R. Wanner Memorial Award of the Military 

Operations Research Society.  The first recipient of the award was Philip Morse, in 1978; the second was 

Dr. Bernard O. Koopman in 1979. 
73 The “Damage Limiting Study” was conducted at the behest of Secretary of Defense Robert McNamara 

under the direction of Dr. Harold Brown, the Director of Defense Research and Engineering.  The goal of 

the study was to determine the feasibility of a strategy to limit damage to the United States in the event of 

a determined attack by the Soviets using both ICBMs and manned bombers.  The results of the study 

indicated that an attempt to limit damage, either through various means of air defense or civil defense, was 

not feasible.  As a result, the strategy was abandoned.  See Glenn Kent, “LOOKING BACK: FOUR 

DECADES OF ANALYSIS,” Operations Research 50, 1 (2002). 
74 Ibid., 122. 
75 Ibid., 124. 
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result is failure to educate analysts to think deeply about the formulation 
and search for simple models.76

He also spoke in contemptuous terms of war games, saying that “actually they are 

‘computer simulations’, but the term ‘war games’ adds a note of realism.”77  Noting that 

it is easy to find mathematicians who are good human “calculators,” as he called them, 

he said, 

As a matter of fact I have come to the conclusion that the makings of a 
good analyst are more apt to be found in a lawyer who has a smattering of 
mathematics than in a mathematician who is a calculator rather than a 
thinker. Since lawyers are not particularly well schooled in calculating, 
they are forced to think and reason, and this is a very good thing.78

It is a theme that many others had already articulated, and would continue to articulate in 

the coming years: computers, quantification, and systems analysis, while an aid to the 

decision-maker, cannot and should not eliminate the use of human judgment. 

Similarly, throughout the 1950s, 1960s, and 1970s, a number of other prominent 

systems scientists spoke out against the direction being taken by their respective fields.  

In 1955, Omand Solandt expressed his concern over the fact that, in his experience, so 

many recent discussions about OR had been dominated by “so much talk about the 

                                                 
76 Lt Gen Glenn A. Kent, “On Analysis,” Air University Review 18, 4 (1967), no page.  Charles Hitch 

made a similar point seven years earlier when he wrote, “Of course, computers do help in a mechanical 

way.  If there are a dozen interesting future contingencies, high-speed computers will facilitate the 

computation of outcomes in all twelve.  But they still leave one with the fundamental problem [that] some 

courses of action will seem to be better in some contingencies, others in other contingencies.  Which is 

optimal when one cannot know which contingency will occur?  Worse, in almost all our interesting 

problems, there are processes whose results we cannot even predict as probability distributions.”  

Believing otherwise—i.e. believing that such decisions could be calculated in a mechanical way by a 

computer—he called “the fallacy of ‘mechanitis’.”  See Hitch, “UNCERTAINTIES IN OPERATIONS 

RESEARCH,” 438. 
77 Kent, “On Analysis,” no page.  His opinions on this matter would stay largely the same over time.  In 

2002, referring to “computer-driven campaign models,” he argued that “They are…of little value in 

providing insights into defining and adopting better strategies, mostly because the scenario is largely 

scripted and the strategy is subsumed.”  See Kent, “LOOKING BACK: FOUR DECADES OF 

ANALYSIS,” 123. 
78 Kent, “On Analysis,” no page. 
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mathematical methods for the manipulation of data.”  He worried that OR analysts were 

getting too wrapped up in the construction of the tools of OR, but were not spending 

enough time learning about their proper use.  He reminded his readers that, though it 

may be “much more interesting to devise mathematical theories, make mathematical 

models, play war games, and so on,” in the end, “they must not be used to becloud the 

main issue.”79  In 1962, Sir Solly Zuckerman, chief scientific adviser to the British 

Ministry of Defence and one of the early members of the British OR community during 

the war, worried that military commanders had become too optimistic about the 

capabilities of game theory and systems analysis, warning that the human factors in war 

and politics were not quantifiable and that too often “systems analysis had come up with 

the wrong answers.”80  Finally, in the 1970s, “Russell Ackoff, a leading figure in the 

fields of OR and social systems analysis, made a dramatic shift from enthusiastic 

commitment to rejection of the quantitative operations research approach.”81

Yet, despite the internal debates and the motley crew of disciplines, methods, and 

tools which made up the postwar systems sciences, they can be said to have been unified 

by their interest in complex systems.  Evelyn Fox Keller argues that the systems sciences 

…might be thought of as loosely linked endeavors sharing a common task 
(the analysis of complex systems), a conceptual vocabulary for dealing 
with that task (feedback and communication-circular causality), and a 
mode of representation (of complex systems as interacting networks or 
circuits).82

David Mindell concurs when he says of the systems sciences, 

Each emphasized, in its own way, feedback, systems, dynamics, 
computing, and modeling of complex systems… took up the lessons of 
feedback, stability, and interconnected systems… the idea that various 
aspects of the world could be understood as systems and modeled as 
flows, feedbacks, and human-machine interactions. The language of 

                                                 
79 Solandt, “Observation, Experiment, and Measurement in Operations Research,” 6. 
80 Sir Solly Zuckerman, “JUDGMENT AND CONTROL IN MODERN WARFARE,” Foreign Affairs 40, 

2 (1962), 209-211. 
81 Hughes, Rescuing Prometheus: Four Monumental Projects That Changed the Modern World, 192. 
82 Keller, Refiguring Life: Metaphors of Twentieth-century Biology, 84-85. 

 133



 

feedback, control, communications, and information proved enormously 
flexible and adaptable…83

So while it cannot be said that the systems sciences were all “the same”—the discussion 

above should disabuse us of that idea—it is also inaccurate to say that there was nothing 

linking them together.  In this case, even from the beginning, even when they could be 

said to have been at their most technocratic, it was the seeds of an emergent, nonlinear 

worldview that was their common connection. 

3.5 Seeds of a Nonlinear Worldview 

There is no doubt that the systems sciences, despite the intent expressed by some of 

their most prominent advocates, often manifested themselves in practices which where 

decidedly technocratic, hyper-rationalist, and managerial.84  Eglash has argued correctly, 

however, that this aspect of the systems sciences has often been the focus of historical 

accounts to the exclusion of countervailing forces towards a more human-centered, 

romantic, and nonlinear view of the world.85  In fact, as Eglash and others have aptly 

demonstrated, the seeds of a nonlinear worldview existed even in the early days of the 

systems sciences;86 and it was the nonlinear worldview that would be in ascendance by 

the end of the Vietnam War.  Such a worldview would come to include new ways of 

understanding and speaking about the world, as well as new ideas about how humans 

can best interact with the world. 

World War II and its immediate aftermath would provide a strong impetus for the 

development of a view of the world which stressed its uncertainty, complexity, and 

danger.  The war itself would provide a serious challenge to prior ways of understanding 

                                                 
83 Mindell, Between Human and Machine: Feedback, Control, and Computing Before Cybernetics, 316. 
84 This part of the story is well documented in Edwards, The Closed World: Computers and the Politics of 

Discourse in Cold War America and Steve J. Heims, John Von Neumann and Norbert Wiener: From 

Mathematics to the Technologies of Life and Death (Cambridge, MA: MIT Press), 1980. 
85 Eglash, “A Cybernetics of Chaos,” 73-74.  He specifically mentions the work of Edwards cited above.  

In my view, Heims also falls into this category. 
86 Ibid., 70.  For example, Eglash notes that “romantic organicism” and the view of cybernetic feedback 

loops as representative of “the recursive loop of humanist self-determination” were “established as field[s] 

for contestations in the first Macy conferences of the late 1940s.” 
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and speaking about the world.  The war years saw the development of a number of 

revolutionary new weapons technologies and were capped off with the dramatic first use 

of atomic weapons.  Any sense that the end of the war would result in a return to 

normalcy quickly faded.  Within three years of WWII’s end, the U.S. was airlifting 

supplies to Berliners and risking military confrontation with its former Soviet ally; the 

following year the Soviets detonated their own atomic bomb; and within a decade of the 

end of the war the U.S. was at war again in Asia, this time in Korea. 

A view of the world as a dynamic, complex system would begin to emerge even 

during the war.  For example, Fortun and Schweber argue that it was OR’s probabilistic 

conception of the world and recognition of uncertainty in the processes that it attempted 

to model that both distinguished it from earlier forms of scientific management such as 

Taylorism and allowed physicists to play such a dominant role in its early 

development.87  Mindell has described how the view of systems as merely the sum of 

their parts that guided the work of Vannevar Bush and his team at MIT in their 

construction of the Differential Analyzer in the early 1930s gradually gave way to a 

view of systems as dynamic and as greater than the sum of their parts.  In 1945, Harold 

Hazen, who had worked on the Differential Analyzer, articulated the new vision: 

‘One must always remember that a fire-control system is more than the 
sum of component parts. It is an integrated whole with interrelated 
functioning of all its parts and one is safe in considering parts separately 
only if one always keeps in mind their relation to the whole’.88

Norbert Wiener’s wartime work on the anti-aircraft problem would develop into a 

cybernetic vision of reality in which the boundaries between human and machine blur,89 

                                                 
87 Fortun and Schweber, “Scientists and the Legacy of World War II: The Case of Operations Research,” 

624, 626.  Presumably, the physicists’ dominant role was due to the fact that “Quantum mechanics had 

familiarized them with probability, and more so than most other scientists they conceptualized their 

universe of inquiry probabilistically” (626). 
88 Quoted in David A. Mindell, “Automation’s Finest Hour: Radar and System Integration in World War 

II,” in Systems, Experts, and Computers: The Systems Approach in Management and Engineering, World 

War II and After, ed. Thomas P. Hughes and Agatha C. Hughes (Cambridge, MA: MIT Press, 2000), 50-

51. 
89 Galison, “The Ontology of the Enemy: Norbert Wiener and the Cybernetic Vision,” 233. 
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individuals, organizations, and societies are seen as “behavioristic black boxes,” and life 

is seen as a struggle “to create order out of chaos.”90  Information, communication, and 

feedback would come to dominate our understanding of ourselves, our societies, and our 

age. 

Wiener’s views stimulated scientists in various disciplines to see 
analogies between the systems they studied and the feedback systems he 
described. Within a decade, seeing the natural and human-built worlds as 
communication and control, or information, systems became 
commonplace among social and natural scientists…91

The decades following the war would usher in what has been described by some as 

“an era of complexity” marked by “indeterminacy, fragmentation, pluralism, 

contingency, ambivalence, and nonlinearity.”92  Such a new world seemed to demand 

new ways of understanding and coping, including nothing less than a fundamental shift 

in science itself.  In 1947, Warren Weaver, who had been the head of the Applied 

Mathematics Panel of the National Defense Research Committee of OSRD during the 

war, wrote an article “claiming that science stood on a threshold of a new era, leaving 

behind a penchant for theories of ‘simplicity’, and venturing into questions of ‘organized 

complexity’,”93 by which he meant problems in a “middle region” between the simple 

and the astronomical.94  He explained that “the really important characteristic of the 

problems of this middle region…[was] the essential feature of organization.”95  He 

described problems of organized complexity as “organic wholes” made up of many 

interrelated parts: 

They are all problems which involve dealing simultaneously with a 
sizable number of factors which are interrelated into an organic whole… 

                                                 
90 Ibid., 265-266. 
91 Hughes and Hughes, “Introduction.”, 22-23. 
92 Hughes, Rescuing Prometheus: Four Monumental Projects That Changed the Modern World, 166-167. 
93 Mirowski, “Cyborg Agonistes: Economics Meets Operations Research in Mid-Century,” 704. 
94 Warren Weaver, “Science and Complexity,” American Scientist 36 (1948), 539.  He explained that 

science was good at dealing with simple, two-variable problems, and more recently dealing with problems 

containing astronomical numbers of variables (he gave the example of the number of atoms in a pinch of 

salt). 
95 Ibid., 539.  Emphasis in original. 
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A very substantial number of relevant variables is involved here, and they 
are all interrelated in a complicated, but nevertheless not in helter-skelter, 
fashion.96

Like many others of his day, Weaver included problems of war and peace in his list of 

problems exhibiting “organized complexity.”97  He saw both the wartime development 

of the digital computer and the “‘mixed-team’ approach of operations analysis”—which 

he described as “a unit which was much greater than the mere sum of its parts”—as 

developments which held the promise of contributing “greatly to the advance which the 

next half century will surely achieve in handling the complex, but essentially organic, 

problems of the biological and social sciences.”98

Systems scientists largely accepted this newfound view of the world as a complex 

place marked by increased uncertainty, unpredictability, and ambiguity and sought to 

apply their newfound techniques to the dizzyingly complex problems of warfare in the 

atomic age.  Of course, RAND would be in the forefront of exploring these problems.  In 

1952, co-founder of RAND’s System Research Laboratory, John Kennedy, concerned 

with how best to respond to the “emergencies of life” that inevitably present themselves 

in a dynamic age, asked 

‘How can we deal with the complexity of real human affairs? What 
methods, preferably scientific and objective, can be utilized or developed 
for predicting the behavior of complex, interacting systems?’99

The systems sciences emerged as an important attempt to answer that question, to 

provide the “scientific and objective” tools for dealing with the “emergencies of life” in 

a complex system. 

Nonetheless, systems analysis in particular was often described as an encounter with 

the impossible in which the “scientific” and the “objective” were always disrupted by the 

“emergencies of life,” where the best that one could hope for was less uncertainty and 

less ambiguity, but never perfect knowledge or prediction.  Hitch noted that not only 

were the conditions under which militaries would operate futural, uncertain, and 
                                                 
96 Ibid., 539. 
97 Ibid., 540. 
98 Ibid., 541-542. 
99 Ghamari-Tabrizi, “Simulating the Unthinkable: Gaming Future War in the 1950s and 1960s,” 179-180. 
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unpredictable, but so were the very objectives that the systems analyst was attempting to 

help decision makers achieve, as well as the criteria to be used in judging success or 

failure.100  He was adamant that “No other characteristic of decision making is as 

pervasive as uncertainty.”  He was under no illusions that uncertainty could be 

eliminated through gross simplification.  To do so, to “assume that the situation can be 

described by certainty equivalents,” may result in both “doing violence to the facts” and 

to “a nonsense solution” to the problem being investigated.  He called the analyst who 

“conceals the uncertainties from his customer” an “operations-research charlatan.”101  

“One thing is certain,” he said, “the operations researcher ignores all these uncertainties 

at his peril.”102

In light of the facts that uncertainty is unavoidable, prediction impossible, and that 

systems analysis suffered from a “long catalogue of difficulties, dangers, and limitations, 

and the rather obvious possibilities of abuse they open up,” he wondered “whether 

military systems analysis is worth supporting and continuing”103 and asked, “So what 

does the poor operations researcher do?”104  On the first issue, whether to continue with 

systems analysis despite its problems, the answer was “yes”.  Though imperfect, or even 

not very good, he believed that OR, systems analysis, game theory, and war gaming 

were better than nothing.  He noted that other techniques, such as unaided intuition or 

reliance upon individual genius, did not avoid the problems confronted by systems 

analysis such as the high number of variables to consider or the uncertainties of war.  In 

the first case, he insisted that “In most of the military problems with which we are 

concerned lots of things just are important.  Systems analysis has trouble including all of 

them.  But so does any other conceivable approach.”  As for uncertainty, he claimed that 

“With present computers, for example, we can deal with far more intricate models than a 

genius can manage intuitively.  Uncertainties make life difficult for the systems analyst, 

but this is so because the problem of intelligent behavior under uncertainty is really 

                                                 
100 Charles J. Hitch, On the Choice of Objectives in Systems Studies (Santa Monica, CA: RAND), 1960, 6. 
101 Hitch, “UNCERTAINTIES IN OPERATIONS RESEARCH,” 437-438. 
102 Ibid., 439.  Emphasis in original. 
103 Hitch, “AN APPRECIATION OF SYSTEMS ANALYSIS,” 475-476. 
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hard.”  So, given this situation, he concluded that the way to stay a step ahead of the 

enemy, who “probably does not know himself how he will act or react,” is “not by 

abandoning game theory and war gaming, which for all their limitations carry us further 

along this road than any devices yet conceived.”105  All that the analyst could do was to 

recognize that perfection was not possible but that he or she must keep trying anyway, 

because giving up was no better option.  When faced with a question which sought as its 

answer an “optimal course of action to recommend,” he argued that recognizing that 

such an answer will probably be impossible “is also the beginning of wisdom in this 

business.”  The best that systems analysts and operations researchers could hope for was 

to find “some better pattern of adjusting to an uncertain world than our betters would 

find if we weren’t here, or some better way…to buy information to reduce 

uncertainty.”106  Thus, he concluded that “If we can show our customer how to make a 

better decision than he would otherwise have made, we are doing well, and all that can 

reasonably be expected of us.”107

Another important tool that the systems sciences would provide would not be a 

computer model or a set of equations, however, but rather, “a language for describing the 

distribution of power in messy, and conspicuously heterogeneous, organisms.”108  

Indeed, the “organism” itself became an important metaphor to describe computers, 

communications networks, and military systems, and vice versa.  During the war, 

biologist and early OR pioneer Cecil Gordon successfully used “an analogy between the 

life cycle of the fruit fly and the optimal maintenance cycle of aircraft patrolling the Bay 

of Biscay” in an effort to increase the number of aircraft available for missions at any 

                                                 
105 Hitch, “AN APPRECIATION OF SYSTEMS ANALYSIS,” 475-476.  Emphasis in original.  Later in 
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systems analysis and interpret its results? We know there are not any real experts. But we think we can 

demonstrate that the degree of expertness required to design a systems analysis is less than the degree of 

expertness required to intuit a good answer without a systems analysis… Let us not deprive ourselves of 

any useful tools, however short of perfection they may fall” (481). 
106 Hitch, “UNCERTAINTIES IN OPERATIONS RESEARCH,” 445. 
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one time.109  Soon enough, however, military systems would come to be seen as not 

merely “like” organisms, but as organisms in their own right.  A 1950 report from the 

Air Defense Systems Engineering Committee,110 whose work on the automation of the 

current Air Defense System would be crucial to the later development of the SAGE 

system, described the Air Defense System as “a member of a particular category of 

systems: the category of organisms,” and in particular, a member of the category of 

“partly animate organisms which involve animals together with inanimate devices,”111 

what we might call a cybernetic organism or a cyborg.  Robert Chapman, another of the 

co-founders of the RAND Systems Research Laboratory, which developed and utilized 

computerized war games to develop a training system for SAGE crews, a system 

instituted in 1953 throughout the Air Defense Command,112 described air defense crews 

as cybernetic organisms.  In reference to the results of one of these war games, he said 

“The four organizations [i.e., the air defense crews in the four experiments] behaved like 

organisms… The direction center profited from its experience to grow and adapt like a 

living organism.”113
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Flexibility, learning, and adaptation were increasingly seen as the keys to 

successfully dealing with complex systems.  In this sense, war gamers at RAND, and 

systems scientists in general, were reflective of larger currents in American behavioral 

science in the 1950s and 1960s.  “Prediction and control by means of training for 

properly adaptive response to changing situations was the guiding principle for 

American behavioural [sic] science in the postwar era.”114  Thus, as the reader may 

already have noticed, processes of human decision-making in general, and especially 

under conditions of rapid change and uncertainty, were increasingly interesting to the 

various branches of systems science.  For example, Ellis Johnson went so far as to argue 

that, “In essence, operational research may be regarded as the application of a theory of 

the reasoning process at all group levels from world wide and national down to that of 

the individual.”  As OR was seen as interdisciplinary in make-up and universal in 

application, so was OR as the science of decision: “It has thus brought persons of 

scientific training away from their narrow specialized fields into the broad all-inclusive 

field of decision processes… A theory of reasoning necessarily brings together the basic 

constructs of philosophy, psychology, neurophysiology, and the physical sciences.”115

At least in games conducted at RAND, the goal was not automated decision-

making, but rather, the creation of “synthetic histories” and “alternative worlds” that 

could serve as tools for “sharpening intuition, stimulating creativity, offering insight into 

complex fields of interaction, exploring intersubjective exchanges in an interdisciplinary 

research setting, [and] instilling tolerance for ambiguity and uncertainty” among the 

military personnel who “played” the games.116  The necessity of human judgment, 

intuition, and experience, in concert with the insight provided by analysis, for effective 

decision making was a common theme for many advocates of OR and systems analysis.  

Judgment, intuition, and experience were seen as important in three different ways.  

First, it was said that operations researchers and systems analysts needed to use their 

own judgment, intuition, and experience when conducting their research.  For example, 

Hitch noted that, at bottom, systems analysis relied upon decisions about which 
                                                 
114 Ghamari-Tabrizi, “Simulating the Unthinkable: Gaming Future War in the 1950s and 1960s,” 183. 
115 Johnson, “THE LONG-RANGE FUTURE OF OPERATIONAL RESEARCH,” 20. 
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objectives to pursue and the criteria to be used in judging success or failure.  He 

described such decisions as involving more art than science and said that “There is no 

substitute for good judgment, and no substitute for exercising it… In some cases, indeed 

frequently, there is no single ‘right’ answer to the criterion problem.  The ultimate values 

of decision-makers differ as well as their image of the future.”117

Second, because “few operations analysts have had very extensive military 

experience,” and because “experience is often necessary to determine the relevant 

questions that need to be answered and to judge the pertinency [sic] of the facts 

assembled,” and because “there are so many aspects that cannot be adequately 

quantified,” the analyst must have the “ability to communicate with professional military 

men, drawing from them the benefits of their experience.”118  That is, while it is essential 

for analysts to rely upon their own human judgment, intuition, and experience in 

conducting their research, their own judgment, intuition, and experience is obviously 

limited with respect to many military matters.  Thus, analysts must rely upon the 

judgment, intuition, and experience of the military professionals for whom they work. 

Third, it was often insisted that military professionals must continue to rely upon 

their own judgment, intuition, and experience, that OR, systems analysis, and computers 

were no substitute.  Reflecting on the use of OR by the Air Force during and after 

WWII, Leroy Brothers argued that an OR team should bring “together the operational 

experience and military judgment of the officer with the scientific knowledge and 

experience of the analyst,” but that ultimately “the commander weighs the analysts’ 

recommendations in the light of his own experience and judgment, current policy, and 

all other pertinent factors in determining his course of action.”  He goes on to note that 

“The commander and the analyst are fully aware that a decision does not follow 

automatically from the result of a scientific study.”119  Hitch made the same point a 
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number of years later when he explained that “the last thing I want to do is to leave the 

impression that we believe that ‘optimal strategies’ can be calculated on slide rules or 

even high-speed computers.  Nothing could be further from the truth… It [systems 

analysis] is no substitute for sound and experienced military judgment and is but one of 

the many inputs to the decision maker.”120  Finally, Lt. Gen. Glenn Kent, who had 

always insisted that the job of the analyst was to provide insight to the decision maker 

but never recommendations, argued in retrospect that “The human brain, human values, 

human judgments, are still superior to the mechanics and processes of electronic 

computers or guidance systems… Science is human experience; it is not an alternative to 

judgment, and it is certainly not something that can operate outside human 

experience.”121

It was often said that developing the qualities of judgment, experience, intuition, 

creativity, and a tolerance for uncertainty, which were needed both to respond to and 

build complex systems, required a more bottom-up, holistic view of the system under 

consideration, a view which involved an “attention to the interfaces, the 

interconnections, among system components,” as opposed to individual pieces of the 

system.122  In 1955, Omand Solandt explained that 

                                                                                                                                                
being ignored and that decisions were, in fact, being made based on calculations and scientific studies.  

For example, Sir Solly Zuckerman argued that “The observable fact is that the amount of military input 

into modern weapons systems, and particularly complex strategic systems, is declining rapidly, with a 
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…the distinctive feature of operations research is that the researcher 
always looks at whatever element he is considering as a whole; not only 
does he study the whole of the problem, but he also tries to understand at 
least a little of how that specific problem fits into its larger background. 

Based on my wartime experience, I have maintained that it is far safer to 
start with relatively small units trying to work back to seeing the system 
as a whole; whereas others have argued that one should start by studying 
the situation as a whole working downward toward the elements. I merely 
argue that the approach from the whole to the elements is so difficult that 
if one spends one’s life at it one may not see much accomplishment. 

Over time, the more nonlinear, holistic worldview would come to dominate the 

systems sciences, in part because of their failures, both real and perceived.  Thomas 

Hughes, based on his extensive study of the postwar development and spread of the 

systems sciences in the United States, has rendered this shift in values into a table that is 

reproduced below.  For all the talk of the need to be flexible and adaptive, systems 

scientists of the 1960s, whose techniques had worked so well for the development of 

ICBMs and air defense systems, were “unable or unwilling to cope with messy political 

processes” involved in applying their techniques to social problems.123  In the late 1960s 

and early 1970s, the systems sciences began to fall into disfavor as many blamed 

Secretary of Defense Robert McNamara and his systems analysis-trained “whiz kids” for 

the failures of Vietnam.  The American mood was generally pessimistic as “distrust of 

government and technology focused not only on military technology but on large-scale 

technology in general. Hierarchy, bureaucracy, and governance by experts fell into 

disfavor.”124  For example, RAND in particular was portrayed negatively in a number of 

popular culture references of the time, including a 1961 folk/protest song, the “Rand 
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Hymn,” by singer/songwriter/activist Malvina Reynolds.  The song began by exclaiming 

that “the Rand Corporation’s the boon of the world.  They think all day long for a fee.  

They sit and play games about going up in flames; for counters they use you and me.”  

Of the RAND researchers’ use of computers, she sang, “With a stroke of the pen, they 

can change us from men into numbers that flash on the wall.  These brainy heroes 

transform us to zeros.”125  In perhaps the most famous popular culture reference to 

RAND, Dr. Strangelove, the eponym of Stanley Kubrick’s 1964 film, was a scientist and 

consultant from the “BLAND Corporation,” an obvious play on RAND.126  As we shall 

see in the next chapter, the military was not immune to these “countercultural” 

sentiments.

Table 1: Shifts in Systems Science Values127

Modern Postmodern 

production system 

hierarchical/vertical 

specialization 

integration 

rational order 

standardization/homogeneity 

centralized control 

manufacturing firm 

experts 

tightly coupled system 

unchanging 

micromanagement 

hierarchical decision making 

project 

flat/layered/horizontal 

interdisciplinarity 

coordination 

messy complexity 

heterogeneity 

distributed control 

joint venture 

meritocracy 

networked system 

continuous change 

black-boxing 

consensus-reaching 
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126 Ibid., 27-28. 
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seamless web 

tightly coupled 

programmed control 

bureaucratic structure 

Taylorism 

mass production 

maintenance 

incremental 

closed 

network with nodes 

loosely coupled 

feedback control 

collegial community 

systems engineering 

batch production 

construction 

discontinuous 

open 

3.6 The Battle over Systems Sciences within the U.S. Military 

Neither the demonstrated successes of OR during the war, nor the establishment of 

various institutions devoted to military-related systems science research in the 

immediate postwar years, should lead us to believe that the adoption of systems science 

was smooth or unproblematic.  There were bureaucratic and ideological hurdles along 

the way.  In general, the introduction of the systems sciences, along with the attendant 

increase in the use of the general purpose digital computer, led to disputes over who had 

the authority to speak on issues of military strategy and national defense.  In the years 

following the war, the Air Force and the Army in particular would have rocky 

relationships with their respective study and analysis centers.  In the pages that follow, 

we will explore the rocky terrain of the postwar military-systems sciences relationship in 

general, followed by the specific criticisms of systems science and civilian scientists 

made by a number of influential voices within the U.S. military during this period. 

The battle over the systems sciences was not just a postwar phenomenon.  Even 

during the war, there were conflicts over who could speak on military matters, who 

could initiate and oversee OR studies (and for what purposes), and over the implications 

of such studies.  For example, despite the fact that the services turned to Vannevar 

Bush’s Office of Scientific Research and Development (OSRD) for technical expertise 

as they began to set up their own OR units in 1942,128 Bush originally resisted the 
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establishment of an OSRD-level OR group because he felt that it was too much social 

science and not enough hard science.  He relented in 1943, however, and an OSRD 

operations research unit was established, the Office of Field Service (OFS).  Yet, once 

the OFS was established and its teams were sent into the field, many military 

commanders, most notably General Douglas MacArthur, were reluctant to use the OFS 

teams, preferring to use their own teams instead.129  In the end, “the OFS proved an utter 

failure.”130  Operations research required too much bargaining for Bush’s taste.  He 

preferred that OSRD be involved in projects “in which its personnel could regard the 

military services as clients and not partners.”131  As a result, he appointed researchers to 

the OFS that shared his views and OFS teams reported to Washington, not to local 

commanders.  As could have been expected, few military commanders were willing to 

work with research teams that were not under their direct control.132  Thus, while OR 

was used extensively and with great success during the war, Erik Rau concludes that this 

was “in spite of, not because of, the intervention of Bush, who consistently attempted to 

distance the OSRD from OR throughout the war.”133

But there were other reasons for military reluctance when it came to heeding the 

advice of civilian, scientific advisers, one of which was what we have termed “military 

subjectivities.”  David Mindell, in his account of the introduction of the XT-1 truck-

mounted radar system into the Army during WWII, points to the different conceptions 

held by the Army and by engineers regarding what it meant to operate the new piece of 

equipment, and how those conceptions were reflected in the physical design of this 

particular technological artifact.  He notes that earlier, stationary radar sets left their 

operators exposed to the elements.  “This arrangement,” he argues, “reflected the army’s 

conception of the radar operators: they were soldiers on the battlefield operating a piece 

of equipment like a radio.”  Yet, the designers of the new, mobile and enclosed, truck-

mounted XT-1 thought it ridiculous that operators should be left outside, where the sun 

                                                 
129 Hughes, Rescuing Prometheus: Four Monumental Projects That Changed the Modern World, 4-55. 
130 Rau, “The Adoption of Operations Research in the United States During World War II.”, 80. 
131 Ibid., 79. 
132 Ibid., 79-80. 
133 Ibid., 83. 

 147



 

interfered with their view of the cathode-ray displays and the cold hampered their ability 

to tune the equipment.  In contrast to the Army’s view of the operators, the engineers 

“saw the operators as technicians more than soldiers, reading and manipulating 

representations of the world.”134  So, reluctance on the part of the military to listen to 

civilian scientific advisers was not only due to issues of bureaucratic control.  In certain 

cases, the very design of new technological artifacts to be used by soldiers, sailors, 

airmen, or marines could profoundly change what it meant to belong to one of those 

categories. 

Next, operations research scientists were sometimes seen by their patrons as a threat 

to traditional military authority.  For example, years after the war, Ellis A. Johnson, who 

had worked in operations research for the Navy during the war, recalled that “The idea 

of describing military operations using scientific methods, let alone analytically or 

mathematically, seemed ridiculous to the Navy Admirals in the United States in 1941.”  

He reported that the admirals responded with “considerable indignation at the affrontery 

[sic] of scientists predicting future Navy operations, as though the art of war were a 

research problem.”  He continued, “the first group of a dozen operational-research 

scientists in the United States Navy became a matter of personal concern to many 

admirals.  The concept of operational research was feared because it might have 

powerful and adverse consequences that were hard for top executives to foresee and that 

therefore out to be strictly controlled.”  As such, he concluded that “In World War II, 

operational research was not recognized for the powerful tool it was to become.”135  

Whether or not Johnson’s conclusion is correct, his experience provides a taste of the 

tensions that would develop between military professionals and systems scientists 

following the war. 

Indeed, Johnson would get personally caught up in that tension while serving as the 

head of the Army’s Operations Research Office (ORO) during the 1950s.  The Army’s 

relationship to ORO was strained from the beginning, primarily because of differences in 
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vision and understanding between the two organizations over the ORO’s purpose and the 

proper scope of its mission.  Where Johnson and his civilian ORO analysts envisioned 

their mission as to “explore all aspects of warfare and its long-range implications”—i.e. 

a mission similar to that of RAND—”the Army appeared to be primarily interested in 

seeking ways to apply operations research to questions concerning logistics and 

supply.”136  To the chagrin of Johnson and the ORO analysts, the Army did not even 

seem interested in the application of OR to the study of weapon effectiveness on the 

battlefield.  Thus, throughout the decade of the 1950s, the relationship became strained 

to the point that the Army pressured Johns Hopkins University, the administrator of the 

ORO contract, to fire Johnson.  When the university refused, the Army terminated the 

ORO contract with the university.  In 1961, the Army replaced ORO with a newly-

formed, non-profit corporation, the Research Analysis Corporation (RAC).137  However, 

because the vast majority of RAC’s staff had been transferred directly from the ORO, 

they continued to attempt to exert more independence and to focus more broadly than 

the Army had wanted.  As such, in the early 1970s the Army ended its funding for RAC.  

By 1972, the Army was not funding any civilian-run study and analysis centers, instead 

relying almost entirely upon in-house organizations such as the U.S. Army Concepts 

Analysis Agency.138

The Air Force was also subject to such tensions, both between itself and the RAND 

Corporation, but also among its own internal OR groups.  It was not long after the 

establishment of RAND, along with the OR field units in each of the commands, that the 

director of OR at Air Force Headquarters had a problem: how to deal with “the 

proliferation of OR studies being performed by outside contractors and others directly 

for various Air Force agencies,” in addition to dealing with the OR offices within the 

field commands such as Strategic Air Command (SAC).139  Because OR analysts in the 
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field commands reported directly to their local commander, and not to the director of OR 

at Air Force Headquarters, it was almost impossible for Headquarters to exert any kind 

of control over the studies being conducted by subordinate commands, let alone studies 

being conducted for those commands by outside contractors.  Of course, the problem 

also arose of OR studies being conducted to provide ammunition to the various 

protagonists involved in bureaucratic disputes among the commands within the Air 

Force, to say nothing of wider inter-service rivalries.  The problem was only exacerbated 

when RAND began doing work for the Office of the Secretary of Defense, in particular 

the creation of the Planning, Programming, and Budgeting System (PPBS), which the 

Air Force had to follow in seeking approval from OSD for its weapons development and 

procurement projects.140

Thus, even the RAND Corporation, the archetypal study and analysis center, was 

not immune to growing strain between military professionals and civilian scientists.  

First, many of the Air Force’s own internal OR scientists were skeptical of the broad, 

future-oriented systems analysis work performed by RAND.  Indeed, part of the reason 

that RAND was able to focus on the development of systems analysis was because many 

Air Force OR analysts resisted the use of systems analysis, seeing it as too uncertain, 

suffering from a paucity of data, and generally not as scientifically rigorous as traditional 

OR.141  Second, as early as 1952, only six years after the founding of Project RAND, the 

Air Force was expressing dissatisfaction with RAND, in part because RAND’s 

independent analysts were often too independent for the Air Force’s taste, on many 

occasions making recommendations about weapons development and procurement that 

were at odds with the preferences of Air Force leadership.142  As such, there are a 

number of cases where the Air Force resisted the recommendations of various outside 

civilian contractors and study groups, such as the recommendation to develop ballistic 

                                                 
140 Assessment, A History of the Department of Defense Federally Funded Research and Development 

Centers, 42. 
141 Holley, “The Evolution of Operations Research and its Impact on the Military Establishment: The Air 

Force Experience.”, 101-103. 
142 Assessment, A History of the Department of Defense Federally Funded Research and Development 

Centers, 32. 

 150



 

missiles instead of cruise missiles, which had been preferred by the Air Force, as well as 

RAND’s recommendation against the development of the B-70, supersonic, 

intercontinental bomber.143  In the case of ICBMs versus cruise missiles, however, the 

reasons for resisting this recommendation went beyond issues of bureaucratic control of 

analysts and their research projects.  As in the case of the introduction of the XT-1 

mobile radar set into the Army during WWII, which had upset existing notions of what it 

meant to be a soldier (at least for those who would be operating the XT-1), the 

introduction of the ballistic missile was seen by many within the Air Force as a serious 

challenge to what it meant to be an airman.  The Air Force was a culture of pilots.  Even 

more than that, with the increasing power of SAC in the postwar years, it was 

increasingly a culture dominated by bomber pilots who were “in peril of becoming 

deskilled if missiles replaced bombers.”144  The comments of men like General Arnold 

did not make matters any better: “I see a manless Air Force… For twenty years the Air 

Force was built around pilots, pilots, and more pilots… The next Air Force is going to be 

built around scientists—around mechanically minded fellows.”145  In such an 

environment, many in the Air Force leadership, while recognizing the value of missiles 

in general, nonetheless saw cruise missiles as an evolutionary step, and hence, a lesser 

evil than the revolutionary step of creating ballistic missiles.146  Though the ballistic 

missile eventually won out, it was not a foregone conclusion, nor was the process 

painless.  By the early 1960s, the Air Force had dramatically cut its funding to RAND, at 

one point seriously contemplating cutting its support to RAND by fifty percent.  By the 

1970s, roughly half of RAND’s work was coming from sources other than the Air Force, 
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including the other services, as well as other, civilian federal and state government 

agencies.147

In general, then, the introduction and spread of systems science methodologies, 

technologies, and organizations, both inside and outside the services, raised questions 

about the proper means of knowledge production, resulted in changes to organizational 

structures, and led to changes in professional identities.  Akera has described how the 

introduction of computers and systems science methodologies within other areas of the 

federal bureaucracy “opened up a flexible epistemological space that was subject to 

recurring questions of authority” and which often required “the renegotiation of existing 

meanings and responsibilities.”  He argues that “In this context, systems methodologies, 

including systems analysis, provided a particularly attractive means by which members 

of a technical profession could lay claims for their ability to address issues that were 

broader than their present domain of expertise.”148  The military was not immune to this 

phenomenon.  The introduction of digital computers and systems science not only 

challenged traditional notions of what it meant to construct militarily useful knowledge 

and who could construct such knowledge, it also raised questions about organizational 

structure and challenged professional identities.  Military professionals in the 1960s 

were well aware that decisions about where programmers and systems analysts were 

assigned within existing military organizations could have profound impacts upon the 

structure and power relationships within those organizations.  For example, writing in 

1967, the Chief of the Data Development Division for the Directorate of Data 

Automation at the Headquarters of the Strategic Air Command, outlined the dilemmas 

encountered when trying to incorporate automatic data processing systems, along with 

the attendant programmers and systems analysts, into existing military organizations.  

He outlined the organizational and professional difficulties that arise and the probable 
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future impacts for individuals at various levels of the organization.  In terms of 

organization, he noted that 

There are several approaches to the subject of automation and its effect 
on organization. One of the more elementary approaches concerns the 
assignment of programmers and systems analysts. Should they be 
assigned to the functional agencies generating the requirements for 
information, or should they be under the control of the agency responsible 
for data processing? Another approach concerns management of the data-
processing functions. Should management be the responsibility of a 
separate agency reporting directly to the commander, or should the data-
processing functions be decentralized to several user agencies?149

In terms of professional identity and associated skills, he noted that 

We are observing a change in the mix of skills required to function 
effectively in this new and challenging ADP [automatic data processing] 
environment… With greater centralization of data-processing functions, 
we can expect a shift in responsibility for these functions. The greater 
impact will come, however, when and where there is a material change in 
the traditional line and staff organization. Such change may not be 
dynamic but instead may quite possibly be reflected by an evolutionary 
change in the middle management structure as a result of ever improving 
computer-communication links and information systems.150

In short, the introduction of new technologies and techniques of knowledge formation 

would not only lead to changes in the structure of the organization, but also to changes in 

the professional identities and required skills of those involved with the new 

technologies and techniques.  In this case, such individuals would be seen first and 

foremost as “middle managers” rather than “airmen” or “warriors,” in part because of 

the “civilianization” of their primary skill-sets. 

3.6.1 The Offense 

Many within the U.S. military resented and resisted not only the changes in 

organizational structure and the perceived civilianization of the military profession, but 

especially the attempts by so-called civilian “experts” to speak on matters of military 
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strategy and national defense, believing (often rightly so) that civilian experts were 

ignoring the personal wisdom, experiences, judgment, and tacit knowledge that many 

contemporary military leaders had acquired during the war “in favour of intuitions 

arising from repeated practice in laboratory-staged simulations of future war.”151  On the 

other hand, from the viewpoint of the systems scientists and war game designers, nuclear 

warfare, the preeminent military threat of the day, was a form of war without a history.  

Thus, to their way of thinking, the leadership of the U.S. military had just as much 

experience as they did: none.152  Such differences would lead to an ongoing struggle 

between the systems scientists and war gamers on one hand and senior military leaders 

on the other. 

The struggle can best be illustrated by examining the arguments made by two of the 

most influential and outspoken critics of the civilian “defense intellectuals” and their use 

of systems science, two successive Chiefs of Staff of the Air Force, Generals Thomas D. 

White (1957-1961) and Curtis E. LeMay (1961-1965), respectively.153  As Chiefs of 

Staff, each had served as the highest ranking officer in his branch, responsible for the 

overall raising, equipping, and training of the Air Force, in addition to serving on the 

Joint Chiefs of Staff, the chairman of which is the foremost military adviser to both the 

Secretary of Defense and the President.  For his part, General LeMay had earned himself 

fame not only as the commander of U.S. strategic bombing operations against Japan 

during World War II, but also as the head of the Strategic Air Command.  General 

LeMay was not ignorant of systems science.  Not only had operations researchers 

assisted him in planning his bombing raids against the Japanese, as Deputy Chief of Air 

Staff for Research and Development in 1945 he had been intimately involved in the 
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establishment of Project RAND.  Nonetheless, together they publicly outlined four major 

criticisms that would be articulated by many other critics throughout the 1960s and 

beyond. 

Of the two, General White was first to criticize in a 1963 article in the widely read 

Saturday Evening Post.154  General LeMay’s most public criticism came five years later, 

during the midst of the 1968 presidential campaign, in which he was vice presidential 

running mate to American Independent Party candidate George Wallace, the 

segregationist former governor of Alabama.  During his years as Chief of Staff of the Air 

Force, LeMay had had a quite public feud with Secretary of Defense McNamara over the 

relative importance that manned bombers should play vis-à-vis ballistic missiles in the 

nation’s nuclear forces, with the former generally favoring bombers and the latter 

missiles.  Not only did LeMay increasingly view McNamara and his systems analysts as 

usurpers of power that should have been reserved for uniformed military professionals, 

in retirement he also increasingly objected to the way that the McNamara DoD was 

prosecuting the war in Vietnam.  Thus, in the midst of the 1968 presidential race, LeMay 

published a book, America is in Danger, which outlined his criticisms of McNamara, the 

civilian analysts, and their prosecution of the Vietnam War, which he felt had not been 

aggressive enough and had not made enough use of strategic bombing.155  Echoing 

LeMay’s views on military matters, in his campaign speeches Wallace promised to 

return responsibility for conducting the war in Vietnam to the generals.156  Though 

LeMay ultimately brought disgrace upon himself and the Wallace campaign by seeming 

to suggest that nuclear weapons should be used against North Vietnam, the criticisms 

leveled by he, and White before him, would resonate among U.S. military professionals 

for years to come.  In general, then, the two had four major criticisms of the civilian 

defense intellectuals: 

1) Civilian “defense intellectuals,” including systems scientists, do not 
listen to or appreciate military intuition, judgment, or experience and are 
therefore a threat to military authority and American security; 
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2) The methods of knowledge production used by civilian “defense 
intellectuals,” including the systems sciences, are themselves a threat 
because they are esoteric, overly-quantified, mechanistic, and amateurish, 
and because they threaten to alter military subjectivities; 

3) The increasing influence of the civilian “defense intellectuals” and 
their methods comes hand-in-hand with increased organizational 
centralization; and 

4) The civilian “defense intellectuals,” their methods, and their form of 
organization are responsible for the U.S. failure in Vietnam. 

First and foremost, the increasing influence of the “defense intellectuals” raised 

questions about professionalism, expertise, and authority where the development of 

national security policy and military strategy were concerned.  Generals White and 

LeMay clearly saw the “defense intellectuals” as a threat to traditional notions of 

military authority in such matters.  They were variously described by the two generals as 

“pundits,” popular oracles,”157 “charlatans and dilettantes,”158 “arrogant,” “pipe-

smoking, tree-full-of-owls types,” and even “termites...each with his bit to nibble.”159  

General LeMay, writing in retirement and speaking of the motivation behind his writing, 

asserted that it is the job of the retired military professional, who is freed from the laws 

and regulations which restrict the free expression of active duty officers, “to defend his 

profession against [those] charlatans and dilettantes.”160  Unlike law or medicine, he 

explained, military strategy is one area in which Americans do not respect professional 

judgment.161  Instead, Americans are willing to put their national security in the hands of 

a group of people who are not professionals in military strategy, who claim expertise in a 

field with which they have no experience.162  General LeMay’s position on this matter 

was most likely due to his own personal feud with McNamara and the feeling that he 
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(LeMay) had not and was not being listened to.  Nonetheless, General LeMay was not 

the only one expressing such views. 

Indeed, General LeMay’s predecessor as Chief of Staff, General White, expressed 

many of the same views as General LeMay.  Both men clearly included civilian 

scientists among the “defense intellectuals.”  Speaking of the atomic scientists-turned-

strategists who advocated for nuclear parity and deterrence, General White wrote, “In 

misguided idealism they find secret hope that an out-of-sight, out-of-mind policy will 

preserve the peace or at least turn the clock backward and save civilization from the 

specters of nuclear and space warfare.”163  For his part, General LeMay argued that 

military strategy could not be reduced to a science, that it was a subjective art with no 

fixed laws or criteria.  As such, he argued that “we must rely for guidance upon those 

with the most successful experience.”164  Thus, when the title of LeMay’s book 

proclaimed that American is in Danger, it was in his view precisely the civilian 

strategists, the “defense intellectuals,” including the scientists, who were putting 

American in danger: “My quarrel is with those who usurp the military professional’s 

position—those who step in front of him and who volunteer and enforce strictly military 

advice and guidance with little knowledge of or experience in such matters.  These are 

the men who have endangered America.”165  General White agreed, writing that 

“Perhaps the most dangerous aspect of American strategy-making today is that military 

intuition apparently is so disparaged by the so-called intellectuals.”166  The only solution, 

in his view, was for military professionals to have more authority in the strategy-making 

process, for civilians to be relegated to the role of consultants: 

...[T]he theorists should be used more as they are in the business world, as 
consultants rather than as major weights in decision-making. The 
pendulum has swung too far... Experience, intuition and above all the 
compulsion inherent in knowledge that he will have responsibility for the 
professional execution of our war plans uniquely qualify the military man 
for a far larger role in our strategy-making than he appears to have 
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today... Military initiative is being stilled and military counsel ignored by 
the ‘professional’ civilian expert...167

The argument that civilian strategists were unprofessional and posed a threat to the 

rightful authority of the military professional was articulated by others during this period 

as well.  For example, Lt. Col. Richard D. Besley, a Faculty Advisor at the Armed 

Forces Staff College in Norfolk, VA, writing in 1973 in the pages of the Air Force’s 

flagship professional journal, the Air University Review, argued that the “civilian 

scholar-thinkers—militarists in mufti”—were not military professionals and did not have 

the required experience to advise policy-makers.  He viewed strategy as a “practical 

consideration” for which “some experience in the management of forces and weapons, 

while not a guarantee of strategic expertise, should certainly be a prerequisite to entering 

the field.”168  Lacking such experience, and “because they are essentially men of ideas, 

the civilian scholar-thinkers tend to be overly optimistic about the transferability of their 

theories to the real world,” Besley explained.169  Like General White’s “termites,” the 

efforts of Lt. Col. Besley’s “militarists in mufti” “were often as much a bid for 

recognition from their peers as they were an accurate reflection on military and political 

realities.”170  Like White before him, he argued that military professionals must reassert 

themselves as strategic thinkers, a point also made six years earlier in the pages of the 

Air University Review by Major William M. Henderson.  Henderson, a Personnel 

Analyst with USAF Headquarters with an MBA from George Washington University, 

argued that analysis often obscured more than it illuminated.  He argued that while 

decision-making unaided by careful analysis should be avoided, analysis that is full of 

“math mumbo jumbo” only served to obfuscate and should also be avoided.  His position 

was consistent with that of White and Besley in that he argued that military professionals 

must reassert their authority in matters of strategy.  Unlike White, however, he did not 

call for analysts to be relegated to the position of outside consultants.  Rather, he argued 
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that military professionals must learn the methods of the civilian analysts for themselves 

so that they could be “intelligently critical.”  He continued, “The analyst can and should 

be expected to help us by providing structure for our thinking.  But he cannot and should 

not be allowed to do our thinking for us.”171

Second, it was not just that the civilian “defense intellectuals” posed a threat where 

bureaucratic control, authority, or resources were concerned.172   Methods of knowledge 

production are intimately bound up with professional identities and claims to expertise.  

Thus, for Generals White and LeMay the methods of knowledge production employed 

by the civilians were both seen as unreliable and as a threat to what it meant to be a 

military professional.  Viewing military strategy as more art than science, General 

LeMay took issue with what he perceived as over-reliance upon computers and 

quantification.  Recalling his time as the head of SAC, General LeMay wrote, 

Whatever was subject to objective quantification we quantified and fed 
into our machines.  Where the data were not subject to quantification we 
sought out the very best human judgment we could find. 

What we did not do was to force non-quantifiable data into a quantified 
mold in order to feed it to the machines.  We did not attempt such hocus 
pocus... Yet, today the urge to ‘quantify’ takes on...ridiculous 
manifestations.173

According to LeMay, the result of all the over-reliance on quantification and 

computerized “hocus pocus” was that, “Like the witch doctors, defense intellectuals 

have created a jargon which tends to becloud understanding... Gobbledygook has 

become the union card of defense intellectuals.”174  General White had also worried 

about the language used by the civilian “defense intellectuals” and what it said about the 

professionalism of the way they thought: 
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...terms [such] as ‘mutual deterrence’, ‘stability’, ‘no-cities response’, 
‘second-strike counterforce capability’ and other quasi-military 
shibboleths... I consider most of these terms as recent inventions, as 
nontechnical and unprofessional. They smack of ‘status words’ used by 
amateurs to impress their listeners. 

But it is exactly this fuzziness, the innocence and naivety which worry 
me. The very fact that some of the strategy-makers refer to their jobs as 
‘thinking about the unthinkable’ is in itself a revelation of the weightless 
dreamland in which they move and have their influence.175

Thus, for White and LeMay, the terms used by the civilian “defense intellectuals” 

pointed to the conditions of their creation, deeply flawed methods of knowledge 

production which were often inappropriately-quantified and mechanized, or worse, 

inappropriately-quantified so that they can be mechanized, all the while ignoring real 

human experience, intuition, and judgment. 

Like Generals White and LeMay, a number of other military professionals, and even 

some civilian strategists, also questioned the validity of knowledge produced using 

systems sciences techniques and worried about the impact of systems science on military 

culture.  For example, in August 1962, the main professional journal of the U.S. Army, 

Military Review, translated and published an article written by Ferdinand Otto Miksche, 

an operations researcher in the French Direction des Etudes et Fabrication d’Armement 

in Paris.  Miksche argued that the increasing emphasis on high-tech weapons, as well as 

systems science as a means of constructing strategy, were changing what it meant to be a 

soldier, and for the worse.  He argued that strategy is not and should not be treated like 

mathematics because, “In strategy, it is rare that two and two make four.”  He continued, 

“We should beware, therefore, of the modern military leader who attempts to solve the 

complex problems of strategy with inflexible means.”176  He labeled such military 

leaders “homo technicus,” a breed of military man who “does not seem to grasp the fact 

that technical means and methods are not an end in themselves, but a means to an end.”  

“Homo technicus” is guilty, therefore, of what he called “complex primitivism”: 
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The attempt is made to establish fixed rules for uncertain conditions and 
to limit freedom of action within the bounds of these rules. This leads to 
plans which may seem logical at first but which, on second thought, are 
contradictory to the lessons of experiences. This ‘complex primitivism’ is 
infecting, today, even the sanest military minds of Europe [and, 
presumably, America too] like an epidemic.177

“Homo technicus” is not a traditional fighter, but instead a “hypertechnicized” “soldier-

technician” who has become robot-like and soft due to increased pay and the comforts 

afforded by computerized, push-button war.178  He compared “soldier-technicians” and 

“good fighting men”: 

The soldier-technician differs, by very nature, from the good fighting 
man. The first acts reflectingly [sic] and methodically, the second 
instinctively and intuitively. The first sees in the officer an engineer who 
directs him. The combat soldier sees in him a commander to be followed-
a commander in whom he has confidence and who serves as an example 
to him. Officers whose training has been too technical are, for the most 
part, poor psychologists, hence, poor trainers of men. In place of 
commanding their unit they are inclined to direct it. In order to act 
efficaciously, the good officer must find instinctively the tone in which to 
speak. He must be very close to the men under him yet know, at the same 
time, the distance he must maintain between himself and them. If not, his 
men will very quickly discover his inevitable human weaknesses-
whereupon he ceases to be an example to them, hence, a leader. Knowing 
how to handle soldiers is an art which cannot be taught.179

For Miksche, “homo technicus,” the “soldier-technician,” was in fact a “demilitarized 

soldier” who would be unable to provide “the security necessary for surviving the storms 

which threaten the world.”180

There is some evidence to suggest that the editorial staff of the Military Review was 

sympathetic to Miksche’s position.  Less than a year prior to the publication of 

Miksche’s article the journal published a similar critique written by Lt. Col. David M. 

Ramsey, a faculty member at the Army’s Command and General Staff College where 

the Military Review is published.  Ramsey, the holder of an M.S. degree in Industrial 
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Management from the Georgia Institute of Technology, argued against placing too much 

emphasis on management and economic efficiency, arguing that military command is 

unique and ultimately broader in scope than management.  He noted that, “Now, instead 

of effective command, dynamic ‘management’ has become for many theorists the 

panacea for all military ills.”  The problem, according to Ramsey, was that the 

“Methodologies and techniques useful to one are not necessarily appropriate to the 

other.”181  He saw the trade-off between training military men as “combat leaders” or 

training them as “military managers” as zero-sum, asserting that the current focus on the 

latter at the expense of the former would inevitably lead to “a weakening of leadership 

potential for the future battlefield.”182

A number of prominent civilians with ties to the systems sciences also joined in the 

critique, questioning the reliability and relevance of systems science, economics, and 

management techniques for the military.  In 1964, again in the pages of the Military 

Review, John J. Clark, a Dean at the St. John’s College School of Business 

Administration,183 critiqued the use of economics and systems analysis in the defense 

sector, arguing that concepts such as opportunity cost and tools such as game theory 

were inappropriate to the government sector in general, and to defense in particular.  He 

noted a number of specific deficiencies in systems analysis which made it inappropriate 

for the defense sector, including the lack of any common measure of military worth upon 

which to base analysis, the inappropriateness of opportunity cost as a measure in the 

government sector, the fact that war is not merely a game or market contest, and the 

limitations of game theory, in particular its assumption of rational actors.184  Ultimately, 

he concluded that OR and systems analysis were too inflexible and narrow to deal with 

war, a qualitative and dynamic experience not subject to mathematical models.185  He 

insisted that the operations researcher, the systems analyst, or “The economist is a staff 
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man who makes recommendations, but who does not have, and should not have, the 

ultimate word on military policy.”186

Similarly, Seth Bonder, an Associate Professor of Industrial Engineering and 

Director of the Systems Research Laboratory in the Department of Industrial 

Engineering at the University of Michigan, argued that systems analysis, unlike OR, was 

“not scientific, but, to use a classical term, ‘natural philosophy’.”187  Bonder, who was 

involved in OR work for the Army and who would go on to head both the Operations 

Research Society of American, as well as the Military Operations Research Society, was 

one of those OR “purists” who believed that systems analysis had strayed too far from 

true scientific method.  He wrote, “[M]ilitary systems analysis does not employ the 

scientific method of model development, but, rather, as Platonists, we think that 

predictive models can be developed by pure reasoning and logic alone.”188  For Bonder, 

systems analysis was “Platonic” because there was no “measurement link” between the 

models that it produced and the real world.  In his estimation, it was this missing link 

which had led to systems analysis’ misuse and loss of credibility within DOD: 

Thus, when the measurement link between the real and model worlds is 
severed, systems analysis becomes a purely intellectual activity quite 
distinct from that of science. Failure to recognize this distinction has 
given rise to improper emphasis and use of systems analysis within the 
Defense Establishment and a resultant set of problems which have 
strongly contributed to its lack of credibility.189

While he did not completely reject the use of systems analysis, he did advocate it be 

used with caution, combined with human judgment and intuition, as a tool for learning 

rather than a tool for advocacy.190

Finally, at least one influential former civilian strategist from RAND weighed in on 

the discussion.  In 1972, Bernard Brodie, Professor of Political Science at UCLA and 

former senior staff member at RAND, responded to an article by another civilian 
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strategist (Colin S. Gray, “What RAND Hath Wrought”), which had argued that over-

reliance on systems analysis was at the heart of U.S. failures in Vietnam.  While Brodie 

did not see systems analysis at the root of U.S. failures in Vietnam, he agreed with Gray 

that too much deference had been paid to systems analysis by the McNamara DOD, that 

it had been misused and over-valued.  He explained, “Secretary McNamara, by training 

a statistician, was plainly in love with it. He gloried in the graphs, multicolored, in layer 

upon layer, and rejected the ‘poetry’ of those who sought to introduce a little political 

intuition.”191

Third, General LeMay worried about the implications of organizational changes 

being made by the civilians in the McNamara Department of Defense, particularly the 

increased centralization of decision-making authority within the Office of the Secretary 

of Defense.  He described Robert McNamara as “an extremely ambitious and dynamic 

Secretary of Defense [who] has been able to wrest every residual shred of authority from 

his military subordinates, leaving them in the prosaic role of technical advisers.”192  

Despite the highly centralized nature of the Strategic Air Command (SAC), an 

organization largely of his own design, which he oversaw from its inception in 1949 to 

1957, by the time of his 1968 book, General LeMay was arguing that centralized 

organizations were monolithic defenders of orthodoxy that slavishly searched for single 

solutions to complex problems.  Such organizations, he said, were destined to produce 

inadequate, hackneyed, and preconceived solutions to problems, to stifle innovation, 

initiative, maverick thinkers, and the flow of information.193  While accepting the goal of 

“unity of command” that was popular at the time, and though he had worked to create 

one of the most centralized organizations within the U.S. military (SAC), General 
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LeMay depicted himself as among those who were not only resisting the trend towards 

centralization, but who were explicitly calling for more decentralization.194  

“Unification,” he contended, was not the result of “superimposing a bureaucratic 

structure,” but rather of “military doctrine [that] has more commonality among and 

within all of the armed services.”195  As such, he argued that “to achieve an 

organizational evolution”—i.e. to increase decentralization, commonality, and unity—”it 

would seem logical to work on the informal level as a first step.  If customs can be 

formed, the formal endorsement will eventually follow.”196  Whereas centralization was 

seen as hindering initiative, innovation, and the flow of information, decentralization, 

and even a degree of intentional disunity, were seen as promoting initiative and 

innovation, as well as providing a check against the inevitability of insufficient 

battlefield information.  He wrote, 

[I]f information concerning a dangerously changing situation is lacking, a 
commander may be defeated.  At least some slight disunity of command, 
some authority to initiate or countermand orders, must be granted 
subordinates if unforeseen hazards are to be avoided or countered.  The 
same argument applies to taking advantage of fleeting opportunities.  In 
war at supersonic speeds, countering action may only be possible at the 
very instant the opportunity is recognized.197

Of course, it is ironic given General LeMay’s own prior use of systems science in 

the Pacific during World War II and his key role in the establishment of RAND that he 

would become a critic of systems science.  It is even more ironic given his role in the 

founding of SAC that he would become a (seeming) advocate of decentralization.  We 

might be tempted to dismiss his arguments as disingenuous, or as “sour grapes” resulting 

from his dispute with Robert McNamara.  However, he was by no means the only one 

making these arguments at that time.  Regardless of his sincerity, his statements both 

reflected and amplified wider sentiments at the time.  For example, in the years 

immediately following the end of the Vietnam War, Maj. Marc Powe echoed General 
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LeMay’s call for greater decentralization.  He argued that in Vietnam the Army had 

relied too much on complex, computerized equipment and quantified techniques such as 

OR and systems analysis.  He advocated a “return” to decentralization, simpler 

equipment, and less use of systems analysis and computers.  Powe saw an unambiguous 

link between computers, quantification, organizational structure, and the character and 

quality of military leadership.  He explained that “so long as computers drive the system 

as they presently do, there will be no respite from the ever-growing demand for statistics 

with which to overmeasure [sic] and overmanage [sic].”198  Computers and 

quantification drove the system towards centralization.  But, in Powe’s view, a concerted 

effort towards “decentralization would permit a return to the use of less complex 

systems,” eliminating the need for military units “to be part of a vast, bulky, noisy and 

expensive set of computer/communications links.”  This, in turn, “could allow leadership 

to replace management.”199

Fourth, eight years before Maj. Powe, while the war still raged, General LeMay saw 

both increased centralization of authority within the OSD and the policy of “flexible 

response” as responsible for the U.S. failure in Vietnam.  Of the civilians within OSD 

who he claimed “juggle troops and plan air strikes on the basis of their superior ‘policy’ 

knowledge,” he wrote, 

I question whether an organization as unwieldy and amateurish as has 
been created by the Secretary of Defense could ever propagate a 
successful war.  The dismal results in Vietnam attest to this doubt.  Never 
in our history have we suffered such a string of diplomatic, political, and 
military defeats as we have since 1961.  About all that can be said for this 
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 166



 

leadership is that we have avoided nuclear war.  But the avoidance of 
general war is easy to achieve if we wish to accept graduated surrender in 
return.200

Of the “graduated and flexible response” policy pursued by the civilians in OSD, he 

wrote, 

It is graduated in that force is brought to bear against the enemy in 
increments which never seem quite enough to do the job, and ‘inflexible’ 
because we fail to apply force at places and times of our choosing where 
we can profit by our strength and exploit enemy weaknesses.  Such a 
doctrine led to the too-little-too-late Bay of Pigs misadventure.  And 
unhappily we are again pursuing it in Vietnam.201

Again, others within the defense community made similar arguments during this 

period.  For example, in 1971, with the war still being fought in Vietnam, the reviewer 

of the book, Insurgency, by Andrew M. Scott, Major Donald P. Clark, et. al., argued that 

“One might safely assume that, having waged a war by systems analysis in Vietnam for 

some years with limited success, at best, the wary would shun using the dehumanized 

terms of systems analysis… People simply do not always perform, think, or react as 

depicted on a flow chart.”202  Thus, he was less than pleased that Scott, Clark, et. al. 

recommend the use of systems analysis in the conduct of counterinsurgency operations.  

A year later, Colin S. Gray argued that “Vietnam demonstrate[d] the validity of the 

charge that the methodology and the thought processes of the theorists have been 

dominated by inappropriate economic models.” The “pursuit of the quantifiable in 

Vietnam,” he said, “betrayed a style and a content of defense management that has 

sought ‘science’ where it was not to be found.”203  Years later, the deputy chief of staff 

for the headquarters of the U.S. Southern Command, Col. Thomas B. Vaugh, would 

argue that systems analysis played a major role in the U.S. decision to enter Vietnam in 

the first place: “Incredibly, critical decisions leading to our intervention in Vietnam were 
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based not upon the lessons of some 30 centuries of the ‘grand canvas of warfare’ but, 

instead, upon the shaky pillars of ‘limited war’ and ‘systems analysis’.”204

Of course, the criticisms of Generals White and LeMay must be seen in the larger 

political context of the time.  In 1961, there were serious policy differences between 

Generals White and LeMay and the incoming Kennedy administration, whose policy of 

“flexible response” seemed to threaten the primacy that the Air Force had achieved 

during the previous decade.  The position of the Strategic Air Command in particular 

had been strengthened by the policies of both the Truman and Eisenhower 

administrations to rely first and foremost upon the threat and capability of massive 

nuclear retaliation to maintain American security and the containment of the Soviet 

Union.  This was reflected in Truman’s Korean War build-up of U.S. forces which saw a 

massive increase in funding for the Air Force, with the Air Force receiving a third more 

funds than either the Army or the Navy in fiscal year 1952.  The Strategic Air Command 

was a major beneficiary of the new funding, seeing its number of both personnel and 

aircraft double in a period of just two years.205  President Eisenhower’s “New Look” at 

U.S. foreign and defense policy would further strengthen the position of SAC because it 

would place an even greater reliance upon nuclear weapons, at the same time 

deemphasizing the role of conventional forces.  This was so for two reasons.  First, 

Eisenhower wished to avoid bloody stalemates like the proxy war in Korea, which he 

felt were a distraction that weakened the overall U.S. security position.  Second, 

Eisenhower worried that the massive increases in military spending begun by Truman 

were not sustainable in the long term and would eventually lead to economic stagnation.  

In short, nuclear weapons seemed to hold the promise of providing more bang for less 

bucks.206  Combined with the threat of massive retaliation, they seemed to hold the 
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promise of deterring both a general war with the Soviets, as well as Soviet expansion, 

while also providing the capability to win such wars if deterrence failed.207

By the mid 1950s, the Eisenhower policy was facing serious criticism, both from 

inside and outside the military.  A growing cadre of civilian “defense intellectuals” such 

as Henry Kissinger of Harvard University, Bernard Brodie, William Kaufmann, Robert 

Osgood and others at the RAND Corporation, as well as military men like Army Chief 

of Staff (1955-1959) General Maxwell D. Taylor, were leveling sustained and serious 

criticisms against the “New Look” policy.  Together, they argued that the threat of 

massive retaliation lacked credibility but also that if the U.S. did resort to massive 

retaliation, the result would be nothing less than nuclear holocaust.  Thus, the choice for 

the United States in any real showdown with the Soviets would be between surrender or 

holocaust, neither of which could be deemed “victory.”  The “defense intellectuals” and 

General Taylor increasingly advocated a “limited war” policy that would reemphasize 

conventional forces.  For his part, in 1960, within a year of his retirement, General 

Taylor published a book titled The Uncertain Trumpet which both articulated his 

criticisms of the Eisenhower policy and outlined his own vision of limited war.  General 

Taylor’s vision would be at the heart of the Kennedy administration’s new policy of 

“flexible response,” so much so that President Kennedy called Taylor back to active 

military service in 1961, ultimately appointing him as Chairman of the Joint Chiefs of 

Staff in 1962, where he served until 1964. 

At the heart of “flexible response” was the idea that strong, ready conventional 

forces were absolutely vital to deterring nuclear war.  So, while McNamara and his 

“whiz kids” moved to implement a policy which would provide more funding for 

General Taylor’s conventional, Army forces,208 two key Air Force programs were 

cancelled, the Skybolt Air-Launched Ballistic Missile (1962) and the XB-70 strategic 

bomber (1967).209  It is little wonder then that Generals White and LeMay had nothing 
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good to say for “flexible response” or its advocates, including General Taylor, who 

General White claimed was “a political appointee and not a purely military strategist.”210  

General White explained that he was “puzzled” by McNamara’s grand strategy for the 

United States, a strategy White described as self-imposed nuclear stalemate with the 

Soviets.  Lamenting that “development of high-performance aircraft and space weapon 

systems, which might prevent a stalemate, [have] been discouraged,” he rejected the 

notion of nuclear parity as a policy objective, arguing instead that “Only by striving for 

continued superiority in military strength can this nation hope to survive.”211

Given the context of inter-service rivalry and bitter political disputes, as well as the 

seeming hypocrisy of General LeMay’s criticism of systems science and centralization, 

one could be tempted to dismiss General White and LeMay’s criticisms of the “defense 

intellectuals” and the systems sciences.  After all, they were just defending their own 

personal and institutional interests; their criticisms were never really about the role of 

civilian advisers or systems science.  At some level this is no doubt the case.  However, 

it is not the entire story.  If Generals White and LeMay had been the only members of 

the defense community (military or civilian) who had expressed such criticisms, then 

maybe we could ignore them.  But, as we have seen, many of the issues raised and the 

rhetoric deployed by the generals were echoed by many others who did not necessarily 

share the same personal or institutional interests.  Likewise, we saw a number of 

examples of systems science professionals themselves, whose personal and institutional 

interests were obviously tied to the spread of the systems sciences within the military, 

who nonetheless became vocal critics of their own field of expertise.  As such, we might 

say that, as “rhetors,” Generals White and LeMay were not entirely “leading the charge” 

against systems science and centralization, but rather, “harnessing constraints” of the 
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situation to make their case on behalf of themselves and their service.  In so doing, their 

statements, sincere or not, reflected the increasingly high “transaction value” that such 

arguments had in the system of military discourse during that time period.  Given their 

own status and influence, their repetition of such arguments helped to amplify those 

arguments’ value.  As we shall see in the next chapter, the sentiments that the generals 

reflected, repeated, and amplified, would remain prominent features of U.S. military 

discourse well into the 1980s. 212

3.6.2 The Defense 

The critique of the systems sciences did not go unanswered.  Throughout the 1960s 

and early 1970s, a number of civilians and military professionals wrote in defense of the 

systems sciences. Overall, even those who defended the use of systems science typically 

made rather modest claims for its capabilities and were often more critical of their 

weaknesses and limitations than even the harshest of critics. 

As early as 1963, the criticism of systems analysis and computerization had reached 

such a level that Alain Enthoven, Robert McNamara’s Deputy Assistant Secretary of 

Defense for Systems Analysis, felt the need to write an article for Military Review 

explaining and defending the use of systems analysis, the role of computers in systems 

analysis, and the influence of the two on defense decision-making.  Other than Hitch, 

who was his boss at that time, Enthoven, with a doctorate in economics from MIT and 

experience working under Hitch at RAND, was the highest ranking systems analyst in 

the Pentagon and most qualified to speak on behalf of systems analysis.213  Where 

Generals White and LeMay saw the use of new techniques like systems analysis by 

unprofessional civilians as a danger, Enthoven saw White and LeMay’s statements as 

illustrative of a widespread misunderstanding of systems analysis that he found just as 

dangerous.  He wrote, 
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‘Computers are replacing military judgment’. ‘Weapon systems are being 
computed out of existence’. ‘Computers are running the wars of the 
future’. These and similar statements are being published in prominent 
American newspapers and magazines. Whether inspired by lack of 
knowledge, partisan interest, misguided judgment, or simply unrestrained 
sensationalism, these statements are wrong. And worse than wrong, they 
are dangerous. They do the United States a great disservice by obscuring 
the nature of defense policy decision making and by confusing public 
thinking on issues that demand the utmost clarity.214

Two years later, Col. James H. Hayes from the Office of the Deputy Assistant Secretary 

of Defense for Systems Analysis spoke before a symposium on operations research and 

systems analysis held by the Army War College.  Though less polemical in his tone than 

Enthoven, he agreed with his boss that many within the military misunderstood what 

systems analysis was.  He said, 

A basic difficulty is a misunderstanding of what systems analysis really 
is. To some military men, it is the application of computers to the solution 
of strategic problems. To others, it is the application of ominous 
techniques like linear programming, Monte Carlo, statistical probability, 
and game theory to tactical considerations. To still others, it is a new 
series of concepts…and similar economic terms. In short, there is 
confusion surrounding the meaning of the term systems analysis.215

Thus, in his speech, Col. Hayes sought to clarify what systems analysis was, what its 

strengths and limitations were.  Finally, in 1968, Lt. Col. Joseph P. Martino, responding 

to criticism of an article he had written in 1966 outlining the potential benefits of using 

systems analysis in counterinsurgency operations, accused his critic of possessing “an 

incomplete understanding of what systems analysis is.”  It was this misunderstanding, 

Martino asserted, which led his critic to make “a case against bad systems analysis.  I 

agree with him in this, not only for COIN [counterinsurgency] but for all other 

applications.”216  In effect, and taken together, Enthoven, Hayes, and Martino accused 

                                                 
214 Alain C Enthoven, “Systems Analysis and Decision Making,” Military Review, January (1963), 7. 
215 Col. Haye’s speech was later published as an article in the Military Review.  See Col James H. Hayes, 

“Basic Concepts of Systems Analysis,” Military Review, April (1965), 5. 
216 Lt Col Joseph P. Martino, “Reply to Saund’s ‘On the Limitations of Systems Analysis for 

Counterinsurgency Program’,” Air University Review, May-June (1968), no page.  Martino’s original 

article was Maj Joseph P. Martino, “Systems Analysis and Counter-Insurgency,” Air University Review, 

 172



 

their accusers of attacking a systems analysis “straw man,” either intentionally or 

unintentionally.  These three, along with a number of others, sought to set the record 

straight. 

The first step in setting the record straight was to define just what systems analysis 

was and who performed systems analysis.  Responding to claims that systems analysis 

was being primarily conducted by civilian economists within OSD, Enthoven pointed to 

the fact that “it is not being performed exclusively, or even primarily, by people who 

might be identified as economists or operational researchers… Rather, systems analysis 

is conducted in the service staffs, the Joint Staff, various operations research groups, and 

various offices within the Office of the Secretary of Defense.”217  One of those involved 

with the conduct of systems analysis at the service staff level was Lt. Col. Delbert M. 

Fowler, who had been assigned to the Systems Analysis Division of the Office of the 

Chief of Staff of the Army.  Summarizing the debate over systems analysis within the 

military during the first half of the 1960s, he argued that much of the resistance to 

systems analysis was really due to a clash of personalities within the Pentagon, but that 

“Some individuals have attempted to take personalities out of the discussion by aiming 

their barbs at science and the inanimate computer.”218  Not only did Fowler believe that 

science and the computer had been unfairly caught in the crossfire of a Pentagon turf 

war, he also questioned the validity of the claim that civilian analysts had pushed their 
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way into the Pentagon and taken too much power for themselves.  He noted that it was 

the officer corps itself that had initially invited the civilians into the arena of national 

security and defense policy-making: 

Not only did many highly educated political scientists, economists, and 
psychologists join the arena of strategy because of the magnitude, dollar 
value, and intellectual attraction of the problem of national defense and 
security, but most of them were escorted into the arena by the officer 
corps itself. They were given an education in the military aspects of the 
problems, and asked to assist in the solution of the problems created as a 
result of the United States new role as leader of the world.219

In attempting to define for their readers and critics just what systems analysis was 

all about, Enthoven, Hayes, and Martino reiterated many of the themes that we have 

already seen.  Each of them believed that systems analysis was a prudent response to a 

whole new class of problems which were marked by complexity, uncertainty, and 

danger, but which were also broader in scope than traditional military problems.  First, 

where uncertainties were concerned, Martino described the dilemma facing the decision-

maker: “How can he be certain, ahead of time, that he is picking the winners and 

avoiding the losers? How can he ensure that his foresight, like his hindsight, will be 20-

20? The answer is quite simple: he can’t.... He is forced to make decisions anyway...”220  

To deal with such a double-bind, Enthoven, like most systems analysts, could only offer 

the following recommendation: “The only way that we know of to deal with conceptual 

uncertainties is to do more and better analysis, and to proceed cautiously.”221  Next, to 

those who would assert that military problems should only be the province of military 

professionals, Enthoven insisted that modern military problems “are much more than 

purely military problems.”  Noting the impacts that nuclear force posture could have on 

the conduct of foreign policy and diplomacy, as well as the impact that defense spending 

could have on decisions about domestic spending, he argued that “the number of ICBMs, 

aircraft carriers, or divisions that we buy, is not strictly a military problem.  It is a 
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national policy problem, with both military and other elements and implications.”222  For 

Col. Hayes, like most other advocates of systems analysis, the inevitable scarcity of 

resources and the need for tradeoffs meant “choosing a military course of action that gets 

the most out of the limited available resources,” which was ultimately the main task of 

systems analysis.223

To achieve that task, systems analysis was commonly described as an ongoing 

process of identifying policy objectives and alternative means of achieving those 

objectives, evaluating the costs and implications of alternatives, presenting the results to 

decision-makers, and then repeating the entire process.224  On three different occasions 

during his response to critics, Enthoven emphasized the continuous or ongoing nature of 

systems analysis, describing it variously as “a continuing process,” “a continuous cycle,” 

and “a continuing dialogue.”225  Like Enthoven, in Hayes’ view a systems analysis was 
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also an ongoing process, one that “by its nature, is designed to challenge, to inquire, and 

to create something new, if required.”226  In fact, for Hayes, it was the “circular,” 

“continuous and never ending” nature of the process of systems analysis that made it a 

science.  He wrote, “This circular process is the scientific method which has ensured the 

advancement of knowledge, assuming that there has been objectivity in the interpretation 

of the results… The process is continuous and never ending.”227

Next, those defending the use of systems analysis sought to address concerns about 

the use of computers and quantification, including their proper use, as well as their 

relationship to defense decision-making.  In general, the basic argument that they 

advanced was that quantification was a necessary but not sufficient component of the 

defense decision-making process.  They argued that the quantification/intuition 

dichotomy often found at the heart of their critics’ rhetoric was a false one, that both 

were, in fact, necessary to good decision-making and that the key to good decision-

making was finding ways to integrate the use of computers, quantification, and the 

personal experiences and intuition of the various professionals, military or otherwise, 

working within the national security arena.228
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Enthoven and Hayes were quite explicit in their recognition of the fact that not all 

that was important was quantifiable.  While noting that “Defense policy involves 

numbers of ships, men, divisions, missiles, bombers, and dollars,” and that “The 

significance of these forces for achieving our broad objectives is a quantitative matter,” 

Enthoven also admitted that “This is not to imply that all relevant factors can be given 

quantitative values,” or “that these quantitative relationships uniquely determine the 

answer.”229  Hayes agreed, arguing that “Most analysts know that the role of models and 

mathematics can be overemphasized and that models can be forced to yield a desired 

answer.”230  When dealing with “so complicated a matter as warfare,” he said, “the 

theoretical ideal is never realized in practice and all models are severely limited in 

usefulness.”231  In particular, he identified “Problems associated with leadership, morale, 

and other intangibles” as “factors [that] defy attempts at measurement.”  As such, he 

agreed with the critics that “[T]he value of battlefield experience is difficult to refute,” 

concluding that “It is fair to say that most of the arguments concerning effectiveness 

really devolve finally into the intangible factors.”232  Yet, Hayes, like Enthoven, was not 

willing to give up on quantification and the pursuit of science.  Even though “military 

doctrine is not really susceptible to scientific proof,” he argued, “it is a basic principle of 

systems analysis that the effort must be made” anyway; just “because a factor cannot be 

measured today is no reason to suppose it cannot be measured in the future.”233

                                                                                                                                                
consequences of a military operation. And these nonquantitative factors may dominate the problem. But 

there are also many things that cannot be done intuitively or based entirely on experience. Intuition and 

experience unaided by calculations will not tell us how many ICBM’S are needed to destroy a target 

system, nor will they tell us how many C-141’s are required to move a division. For most of these 

questions a combination of calculations, intuition, and experience is required. One of the biggest 

challenges facing us today is how to find ways of blending three factors better, especially in those areas in 

which unaided calculation is weakest.”  See Enthoven, “Systems Analysis and Decision Making,” 16. 
229 Ibid., 14-15. 
230 Hayes, “Basic Concepts of Systems Analysis,” 8. 
231 Ibid., 10. 
232 Ibid., 13. 
233 Ibid., 12-13. 
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Enthoven and Hayes also answered the critics’ charge that systems analysts were 

attempting to use computers to calculate absolute, optimal, or single solutions to 

complex problems.  Enthoven stated flatly, “Defense policy decisions cannot be 

calculated.”  He continued, 

I stress this point because there is so much misunderstanding about the 
quantitative analysis being done in the Defense Department. Some critics 
seem to believe that defense policies are being made on computers and 
that ‘optimal strategies’ are being calculated on slide rules. Nothing could 
be further from the truth. Our approach is simply based on a belief that 
quantities are relevant and have to be considered carefully in the making 
of policy decisions. As far as I know, no responsible defense official 
believes that it is possible to calculate the answers to major national 
security policy questions.234

On at least one other occasion during his response, he asserted that “analysis…cannot 

prove the optimality of any particular security policy”235  Hayes and Martino agreed, 

Hayes arguing that “It is, of course, virtually impossible to produce ‘the answer’ to the 

complicated problems facing the military services and the Department of Defense”236 

and that “there are, in fact, no absolutes.”237  Recognizing the limitations of his 

application of systems analysis to counterinsurgency, Martino clarified his position, 

stating that “Systems analysis is not going to perform miracles for counterinsurgency 

any more than it does for any other type of problem.”238

As for the charge that computers were “running the wars of the future” or that 

systems analysts were making policy decisions on their own, Enthoven replied, “Let the 

record be set straight… At least as far as I know, computers are not ‘running the wars of 

the future’. Rather, when sensibly applied, they are handling and presenting to flesh-and-

blood decision makers the data that they require so that they will have a basis for making 

the judgments they will have to make if they are to do a good job of running a war.”239  

                                                 
234 Enthoven, “Systems Analysis and Decision Making,” 16. 
235 Ibid., 14. 
236 Hayes, “Basic Concepts of Systems Analysis,” 8. 
237 Ibid., 5. 
238 Martino, “Systems Analysis and Counter-Insurgency,” no page. 
239 Enthoven, “Systems Analysis and Decision Making,” 16. 
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As for systems analysts, he reiterated that it was the job of the analyst to provide 

information and insight to decision-makers, but not to make decisions, or even 

necessarily to provide recommendations.  He wrote, 

Decisions as to the proper mix between the various components, and as to 
the size of the program as a whole involve a great many judgments which 
are the proper function of the legally responsible decision makers—the 
President, the Secretary of Defense, the Joint Chiefs of Staff, the 
Congress—and not the systems analyst… The job of the analyst is to 
bring his findings about alternative postures, their costs and their 
effectiveness to the legally constituted decision makers, who in turn will 
make judgments and suggest revisions of criteria.240

In fact, according to Hayes, the major advantage of systems analysis properly conducted 

was that, unlike traditional military studies, the systems analyst did not make 

recommendations, but rather, merely demonstrated the implications of various 

alternatives in a transparent way.  The analysis was meant to aid the decision-maker, not 

to decide for the decision-maker, or even to recommend a particular course of action.241

Finally, at least one prominent military practitioner of systems science was willing 

to lay much of the responsibility for the increasing criticism of systems science and its 

growing lack of credibility among decision-makers during the 1960s squarely at the feet 

of the analysts themselves.  In 1971, Maj. Gen. Glenn Kent, then Assistant Chief of Staff 

for Studies and Analysis at USAF Headquarters, stated, “I am not so sure that analysis as 

a credible ingredient in decision-making will necessarily have a brilliant future.”242  The 

reason for analysts’ increasing lack of credibility was quite simple: they had committed 

                                                 
240 Ibid., 11. 
241 Hayes, “Basic Concepts of Systems Analysis,” 11.  Hayes wrote, “A major difference between military 

methods and systems analysis methods is the format in which the decision is presented-a military study 

considers various courses of action and then makes a specific recommendation. When, final action goes 

forward to the decision maker, the alternatives are rarely mentioned. The decision maker sees the chain of 

reasoning leading to the recommendation, but does not necessarily see the reasoning behind the rejection 

of the other alternatives. Alternatives In a proper systems analysis, all alternative, all the facts, all the 

reasoning process, and all pertinent considerations pertaining to each alternative are presented. Within this 

process all identifiable assumptions are presented so that their validity can be challenged. In addition, the 

sensitivity of the study outcome on these assumptions is tested.” 
242 Maj Gen Glenn A. Kent, “Decision-Making,” Air University Review, May-June (1971), no page. 
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the “analyst’s sin” of blurring the line between analysis and “position-taking.”  He found 

that analyses that were “allegedly for the purpose of illumination” often shined a light 

that had “a green tinge, or a blue tinge, or a light blue tinge, or a purple tinge”—i.e. 

analysis was colored by service parochialism.  “In a blind rush to be worthy advocates,” 

he concluded, “analysts enthusiastically engage in practices that border on perjury.”243  

Unfortunately for the analysts, the decision-makers had become sensitive to the colored 

lights, able to detect even the slightest tinge; and as they did, the credibility of the 

analysts was diminished.  Kent recommended again what he had already recommended 

in his 1967 article, “On Analysis.”  Because “the position that is to be taken hinges on 

far more factors than the analyst can include in his model,” and because “who is nearer 

the truth” when interpreting the results of an analysis “is indeterminate” and “is strictly a 

matter of judgment…to be made by decision-makers,” therefore “the analysis (the study 

itself) should not contain conclusions and recommendations.”244  Finally, Kent was 

largely in agreement with Generals White and LeMay in believing that analysts did not 

communicate well with non-analysts, that they often spoke in a way that obfuscated 

more than it illuminated.  Again, in a point similar to one he made four years earlier, he 

stated, 

The mystique behind analysis has been torn away. Decision-makers are 
beginning to realize—as well they should—that if an analysis is done 
correctly and presented succinctly, it should be clear to nonanalysts [sic]. 
No longer can analysts hide behind some obscure explanation, nor can 
they, to close off all discussion, say to the decision-maker, ‘It’s really 
quite complicated’—with the clear implication that only card-carrying 
analysts should understand.245

3.7 Conclusion 

In the development of systems science, there were a number of important conditions 

that would allow for the enlistment of nonlinear science into the service of military 

theory.  First, systems science held the seeds of an emergent, nonlinear worldview that 

would influence military and civilian thinkers alike, a view that many would now call 

                                                 
243 Ibid., no page. 
244 Ibid., no page. 
245 Ibid., no page. 

 180



 

“postmodern” or associate with the rise of the “information age” and the power of 

“informatics” as a cultural force.  Second, the rise of the “military-industrial-university 

complex” in the postwar years, which increasingly put military professionals and civilian 

systems scientists in contact with one another on a continuing basis, allowed for the 

spread of the emerging, nonlinear worldview among military professionals, especially 

among those who had become intimately involved in military-related systems science 

research.  Third, the strain of this close and ongoing relationship, together with the 

emergence of an understanding of science that was radically different from 

understandings of a “science of war” found in pre-war military theory, resulted in an 

ongoing battle over the meaning and value of systems science, both within the civilian, 

academic systems science community and among military professionals, that was itself 

an important factor in the enlistment of nonlinear science. 

First, postwar systems science, for all that it was technocratic, hyper-rational, and 

managerial, also held the seeds of an emergent nonlinear worldview.  Systems scientists 

often described the world as more dynamic, complex, and uncertain, where rapid and 

constant change was the norm.  This new, more dangerous world seemed to demand new 

processes of knowledge production and the systems sciences seemed particularly suited 

to the task.  Yet, systems science, as described by Hitch and others, came to mirror the 

dominant characteristics of the world at the same time that it sought to provide the tools 

necessary to cope with that world.  The results of systems science were often described 

as uncertain; prediction was impossible; and the process of systems science itself was 

seen as ongoing and iterative.  The vocabulary of systems science relied on the use of 

biological and informatic metaphors.  Even large technical systems such as air defense 

systems were now seen as organisms.  Information gathering and communication were 

seen at the heart of natural and social phenomenon and were therefore the keys to 

surviving in a complex world.  Thus, systems scientists emphasized the importance of 

flexibility, adaptation, learning, judgment, intuition, and decision-making skills, often 

seeing the tools, techniques, and results of systems science as helping to promote these 

values. 

Second, the desire among civilian and military leaders alike to continue the kind of 

collaboration between civilian scientists and military professionals that everyone seemed 
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to agree had been crucial to Allied success during World War II led to the creation of 

various military-funded study and analysis centers following the war.  Via the creation 

of centers such as RAND, the Army’s Operations Research Office, the Navy’s Center 

for Naval Analyses, as well as internal service groups devoted to the conduct of 

operations research, not only did military professionals find themselves in closer and 

more regular contact with civilian scientists than they had before the war, but military 

professional identities themselves became “civilianized” as more officers fit the mold of 

General Arnold’s “mechanically minded fellows.”  As a result of this institutional 

arrangement, the nonlinear worldview that was emerging from within the systems 

sciences would make its way into U.S. military theory.  We will see in the next chapter 

that a number of those who were initially most important to the enlistment of nonlinear 

science would come directly from the military systems science community. 

Third, even though the services themselves were largely responsible for creating and 

promoting the blurring of the military-civilian boundary characteristic of the military-

industrial-university complex, both the institutional arrangement and the nonlinear 

worldview that emerged from this arrangement contributed to conflict among military 

professionals and civilian “defense intellectuals,” many of them scientists, in the decades 

following the war.  During the 1960s and 1970s, the battle over systems science raged 

within the Pentagon, within institutions of professional military education, and within 

military professional journals.  It also raged in the popular press, in newspapers, 

magazines, and on television.  The boundaries between the “inside” and the “outside” of 

“the military” and the “Department of Defense” were blurred.  In many respects, the 

postwar defense establishment was defined by the military-industrial-university complex 

as battle-space, making it possible, even necessary, to speak of a “defense 

establishment,” the “defense community,” “defense intellectuals,” rather than just “the 

military.”  In this environment of dramatic change and ambiguity, there were clashes 

between civilian scientists and military professionals over issues of bureaucratic control, 

decision-making authority in military matters, the degree to which warfare could be 

studied with quantitative methods, and the impact of systems-science inspired tools and 

techniques upon military subjectivities. 
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As we saw in the previous chapter, while there has been a tradition in Western 

militaries of drawing on the sciences for concepts and metaphors in the construction of 

military theory, part of that tradition has been an ongoing battle about the proper role of 

science in military thought.  The systems sciences have been subject to this larger 

tradition.  Their meaning for military thinking never entirely stabilized and they were 

never entirely accepted by uniformed military professionals in the United States.  The 

situation was exacerbated by the fact that there was an ongoing struggle within the 

civilian, academic systems science community about the degree to which systems 

science could legitimately be called “science,” the tools and techniques to be used, the 

kinds of problems to be addressed, and who could participate as “scientist.”  With 

civilian scientists themselves unsure about the status and value of their work, it is no 

wonder that many military professionals expressed skepticism. 

Skepticism and outright resistance on the part of some military professionals is all 

the more understandable when we realize that systems science as a “science of war” was 

markedly different from pre-war military notions of science in general and a “science of 

war” in particular.  Unlike the military science of J.F.C. Fuller, for example, systems 

science was conducted by mixed teams of civilians (or civilians together with military 

professionals), rather than by lone military geniuses.  The methods used were 

experimental and quantitative rather than deductive and qualitative.  The scope of 

research was often very narrowly defined compared to pre-war military science.  Even 

the broadest, most forward-looking systems analysis studies did not have as their goal 

the discovery of universal laws and principles of war.  The results of research were 

therefore more limited, even seemingly nonexistent, compared to the quest for universal 

principles of right conduct based on universal laws that characterized pre-war 

understandings of science found in theories of industrial, mechanized warfare.  As the 

struggle among systems scientists themselves indicates, it was not even clear that 

systems science was a science, or what exactly “science” meant, a marked contrast from 

the relatively straightforward and confident definition of science found in pre-war 

military theory. 

There were no clear winners and losers in this battle.  Though the defenders of 

systems science were correct that it was not only civilians performing military OR and 
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systems analysis, civilians did play a much greater role in military decision-making and 

in the construction of military strategy than they had before the war.  Next, though 

Enthoven, Hayes, Martino, Hitch, Kent, and others repeated time and again that the ideal 

was for analysts to provide illumination, not recommendation, and certainly not to make 

decisions on their own—and we should not doubt their sincerity a priori or as a matter 

of course—Kent admits that too often the ideal state was not met.  Analysts did overstep 

their bounds, serving interests other than disinterested objectivity and illumination.  

Finally, the defenders of systems science themselves admitted that their techniques quite 

often did not lead to certainty or the ability to predict, a state of affairs that left both 

critics and practitioners questioning not only the validity and usefulness of systems 

science for the military, but also systems science’s status as “science.” 

But most important here is not who was “right,” who “won” or “lost”; both sides 

were right to some degree.  Rather, it was the existence of the ongoing struggle that was 

important.  If the sciences, in one form or another, had entirely overtaken other ways of 

constructing military theory, the debate having been long settled, if the military had 

wholeheartedly adopted a technocratic version of the systems sciences with no room at 

all for dissent, if the postwar period had been entirely peaceful in terms of international 

affairs and stagnant in terms of technological development—i.e. if the situation had been 

static and clearly defined—it is doubtful that nonlinear science would have been 

enlisted.  There would have been no perceived need to re-evaluate worldviews and 

processes of knowledge formation and no-one to carry out the re-evaluation.  Yet, as the 

next chapter will demonstrate, there were people and institutions that were able to step 

into the gaps, to use the sciences’ traditionally contested role, resentment of and 

resistance to the systems sciences, an already-emergent nonlinear worldview, a shocking 

military defeat, and fear of what seemed to be an increasingly uncertain and dangerous 

world, to successfully carry out the enlistment of nonlinear science into the service of 

U.S. military thought and reform. 
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4. “Doing Things the Same or Differently”: Post-Vietnam Military 
Reform and the Emergence of an Informatic Theory of War 

 

4.1 Introduction 

By the mid 1970s, dissent was brewing within the U.S. defense establishment.  The 

failures of Vietnam, a Soviet build-up in Central Europe, the speed, shock, and lethality 

of the Yom Kippur War in October 1973, and the subsequent oil embargo and U.S. 

economic downturn all led to a period of intense soul-searching within the U.S. military 

and calls for serious reforms.  By 1979, though serious reforms were already underway 

in many areas, the continued Soviet build-up and U.S. economic stagnation, followed by 

the fall of the U.S. supported government of Nicaragua, the Iranian Revolution and 

capture of the U.S. Embassy in Tehran, and the Soviet invasion of Afghanistan, all 

increased the sense of urgency for reformers.  Combined with low morale, the pressures 

of the transition to an all-volunteer force, aging, war-worn equipment, and revelations of 

widespread waste, fraud, and mismanagement within the U.S. defense community, the 

1970s and early 1980s were a time when it seemed that the U.S. military could do 

nothing right. 

While the entire story of the reform of the U.S. military in the 1970s and 1980s is 

beyond the scope of this dissertation, I do wish to point to those reform-related 

developments during this period that were important for the enlistment of nonlinear 

science.  Focused primarily on doctrine and technologies for conventional warfare, 

initial reform efforts resulted in a doctrine both heavily informed by systems analysis 

and reliant upon the use of IT-enabled weapon systems to counter Soviet numerical 

superiority in the event of a war in Europe.  Almost immediately, critics alleged that the 

new doctrine was, in fact, too reliant upon systems analysis and technology, that it 

represented a brute-force, technocratic mentality that viewed warfare as nothing more 

than the application of firepower to “kill targets.”  Ironically, even though they were 

highly critical of systems analysis, the critics championed an alternative doctrine of 

“maneuver warfare” that emerged from within the Office of Systems Analysis and that 

was heavily influenced both by concepts gleaned from the sciences, as well as the ideas 
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of J.F.C. Fuller and B.H. Liddell Hart that we encountered in the second chapter.  The 

result of the debate was the adoption of an informatic theory of warfare that stressed the 

nonlinear and chaotic nature of the battlefield, the role of “intangible” factors like 

knowledge, decision, and “moral forces” in combat, and which relied upon IT-enabled 

weapons for its realization.  As such, we will see that many of the technologies and 

understandings of warfare that would be articulated with concepts and metaphors from 

the nonlinear sciences in the 1990s were already in place during the 1980s.  

Additionally, one of the key contributors to the development of this informatic theory of 

warfare would himself play a key role in the enlistment of nonlinear science in the early 

1990s. 

4.2 The “New Lethality,” the “Offset Strategy,” and the “Active 
Defense” 

For the U.S. military of the early 1970s, there were three main exigencies that 

seemed to demand immediate response, including numerical and (some argued) 

qualitative inferiority vis-à-vis the Soviets in Europe, the shocking capabilities of a new 

generation of fast, accurate, and lethal weapons as demonstrated in the 1973 Yom 

Kippur War, and ten years of missed equipment modernization and doctrinal 

development during the Vietnam War.  Initial responses to these challenges focused on 

the creation of new technologies and doctrines for conventional warfare. 

The greatest perceived challenge for U.S. defense planners in the 1970s was the 

combination of Soviet parity in nuclear forces and numerical superiority in conventional 

forces in Europe.  Reports at that time had the Soviets outnumbering NATO forces two 

to one (or more) in most categories of weapons.1  What’s more, intelligence reports 

indicated that while the U.S. had been distracted in Vietnam, the Soviets had developed 

doctrine which would have allowed them to fight and win a war in Europe without the 

                                                 
1 “The East-West Theatre Balance in Europe” sections of the International Institute for Strategic Studies’ 

The Military Balance reports during this time provide data on the relative numbers of divisions, tanks, 

artillery pieces, aircraft, and more for each side in the stand-off.  By the end of the 1970s, IISS was 

reporting that the situation had worsened for NATO in practically every category.  See The Military 

Balance 1980-1981(London: International Institute for Strategic Studies), 1980. 
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need for nuclear weapons.  Because NATO strategy had always assumed that 1) a Soviet 

advance would involve the first use of nuclear weapons and that, as a result, 2) NATO 

would use nuclear weapons early in any conflict to stop a Soviet advance, planners in the 

U.S. worried that if the Soviets did not use nuclear weapons, the threshold for NATO’s 

own decision to use them would be raised to the point that any such decision, by the time 

it came, would be too late to stop the Soviet advance.  Not wanting U.S. and NATO 

forces to merely serve as a tripwire meant to trigger the use of nuclear weapons, a 

decision that may not come in time to have the intended effect in any case, U.S. planners 

moved to develop technologies and doctrines of their own that could serve as a 

conventional deterrent.2

In the area of technology, it was believed that the U.S. could exploit emerging 

information technologies to give it the capability to “offset” Soviet numerical superiority 

with U.S. qualitative superiority.  While the U.S. had employed first-generation “smart 

weapons,” in particular the laser-guided bomb, towards the end of the Vietnam War, the 

first large-scale use of precision-guided munitions (PGMs) came during the October 

1973 war between the Arabs and Israelis.  In particular, observers in the U.S. defense 

establishment were impressed with the capabilities of the Soviet-made, precision anti-

tank weapons deployed by the Arabs.  They began to wonder whether such weapons, in 

the possession of NATO forces, could be used to strengthen NATO defensive 

capabilities against a Soviet armored assault, without the need for greater manpower, 

greater numbers of tanks, or the resort to nuclear weapons.3  By the late 1970s, what 

became known as the “offset strategy” had been formally articulated by President 

Carter’s Secretary of Defense, Harold Brown, and Brown’s Deputy Director for 

Research and Engineering, William Perry.  In 1978, Perry explained the strategy in 

testimony before the Senate Armed Services Committee: 

Precision-guided weapons, I believe, have the potential for 
revolutionizing warfare.  More importantly, if we effectively exploit the 
lead we have in this field, we can greatly enhance our capability to deter 

                                                 
2 Robert R. Tomes, U.S. Defense Strategy from Vietnam to Operation Iraqi Freedom: Military Innovation 

and the New American Way of War, 1973-2003 (London: Routledge), 2007, 59 and 70. 
3 Ibid., 63. 
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war without having to compete tank for tank, missile for missile, with the 
Soviet Union… In sum, the objective of our precision guided weapon 
systems is to give us the following capabilities: to be able to make a 
direct hit on any target we can see; and to be able to destroy any target we 
can hit.4

Of course, seeing the targets to be hit would require a whole new generation of 

battlefield intelligence, surveillance, and reconnaissance (ISR) systems, as well as 

command, control, computer, and communication (C4) systems to distribute the 

information to the people employing the PGMs.  Thus, the development of C4ISR and 

PGM systems, as well as the platforms required to carry them into battle, would be at the 

heart of the offset strategy. 

The vision that Perry described to Congress had been articulated more concisely 

four years prior by General William M. DePuy when, in a letter to Army Chief of Staff 

Creighton W. Abrams, he had said, “What can be seen, can be hit.  What can be hit can 

be killed.”5  In 1973, General Abrams had put DePuy in charge of addressing the 

doctrinal side of the problem, making him the first commander of the Army’s newly-

formed Training and Doctrine Command (TRADOC) at Ft. Monroe, Virginia.  General 

DePuy’s task was to develop Army doctrine for the effective use of the new weapons.  

The product of the work by DePuy and TRADOC, which constituted the Army’s main 

response to the problems it faced, came in July 1976 with the publication of a 

substantially changed version of the Army’s main doctrinal manual, FM 100-5, 

“Operations.”6  The new manual, and in particular its doctrine of what DePuy called 

                                                 
4 Quoted in Ibid., 67. 
5 “Letter to General Creighton W. Abrams from General DePuy, January 14, 1974,” In  Selected Papers of 

General William E. DePuy, ed. Col. Richard M. Swain, David L. Gilmore, and Carolyn D. Conway (Ft. 

Leavenworth, KS: Combat Studies Institute, U.S. Army Command and General Staff College, 1994) 
6 The 100-5 manual is the capstone Army doctrinal manual which drives Army training, education, 

weapons procurement, and battlefield tactics.  The preface to the 1976 edition reads, “This manual sets 

forth the basic concepts of U.S. Army doctrine.  These concepts form the foundation for what is taught in 

our service schools, and they guide for training and combat developments throughout the Army.  Most 

important, this manual presents principles for accomplishing the Army’s primary mission—winning the 

land battle.” Field Manual 100-5, Operations(Washington, D.C: Headquarters, Department of the Army), 

1976, i. 
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“Active Defense,” would draw a firestorm of criticism, sparking an often bitter public 

debate about military reform more generally that would rage well into the 1980s. 

Within the first year of General DePuy’s tenure as TRADOC commander, war 

broke out between the Arabs and Israelis on 6 October 1973.  In the bloody twenty days 

of conflict that ensued, which involved the use of some of the most advanced Western 

and Soviet weapons by both sides in the conflict, thousands of soldiers were killed or 

wounded, in addition to thousands of tanks and hundreds of aircraft lost on both sides.  

As such, one of General DePuy’s first assignments from General Abrams was “to 

analyze the Arab-Israeli War from the standpoint of the interests of the United States 

Army.”7

By the end of 1974, TRADOC had completed its analysis and General DePuy began 

giving a briefing on the “Implications of the Middle East War on U.S. Army Tactics, 

Doctrine, and Systems,” both to his military colleagues and civilian political leaders 

alike.  He outlined “three major lessons” from the war.  The first lesson served as the 

foundation for the other two and was that “modern weapons are vastly more lethal than 

any weapons we have encountered on the battlefield before,” concluding that “If the rate 

of loss which occurred in the Arab-Israeli War during the short period of 18 to 20 days 

were extrapolated to the battlefields of Europe over a period of 60 to 90 days, the 

resulting losses would reach levels for which the United States Army is not prepared in 

any way.”8  The problem for the Army was “how to operate on a battlefield which is 

populated with those very lethal weapons in very large numbers and still get the job done 

without catastrophic losses; losses for which we are really not prepared.”9  The speed 

and lethality of the 1973 war seemed to indicate that the United States would not enjoy 

long lead times at the beginning of a conflict.  It would not be able to build up its forces 

to meet the threat as it had during WWII and during most of its wars.  Rather, if the 

United States was destined to begin the war out-numbered, then it must be prepared to 

                                                 
7 “Letter to General Creighton Abrams from General DePuy, 14 January 1974,”  In Selected Papers of 

General William E. DePuy, ed. Col. Richard M. Swain, David L. Gilmore, and Carolyn D. Conway (Ft. 

Leavenworth, KS: Combat Studies Institute, U.S. Army Command and General Staff College, 1994), 69. 
8 “Implications of the Middle East War on U.S. Army Tactics, Doctrine, and Systems,” Ibid., 76-77. 
9 “Implications of the Middle East War on U.S. Army Tactics, Doctrine, and Systems,” Ibid., 78. 
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fight and win out-numbered, and in the very first battle of the war; there would likely be 

no second battle, no second chance.10  Thus, his remaining two “lessons” were the 

general requirements, as he saw them, for effectively fighting out-numbered and winning 

the first battle in the event of a war against the Soviets in Europe.  Ultimately, both of 

them would rely on new, high-tech weapon systems for their realization. 

The first requirement that he identified was the need for the adoption of a 

“combined arms” concept which relied on teams of armor, mechanized infantry, 

artillery, air defense, and air support all working in close coordination to mutually 

support one another.  The combined arms team was seen as essential for meeting the 

“requirements of battle” which were, first and foremost, to not be static, but to always be 

on the move.11  His notion of “active defense,” which would be at the heart of the 1976 

edition of 100-5, was a primarily defensive strategy that relied upon the combined arms 

team to allow for a combination of firepower and movement where firepower was used 

to allow the defender to move into a position from which more firepower could be used 

to destroy the attacker’s forces.  He wrote, 

The concept of the active defense is to wear down the attacker by 
confronting him successively and continuously with strong combined 
arms teams and task forces fighting from mutually supported battle 
positions in depth throughout the battle area. [...] When the enemy has 
been weakened and his forward elements are exposed they should be 
destroyed by fire or if necessary by counterattack. [...] Counterattacks 
should be conducted so that the advantages of the defender are not 

                                                 
10 Like the lessons learned by Rumsfeld in the wake of the Iraq War of 2003, the lessons learned by 

General DePuy after the 1973 war may also have been more like lessons confirmed.  There is evidence 

that he had already reached the conclusion that the U.S. Army must prepare itself to fight out-numbered in 

short, violent wars.  In a briefing given at Ft. Polk, LA, on 7 June 1973 (nearly four months to the day 

before the beginning of the 1973 war), he told his listeners, “[T]he most likely thing that any of you guys 

will be involved in will be something short, violent, and important and we will not be able to get men, then 

run our two divisions in it before somebody turns it off by saying we are spoiling the environment... One 

or two or even three tank battalions might find themselves confronting Syrian and enemy type battalions.  

We have to have one American tank battalion at least equal to five Arab tank battalions.  One American 

infantry battalion has to be worth five of theirs and I really mean that.  We have to be that much better.” 

“Briefing by LTG DePuy, 7 June 1973,” Ibid., 59. 
11 “Implications of the Middle East War on U.S. Army Tactics, Doctrine, and Systems,” Ibid., 77. 
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needlessly surrendered. [...] In any event as the enemy attack moves into 
the defended area it should meet ever increasing fires from the front and 
especially the flanks. [...] The problem of the defender will be to destroy a 
very large number of enemy vehicles and personnel in a short time...slow 
the attack so there is more time to engage the large number of targets...12

But, to make the concept of a combined arms team relying upon tanks and 

mechanized infantry a reality, General DePuy insisted that the U.S. Army must embark 

upon a comprehensive program of procuring new weapon systems of all types, including 

“a good tank, an infantry fighting vehicle, self-propelled artillery and effective mobility 

for the air defense systems.”  Ultimately, General DePuy got his way on the infantry 

fighting vehicle, what we know today as the Bradley Infantry Fighting Vehicle.  He also 

got his way on the “good tank” that he wanted (the XM1, now known as the M1 

Abrams), as well as several other of the Army’s “Big Five” list of systems, including the 

Apache attack helicopter, the Patriot air defense missile, and the Blackhawk helicopter.13

The effective use of firepower and the equipment to produce it would be at the heart 

of the final requirement of battle that General DePuy identified: training and 

professional education for soldiers and officers.  He argued that all the sophisticated 

equipment in the world would not help the Army if soldiers and officers did not know 

how to effectively use that equipment.  However, in his view, all levels of Army training 

and professional education were focused on the political aspects of military power rather 

than the nuts and bolts of fighting.  Thus, he proposed to reorient training and education 

programs “more fully toward operational problems,” pointing as an example to recent 

changes at that time in the curriculum of the Army’s Command and General Staff 

College at Ft. Leavenworth, where, he said, “many of the political military aspects have 

been purged from the system.”14

                                                 
12 “Active Defense,” Ibid., 141-142. 
13 Ibid., vii.  As we shall see shortly, Boyd and his followers opposed each of these systems for one reason 

or another.  They were ultimately successful in getting one of DePuy’s non-Big Five projects killed, the 

DIVAD, or “Division Air Defense,” gun.  As we shall see shortly, their criticisms of that gun tell us a lot 

about their implicit understanding of technological change and the proper relationship between humans 

and machines. 
14 “Letter to General Bruce C. Clarke from General DePuy, 18 August 1976,” Ibid., 197-198. 
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The problem that General DePuy saw for the Army in terms of training and 

education was one of “convergence” leading to “integrated complexity.”  By 

“convergence,” he meant that the Army was being pressed from all sides by multiple 

problems simultaneously.  Two of those problems were the rapid influx of multiple new 

pieces of equipment, in addition to the “complexity” of that equipment.15  He noted that, 

if all went as planned, the Army would be receiving new equipment in every major class 

of weapon system in a period of roughly seven years.  What’s more, he noted that 

“Every new system being fielded is more complex than the one it replaces. [...] But the 

complexity of this new set of equipment raises, if you will, integrated complexity,” 

which resulted from both the simultaneity of convergence, but also from the fact that the 

weapon systems of the combined arms team were meant to work in an integrated, 

mutually-interactive and reinforcing manner.  He described the combination of 

convergence and integration as leading to a positive feedback situation “similar to 

running out of energy with the price going up at the same time.  Other problems arise 

and the atmosphere gets more polluted and so on and so forth, and all these bloody 

problems settle down on you at one time.”16

Thus, to deal with the integrated complexity of the convergence of multiple 

problems and new technologies simultaneously, he argued that “you must also admit to 

yourself that spirit will no longer totally supplant technical skills such as tank gunnery.  

In today’s Army we have got to have both.”17  The training and education programs that 

he proposed, therefore, were meant to instruct soldiers and officers in both what to do 

and how to do it.  This what-to-do-and-how-to-do-it philosophy was at the heart of the 

Army Training and Evaluation Program (ARTEP) that he worked to implement.  It was 

what one observer has called “no less than a Cartesian approach to combat operations, 

the idea that any complex battle task could be reduced to a set of precise actions that 

                                                 
15 Other problems included “cost,” “threat,” “effectiveness,” and “personnel management.” “Speech of 

General William E. DePuy at FORSCOM/TRADOC Conference IV, 24 May 1977,” Ibid., 227. 
16 “Speech of General William E. DePuy at FORSCOM/TRADOC Conference IV, 24 May 1977,” Ibid., 

228-229. 
17 “Speech of General William E. DePuy at FORSCOM/TRADOC Conference IV, 24 May 1977,” Ibid., 

227. 
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could be identified and against which the performance of soldiers and units could be 

evaluated against a standard.”18  General DePuy’s confidant at the Armor School at Ft. 

Knox and successor at TRADOC, General Donn Starry, described the intended outcome 

of such training: “Soldiers must be trained to handle complex situations with standard 

drills—to do something right until the boss arrives.”19

General DePuy made it clear on numerous occasions that all aspects of the Army’s 

reform and its plan to fight and win centered on technology and equipment.  In March 

1977, in a letter to the Vice Chief of Staff of the Army, he presented a list of objectives 

that he felt should “represent the policies and priorities of the Chief of Staff.”  First and 

foremost was “better equipment,” followed by “better organization,” “better tactics,” 

“better support,” “better morale,” and “better soldiers and leaders.”  But all objectives 

pointed back to the first, “better equipment.”  Organizations and tactics were to be 

optimized to use the new equipment more effectively.  Even better morale and better 

soldiers and leaders were ultimately tied to equipment.  Better soldiers and leaders were 

those who had the “qualifications required to operate and employ the oncoming 

generation of new weapons.”  Better morale would flow from the better training and 

technical ability that would result from “greater attention to the soldier operator, soldier 

repairman, [and] soldier specialist.”  He minced no words in concluding, “We simply 

must not let anything or anybody interfere with the development, procurement and 

fielding of our proposed new equipment. Then we must organize around it, and train up 

to its full potential, while finding and developing personnel qualified to employ, operate, 

maintain and supply that equipment.”20

                                                 
18 Ibid., 227, xviii. 
19 The comment was made in an article published in 1978 that sought to defend the 1976 manual in the 

face of severe criticism by both military professionals and civilians alike.  As we will see, General Starry 

was a key figure in ultimately replacing the doctrine of active defense with that of AirLand Battle in 1982.  

But, in 1978, after he had just taken over for DePuy at TRADOC, he was still defending what DePuy and 

TRADOC had sought to do in the 1976 manual and related programs.  Gen. Donn A. Starry, “A Tactical 

Evolution,” Military Review, August (1978), 11. 
20 “Letter to General Walter T. Kerwin, Jr., from General DePuy, 24 March 1974,” Ibid., 213-216. 
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Ultimately, and most importantly, an emphasis on equipment for generating 

firepower was central to the 1976 edition of FM 100-5.  In a letter to the Chief of Staff 

of the Army in February 1976, General DePuy explained the reasoning behind and the 

intended impact of the new manual.  He explained that the outcome of modern battle is 

driven by weapons and that, as such, the Army must be organized and focused at all 

levels on weapons and equipment.  “Thus,” he wrote, “we started FM 100-5 with a 

rather long discussion of weapons—weapons effectiveness trends—and implications.”21  

And indeed it did.  Not only the first substantive, but also one of the longest chapters in 

the entire manual, “Chapter 2: Modern Weapons on the Modern Battlefield” began with 

the assertion that, to fight effectively, soldiers must first understand the dynamics of the 

modern battlefield.  Understanding the dynamics of the battlefield demanded 

understanding weapon capabilities.  Thus, nearly three-quarters of the chapter’s pages 

have OR or systems analysis produced charts and graphs depicting various aspects of 

weapon capabilities or effectiveness.22  But it does not end there.  Even the next chapter, 

“How to Fight” (which is roughly half as long), is adorned with charts and graphs on 

such matters as the probability of a hit by enemy weapons on one’s tank if it is standing, 

moving, or hull down; the “quantity of protective material required to provide protection 

from incoming rounds at maximum velocity” and the “relative protection” that such 

materials will provide against “VT-fuzed indirect fire”; and finally, the “probability of a 

first round kill” from a SAGGER shooting at an M60A1.23

So, the initial response to the challenges of the 1970s was to focus on new 

technology and doctrine for its employment.  And every aspect of the Army’s response, 

from doctrine, to training, to procurement, would focus on technology in some way or 

another.  If weapons and their product (firepower) were the problem, then weapons and 

firepower were the solution.  Defeating the enemy involved effectively using the 

firepower produced by one’s weapons to “service targets” efficiently.  To be a soldier 

                                                 
21 “Letter to General Frederick C. Weyand, from General DePuy, 18 February 1976,” Ibid., 179-180. 
22 Twenty-seven of the chapter’s thirty-two pages had such charts. 
23 Field Manual 100-5, Operations, 3-11 to 3-13.  The SAGGER was a Soviet-built anti-tank missile.  The 

M60A1 was the U.S. Army’s main battle tank at that time.  It was ultimately replaced by the M1A1 

Abrams. 
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was to be a technician or an operator of weapons.  To be an effective and efficient 

operator, one needed the quantitative knowledge of weapons that only OR, systems 

analysis, computer simulations, and electronic war games could provide. 

4.3 From “OODA Loops” to “Maneuver Warfare” 

Within a year of the publication of the new 100-5, William S. Lind, a legislative 

aide to Democratic Senator Gary Hart of Colorado,24 posed “Some Doctrinal Questions 

for the United States Army” in the pages of Military Review, the Army’s flagship 

professional journal.  Based upon his reading of the works of B.H. Liddell Hart, J.F.C. 

Fuller, and the WWII German panzer general Heinz Guderian (himself heavily 

influenced by Liddell Hart and Fuller), he not only leveled withering criticism against 

the new doctrine, but also set the tone for much of the debate that was to follow for at 

least the next ten years.  He systematically addressed many of the starting assumptions 

of the Active Defense doctrine, showing them to be spurious at best.  First, he argued 

that the “new lethality” of modern weapons did not, in fact, favor the defense as assumed 

by General DePuy and the new 100-5.25  Next, even if it were the case that the new 

lethality of the new weapons favored the defense, he noted that the U.S. did not and 

likely would not enjoy either numerical or qualitative advantage over the Soviets.  

Indeed, he argued that in addition to numerical superiority, the Soviets enjoyed 

                                                 
24 Prior to working for Gary Hart, Lind had been an aide to Republican Senator Robert Taft, Jr. from 1973 

to 1976.  As with Hart, Lind had specialized in military affairs.  Lind’s job ended in 1976 when Taft lost 

his re-election bid.  After Hart entered the Senate in 1975, he obtained a seat on the Armed Services 

Committee.  After a year on the committee, in which he felt that he needed more knowledge of defense 

matters to be able to make a real difference, he began his search for a legislative aide for military affairs.  

He hired William Lind for the position in 1976.  Though Lind had previously worked for a Republican and 

was an avowed “cultural conservative,” Hart said in 1984 that he hired Lind because he was a “very 

stimulating fellow” who stood “outside the mold and challenge[d] assumptions.” See David Maraniss, 

“Election ‘84: The Evolution of Gary Hart; Hart ‘New Ideas’ Theme has Deep Intellectual Roots,” 

Washington Post, April 14, 1984 and William S. Lind, “Some Doctrinal Questions for the United States 

Army,” Military Review, March (1977). 
25 Ibid., 54. 

 195



 

qualitative parity or superiority in many weapon systems.26  Thus, the U.S. would not be 

able to rely upon general qualitative superiority in weapon systems as the path to victory.  

What’s more, he argued that the style of warfare set forth in the new 100-5, one that 

relied first and foremost upon firepower, constituted a fortress mentality, what he called 

a “Maginot mentality”—i.e. an attempt by the U.S. and NATO to erect a static fortress 

of firepower.27  Unfortunately, he said, such a strategy presumed, and indeed required, 

exactly the numerical and qualitative superiority that everyone realized did not and 

would not exist.  Thus, he argued that the Army must admit that, in the event of a war, 

“at least in Europe, it is highly probable that we will lose.”28  As such, his main 

“doctrinal question” was, “do we make progress by adopting a doctrine of endless 

withdrawal, a doctrine of face-saving defeat?”29  His answer was clearly “no,” and he 

was one of the first to offer a doctrine of “maneuver warfare” as the only viable 

alternative, a prescription to which we will return shortly. 

Lind’s article was one of the first and most important critiques of post-Vietnam 

reform efforts, setting the tone and terms of the debate.30  In the coming years, others 

would echo Lind’s critique of the Army, but would also extend upon and apply it to the 

U.S. military more generally.  Collectively, critics would argue that a systems-science 

inspired technocratic, managerial mindset both caused and was reinforced by a focus on 

both firepower and complex, high-tech weapons.  In short, they argued that a doctrine 

that emphasized firepower would lead to both slaughter and defeat; high-tech weapons 

were expensive and unreliable; and American officers, more focused on technology and 

                                                 
26 Ibid., 55.  Among such systems he included electronic warfare systems, ground-based anti-aircraft 

systems, infantry antitank weapons, nuclear, chemical, and biological defense systems, and mechanized 

infantry vehicles. 
27 Ibid., 59 and 64. 
28 Ibid., 56. 
29 Ibid., 63. 
30 An internal TRADOC history of the transition from Active Defense to the adoption of AirLand Battle in 

1982 indicates that TRADOC took Lind’s criticisms quite seriously, and that Lind’s criticisms quickly 

gathered a following within the Army itself.  See John L. Romjue, From Active Defense to AirLand Battle: 

The Development of Army Doctrine, 1973-1982 (Fort Monroe, VA: Historical Office: United States Army 

Training and Doctrine Command), 1984. 
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systems analysis than tactics and strategy, were bureaucrats in uniform who had lost 

touch with the “art of war,” the true basis of their profession.  General DePuy and the 

1976 edition of 100-5 were seen as prime examples in each respect.  Given the kind of 

negative sentiment towards the systems sciences and computers that we saw in the last 

chapter, it is not hard to understand why the Army’s initial response generated such a 

firestorm of criticism. 

It is ironic, then, that much of the criticism of both the “offset strategy” and the 

“active defense” emanated from within the old Office of Systems Analysis itself, by that 

time renamed Program Analysis & Evaluation (PA&E).  Both the critique of the 

“firepower/attrition mindset” and the proposed alternative of “maneuver warfare” were 

largely based on the work of a civilian consultant within PA&E.  That consultant was a 

retired Air Force Colonel named John Boyd, a former fighter pilot, engineer, and aircraft 

designer turned strategist.  Boyd’s reading of popular science literature of his day, 

together with his study of military history and theory, in particular the works of J.F.C. 

Fuller and B.H. Liddell Hart, would be combined in what he, Lind, and many others 

would call “maneuver warfare.”  It was a theory and style of warfare that put human 

decision-making and knowledge at the center of warfighting.  It would not only be at the 

heart of the critique of “offset” and “active defense,” but, as we shall see, had a 

significant impact upon doctrinal changes in both the Army and the Marine Corps in the 

1980s. 

Boyd began his career as an Air Force fighter pilot in the early 1950s.  After serving 

a tour in Korea, he was sent to the home of Air Force air-to-air combat training and 

doctrine, the Fighter Weapons School at Nellis Air Force Base in Nevada.31  As an 

instructor and developer of curriculum in the school, Boyd worked to formalize the 

service’s air-to-air combat tactics.  The result of his efforts became the standard Air 

Force manual for air combat tactics, the basic ideas of which are still in use today 

throughout the U.S. military, not just the Air Force.32  However, the majority of Boyd’s 

career would be spent outside the cockpit and focused on the technical details of fighter 

                                                 
31 Hammond, The Mind of War: John Boyd and American Security, 39. 
32 Ibid., 8. 
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aircraft design.  After completing an Air Force-funded bachelor’s degree in industrial 

engineering in 1962, Boyd was assigned to the Air Force Systems Command at Eglin 

Air Force Base.33  At Eglin, he worked with mathematician Thomas Christie on what the 

two called the “energy-maneuverability theory” (EM theory), the first precise, 

quantitative definition of “maneuverability” in aircraft.34  Given the proper data, it was 

possible to use the insights from EM theory to compare the maneuverability of fighter 

aircraft to determine which one should have an advantage under certain flight conditions.  

When Boyd compared U.S. and Soviet fighters, what he found stunned the Air Force: In 

general, Soviet fighters were more maneuverable than U.S. fighters.35  As a result, he 

would be enlisted to help reverse the situation, both by helping U.S. pilots to learn how 

to counter Soviet aircraft despite the deficiencies in maneuverability of their own 

aircraft,36 as well as by working to incorporate EM theory into the design of new U.S. 

fighter aircraft.  It was in the second matter that Boyd would have the greatest impact.  

The bulk of today’s U.S. fighter aircraft fleet, both Air Force and Navy, were developed 

using the insights of EM theory and with direct involvement by Boyd.37

                                                 
33 Ibid., 52.  He completed his degree at Georgia Tech.  He had previously completed a bachelor’s degree 

in economics at the University of Iowa in 1952. 
34 Ibid., 55-57.  “The most common measures of merit for energy maneuverability are sustained g 

capability (the ability to turn hard without losing airspeed and altitude); instantaneous g (the ability to turn 

the nose of the aircraft without regard to the effect on speed); and specific excess power (a measure of an 

aircraft’s potential to climb, accelerate, or turn at any flight condition). Another parameter of interest is 

transonic acceleration time (for example, the time needed to go from Mach 0.8 to Mach 1.2). Comparing 

these characteristics for two fighters shows which one should have the tactical advantage in a maneuvering 

engagement.”  See Eric Hehs, “F-22 Design Evolution,” CodeOne, April 1, 1998. 
35 Coram, Boyd: The Fighter Pilot Who Changed the Art of War, 58. 
36 Boyd briefed U.S. fighter pilots in Vietnam on the basics of EM theory and what it meant for their 

encounters with the Soviet-made aircraft of the North Vietnamese Air Force (NVAF).  As a result, some 

have given credit to Boyd for the success of the Air Force’s “Mission Bolo” over North Vietnam in 1967, 

which led to the destruction of seven of the NVAF’s fourteen MiG 21s, the most advanced fighter in their 

fleet.  See Ibid., 215. 
37 In 1966, he began work on the design of the next generation of U.S. fighter aircraft.  In this role, he was 

instrumental in overhauling the Air Force’s design for the F-X fighter.  Using what he had learned during 

his EM work, he analyzed and quickly rejected the existing design.  The redesigned F-X, which 
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Both Boyd and Christie won a number of prestigious awards for their work on EM 

and subsequently worked their way into influential positions within the Pentagon.  In 

1965, the two of them were awarded the USAF Systems Command Scientific 

Achievement Award, and the following year, Boyd received the Air Force Research and 

Development Award in aeronautical engineering.38  Upon retirement from the Air Force 

in 1975, Boyd was awarded the Harold Brown Award, the Air Force Materiel 

Command’s highest honor for contributions in the field of research and development.  

Christie moved to the highest ranks within the Pentagon when he was appointed director 

of the Tactical Air Program within Program Analysis & Evaluation, formerly the Office 

of Systems Analysis within the Office of the Secretary of Defense.39  After Boyd’s 

retirement, Christie hired him as a civilian consultant to PA&E.40  Boyd and Christie 

reported to the Assistant Secretary of Defense for Program Analysis & Evaluation, the 

chief analyst to the Secretary of Defense and a position once held by Alain Enthoven.41

Though Boyd certainly maintained his interest in technical matters after his 

retirement from the Air Force and rehire into PA&E, especially matters related to fighter 

aircraft, his focus shifted to the study of military history, popular works on natural 

science, and efforts to develop what he had originally called a “theory of learning” that 

would be applicable to military strategy.  The confluence of these post-retirement 
                                                                                                                                                
incorporated insight from EM theory, became the F-15 Eagle, the top-line Air Force fighter.  It was during 

his time working on the F-X that Boyd and a number of other officers and industry engineers formed what 

they called the “Fighter Mafia,” which pushed for the development and acquisition of what they dubbed 

the “Lightweight Fighter” (LWF).  The LWF eventually became the F-16 Fighting Falcon, the first fighter 

designed from the start to incorporate the principles of EM theory.  Together, the F-15 and the F-16 

constitute the bulk of the Air Force fighter aircraft fleet.  The YF-17, the “fly-off” competitor for the YF-

16, eventually became the F/A-18, the Navy’s top fighter jet.  See Hammond, The Mind of War: John 

Boyd and American Security, 8-9, 68 and Hehs, “F-22 Design Evolution.” . 
38 Hammond, The Mind of War: John Boyd and American Security, 65. 
39 Coram, Boyd: The Fighter Pilot Who Changed the Art of War, 290. 
40 Burton, The Pentagon Wars: Reformers Challenge the Old Guard, 56. 
41 Ibid., 56 and 60.  Christie’s career would not end in the TAC Air Shop or with reform efforts.  In 2001, 

he was appointed by Secretary of Defense Donald Rumsfeld as the director of Operational Test & 

Evaluation, making him the principal advisor to the Secretary of Defense on the testing and evaluation of 

new weapon systems.  Christie served in that position until 2006. 
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interests would result in a series of increasingly long briefings (ultimately fourteen hours 

spread over two days) that he gave from the late 1970s until the time of his death in 

1997.  Over the course of roughly two decades, Boyd gave his briefings over a thousand 

times to thousands of listeners, such as future Secretaries of Defense, including Les 

Aspin, William Cohen, and Dick Cheney; a Vice President, again Cheney; several 

Commandants of the Marine Corps; a Chief of Staff of the Army; Senator Sam Nunn, 

the powerful chairman of the Senate Armed Services Committee; future Speaker of the 

House, Newt Gingrich; the entire Congressional Military Reform Caucus; students and 

staff at institutions of military professional education, including the Army Command and 

General Staff College, the Marine Corps Amphibious Warfare School, the Air War 

College, and the Air Command and Staff College; the Institute for Advanced Study at 

Princeton University; and the President’s Science Advisory Board.42  In his briefings, he 

explained his “theory of learning” and how it related to the style of warfare that he 

advocated—maneuver warfare.  In the next few pages, we will explore the role of the 

sciences, military theory, and military history in Boyd’s ideas. 

It was during a break in his work on aircraft design that Boyd began to work on his 

theory of learning.  From 1972 to 1973, the Air Force sent him to Southeast Asia as part 

of U.S. efforts in Vietnam.  He was stationed at the U.S. base at Nakhon Phanom, 

Thailand, the home of Operation Igloo White (a.k.a. the much-maligned “McNamara 

Line”), which employed a network of sensors meant to allow U.S. forces to detect and 

quickly respond to North Vietnamese infiltration along the Ho Chi Minh trail.  It was 

during his time at Nakhon Phanom, based on his reading of psychology and other 

science literature found in the base library, that he began formulating his theory.  He also 

formed an impression of the value of IT-enabled weapon systems that would stay with 

him through the rest of his career.  At Nakhon Phanom, Boyd worked on the Igloo White 

project, generally performing well in his duties, in particular the creation of a system to 

improve the response time of Igloo White counter-artillery operations, and ultimately 

became the base commander.  Overall, however, he was largely unimpressed with what 

                                                 
42 See Grant T. Hammond, “The Essential Boyd,” unpublished manuscript, (2000) and Hammond, The 

Mind of War: John Boyd and American Security, 5-6. 
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he saw of the so-called “electronic battlefield,” believing that the high cost of the system 

was not justified by its marginal success.  Thus, he worked to have the operation shut 

down, a task in which he ultimately succeeded.43

His reading and experiences while in Thailand, together with continued study upon 

his return to the United States, would form the foundation for an essay he produced in 

1976 titled simply, “Destruction and Creation.”  It would serve as the basis for all of 

Boyd’s later thinking and, by extension, much of his followers’ thinking about and 

advocacy of maneuver warfare.  Like so much of behavioral and social science in the 

1950s and 1960s, Boyd was concerned with decision-making by individuals and 

organizations under conditions of constant change and uncertainty.44  He began his 1976 

essay by summarizing his main argument and purpose: 

To comprehend and cope with our environment we develop mental 
patterns or concepts of meaning.  The purpose of this paper is to sketch 
out how we destroy and create these patterns to permit us to both shape 
and be shaped by a changing environment.  In this sense, the discussion 
also literally shows why we cannot avoid this kind of activity if we intend 
to survive on our own terms.  The activity is dialectic in nature generating 
both disorder and order that emerges as a changing and expanding 
universe of mental concepts matched to a changing and expanding 
universe of observed reality.45

Based on his understanding of “studies of human behavior,” Boyd began his study 

with the assumption that “a basic aim or goal, as individuals, is to improve our capacity 

for independent action.  The degree to which we cooperate, or compete, with others is 

                                                 
43 For Boyd’s involvement with Igloo White and his early theorizing while at Nakhon Phanom, see Coram, 

Boyd: The Fighter Pilot Who Changed the Art of War, 268-274 and Hammond, The Mind of War: John 

Boyd and American Security, 93-94.  For more on Igloo White in general, see Correll, “Igloo White.” . 
44 Ghamari-Tabrizi, “Simulating the Unthinkable: Gaming Future War in the 1950s and 1960s,” 183. 
45 John R Boyd, “Destruction and Creation,” unpublished manuscript, (1976), 1.  Boyd’s essays and 

briefings were never formally published.  However, they are readily available from a number of sources on 

the World Wide Web, including two sites run by former Boyd acolytes (“Defense and the National 

Interest” [http://www.d-n-i.net/dni/] and Chet Richard’s “War, Chaos, and Business” site 

[http://www.chetrichards.com/c2w/]), as well as via the website of the Marine Corps Archives 

[http://www.mcu.usmc.mil/MCRCweb/Archive/PersonalPapers.htm]. 
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driven by the need to satisfy this basic goal.”46  Coping in a “world of limited resources 

and skills” and “continuous struggle to remove or overcome physical and social 

environmental obstacles” to achieving the goal of survival and the capability for 

independent action implied, to Boyd, that “actions and decisions become critically 

important.”  In turn, the need for decision pointed to the necessity to “form mental 

concepts of observed reality,” as well as the capability “to change these concepts as 

reality itself appears to change.”  The goal is to create “decision-models for improving 

our capacity for independent action.”  Thus, he sought to answer the question, “How do 

we generate or create the mental concepts to support this decision-making activity?”47

His answer was an iterative process of “unstructuring and restructuring,” of 

“destructive deduction” involving “deduction, analysis, and differentiation” and 

“creative or constructive induction” involving “induction, synthesis, and integration.”  

The goal of the process, according to Boyd, is to create “patterns of ideas and 

interactions” that are both “internally consistent and match-up with reality.”  “Over and 

over again,” he said, “this cycle of Destruction and Creation is repeated until we 

demonstrate internal consistency and match-up with reality.”48

Based on his understanding of three concepts from mathematics and physics, 

including Gödel’s incompleteness theorem, the Heisenberg Uncertainty principle, and 

the second law of thermodynamics, he said the problem was that we could never entirely 

meet the intended goal of internal consistency and match-up with reality.  Rather, “we 

should anticipate a mismatch between phenomena observation and concept description 

of that observation.  Such a notion,” he argued, “is indicated by the discoveries of Kurt 

Gödel and Werner Heisenberg.”  In terms of achieving consistency and match-up, he 

saw Gödel’s “incompleteness theorem” as indicating that “we can have differences 

between observation and concept description; hence, we cannot determine the 

consistency of the system—in terms of its concept, and match-up with observed 

reality—within itself.”49   As for the Heisenberg Indeterminacy (or Uncertainty) 

                                                 
46 Ibid., 1.  Emphasis in original. 
47 Ibid., 1. 
48 Ibid., 2-3. 
49 Ibid., 3-4. 

 202



 

Principle, he argued that the mismatch between observation and reality represents the 

uncertainty that results from the ever-present degree of overlap between observer and 

observed.50  He understood uncertainty as being a function of what he called the 

“intrusion by the observer upon the observed.”  He explained that “when the intended 

distinction between the observer and observed essentially disappears, the uncertainty 

values indicate erratic behavior…but also the degree of confusion and disorder perceived 

by that observer.”51  Finally, Boyd tied his work to the second law of thermodynamics 

by equating disorder, confusion, and chaos with the notion of entropy and seeing the 

“closed system” from the second law as “any system that cannot communicate in an 

ordered fashion with other systems or environments external to itself.”52

Taken together, he said that Incompleteness, Indeterminacy, and the Second Law 

meant that “any inward-oriented and continued effort to improve match-up of concept 

with observed reality will only increase the degree of mismatch.  Naturally, in this 

environment, uncertainty and disorder will increase… Furthermore, unless some kind of 

relief is available, we can expect confusion to increase until disorder approaches chaos—

death.”53  The only available relief, the only “way out,” as he said, was to continue the 

iterative process of destruction and creation, to keep moving and focusing outward.  He 

described the ongoing process of unstructuring and restructuring, deduction and 

induction, analysis and synthesis, destruction and creation as a “Dialectic Engine that 

permits the construction of decision models needed by individuals and societies for 

determining and monitoring actions in an effort to improve their capacity for 

independent action.”54

These understandings would be used by Boyd to create a decision-cycle model that 

he called the Observation-Orientation-Decision-Action (OODA) loop.  The OODA loop 

is essentially a cybernetic feedback model in which individuals and organizations of all 

types progress through repeated cycles of observing and orienting themselves to the 

                                                 
50 Ibid., 4. 
51 Ibid., 4. 
52 Ibid., 5. 
53 Ibid., 5. 
54 Ibid., 5.  Emphasis in original. 
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outside world, then making decisions and carrying out actions in the world.  Orientation 

is the most important step in the cycle, in which prior understandings based on previous 

experiences, culture, history, and genetics, as well as observed reality, itself shaped by 

one’s own prior actions, are combined to create the mental models used as the basis for 

deciding upon and carrying out actions.  As we shall see, in terms of conflict, the 

implication was a belief that the side that could repeatedly go through the OODA cycle 

more quickly relative to the adversary would succeed.55

Boyd began incorporating his understandings about the nature of knowledge 

formation and decision-making into briefings that he was giving to his colleagues even 

before the essay was complete.  While “Destruction and Creation” was not completed 

until September 1976, many of the ideas found in the essay had made their way into a 

briefing that Boyd began giving in August 1976 titled, “New Conception for Air-to-Air 

Combat.”  While “Destruction and Creation” hinted at the potential application of his 

ideas about knowledge formation and decision-making in conflict situations, the “New 

Conception” briefing would make the link explicit.  In the briefing, he combined his 

previous work on energy maneuverability, in particular the notion of a “fast transient”—

i.e. the ability to “both lose energy and gain energy more quickly while outturning an 

adversary” so as “to either force an overshoot by an attacker or to stay inside a hard 

turning defender”—with his synthesis of Gödel, Heisenberg, and the Second Law.  He 

explained that the “Idea of fast transients suggests that—in order to win or gain 

superiority—we should operate at a faster tempo than our adversaries or inside our 

adversaries time scales.  Why?  Such activity will make us appear ambiguous (non-

predictable) thereby generate confusion and disorder among our adversaries—in 

accordance with Gödel’s Proof, the Heisenberg Principles and the Second Law of 

                                                 
55 The “relative” component here is important.  While in recent times many have come to think of the 

OODA loop in terms of absolute speed—i.e. speed for its own sake—Boyd was adamant that the goal was 

to go through the cycle faster than the enemy, which might turn out not to be all that fast in an absolute 

sense, especially if the adversary’s decision cycle is particularly slow.  This is an important point that has 

been made most recently by Frans Osinga.  See Frans Osinga, Science, Strategy, and War: The Strategic 

Theory of John Boyd (New York: Routledge), 2007. 
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Thermodynamics.”56  He suggested, therefore, that the notion of fast transients, 

combined with his synthesis of Gödel, Heisenberg, and the Second Law, represented not 

just a new conception for air-to-air combat, but also for waging war more generally.57  In 

terms of the required action, that “new conception” would involve “generat[ing] a 

rapidly changing environment (quick/clear observations, fast tempo, fast transients, 

quick kill),” as well as “inhibit[ing] an adversaries [sic] capacity to adapt to such an 

environment (suppress or distort observations),” all with the goal of “unstructur[ing] 

[the] adversaries [sic] system into a ‘hodge podge’ of confusion and disorder by causing 

him to over and under react because of activity that appears uncertain, ambiguous or 

chaotic.”58  The take home “message” was that “He who can handle the quickest rate of 

change survives.”59

While Boyd identified three historical examples to support his point, the first of 

which was “Blitzkrieg vs. Maginot Line Mentality (1940),”60 it was not until his next 

briefing, “Patterns of Conflict,”61 that he really began to incorporate his science-inspired 

ideas about knowledge formation and decision-making with his reading of military 

history and the classics of military theory, in particular the example of German blitzkrieg 

and the ideas of J.F.C. Fuller and B.H. Liddell Hart.  It was also the first of his briefings 

that would explicitly mention the OODA loop by equating the notion of getting inside an 

adversary’s OODA loop with the fast-transients-based “new conception” from his 

previous briefing.62

Even from the first main slide of “Patterns of Conflict” we can see the influence of 

Fuller’s ideas when Boyd identifies the first “mission” of the briefing as “To make 

                                                 
56 John R Boyd, “New Conception for Air-to-Air Combat,” unpublished manuscript, (1976), 19. 
57 Ibid., 21. 
58 Ibid., 22. 
59 Ibid., 24. 
60 Ibid., 20.  The other two were, “F-86 vs. MiG-15 (1951-53)” and “Israeli Raid (1976).” 
61 “Patterns of Conflict” would come to constitute the bulk of a collection of briefings, 14 hours in all, that 

Boyd called “A Discourse on Winning and Losing,” or sometimes just “The Green Book,” because of its 

green cover.  While Boyd began giving the briefing in the late 1970s, the version used here is the final, 

most complete version of the briefing, dated 1986. 
62 John R Boyd, “Patterns of Conflict,” unpublished manuscript, (1986), 5. 
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manifest the nature of Moral-Mental-Physical Conflict,” indicating from the beginning 

that he had accepted the three domains of conflict posited by Fuller that we saw in the 

second chapter—i.e. the moral, mental, and physical domains.63

He began by providing the same basic assumption about “human nature” which 

underlay “Destruction and Creation.”  To survive on our own terns in a world of scarce 

resources, it is sometimes necessary to deny an adversary the right to independent action, 

or even life itself, he said.  At bottom, then, “Life is conflict, survival, and conquest.”64  

With this kind of social Darwinist thinking, and remembering from the first chapter that 

J.F.C. Fuller had also argued that a truly scientific theory of war must begin with human 

nature, it is not surprising then that on the very next slide of Boyd’s briefing he said, “In 

addressing any questions about conflict, survival, and conquest one is naturally led to the 

Theory of Evolution by Natural Selection and The Conduct of War since both treat 

conflict, survival, and conquest in a very fundamental way.”65  Of course, the first 

reference is to Darwin’s classic work.  But the second is to a 1961 work by J.F.C. Fuller 

which was essentially a reworking of a number of his previous works.  By that time, he 

had come to use the term “brain-warfare” to refer to his prescription for war that focused 

on paralyzing the enemy, a notion that Boyd found particularly appealing.66  According 

to Boyd, when taking into account the views presented by Darwin and Fuller, one is 

“bombarded” with the following notions: 

—It is advantageous to possess a variety of responses that can be applied 
rapidly to gain sustenance, avoid danger, and diminish adversary’s 
capacity for independent action. 

—The simpler organisms—those that make-up [sic] man as well as man 
working with other men in a higher level context—must cooperate or, 
better yet, harmonize their activities in their endeavors to survive as an 
organic synthesis. 

                                                 
63 Ibid., 2.  The next three “missions” for the briefing were “to discern a Pattern for Successful Operations; 

to help generalize Tactics and Strategy; and to find a basis for Grand Strategy;” all with the “intent” “to 

unveil the character of conflict, survival, and conquest.” 
64 Ibid., 10. 
65 Ibid., 11. 
66 J.F.C. Fuller, The Conduct of War, 1789-1961 (New Brunswick, NJ: Rutgers University Press), 1961. 
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—To shape and adapt to change one cannot be passive; instead one must 
take the initiative. 

With these ideas, as well as the “notion of getting inside an adversary’s OODA loop” in 

mind, Boyd proceeded to the “historical investigation” portion of the briefing, in which 

he sought and found historical examples to support his argument.67

German blitzkrieg would emerge as the example par excellence of the style of 

warfare that Boyd advocated.  According to him, the Germans were able to “paralyze 

[their] adversary by denying him the opportunity to operate in a directed way,”68  in 

other words, “they repeatedly operate inside their adversary’s observation-orientation-

decision-action loops.”69  But how?  In Boyd’s explanation, we can see the convergence 

of his synthesis of Gödel, Heisenberg, and the Second Law with Fuller’s moral, mental, 

and physical domains of war.  In general, Boyd saw the success the German Army as 

rooted in the way its members operated among themselves and upon the enemy.  

Internally, he said, the German Army operated by giving lower-level commanders a 

great degree of freedom “within an overall Mind-Time-Space scheme, to shape/direct 

their own activities so that they can exploit faster tempo/rhythm at tactical levels yet be 

in harmony with the larger pattern/slower rhythm associated with the more general aim 

and larger effort at the strategic level.”  In general, it was the idea of centralization at the 

strategic level—i.e. the commander communicates the overall mission and intent to 

subordinates—combined with decentralization at the tactical level—i.e. subordinates are 

given freedom to carry out the mission, in the spirit of the commander’s intent, as they 

see fit, at their own pace, based on their own local knowledge.  In this way, Boyd said, 

“each part or level of the organic whole can operate at its own natural rhythm—without 

pulling organism apart—instead of the slower pace associated with a rigid centralized 

control.”70  This way of operating required a great deal of internal “harmony,” according 

to Boyd.  Quoting German General Gunther Blumentritt, he explained that such 

harmony results from “a common outlook based upon ‘a body of professional officers 

                                                 
67 Boyd, “Patterns of Conflict.”, 12. 
68 Ibid., 71. 
69 Ibid., 79. 
70 Ibid., 72. 
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who have received exactly the same training during the long years of peace and with the 

same tactical education, the same way of thinking, identical speech, hence a body of 

officers to whom all tactical conceptions were fully clear.’”71  Because everyone was on 

the same page, so to speak, Boyd argued that the German command and control system 

“emphasized implicit over explicit communication.”  This, he said, suggested that “The 

secret to the German Command and Control System lies in what’s unstated or not 

communicated to one another.”  In short, if we all think exactly the same way, there is 

no need for lengthy, explicit communication—less talk, as it were, leads to more (and 

faster) action.72

Next, incorporating Fuller’s notion that humans exist within and therefore carry out 

their conflicts within moral, mental, and physical domains, Boyd asserted that Blitzkrieg 

tactics allow a combatant to “get inside their [adversary’s] mind-time-space as basis to 

penetrate the moral-mental-physical being of their adversaries in order to pull them 

apart, and bring about their collapse.”73  In addition to the influence of Fuller, one can 

see the influence of Boyd’s synthesis of Gödel, Heisenberg, and the Second Law.  

Operating as an “organic whole” was said to require a connection to the outside world so 

as to create “patterns of meaning” that are “internally consistent” and that “match up to 

reality.”  However, disconnection and “intrusion” by the observer upon the observed 

were said to disallow the needed consistency and match-up.  Thus, by “intruding” upon 

or “penetrating” the adversary’s “moral-mental-physical being,” one severs both the 

adversary’s connection to the outside world, but also the adversary’s internal 

connections, shattering his “consistency” as an “organic synthesis.”  We know from 

“Destruction and Creation” that disorder, confusion, chaos, and death were the result. 

Based on his “investigation” of military history and his acceptance of Fuller’s three 

domains of war, he posited “three kinds of human conflict” that corresponded to the 

three domains of war, including “attrition warfare,” which he equated with World War I, 

the Allies during WWII, and “present-day nuclear planners”; “maneuver conflict,” 

which he equated with “Hitler’s generals” and American Generals Patton and 
                                                 
71 Ibid., 74. 
72 Ibid., 79. 
73 Ibid., 101. 
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MacArthur; and “moral conflict,” which he equated with the Mongols, “most Guerrilla 

Leaders,” and Sun Tzu.74  “Attrition warfare” was said to be solely focused on the 

physical domain, where “Firepower, as a destructive force, is king” and “Measures of 

success are (now) ‘body count’ and targets destroyed.”75  “Maneuver warfare” was said 

to be more focused on the mental domain, where “Ambiguity, deception, novelty, 

mobility, and violence (or threat thereof) are used to generate surprise and shock” and 

“Indications of success tend to be qualitative and are related to the widespread onset of 

confusion and disorder, frequent envelopments, high prisoner counts, or any other 

phenomena that suggests inability to adapt to change.”76

But he spent the most time explaining “moral conflict,” for which he drew his 

examples from WWI-era strategic bombing and the German blitzkrieg of 1939-40.  In 

both instances, Boyd saw success as primarily a matter of achieving “moral effects.”77  

He concluded that “that moral effects are related to…menace…and the uncertainty 

associated with not knowing what to expect or how to deal with this menace.”  To 

effectively counter “moral effects,” individuals and organizations needed “moral 

strength”—i.e. the “capacity to overcome menace, uncertainty, and mistrust.”78  By 

extension, and in a move that is more than reminiscent of Fuller’s deductive thought 

process (as well as his penchant for threes), Boyd deduced that “moral effects” were 

associated with the production of “fear, anxiety, and alienation” via “menace, 

uncertainty, and mistrust,” and “moral strength” with “their more noble counterweights: 

courage, confidence, and esprit.”  In turn, these counterweights were said to allow three 

others, “initiative, adaptability, and harmony,” respectively.79  “Using moral strength as 

a point of departure,” he said, “we can evolve the following related notions,” which 

                                                 
74 Ibid., 111. 
75 Ibid., 112. 
76 Ibid., 114. 
77 Cyril Bentham Falls, The Art of War: From the Age of Napoleon to the Present Day (London: Oxford 

University Press), 1961, 165; in Boyd, “Patterns of Conflict.”, 119. 
78 Ibid., 120. 
79 Ibid., 125. 
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included “moral victory,” “moral defeat,” “moral values,” and “moral authority.”80  

Finally, “from these notions,” he claimed, “we can evolve the Essence of Moral 

Conflict.”81  That “essence,” he said, was to 

‘Create, exploit, and magnify menace (impressions of danger to one’s 
well-being and survival), uncertainty (impressions, or atmosphere, 
generated by events that appear ambiguous, erratic, contradictory, 
unfamiliar, chaotic, etc.), and mistrust (atmosphere of doubt and 
suspicion that loosens human bonds among members of an organic whole 
or between organic wholes’, so as to ‘surface fear, anxiety, and alienation 
in order to generate many non-cooperative centers of gravity, as well as 
subvert those that adversary depends upon, thereby magnify internal 
friction’, all with the ‘aim’ of ‘destroy[ing] moral bonds that permit an 
organic whole to exist’.82

To produce “disintegration and collapse” in the enemy, one must “synthesize” 

lethal, maneuver, and moral efforts so as to “destroy adversary’s moral-mental-physical 

harmony, produce paralysis, and collapse his will to resist,” and “render adversary 

powerless by denying him the opportunity to cope with unfolding circumstances.”83  

Thus, combining all of his ideas into one statement, Boyd provided the coup de grace of 

the presentation, the statement on the requirements for obtaining victory in a world of 

“conflict, survival, and conquest”: 

Operate inside adversary’s observation-orientation-decision-action loops, 
or get inside his mind-time-space, to create a tangle of threatening and/or 
non-threatening events/efforts as well as repeatedly generate mismatches 
between those events/efforts adversary observes, or anticipates, and those 
he must react to, to survive; thereby, enmesh adversary in an amorphous, 
menacing, and unpredictable world of uncertainty, doubt, mistrust, 

                                                 
80 Ibid., 121.  He provided the following definitions: “Moral Strength: Mental capacity to overcome 

menace, uncertainty, and mistrust.  Moral Victory: Triumph of courage, confidence, and esprit (de corps) 

over fear, anxiety, and alienation when confronted by menace, uncertainty, and mistrust.  Moral Defeat: 

Triumph of fear, anxiety, and alienation over courage, confidence, and esprit when confronted by menace, 

uncertainty, and mistrust.  Moral Values: Human values that permit one to carry on in the face of menace, 

uncertainty, and mistrust.  Moral Authority: Person or body that can give the courage, confidence, and 

esprit to overcome menace, uncertainty, and mistrust.” 
81 Ibid., 121. 
82 Ibid., 122. 
83 Ibid., 136. 
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confusion, disorder, fear, panic, chaos…and/or fold adversary back inside 
himself; thereby, maneuver adversary beyond his moral-mental-physical 
capacity to adapt or endure so that he can neither divine our intentions nor 
focus his efforts to cope with the unfolding strategic design or related 
decisive strokes as they penetrate, splinter, isolate or envelope, and 
overwhelm him.84

One notices that Boyd’s recommended strategy, like that of Fuller and Hart, is primarily 

offensive above all else.  One also notices that he too identifies a hierarchy of targets or 

priorities.  When Boyd said “moral-mental-physical” and “mind-time-space,” he meant 

them in that order, as a hierarchy.  As his biographers and followers are fond of pointing 

out, he often said, “People, ideas, technology—in that order!”  Thus, one’s priorities, 

both in the planning for and the conduct of warfare, were to focus on people first (e.g. 

education, training, knowledge, morale, etc.), ideas second (e.g. strategy, tactics, 

information, etc.) and technology last (e.g. weapons and other equipment).  As we shall 

see, however, in effect Boyd and his followers often created a dichotomy, with people 

and ideas on one side and technology on the other. 

But Boyd not only saw himself as presenting to his listeners a way of obtaining 

victory in conflict, but also with a more general way of thinking about/in conflict.  In the 

abstract at the beginning of his compilation of briefings, “A Discourse on Winning and 

Losing,” of which “Patterns of Conflict” was the first briefing, he said that the “very 

essence” of the briefing was the demonstration of a “kind of thinking” that 

surfaces a process of reaching across many perspectives; pulling each and 
every one apart (analysis), all the while intuitively looking for those parts 
of the disassembled perspectives which naturally interconnect with one 
another to form a higher order, more general elaboration (synthesis) of 
what is taking place… [I]t also represents the key to evolve the tactics, 
strategies, goals, unifying themes, etc., that permit us to actively shape 
and adapt to the unfolding world we are a part of, live-in, and feed-
upon.85

Based on what we have seen of the history of science in military thought, how can 

one characterize Boyd’s “way of thinking?”  Where science is concerned, Boyd’s “way 

of thinking” makes use of science in each of the three ways that we have seen 

                                                 
84 Ibid., 131. 
85 John R Boyd, “A Discourse on Winning and Losing,” unpublished manuscript, (1987), 2. 

 211



 

throughout this dissertation.  First, he certainly drew concepts and metaphors from the 

sciences of his day for use in the construction of military theory and strategy.  His essay 

and briefings from the 1970s and 1980s clearly show him deploying concepts and 

metaphors from the sciences in the formation of military theory that has a human-

centered, nonlinear, and holistic outlook.  It would only be in the early 1990s, however, 

that he would begin to make direct reference to theories of chaos and complexity.  

Second, his essay and briefings from the 1970s and 1980s implied but did not explicitly 

argue that the sciences as a body of knowledge about the world are necessary for 

military knowledge formation, officer education, and professionalization.  Again, it 

would not be until the early 1990s that he would make this claim more explicitly, in a 

briefing titled “Conceptual Spiral,” which laid out his understanding of the sciences, 

their history, method, and impact upon society.  We will examine that briefing, as well 

as Boyd’s role in the enlistment of nonlinear science during the 1990s, in a later chapter. 

Boyd saw the sciences as providing a “way of thinking” that is essential for survival 

in an environment of change and conflict.    Indeed, as we shall see, he believed that 

science itself worked as a vast OODA loop.  As such, the OODA loop was not just seen 

as a way of thinking, nor just a scientific way of thinking, but possibly the only scientific 

way of thinking.  Indeed, as we saw in the first chapter, many of Boyd’s biographers and 

followers have seen him as personally embodying or living “the scientific method.”  But 

as a “science of war” or “military science,” despite (or possibly because of) his 

quantitative background and close proximity to the systems sciences, Boyd’s way of 

thinking in many respects resembled the second coming of the qualitative, deductive, 

positivist, and universalistic “science” of J.F.C. Fuller.  In addition to inheriting Fuller’s 

penchant for concepts in threes, Boyd was also fond of using history, usually from 

secondary sources, as “empirical data” for the purposes of deducing, deriving, or as he 

said “evolving,” “concepts,” “notions,” and “essences” which were thought to be 

universal. 

Finally, Boyd could not resist the urge get into the “principles of war” business in 

the closing slides of “Patterns of Conflict.”  He questioned the value of the traditional 

“principles of war” because they were not sufficiently universal and, therefore, not 

sufficiently scientific.  For, in his estimation, 
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Scientific laws and principles are the same for all countries and tend to 
change little over time.  On the other hand, we note that the Principles of 
war are different for different countries and change more dramatically 
over time.  Furthermore, they do not make evident the importance of 
variety/rapidity/harmony/initiative as basis to shape and adapt to 
circumstances—a necessary requirement for success in the uncertain and 
everchanging environment of conflict or war.  This would suggest that the 
principles are not principles.86

That is, they could not be truly universal, scientific principles because they left out the 

supposedly universal requirements that he himself had “evolved.”  Thus, he asked, “why 

not evolve statements that reflect the essence of conflict dynamics in a connected way?”  

While the statements that he “evolved” were not called “principles,” but rather 

“appropriate bits and pieces”—presumably leaving the door open to the possibility that 

there could be more—he nonetheless ended his presentation by providing a list of what 

could only be called universal principles, including 

—Compress own time and stretch-out adversary time. 

—Generate unequal distributions as basis to focus moral-mental-physical 
effort for local superiority and decisive leverage. 

—Diminish own friction (or entropy) and magnify adversary friction (or 
entropy). 

—Operate insider adversary’s observation-orientation-decision-action 
loops or get inside his mind-time-space. 

—Penetrate adversary organism and bring about his collapse. 

—Amplify our spirit and strength, drain-away adversaries’ and attract the 
uncommitted.87

As we will see in the following sections and in the next chapter, Boyd’s “scientific” 

theories and principles would have an important influence upon doctrinal changes in 

both the Army and Marine Corps in the 1980s, as well as the enlistment of concepts and 

metaphors from nonlinear science in the 1990s. 

                                                 
86 Boyd, “Patterns of Conflict.”, 182. 
87 Ibid., 184. 
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4.4 Spreading the Gospel of Maneuver 

While Boyd reached an untold number of people with his briefings, both inside and 

outside the Pentagon, he was not alone in spreading the gospel of maneuver warfare.  

Well aware of Boyd’s mission and intent, his followers, often acting upon their own 

local initiative, helped to spread his ideas in the press, in academic circles, on Capitol 

Hill, in institutions of military professional education, in the pages of military 

professional journals, within the Pentagon, and even in a presidential campaign, 

wherever they could find an audience.  They echoed his criticism of a firepower/attrition 

doctrine, his advocacy of a maneuver warfare alternative, and his skepticism about the 

value of IT-enabled weapons in combat.  Finally, in addition to making many of the 

same criticisms of systems science made by Generals White and LeMay in the 1960s, 

they also argued that systems analysis was inherently tied to a firepower/attrition 

doctrine and reliance upon high-tech weapons, and that an over-emphasis on systems 

analysis, engineering, and quantification had corrupted the professional identities of 

American officers, ironic given Boyd’s own career and institutional position at the time. 

During the 1970s and 1980s, William S. Lind, a legislative aide to Democratic 

Senator Gary Hart from 1977 to 1986, was one of those most responsible for spreading 

Boyd’s ideas in the popular press, on Capitol Hill, in the 1984 Democratic primaries, and 

within the military, in particular the Marine Corps.  Lind, who had an enduring interest 

in the 19th century Prussian military, had studied German history and language at both 

Dartmouth and Princeton.  Indeed, his interest in such matters was so well known on 

Capitol Hill that he had earned the nickname “The Mad Prussian.”88  It is no wonder, 

then, that when Lind first heard Boyd’s briefing they were able to make an immediate 

(German) connection.89  The similarity in their ideas about maneuver is obvious in 

Lind’s 1977 critique of the Active Defense doctrine.  On numerous occasions he equated 

maneuver with “break[ing] the spirit and will” of the opponent, or with the “destruction 

of his mental cohesion,” rather than “kill[ing] enemy troops or destroy[ing] enemy 

                                                 
88 Maraniss, “Election ‘84: The Evolution of Gary Hart; Hart ‘New Ideas’ Theme has Deep Intellectual 

Roots.”  Lind’s A.B. was from Dartmouth (1969) and his M.A. was from Princeton (1971). 
89 Coram, Boyd: The Fighter Pilot Who Changed the Art of War, 330. 
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equipment.”90  As such, “Because the object is not the physical destruction of the 

opponent’s men and equipment,” he said, “maneuver doctrine reduces casualties.”91  

Like Boyd, he made the connection to J.F.C. Fuller and German blitzkrieg, arguing that 

Fuller was the “first important advocate of the maneuver doctrine” and that the Germans 

had learned blitzkrieg from Fuller via panzer general Heinz Guderian.92  Where 

firepower/attrition versus maneuver was concerned, he saw the German blitzkrieg 

against the French Maginot Line of 1940 as deciding the issue once and for all in favor 

of maneuver. 93  Noting that the Germans began the war in a position of numerical 

inferiority vis-à-vis the French, he argued that maneuver was particularly applicable to 

the situation facing the U.S. at that time.  He wrote, “a maneuver doctrine applies a 

psychological multiplier to the forces employing it…particularly when combined with 

its natural partner, an indirect approach [a concept from B.H. Liddell Hart], constitutes a 

form of jujitsu; balance can be substituted for brute force. As such, it is an interesting 

doctrine for a numerically inferior force.”94

One of Lind’s first and greatest successes in getting Boyd’s message out to a wider 

audience came in 1979.  That same year, James Fallows, a journalist and the former 

chief speechwriter to President Carter, approached William Lind about doing an article 

on defense spending.  Lind immediately sent Fallows to talk with Boyd in the Pentagon.  

His interviews with Boyd and his closest associates served as the basis for his bombshell 

article in the October 1979 issue of Atlantic Monthly, “The Muscle-Bound Superpower,” 

which was the first to bring Boyd and his followers’ criticisms into the national 

spotlight.  As part of his research, Fallows not only listened to the entirety of Boyd’s 

“Patterns of Conflict” briefing, but also briefings by Franklin Spinney and Pierre Sprey, 

two of Boyd’s acolytes whose work questioned the cost-effectiveness of the complex, 

                                                 
90 Lind, “Some Doctrinal Questions for the United States Army,” 58 and 60. 
91 Ibid., 60. 
92 As we saw in Chapter 2, he was not incorrect regarding Fuller’s influence upon Guderian and the 

Germans. 
93 Ibid., 59. 
94 Ibid., 59-60. 
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high-tech weapons of the offset strategy.95  As such, Boyd and his associates figured 

prominently in Fallows’ article.96  But it would be Fallows’ award-winning 1981 book, 

National Defense, which would make the clearest, most complete case on behalf of Boyd 

and his followers.97  In the acknowledgements to the book, Fallows thanked Boyd by 

name as one of those people who had spent “hours and hours helping me understand the 

subject and attempting to improve my presentation.”98  Boyd’s influence was plain to 

see: Fallows’ criticism of attrition and advocacy of maneuver was directly taken from 

Boyd—Blitzkrieg, OODA loops, and all. 

                                                 
95 Spinney was a Pentagon policy analyst in PA&E and a former Air Force officer.  He had an 

undergraduate degree in mechanical engineering and an MBA with an emphasis in applied statistics.  

Coram explains that at one point, he had entered “night school at George Washington University and 

began working on his doctorate in business and applied statistics.”  Spinney achieved national notoriety in 

1983 when he graced the cover of a special issue of Time Magazine after he had testified before Congress, 

saying that many of the new weapons being procured as part of the Reagan build-up were both too costly 

and ineffective.  See ”Defense Spending: Are Billions Being Wasted?.” Time, March 7, 1983.  Spinney’s 

briefing would later be published as a book.  See Franklin Spinney, Defense Facts of Life: he 

Plans/Reality Mismatch (Boulder: Westview Press), 1985.  For Spinney’s background, see Coram, Boyd: 

The Fighter Pilot Who Changed the Art of War, 292-293 and 311.  While Spinney focused more on cost 

issues, arguing that increased cost was invariably tied to greater complexity, Pierre Sprey focused on 

issues of effectiveness, arguing that simple, cheap, low-tech weapons were, by there very nature, more 

effective than their complex, expensive, high-tech counterparts.  See Pierre Sprey, “The Case for Better 

and Cheaper Weapons,” in The Defense Reform Debate: Issues and Analysis, ed. Asa A. Clark (Baltimore: 

Johns Hopkins University Press, 1984).  Sprey, who had an undergraduate degree in mechanical 

engineering and graduate degrees in operations research and statistics, came to the Pentagon in 1966 to 

work in the Office of Systems Analysis.  He served as a special assistant to Assistant Secretary of Defense 

for Systems Analysis, Alain Enthoven, and was one of the original “whiz kids.”  He worked for Enthoven 

until 1970, but remained in the Pentagon after Enthoven’s departure.  On Sprey’s career see Burton, The 

Pentagon Wars: Reformers Challenge the Old Guard, 10; Coram, Boyd: The Fighter Pilot Who Changed 

the Art of War, 196-197; and Hammond, The Mind of War: John Boyd and American Security, 83-84. 
96 Burton, The Pentagon Wars: Reformers Challenge the Old Guard, 9.  Coram, Boyd: The Fighter Pilot 

Who Changed the Art of War, 351-352.  James M. Fallows, “Muscle-Bound Superpower,” Atlantic 

Monthly, October 1, 1979 
97 In 1983, Fallows won the prestigious National Book Award for National Defense. 
98 Fallows, National Defense, x. 
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After describing attrition as a “toe-to-toe slugging match” that relies upon “sheer 

weight of numbers and materiel,” he contrasted “the ‘maneuver’ approach,” which he 

said “might best be introduced through the story of John Boyd.”99  He proceeded to give 

his own summary of Boyd’s “Patterns of Conflict” briefing, explaining that the 

successful implementation of maneuver involved exploiting “the intangible factors of 

deception, surprise, confusion, to stay one step ahead of the enemy’s thinking at all 

times, and then to attack the enemy where he was least prepared and weakest, rather than 

wade in head-on to match strength against strength [i.e. attrition].”  Following Boyd’s 

lead, he told his readers that “The most familiar specimen of this approach is the German 

blitzkrieg attack of World War II,” which he said was “of a piece with Boyd’s larger 

contention that in any sort of conflict, what matters is ‘getting inside an adversary’s O-

O-D-A loop.’”100  In Fallows’ explanation, like Lind’s, maneuver would seem to be a 

style of warfare without bloodshed: 

The ultimate purpose of these maneuvers, in Boyd’s view, is not to wear 
down the enemy’s forces, but to destroy his view of the world. […] Boyd 
says that if the [enemy’s] paradigm can be destroyed—by sending 
ambiguous or misleading signals, by moving faster than the enemy can 
respond—then the enemy’s effectiveness is finished.  You do not need to 
bomb or slaughter him, for his forces will fall apart.101

In terms of weapons and equipment, and echoing the arguments of Spinney and 

Sprey, he said that the maneuver approach “places a premium on simple, reliable, 

flexible tools that can be produced quickly,” and presumably cheaply too.102  Where 

systems for command, control, and communication in particular were concerned, he said 

that maneuver warfare’s emphasis on shared ways of thinking, mission orders, and 

tactical decentralization required less reliance upon modern electronic means of 

communication.  Indeed, he saw over-reliance upon such systems as contributing factors 

                                                 
99 Ibid., 26-27. 
100 Ibid., 28-29. 
101 Ibid., 29.  Fallows’ use of the term “paradigm” in this context was most likely coming directly from 

Boyd, who had cited Thomas Kuhn’s The Structure of Scientific Revolutions in the bibliography to 

“Destruction and Creation.” 
102 Ibid., 29. 
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in recent U.S. military debacles in the Desert One and Mayaguez incidents because, he 

said, “commanders…had to clear each minute tactical move by radio with the Joint 

Chiefs of Staff on the other side of the globe.”103

Finally, Fallows agreed with Boyd that nuclear warfare represented the epitome of 

the firepower/attrition mindset.  He went further, however, by linking firepower/attrition 

and the IT-enabled weapons of the offset strategy with systems analysis.  For Fallows, 

the systems sciences-driven, computer-mediated nuclear wargames and simulations, in 

which nuclear war is “laid out like a description of a chess game,” relied on “the use of 

an oversimplified, one-dimensional form of analysis, often based on simulations and 

hypotheses, in place of more complicated judgments, based on data from combat or 

realistic tests.”104  He argued that “much of modern life...is run on similar reductionist 

principles” and “analytic errors” that tend to ignore complications.105  The one-

dimensional form of analysis to which he referred was systems analysis; and his critique 

was largely based on his reading of Harvard University professor of government Eliot 

Cohen’s article in The American Spectator, “Systems Paralysis: Social Scientists Make 

Bad Generals.”  In it, Cohen had argued that systems analysis, firepower/attrition, and 

IT-enabled weapons like PGMs shared a special affinity for one another.  Cohen had 

described a situation of mutual reinforcement: Firepower/attrition seemed easier to 

quantify and carry out via the use of computer technology and PGMs that allowed one to 

kill more targets.  Thus, war literally became a function—a function of “servicing” (i.e. 

destroying) more targets quicker and more efficiently than the enemy.  The degree of 

certainty and predictability that such methods seemed to provide further encouraged 

their use.  Firepower/attrition bred reliance upon systems analysis, computers, and IT-

enabled weapons; systems analysis, computers, and IT-enabled weapons reinforced the 

firepower/attrition mindset.106  Fallows agreed that systems analysis and high-tech 

weapons had become linked, writing that “[T]he impresarios of high technology, who 

with McNamara’s blessing made the Research and Engineering division of the Pentagon 

                                                 
103 Ibid., 30. 
104 Ibid., 19-20. 
105 Ibid., 20-24. 
106 See Eliot A. Cohen, “Systems Paralysis,” American Spectator, November 1, 1980. 
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the power center for decisions about new weapons...used the [systems] analysts’ 

economic calculations as cloaks for each new project they proposed.”107  Finally, 

Fallows contended that “the things that count most in combat” are often “the things most 

often omitted” “simply because they are difficult to measure.”108  Thus, he agreed with 

Cohen’s claim that “Systems analysis discourages the study of one’s opponents, his 

language, politics, culture, tactics, and leadership” because “the enemy…is often 

regarded as a passive collection of targets.”109  To help remedy the situation, Cohen had 

recommended that U.S. officers spend more time studying military history, the classics 

of military theory, in particular Clausewitz, and less time studying systems analysis, 

economics, and engineering.110  As we shall see, with the help of Boyd and his 

followers, it was a recommendation that many within the U.S. military would come to 

accept in the coming years. 

Next, via William Lind, Boyd’s thinking shaped the views on doctrine, technology, 

and professional education that Senator Gary Hart and Lind together expressed publicly 

in newspaper opinion pieces, popular press books, on the floor of the U.S. Congress, and 

in a presidential campaign.  For example, in early 1982, Senator Hart, with the help 

Lind, published an opinion piece in the New York Times that boldly asked, “What’s 

Wrong with the Military?”  In their article, which was accompanied by a picture of Boyd 

and an explanation of the OODA loop and its implications, they answered the question 

by identifying a technocratic, managerial mindset that they said led to both a 

firepower/attrition doctrine and an over-reliance upon complex, expensive, but 

ineffective weapons.  Instead, they advocated the adoption of a maneuver style of 

warfare, identifying “The German exploit of 1940” as a “good example.”111  The two 

would later use Boyd’s ideas to advocate for maneuver warfare in Hart’s 1983 campaign 

book, A New Democracy—much of the text about Boyd, OODA loops, and maneuver 

was in fact taken verbatim from their 1982 article—as well as in their 1986 popular-

                                                 
107 Wass de Czege, “Army Doctrinal Reform.”, 19. 
108 Ibid., 15 18. 
109 Cohen, “Systems Paralysis,” 26-27.  Quoted in Wass de Czege, “Army Doctrinal Reform.”, 34. 
110 Cohen, “Systems Paralysis,” 27. 
111 Gary Hart, “What’s Wrong with the Military?,” New York Times, February 14, 2008. 
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press book, American Can Win: The Case for Military Reform.  Like Fallows, they 

spoke of maneuver less in terms of killing and more in terms of panic, paralysis, and 

collapse.  In 1983, Hart claimed that maneuver warfare meant learning to “outsmart” the 

Soviets.  “The world’s greatest generals won by confusing and shattering their 

opponents;” he said “by breaking their will.  We must learn to do the same.”112  Three 

years later, Hart and Lind were even more explicit, writing 

The object in maneuver warfare is not to kill enemy soldiers, but to 
shatter the ability of whole enemy units, divisions, corps, even whole 
armies to fight in an organized, effective way, and to panic and paralyze 
enemy commanders. The main means is not firepower, but maneuver. In 
the term ‘maneuver warfare’, the word maneuver means Boyd Cycling 
the enemy: presenting him with surprising and dangerous situations faster 
than he can react to them, until he comes apart.113

In the area of weapons and technology, they lamented the slow, ten to twenty year 

average development time for new weapons.  Instead, they said that Boyd’s theory 

suggested “In research and development, as well as in procurement of new weapons, the 

changes made must be quick and major, so as to make the enemy’s equipment 

irrelevant.”  And the only way to make “quick and major” changes, they said, was to 

ditch complex weapon systems currently under development in favor of simpler 

weapons which were not only quicker to develop but simpler too, allowing the U.S. to 

buy more of them and make up to some degree for its quantitative inferiority vis-à-vis 

the Soviets.114  To that end, in a document that the two circulated in early 1983 titled, “A 

Military Reform Defense Budget for FY1984,” they recommended canceling a number 

of weapon systems under development at that time, including most of the “Big Five” 

systems for which General DePuy had fought, in addition to many others.115  Next, like 

                                                 
112 Gary Hart, A New Democracy (New York: W. Morrow), 1983, 135. 
113 Gary Hart and William S. Lind, America Can Win: The Case for Military Reform (Bethesda, Md: Adler 

& Adler), 1986, 30-31. 
114 Hart, “What’s Wrong with the Military?.” . 
115 In terms of “strategic” nuclear systems, they recommended canceling the MX missile program, the B1 

bomber, and Ballistic Missile Defense.  Where bombers were concerned, they recommended that if current 

work on stealth technology did not work out, that the airborne leg of the nuclear “triad”—i.e. bombers, 

missiles, and submarines—should be eliminated entirely.  In conventional forces, where the Army was 
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Fallows before them, they used Boyd’s ideas to reject centralized, electronic command 

and control systems: “The [Boyd] cycle puts a premium on decentralization, since rapid 

decisions can be made only by the officer on the scene. Yet we are busy centralizing our 

command systems with the latest technology, so the President or a general in 

Washington can direct a platoon halfway around the world.”116  In 1986, they would 

explain their opposition to communication technologies in terms of the effect they 

believed such technologies had on one’s ability to move quickly through the “Boyd 

cycle”: 

The billions of dollars worth of fancy radios and other communications 
equipment we are buying make more and more communication explicit. 
American units are notorious for constantly being ‘on the air’, talking 
back and forth on the radio about everything. What does all this explicit 
communication do? It slows everything down, including the Boyd Cycle. 
It increases confusion, because the few important messages get 
overlooked in the constant chatter. It makes the commander spend all his 
time on the radio, worrying about what is happening within his unit, 
instead of what is happening in the outside world, what the enemy is 
doing.117

                                                                                                                                                
concerned, they proposed canceling the Bradley Infantry Fighting Vehicle, the AH-64 attack helicopter, 

the Hellfire Anti-tank Missile, the Patriot air-defense missile, the Division Air Defense Gun, and all work 

on Remotely Piloted Vehicles, what we would later know as Unmanned Aerial Vehicles (UAVs).  For the 

Navy, they recommended rescinding funding for the two Nimitz class carriers already under production, 

canceling the AEGIS cruiser and its “follow-on,” the DDG-51, and canceling the F/A-18 fighter jet, even 

though it was the competing design to the F-16 developed as part of the Lightweight Fighter program 

undertaken by Boyd and the “fighter mafia.”  In fact, the F-18 was originally favored by Boyd.  For the 

Air Force, they recommended canceling the F-15 program and buying more F-16s, but at the same time 

recommended canceling any further money for research and development on, or improvements to, the F-

16.  In their view, improvements after the fact were seen as impossible.  Improvements did nothing but 

diminish the purity of the original design.  In the area of precision-guided munitions, they recommended 

the cancellation of the LANTIRN program, which was the laser designator system to be used with laser-

guided bombs, as well as the Maverick Infrared Guided Missile.  In terms of theater and strategic airlift, 

they recommended cancellation of the C-17 transport aircraft.  In most cases, they either did not offer 

alternative, replacement programs, or recommended buying more of an older system already in use.  See 

”Military Reform and the Defense Debate.” National Security Record, April 1, 1983. 
116 Hart, “What’s Wrong with the Military?.” . 
117 Hart and Lind, America Can Win: The Case for Military Reform, 52. 
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Communication technology, then, was linked to “explicit” communication.  Of 

course, Boyd had preached that implicit communication based on a common way of 

thinking was the ideal.  For Hart and Lind, then, technologies of explicit communication 

were said to result in an inward focus upon one’s own unit, as opposed to an outward 

focus on the enemy.  Again, we know from Boyd that an inward focus was associated 

not only with a slower OODA loop, but also disconnection, confusion, disorder, chaos, 

and ultimately death.  As a result, their recommendations were quite clear.  Instead of 

computerized communication equipment, they argued that the military should rely on 

“personal, face-to-face meetings” and “not teletyped messages printed on computer 

paper”; on “implicit communications” and “a shared way of thinking” instead of “fusion 

centers and cathode-ray tubes.”118  They advocated “purchasing equipment that is 

reliable, simple to operate, and fixable with field expedients—hammers, wrenches, 

bailing wire, and tape—rather than computers.”119  In their most astonishing 

recommendation, they suggested that “The best thing a combat unit could do with most 

of it [communication equipment] is to kick it off the back of the truck when they move 

out to fight.”120

They also agreed with Cohen and Fallows’ criticisms of systems analysis as a way 

of strategic thought, arguing that quantitative, computerized studies of combat abstracted 

and simplified warfare to the point that they could not be considered as studying “real 

physical phenomenon.”  They concluded that such techniques, while they had the 

“trappings of science,” were in reality merely “numerical quackery” because they did not 

pursue “the scientific method.”  They wrote, 

The overreliance on quantification has been made worse by the increasing 
use of computerized studies and analyses. In defense as in many other 
fields, many people believe a conclusion is valid if it is supported by a 
large quantity of computer paper. Computers are looked on as the modem 
equivalent to the oracle at Delphi. In a sense, perhaps they are, since 
Delphi was notoriously cryptic and subject to incorrect interpretation. 
[…] 
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Additionally, the mathematics in many of our combat models and 
simulations, in our operations research analyses, and in the associated 
studies are not sound. […] 

Why? The answer is simple. […]  The equations are not intended to 
capture real physical phenomena, as are the equations of physics. They 
are a show used mainly to impress the viewer. And, because science is 
highly esteemed, using its trappings helps sell the product. Thus, the 
defense analysis industry couches its reports in the language and symbols 
of science. For the same reason, it ensures that those who write its reports 
are academically well qualified, often with advanced degrees in technical 
or scientific fields from excellent universities. But contrary to 
appearances, almost no one in defense analysis actually pursues the 
scientific method. Usually, they are paid to make ‘studies’ or ‘analyses’ 
with the best tools they have at hand, the trappings of science. The result 
is numerical quackery.121

As a result, like Cohen and Fallows before them, they recommended changes in 

professional military education.  Without the common way of thinking that could only 

be provided via professional education and training, U.S. soldiers would not be able to 

act fast to outsmart the Soviets.  “It stands to reason that rapid execution of the Boyd 

cycle requires commanders with boldness, imagination and initiative. Yet by and large, 

this is not the type of person being promoted in our armed services today.”  While in 

1982 they praised recent attempts by the Air Force Academy, the Naval War College, 

and the Marine Corps Amphibious Warfare School to add more military history to their 

curricula, they lamented that other schools, such as the Command and General Staff 

Colleges of both the Marine Corps and the Army, spent more of their time on technical 

matters or even physical education than on history.  To this situation, they responded, 

“Neither gym class nor electrical-engineering nor management courses are likely to help 

                                                 
121 Ibid., 192-194.  This position is not unlike that of Glenn Kent, which we encountered in the previous 
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produce new George Pattons.”122  In a direct challenge to the reforms of Army 

professional education and training that had been undertaken by General DePuy, which 

had, as we remember, a what-to-do-and-how-to-do-it emphasis, Hart argued that military 

schools at all levels “should teach how to think more than what to think,” and that 

military history was the appropriate tool for the job because it would teach soldiers “how 

successful commanders thought their problems through” so that they could “use the 

same processes in conducting their own battles.”123  At a conference on military reform 

held at West Point in 1982, Lind said that the true basis for understanding war is “the 

study of military theory and history—not electrical engineering, or management, or 

foreign policy. We need to refocus the curricula of all defense schools, from West Point 

through the War College, on the theory and history of war.”124  In their 1986 book, Hart 

and Lind stated the case more succinctly, saying that “The tactician must take his 

rightful place ahead of the technician.”125  It is a theme that they would repeat often.126

Finally, via the efforts of Hart and Lind, Boyd’s ideas found their way into the U.S. 

Congress.  In the summer of 1981, Hart, along with Representative William Whitehurst 

(R-VA) formed the bi-partisan, bi-cameral Congressional Military Reform Caucus.  The 

official statement of purpose for the Reform Caucus clearly reflected Boyd’s thinking, 

saying, in part, that “Historically, the most important factor in winning wars has been 

people; strategy and tactics come second; equipment third.”127  Boyd gave his briefings 

to or testified before Reform Caucus members on a number of occasions.  The Caucus 

grew to 133 members by 1985,128 counting among its members a number of politicians 

who would rise to the highest ranks within the U.S. government, including future 

Speaker of the House, Representative Newt Gingrich (R-GA), two future Secretaries of 
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Defense, including Senator William Cohen (R-ME) and Representative Richard Cheney 

(R-WY), and a future Vice President, again Cheney.  Cheney is reported to have been 

particularly interested in Boyd’s ideas, having heard Boyd’s briefings several times and 

having met with Boyd on a number of occasions for one-on-one sessions about military 

history and theory.129

Though Boyd’s ideas about doctrine and strategy were clearly visible in the 

pronouncements of those making the loudest public case for reform, the “reformers” 

gained the most prominence for their efforts in the area of weapons procurement, in 

particular the issues they raised related to the cost-effectiveness of high-tech weapon 

systems.  In the end, however, the “reformers” did not have much effect in the area of 

procurement; and the self-imposed “reformer” label was largely a misnomer.130  By the 

founding of the Reform Caucus in 1981, and certainly by the height of its strength, 

reforms were long-since underway, particularly in the Army.  And an array of new, high-

tech, complex, IT-enabled weapons were at the heart of those reforms.  Thus, while the 

“reformers” often framed the issue as one of “Doing Things the Same of Differently,”131 

their critique was really of the shape and direction of reforms already underway and 

technology already under development or already fielded in some cases.  So, while 

“reformers” in Congress and in the press succeeded in keeping pressure on the military 

by ensuring that issues of reform remained in the public eye, the fact that they were, to a 
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great degree, “late to the game,” combined with the bi-partisan Caucus’ inability to agree 

on much more than that they wanted “reform,” seriously limited their impact on 

procurement.  With few exceptions, in the area of conventional weapons, the services 

ultimately got practically all of the “offset” technologies that they had wanted. 

4.5 The Emergence of Informatic Warfare 

Ultimately, Boyd, Lind, and the other acolytes were more successful in shaping 

efforts at doctrinal reform, particularly in the Army and the Marine Corps.  During the 

1980s, each service adopted new doctrine in line with Boyd’s ideas about maneuver, 

decision cycles, and the all-importance “intangibles” like knowledge, speed, and “moral 

effects” in combat.  While Air Force doctrine was largely unaffected by Boyd’s ideas 

during this time period, nonetheless, a theory of airpower would emerge during the late 

1980s that saw enemy armies and societies as systems sustained by flows of information, 

energy, and matter.  Based in part on readings of J.F.C. Fuller, the goal of airpower was 

believed to be the delivery of the metaphorical “shot through the brain” that Fuller had 

advocated.  That effect would be achieved by targeting the brain and sensory organs of 

the enemy system first and foremost—i.e. enemy leadership and information 

infrastructure.  The confluence of these theories with the IT-enabled weapons begun as 

part of the offset strategy would constitute the emergence of informatic warfare, the first 

realization of which would be seen during Operation Desert Storm in 1991.   

4.5.1 Army AirLand Battle: The Emergence of the “Nonlinear” Battlefield 

As we saw in the first section of this chapter, the Active Defense doctrine that the 

Army adopted in the 1976 edition of Field Manual 100-5 had been primarily defensive, 

emphasized the use of firepower for attrition of enemy forces, and had been based in 

large part on the “hard, cold facts” of systems analysis.132  In 1977, General Donn Starry 

replaced General DePuy as commander at TRADOC.  General Starry had been one of 

General DePuy’s closest confidants and played an important role in the development of 

the Active Defense as commander of the Armor Center at Ft. Knox from 1973 to 
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1976.133  As such, General Starry initially defended the new doctrine,134 and his own 

initial attempts at both refining and implementing the Active Defense were similarly 

technocratic.  One of General Starry’s first initiatives was to develop a “battle calculus” 

based on such factors as force ratios, weapon ranges, rates of enemy advance, terrain 

features, and others that could be used to calculate the targets to be “serviced,” which 

was seen as the central task of battle.135

But even General Starry soon had to admit that it would not be possible to “service” 

enough targets to stop a Soviet advance.  Even if the first wave (or echelon) of Soviet 

forces could be stopped by “winning the first battle,” what about the second echelon and 

the second battle?  Even if U.S. forces won the first battle, their capabilities would be 

degraded to the point that they could then be over-run by the Soviet second echelon or 

subsequent “follow-on forces.”136  So, TRADOC turned its attention to the second 

echelon problem, but initial ideas for how to deal with the problem were still rooted in a 

firepower/attrition mindset—i.e. use long-range, precision firepower to destroy targets 

among the second echelon of Soviet forces.  Further study indicated, however, that such 

an approach, while a slight improvement, only delayed the inevitable—i.e. being over-

run by sheer weight of numbers.137  But what if the goal were not attrition?  What use 

could be made of delay?  By 1979, General Starry and others at TRADOC were 

beginning to believe that if the primary goal of interdicting Soviet second echelon and 

other follow-on forces (what they called “deep attack” or “deep battle”) were delay and 

disruption more so than attrition, “time windows” could be created that would allow 

U.S. forces to defeat the Soviet first echelon, turn the tables, and then go on the 

offensive.138  Once on the offensive, the goal would be to bypass Soviet strong points to 
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attack command and control, logistics, or other weak spots in the Soviet rear areas.139  

General Starry initially labeled the concept the “extended battlefield,” meaning that 

commanders would have to take a “whole-battle view” in which both the “close-in” 

battle against first echelon forces and the “deep battle” against second echelon forces 

occurred simultaneously, as well as from a multiplicity of weapons (e.g. long-range 

artillery, Air Force interdiction bombing, electronic warfare, etc.).  In 1981, believing 

that “extended battlefield” was not descriptive enough, General Starry and his associates 

changed the name to “AirLand Battle.”140

William Lind had not been alone in his criticisms of the Active Defense, and as time 

went on there was more criticism from within the Army itself.  General Starry’s initial 

attempts to defend and refine the doctrine did not quell the criticism, and even he had 

begun to see that the doctrine would likely fail the test of combat.  One of those unhappy 

with the doctrine was the newly appointed Army Chief of Staff, General Edward C. 

Meyer, who, in 1979, ordered General Starry to begin revising the doctrine.141  Part of 

the resentment over the 1976 edition of 100-5 had resulted from the fact that General 

DePuy and TRADOC had developed the Active Defense doctrine largely without input 

from their counterparts at the Army Command and General Staff College (CGSC), those 

responsible for teaching the new doctrine.  So, from the outset, General Starry returned 

primary responsibility for revising the doctrine to instructors in the Department of 

Tactics at the CGSC.142

Two officers in particular at the CGSC, Lt. Col. Huba Wass de Czege and Lt. Col. 

L.D. Holder, would be tasked with formulating the new doctrine and writing the new 

100-5 based on General Starry’s broad concepts of the “extended battlefield” and “deep 

attack.”  Wass de Czege and Holder were among those who had felt that the Active 
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140 Ibid., 37-38, 40-41, 44-45.  General Starry initially developed and circulated the concept internally.  In 

1981, he circulated the concept more widely throughout the Army in an article published in the Military 

Review.  See Gen. Donn A. Starry, “Extending the Battlefield,” Military Review, March (1981). 
141 Romjue, From Active Defense to AirLand Battle: The Development of Army Doctrine, 1973-1982, 30-

33. 
142 Ibid., 30, 38. 
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Defense doctrine was too mechanistic, too formulaic, and too focused on firepower.  In a 

1982 article in Military Review that sought to explain the new doctrine, the two wrote 

that in the Active Defense, “The effects of maneuver and other intangible factors which 

have historically decided battles were discounted. Relative combat power was 

determined by an inventory of weapons present and a comparison of their technical 

characteristics.  This approach satisfied systems analysts and computers, but its effect on 

tactics was deadening.”143  From the outset, then, they had sought to focus more on the 

intangible aspects of combat, as well as to eschew formulas and recipes in favor of broad 

concepts and principles.144  So, while the doctrine that would emerge as AirLand Battle 

would indeed be based in large part on General Starry’s ideas, it also went beyond his 

ideas to emphasize the importance of the intangibles of combat, as well as the value of 

studying military history and theory as the sources of necessary concepts and principles. 

It was via Boyd’s association with Wass de Czege that he would influence the 

development of AirLand Battle.  Wass de Czege invited Boyd to the CGSC on a number 

of occasions to brief both students and colleagues, and the two spoke often by telephone 

during the time that the new doctrine was being developed.145  Indeed, one can see 

Boyd’s influence in the final doctrine, for it accepted much that he had taught.  In 1982, 

Wass de Czege spoke about the recently adopted AirLand Battle doctrine at a West Point 

conference on “The ‘Military Reform’ Debate: Directions for the Defense Establishment 

for the Remainder of the Century.”146  With Boyd in the audience,147 Wass de Czege 

began his presentation by criticizing those advocates of maneuver warfare who he felt 

had presented too simplistic an interpretation of Boyd’s theories, in particular William 

Lind and Gart Hart.  Boyd’s theory, he said, was much more nuanced than the 
                                                 
143 Lt. Col. Huba Wass de Czege and Lt. Col. L.D. Holder, “The New FM 100-5,” Military Review, July 

(1982), 54. 
144 Romjue, From Active Defense to AirLand Battle: The Development of Army Doctrine, 1973-1982, 51 

and 53. 
145 Coram, Boyd: The Fighter Pilot Who Changed the Art of War, 370.  Boyd did not speak at the 

conference. 
146 The conference proceedings were published as Asa A. Clark, The Defense Reform Debate: Issues and 

Analysis (Baltimore: Johns Hopkins University Press), 1984. 
147 Coram, Boyd: The Fighter Pilot Who Changed the Art of War, 371. 
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“uniformly unreal, but academically convenient” rendering provided by Lind and 

Hart.148  He went on to describe AirLand Battle in distinctly Boydian terms.  For 

example, recalling Boyd’s “People, ideas, equipment—in that order!” dictum, he said 

that the new doctrine had been developed based on the “realization” that wars are 

“fought by people and not machines” and that “optimizing the effectiveness of weapons 

does not always optimize the effectiveness of soldiers.”  The next “realization” was that 

“the chaos of the next battlefield” would largely preclude centralized command and 

control.  As such, AirLand Battle had adopted the decentralized, mission orders that 

Boyd had advocated.149  Next, he explained that an important “operating premise” for 

the manual was that flexibility and adaptability in combat required broad “principles” 

and not “rigid forms” or “cookbook formulas.”  Recalling Boyd’s insistence upon 

common language, concepts, and ways of thinking, Wass de Czege explained, “The idea 

is that members of the profession must understand a common set of principles.”150  

Having eschewed “the stress formerly placed on simple force ratios,” those principles, 

“the theoretical content of the manual,” had been “drawn from the lessons of history” 

and “the writings of the great military theorists,” which had included Clausewitz, J.F.C. 

Fuller, and B.H. Liddell Hart, among others.151  As a result, he said, “The human 

element…figures more heavily than any other single element in the new operations 

manual’s picture of battle.”152  Most importantly, he explained that the new doctrine 

“recognizes the nonquantifiable elements of combat power, especially that of maneuver, 

which is now accorded the same importance as firepower.”153  And finally, though Boyd 

hated the term, Wass de Czege explained AirLand’s concept of “synchronization” in 

terms of the “synergistic effect of the combined arms team,” which was the result of all 

                                                 
148 Wass de Czege, “Army Doctrinal Reform.”, 102-103.  He specifically cited Hart and Lind’s 

explanation of maneuver and Boyd’s theory provided in their February 1982 article in the New York 

Times. 
149 Ibid., 107. 
150 Ibid., 107. 
151 Ibid., 109. 
152 Ibid., 109-110. 
153 Ibid., 109. 
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elements of the team supporting “a designated main effort,” what Boyd had called the 

“schwerpunkt.”154

Though not making specific reference to nonlinear science, Wass de Czege and 

others increasingly spoke of the battlefield as being “nonlinear” and “chaotic.”  First, the 

geography of the “extended battlefield” of AirLand battle was described as nonlinear.  

Wass de Czege explained that the new doctrine “takes a nonlinear view of battle and 

enlarges the geographical area of conflict.”155  That is, there would no longer be “front 

lines” and rear areas in the traditional sense.  One of Wass de Czege’s students at the 

CGSC, Major Wayne Hall, would go on to explain that the geographically nonlinear 

nature of the battlefield was dictated both by Soviet doctrine and European terrain, but 

that it was also a product of AirLand Battle itself.156  Second, while the operation of the 

military organization and the effects it sought to achieve were not described using the 

term “nonlinear,” they were often described in ways that implied nonlinearity and which 

would be described as specifically “nonlinear” by the mid-1990s.  For example, Wass de 

Czege had described the goal of deep attack as hitting “elements of the target array 

which will yield the highest payoff.”157  The idea was that small “inputs” in the form 

striking carefully selected targets could lead to disproportionate negative effects or 

“outputs” for the adversary.  Hall went on to describe an intended synergism among both 

battles and the elements of the combined arms team, in which individual battles and 

individual elements of the team combine to achieve effects that are greater than the sum 

of their parts.158   

Finally, Hall went on to explain the effects for the U.S. officer corps of the 

“nonlinear aspects of the future battlefield.”  The first was that battle would likely be 
                                                 
154 Ibid., 110-111.  Boyd had been critical of the term because he felt that instead of implying schwerpunkt 

and synergism, it instead implied all elements moving in lock-step, a situation he believed would destroy 

the adaptability and speed needed for successful maneuver warfare.  See Coram, Boyd: The Fighter Pilot 

Who Changed the Art of War, 371. 
155 Wass de Czege, “Army Doctrinal Reform.”, 109. 
156 Maj. Wayne M. Hall, “A Theoretical Perspective of AirLand Battle Doctrine,” Military Review, March 

(1986), 41-42. 
157 Wass de Czege, “Army Doctrinal Reform.”, 114. 
158 Hall, “A Theoretical Perspective of AirLand Battle Doctrine,” 33. 
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“confusing and chaotic.”  However, he argued that a combination of mission orders, 

“flexibility of thinking,” and “a common intellectual outlook and educational heritage” 

could allow U.S. forces to use confusion and chaos to their advantage.159  But Hall’s 

views were not unique to him alone.  In fact, he had been a student in a program that 

Wass de Czege had established at the CGSC for precisely those purposes.  Echoing 

Boyd, Wass de Czege and Holder had linked AirLand to knowing better and faster than 

the enemy.  They explained that AirLand Battle required “the rapid shifting of mental 

and operational gears” and that, therefore, officers “must develop the mental and 

operational agility necessary to shift forces and fires to the point of enemy weakness 

more rapidly that he can respond.”160  To be able to meet the requirement of mental 

agility, Wass de Czege argued that “we must, therefore, learn how to learn in this 

environment.”161  In his view, “learning how to learn” required a shift in officer 

education, one which would place more emphasis on a “science of war” rooted in 

principles derived from the study of military history and the classics of military 

theory.162  “Theory,” he said, “is the foundation of any science” because “Sound 

scientific practice depends on sound theoretical constructs to relate pertinent variables.”  

So, while he said that operations research and systems analysis were valuable 

“method[s] of study,” a true science of war would require that the insights from such 

methods be “couched in a broader analytical framework which also incorporates the 

intangible variables of war.”163  That broader analytical framework would need to rely 

on classic theory like Sun Tzu, Clausewitz, Fuller, Liddell Hart, and others, but also 

military history, which he described as “nothing more or less than the record of trial and 

error on which today’s principles and methods are based…the distillation of enduring 

principles and insights.”164  To fill this need, Wass de Czege successfully advocated for 

                                                 
159 Ibid., 42. 
160 Wass de Czege and Holder, “The New FM 100-5,”  55 and 62. 
161 Col. Huba Wass de Czege, “How to Change an Army,” Military Review, November (1984), 35. 
162 Ibid., 34-35. 
163 Ibid., 38 and 41. 
164 Ibid., 46. 
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the creation of the “Advanced Military Studies Course” in 1983.165  For those officers 

who showed particular promise coming out of the standard ten month course at the 

Command and General Staff College, the Advanced Military Studies Course consisted 

of an extra eleven months of work in military history and theory.166  In contrast with 

General DePuy’s what-to-do-and-how-to-do-it philosophy, the objective of Wass de 

Czege’s course was to teach officers “how to think about war in broad terms and not 

only what to think in terms of functionally defined doctrinal prescriptions.”167  Hall, one 

of the first graduates of the Advanced Military Studies Course, argued that this how-to-

think philosophy was at the heart of AirLand Battle as well, which he said did “not 

provide definitive answers to ambiguous and difficult problems.”  Rather, he said, 

AirLand Battle not only required that “officers must have a strong foundation in military 

theory and history to understand the doctrine,” but also that the doctrine itself “provides 

the U.S. Army with the potential…to expand our mental capabilities” and to “stimulate 

the thought processes that can turn latent power into active power.”168

Finally, for all that AirLand Battle as authored by Wass de Czege and Holder 

resembled Boyd’s thinking, and for all that it “signaled the ebbing of the systems-

analysis ‘management’ view of battle,”169 the authors of AirLand Battle did not reject 

the IT-enabled weapons of the offset strategy as had Boyd and his closest associates.  

Rather, like General Starry before them, they recognized that “deep attack” required the 

ability to “see deep” and to distribute battlefield intelligence quickly to those who 

needed it.170  At the West Point conference in 1982, Wass de Czege argued that “The 

                                                 
165 The course was eventually renamed the School of Advanced Military Studies (SAMS).  The school 

currently defines its mission as “The School of Advanced Military Studies educates the future 

commanders and leaders of our Armed Forces, our Allies, and the Inter-agency at the graduate level to 

think strategically and operationally to solve complex adaptive problems across the security environment.”  

Emphasis added.  See http://www-cgsc.army.mil/sams/.  
166 Ibid., 43.  See also, Col. Huba Wass de Czege, “Challenge for the Future: Educating Field Grade Battle 

Leaders and Staff Officers,” Military Review, June (1984). 
167 Ibid., 9. 
168 Hall, “A Theoretical Perspective of AirLand Battle Doctrine,” 42-43. 
169 Romjue, From Active Defense to AirLand Battle: The Development of Army Doctrine, 1973-1982, 73. 
170 Starry, “Extending the Battlefield,” 33, 35-36. 
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deep battle is based on thorough intelligence and knowledge of the battlefield.”171  That 

intelligence and knowledge would be provided by intelligence, surveillance, and 

reconnaissance (ISR) systems, would be distributed by command, control, computer, 

and, communication (C4) systems, and would be used to direct the long-range precision-

guided munitions (PGMs), all begun in the 1970s.172  So, while C4ISR and PGM 

technologies may have initially been for the purposes of attrition, and hence rejected by 

Boyd and many of his followers, Wass de Czege, Holder, Starry, and the other 

developers of AirLand Battle came to believe that those technologies need not be 

entirely constrained by their initial purposes.  Not only could they be used to prosecute a 

knowledge-based, maneuver war, they came to be seen as essential to doing so.  It was a 

position that most of Boyd’s closest acolytes never accepted.  We will remember, for 

example, that much of Hart and Lind’s criticism of computerized command, control, and 

communication equipment came in 1986, long after the adoption of the AirLand 

doctrine, of which they largely approved.173

4.5.2 Marine Warfighting: Thriving on Chaos 

While Boyd’s theories certainly had an influence upon Army doctrinal changes 

during the 1980s—important indeed considering that the Army has primary 

responsibility for fighting the nation’s land wars and, hence, would have been central to 

facing the Soviets in Europe if the time had come—nonetheless, Boyd and Lind had an 

even more profound impact upon Marine Corps professional education and doctrine 

during the 1980s.  Where the enlistment of nonlinear science was concerned, by the mid 

                                                 
171 Wass de Czege, “Army Doctrinal Reform.”, 112. 
172 Wass de Czege and Holder, “The New FM 100-5,” 59.  In Starry’s 1981 article, he included a graphic 

which depicted the “extended battlefield” concept being flanked by “weapons” on one side and “C3I” on 

the other, indicating that the technology and the concept would converge to constitute the Army’s future 

capabilities.  Wass de Czege and Holder reproduced the same graphic, but with “AirLand Battle” instead 

of “extended battlefield.”  The two graphics listed all the same specific weapon systems in each category. 
173 I say “largely” because, following Boyd’s lead, they too criticized the use of the term 

“synchronization.”  Also, AirLand’s reliance upon C4ISR systems and PGMs was cause for criticism.  For 

Hart and Lind, the ideal would have been AirLand without the technological component. 
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1990s, Marine Corps doctrinal publications would be making explicit references to 

nonlinear science, and largely as a result of Boyd’s influence. 

While initial changes in the Army had begun in the area of doctrine, only afterwards 

spreading to the Army education system, changes in the Marine Corps’ thinking during 

this period began in the schools and then spread to doctrine.174  In 1980, Maj. Gen. 

Bernard Trainor, Director of the Marine Corps Education Center at the Marine base at 

Quantico, VA, assigned Lt. Col. Michael Wyly, a former counterinsurgency instructor 

who had participated in counterinsurgency operations during Vietnam, with the task of 

rewriting Marine Corps tactics for amphibious warfare.175  Wyly began his assignment 

believing that Vietnam had proved not only that nuclear deterrence would no longer 

keep the peace, but also that Marine Corps doctrine was fundamentally flawed.176  When 

he arrived, his beliefs were confirmed when he found that the lesson plans of the 

Amphibious Warfare School (AWS), the home of professional education for mid-level 

officers, as well as Marine Corps doctrine development, dated to the 1930s.  Not only 

were they old, but Wyly felt that they were entirely inadequate to the challenges of 

modern warfare.  While critics had claimed that the Army was too focused on weapons 

and equipment, Wyly felt that the problem for the Marine Corps was that it was too 

focused on terrain, in particular the “beachhead.”  Marine doctrine, he said, had been 

focused for too long on creating a beachhead that could then be used by the Army as an 

entry point from which to attack the enemy.  He complained that Marines would take the 

beachhead but then stop, turning it into a kind of defensive fortress from which 

firepower would be used to hold off the enemy until the Army arrived.  It was ultimately 

                                                 
174 There are two primary levels of professional education in the Marine Corps, the Basic School and the 

Amphibious Warfare School.  The Basic School is where lieutenants learn the basics of their trade.  The 

Amphibious Warfare School is responsible for education of captains and majors in higher-level tactics, as 

well as doctrine development for the Marine Corps.  Both are located at the Marine Corps base at 

Quantico, VA. 
175 Coram, Boyd: The Fighter Pilot Who Changed the Art of War, 373-377. 
176 Col. Michael D. Wyly, “New Era Emerging at Quantico,” Marine Corps Gazette, October (1985), 79. 
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a defensive doctrine focused on terrain, firepower, and attrition, everything but the 

enemy.177

That same year, William Lind wrote an article for the Marine Corps’ professional 

journal, the Marine Corps Gazette, “Defining Maneuver Warfare for the Marine Corps.”  

The definition that he provided was simple and straightforward, “The Boyd Theory is 

the theory of maneuver warfare.”178  He described the OODA loop, the importance of 

speed of decision, mission orders, and blitzkrieg.  He explained that the main objectives 

of maneuver were the “enemy’s vital cohesion,” his “mind not his body,” that maneuver 

was “more psychological than physical,” and that the result of maneuver was that the 

enemy “suffers mental breakdown in the form of panic,” that “real defeat is the 

nervous/mental/systemic breakdown.”179  But Lind had done more than introduce the 

Marines to maneuver via the pages of the Marine Corps Gazette, he had introduced 

Wyly to Boyd.  Wyly invited Boyd to Quantico, and by January 1980 Boyd was 

lecturing to AWS students and working with Wyly to reform both tactics and curriculum 

at the school.  Wyly had four hundred copies of Boyd’s briefing slides produced and 

made them required reading for his students.180  Like the changes that Wass de Czege 

had worked to implement at the Army’s CGSC, the new philosophy that Wyly instilled 

at the AWS was one focused more on how to think than on what to do.  Students studied 

history and theory and participated in “free-play” exercises—i.e. the were no “school 

solutions,” no “right” answers—meant to foster “boldness and creativity.”  Above all, 

the emphasis was on “how to think in combat, not rote memory or rigid adherence to 

doctrine.”181

                                                 
177 See Lt. Col. Michael D. Wyly, “Thinking Beyond the Beachhead,” Marine Corps Gazette, January 

(1983). 
178 William S. Lind, “Defining Maneuver Warfare for the Marine Corps,” Marine Corps Gazette, March 

(1980), 56. 
179 Ibid., 56-57. 
180 Coram, Boyd: The Fighter Pilot Who Changed the Art of War, 378-381. 
181 Wyly, “New Era Emerging at Quantico,” 79.  The lectures and exercises that Wyly gave to students in 
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William Lind’s Maneuver Warfare Handbook.  See William S. Lind, Maneuver warfare handbook 
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Concurrent with the changes being implemented by Wyly at Quantico, doctrinal 

changes were beginning to occur in at least one Marine division, the 2nd Marine Division 

based at Camp Lejune, NC.  The commander of the division, General Alfred M. Gray, 

had heard Boyd’s briefing on a number of occasions and encouraged his subordinates to 

study maneuver warfare.  He established what he called the 2nd Marine Division 

“Maneuver Warfare Board,” inviting Boyd and Lind both to North Carolina on a number 

of occasions to brief the Board.182  It was not until later in the decade, however, that 

Boyd’s theory of maneuver warfare would become official Marine Corps doctrine, not 

until General Gray was appointed Commandant of the Marine Corps in July 1987.  

General Gray immediately set Wyly and Boyd the task of reforming the overall 

warfighting doctrine of the Marine Corps.183  The final product would come in 1989 with 

the publication of Marine Corps manual “FMFM 1, Warfighting.”184

In the intervening years, Boyd and Wyly worked closely with the officer who 

authored the manual, Captain John F. Schmitt.  The influence of Boyd’s theory on 

Schmitt and the final product was plain to see.  In spring of the following year, Schmitt 

published some “Observations on Decisionmaking in Battle” that were taken directly 

from Boyd.  After beginning by telling his readers that competitive decisionmaking was 

at the heart of combat, “a process described in maneuver warfare vocabulary as the Boyd 

Cycle, or OODA loop,” he cautioned that “decisionmaking as a skill fits in the realm of 

the art of war rather than the science,” that it was “not merely a mathematical 

computation,” but rather, that it was “an intuitive and creative act.”185  He argued that 

war was a fluid and uncertain affair that prevented one from obtaining perfect 

knowledge and that, as such, tools meant to “standardized and formalize the procedures 

for reaching decisions and implementing decisions,” while necessary and helpful to a 

degree, “are not a scientific equation for success and must not dictate tactical decisions” 

                                                 
182 Coram, Boyd: The Fighter Pilot Who Changed the Art of War, 383-383. 
183 Ibid., 390-391. 
184 FMFM 1: Warfighting(Quantico, VA: United States Marine Corps), 1989. 
185 Capt. John F. Schmitt, “Observations on Decisionmaking in Battle,” Marine Corps Gazette, March 
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and “cannot negate the artistic element that is the heart of decisionmaking.”186  Entire 

passages from Schmitt’s article ultimately made their way into FMFM 1. 

Like the Army’s 100-5 before it, FMFM 1 sought to provide a philosophical 

foundation for the conduct of war more so than a list of tactics or techniques.  In his 

preface to the manual, General Gray said that it 

describes our understanding of the characteristics, problems, and 
demands of war [and] derives a theory about war based on that 
understanding [that] in turn provides the foundation for how we prepare 
for and how we wage war. […] [I]t provides broad guidance in the form 
of concepts and values. […] The thoughts contained here represent not 
just guidance for actions in combat, but a way of thinking in general.187

It represented an attempt, according to Schmitt, to “identify and formalize for the merely 

able among us what the geniuses [of war] seem to have grasped innately.”188  Thus, the 

manual was full of quotes and terminology from the great theorists and practitioners of 

war, including Clausewitz, B.H. Liddell Hart, Sun Tzu, George Patton, Erwin Rommel, 

and others.  War was defined first and foremost as a clash of human wills whose most 

important characteristics are the intangible moral and human elements like friction, 

fluidity, disorder, violence, and danger.  It placed the intangible, artistic aspects of war 

above the tangible, “scientific” aspects of war, in part, by very narrowly defining the 

“science of war” as only “those activities directly subject to the laws of physics, 

chemistry, and the like disciplines” and “the methodical application of the empirical 

laws of nature” to warfare.189  “Science,” then, would not do the trick alone; being able 

                                                 
186 Ibid., 18. 
187 The copy of FMFM 1 used here was obtained in HTML format from the website of Dr. Christopher 

Bassford, one of those involved with the development of Marine Corps doctrine in the early 1990s.  As 
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to think clearly and quickly about the intangibles of war was crucial, it said, because “an 

officers’ principle weapon is his mind.”190

Based on its theoretical understanding of war, the manual said that Marines would 

conduct their operations in accord with the “maneuver style of war.”  Marines would aim 

at “shattering his [the enemy’s] moral and physical cohesion” and bringing about the 

“enemy’s shock and moral disruption.”  To be sure, firepower would still play an 

important role in Marine operations, but not as a tool of attrition through physical 

destruction.  Rather, the manual declared that “The greatest value of firepower is not 

physical destruction—the cumulative effects of which are felt only slowly—but the 

moral dislocation it causes.”  “The ultimate goal,” the manual stated, “is panic and 

paralysis, an enemy who has lost the ability to resist.”191

Like the Army’s 100-5, the Marine manual, as well as subsequent elaborations by 

Schmitt, described the battlefield as nonlinear and chaotic, where one sought to have an 

effect upon the enemy that was disproportionate to the effort expended.192  In an 

elaboration upon FMFM 1 published by Schmitt in the Marine Corps Gazette, he 

described a battlefield without “front” and “rear” areas in the traditional sense.  While 

agreeing with AirLand Battle’s vision of a geographically nonlinear battlefield, Schmitt 

went one step farther, describing traditional notions of “front,” “rear,” and “flank” as 

properties of mind.  He wrote, 

Rather than describing these terms as permanent physical directions, we 
might better describe them as a function of attention.  The ‘front’ is the 
area in which the enemy’s attention is focused, whether it be physically 
before him or not.  The ‘flanks’ are on the periphery of his attention and 
the ‘rear’ where he is least attentive.  For that matter, these ‘areas’ may 
not be areas at all in the spatial sense.  The enemy’s ‘rear’, for example, 
may be any possibility for which he is unprepared.193

                                                 
190 Ibid., Ch3. 
191 Ibid., Ch4. 
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science at this point. 
193 Capt. John F. Schmitt, “Understanding Maneuver as the Basis for a Doctrine,” Marine Corps Gazette, 
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The manual described the battlefield as “inherently disorderly, uncertain, [and] 

dynamic,” as “an uncertain, chaotic, and fluid environment.”194  To successfully attack 

the ‘rear’ of the enemy’s mind, to bring about his paralysis and defeat, the manual said 

that Marines would “exploit these conditions to advantage.”  Indeed, the Marines’ 

maneuver warfare, like AirLand Battle, would actively seek to create a nonlinear and 

chaotic battlefield, believing that such conditions created advantages for themselves and 

disadvantages for the enemy.  The manual advised that, “maneuver warfare, with its 

emphasis on speed and initiative, is by nature a particularly disorderly style of war. […] 

We must therefore be prepared to cope—even better, to thrive—in an environment of 

chaos, uncertainty, constant change, and friction.  If we can come to terms with those 

conditions and thereby limit their debilitating effects, we can use them as a weapon 

against a foe who does not cope as well.”195  By thriving on and exploiting chaos, the 

Marines hoped to achieve “success…disproportionate to the effort made.”196

4.5.3 Airpower’s “Five Rings”: The Enemy as a System 

As previously mentioned, while Boyd’s theory did not have the same kind of impact 

within the Air Force as it did within the Army and the Marine Corps, nonetheless, the 

mid to late 1980s saw the development of a theory of airpower that was complementary 

to Boyd’s more general theory of conflict.  Like Boyd’s theory, the theory of “parallel 

                                                 
194 FMFM 1: Warfighting, Ch4. 
195 Ibid., Ch4.  Schmitt made the same point a number of times during his elaboration.  He wrote, “And it 
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lever or a block and tackle that increases mechanical advantage.”  Emphasis in original.  Schmitt, 

“Understanding Maneuver as the Basis for a Doctrine,” 92. 
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war” that emerged within the Air Force put the quest for “strategic paralysis” via the 

destruction of the enemy’s information infrastructure and decisionmaking abilities at the 

center of warfare. 

What came to be known as “parallel war” was the result of work in the mid 1980s 

by another Air Force fighter pilot, Col. John Warden.  As a student at the National War 

College between 1985 and 1986, Warden set himself the task of coming “to grips with 

the very complex philosophy and theory associated with air war at the operation level.”  

The result of his effort was published several years later as The Air Campaign: Planning 

for Combat.197  Like the Army’s FM 100-5 and the Marine Corps’ FMFM 1, The Air 

Campaign was not meant to deal with specific tactics for the employment of air power, 

but rather, was meant as “a philosophical and theoretical framework for conceptualizing, 

planning, and executing an air campaign” to be read by “the air officer who wants to 

think about air campaigns before called on to command or staff one.”198  Unlike Boyd’s 

theory, Warden had not drawn concepts or metaphors from the sciences.  Like Boyd, 

however, he had been influenced by his reading of classic theory, borrowing the notion 

of “centers of gravity” from Clausewitz and the notion of “strategic paralysis” from 

J.F.C. Fuller.  As such, Warden represented the Air Force’s most significant contribution 

to the increased interest in military theory and history throughout the U.S. military 

during the 1980s.199

                                                 
197 Col. John A. Warden III, The Air Campaign: Planning for Combat (Washington, D.C: National 

Defense University), 1988.  The original, 1988 version of Warden’s text is available in HTML format via 

the Air War College website at http://www.au.af.mil/au/awc/awcgate/warden/ward-toc.htm#expanded.  As 

such, original page numbers are not available.  As with citations of the 1989 version of FMFM 1, I will 

indicate the chapter from which quotations were taken in lieu of page numbers. 
198 Ibid., Preface. 
199 For more on Warden’s use of Clausewitz, see Richard Hallion, Strike from the Sky: The History of 

Battlefield Air Attack, 1911-1945 (Washington: Smithsonian Institution Press), 1989, 115-116.  For his use 

of Fuller, as well as a detailed comparison of Boyd and Warden’s ideas, see Maj. David S. Fadok, “John 

Boyd and John Warden: Air Power’s Quest for Strategic Paralysis” (Master’s Thesis, School of Advanced 

Airpower Studies, Air University, 1995).  On the relationship between Warden’s theories and early air 

power theories of the interwar period, see Maj. Howard D. Belote, “Warden and the Air Corps Tactical 

School: What Goes Around Comes Around,” Airpower Journal, Fall (1999). 
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In Warden’s original work, he implicitly viewed the enemy as a system composed 

of centers of gravity, points in the system that, if struck, would lead to severe disruption 

or paralysis.  The task for those planning an air campaign was to find the most valuable 

centers of gravity in the enemy system, the ones that could lead to the greatest output for 

the least amount of input in terms of sorties flown and bombs dropped.  For example, 

when planning a campaign to achieve air superiority200 over an enemy air force, one 

might find a center of gravity in a number of areas, including “enemy air equipment 

(aircraft and missiles), enemy logistics, enemy personnel, or enemy command and 

control.”  Using an analogy of two opposing, concentric circles of castles, he explained 

that “we can conceive three basic approaches to defeating the enemy.”  They included: 

The first is a broad front approach where the object is to reduce every 
castle, either one by one or, if sufficient forces are available, by 
simultaneous attack. 

The second approach is to reduce one or two castles, ignore the 
remainder, plunge through the gap, and win by seizing the capital. 

The third approach is to figure out a way to avoid the castles entirely and 
go directly to the political center of gravity—the capital or the king. 

Assuming that all three approaches are physically practical, the third 
promises to be the quickest and cheapest, the second the next best, and 
the first the slowest and most costly. 201

The third approach was preferred because Warden believed that “Command is the sin 

qua non of military operations.  Without command, a military organization is nothing 

but a rabble, a chicken with its head cut off.”  Thus, he concluded that “Command is a 

true center of gravity and worth attack in any circumstance in which it can be 

reached.”202

                                                 
200 The “DOD Dictionary of Military and Associated Terms” defines “air superiority” as “That degree of 

dominance in the air battle of one force over another that permits the conduct of operations by the former 

and its related land, sea, and air forces at a given time and place without prohibitive interference by the 

opposing force.”  See “DOD Dictionary of Military and Associated Terms,” 

http://www.dtic.mil/doctrine/jel/doddict/.  
201 Warden III, The Air Campaign: Planning for Combat, Ch9. 
202 Ibid., Ch3. 
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But how was one to reach and strike at the enemy’s command?  Warden identified 

three “elements of command” that could be struck, “information gathering, decision, and 

communication.”  Indeed, in his estimation, command was largely a function of 

gathering, processing, and distributing information.  He wrote, 

To function effectively, the commander and his staff must receive reliable 
information on what is happening on both sides of the front, and they 
must have some way to pass direction to subordinate—and superior—
formations. In between receiving and sending, the command element 
must make decisions. Consequently, command can be attacked in the 
following three spheres: the information sphere; the decision sphere; and 
the communications sphere. If any one of these can be sufficiently 
disturbed, the effectiveness of operations will begin to decrease 
dramatically. How much it will decrease will be a function of the 
situation and the pressure being exerted by the enemy.203

Of the three “spheres” or “elements,” he argued that “The decision element is clearly the 

key, for without it the other two are worthless.”  However, the “decision element”—i.e. 

the enemy commander—was also the “most difficult to reach directly.”  That is, the 

enemy commander would, presumably, be well-protected and/or move continuously, 

thereby making him difficult to strike at best.  Additionally, a commander would have a 

large and dispersed staff to help with making and carrying out decisions.  The staff may 

function for some time even if the commander had been eliminated.  Thus, he concluded 

that “the other two elements will offer the best possibilities”—i.e. strikes on enemy 

information and communication infrastructure.  But, he argued that merely striking one 

or more of the enemy’s command elements would not suffice without one final 

ingredient: a high tempo of operations.  In his estimation, as the tempo of operations 

increases, “the need for information, decision, and communications goes up 

exponentially.”  Thus, by putting the enemy system under the stress of a fast-changing 

situation, “even a slight disturbance in the command process can be dangerous or even 

catastrophic.”204

Warden’s work did not go unnoticed by the Air Force.  In 1988, he was assigned to 

the position of Deputy Director for Strategy, Doctrine, and Warfighting in Air Force 

                                                 
203 Ibid., Ch3. 
204 Ibid., Ch3. 
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headquarters within the Pentagon, where he served until 1991.  During that time, he 

refined his theory by adding the notion that all societies are composed of “Five Strategic 

Rings.”  From inside to outside, they included leadership, key production, infrastructure, 

population, and fielded military forces.  Both the overall system, as well as the system’s 

sub-systems, were said to be composed of the five rings.  For example, while an 

electrical power plant would fall within the “key production” ring of the overall system, 

the power plant itself would have five rings of its own.  Using the five rings as a 

heuristic would allow planners to better identify and determine the value of potential 

centers of gravity within the enemy system.  And that is exactly what Warden and his 

staff did in 1991.  The five rings methodology was used to identify and select targets 

within Iraq and Warden’s overall concept of “inside-out” targeting served as the basis 

for the Gulf War air campaign known as “Instant Thunder.”205

Following the war, and after a brief stint as a Special Assistant to the Vice 

President, Warden served as the Commandant of the Air Command and Staff College 

(ACSC), the home of professional education for mid-career Air Force officers.  During 

his time at ACSC, from 1992 to 1995, he expanded the five rings model and began to 

describe what the Air Force had accomplished during Desert Storm as “parallel war.”  

First, much as Boyd had seen his OODA loop as a universal model of knowledge 

formation and decision, Warden came to see the five rings as a universal model of 

organizational structure.  In a post-Soviet environment, the U.S. military suddenly found 

itself in a situation in which it did not have a clearly identifiable enemy.  Given that 

situation, Warden wrote, “One might object that understanding how our enemies are 

organized is an impossible task, especially if we don’t know in advance who they are.  

Fortunately, this is not the case; as we shall see, every life-based system is organized 

about the same way.  Only the details vary.”206  Using the metaphor of a human body, he 

                                                 
205 Richard Hallion, Storm over Iraq: Air Power and the Gulf War (Washington: Smithsonian Institution 

Press), 1992, 150-153. 
206 Col. John A. Warden III, “Air Theory for the Twenty-first Century,” in Battlefield of the Future: 21st 

Century Warfare Issues, ed. Barry R. Schneider and Lawrence E. Grinter (Maxwell AFB, AL: Air 

Command and Staff College, 1995).  Warden’s chapter is available in HTML format via the Air 
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said that every organization had five basic “system attributes,” including a leader (e.g. 

brain, eyes, nerves); organic essentials (e.g. food/oxygen converted via vital organs); 

infrastructure (e.g. blood vessels, bones, muscles); population (e.g. cells); and a fighting 

mechanism (e.g. leukocytes, fists, or feet).  He arranged the five system attributes into an 

“interdependent system” of five rings, essentially a hierarchy with the leader in the 

center and the fighting mechanism at the periphery.  As before, he said that most efforts 

to paralyze the enemy system should be focused on the leader, brain, eyes, and nerves, 

and should be carried out as quickly as possible.  But, based on his observation of the 

use of PGMs and stealth aircraft during the Instant Thunder air campaign in 1991, which 

combined had allowed for more targets to be struck with fewer aircraft and fewer bombs 

in a shorter period of time than ever before, he added parallelism and simultaneity to the 

list of requirements for causing the enemy’s paralysis.  “Let us propose a very simple 

rule for how to go about producing the effect: do it very fast…instantly if possible.  

Parallel war brings so many parts of the enemy system under near-simultaneous attack 

that the system simply cannot react to defend or to repair itself.  It is like the death of a 

thousand cuts.”207

So, Warden’s theory, like those adopted by the Army and the Marine Corps, relied 

upon a reading of classic military theory to place information, knowledge, and decision 

at the center of warfighting.  The first and most important target in war would be the 

mind of the enemy commander.  The targeting of the enemy mind would rely on 

information systems of all types—i.e. the U.S. military would use its IT-enabled 

weapons to destroy the enemy’s information and communication infrastructure, 

paralyzing both his mind and his body.  Such systems would allow for the conduct of 

parallel war on an increasingly nonlinear battlefield, where “front” and “rear” would 

disappear as the entire enemy system came under simultaneous attack from a 

multiplicity of weapons and from a multiplicity of directions.  Under such 

circumstances, the substitution of information for mass seemed to promise the ability to 

                                                                                                                                                
Chronicles website at http://www.airpower.maxwell.af.mil/airchronicles/battle/bftoc.html.  Original page 

numbers are not available. 
207 Ibid.. 
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realize Fuller’s proverbial “shot through the head,” the disproportionate output of enemy 

system collapse via the precise targeting of Clausewitz’s centers of gravity. 

4.6 Conclusion 

To one degree or another, Boyd and Warden’s theories went into effect on January 

17, 1991 when United States forces launched Operation Desert Storm against Iraq.  Of 

course, as a key planner of the “Instant Thunder” air campaign, Warden had a direct 

influence over the way that airpower was used against Iraq during the war.  But Boyd 

has also been recognized, to a greater or lesser degree, by prominent civilian and 

uniformed defense leaders for his contributions to Desert Storm.  Speaking of the U.S. 

victory in Desert Storm, former Commandant of the Marine Corps General Charles C. 

Krulak said, “John Boyd was an architect of that victory as surely as if he’d commanded 

a fighter wing or a maneuver division in the desert.  His thinking, his theories, his larger 

than life influence were there with us in Desert Storm.”208   Boyd biographer, Robert 

Coram, goes further by claiming that the famed left hook through the Iraqi Western 

Desert was developed by Boyd himself at the request of former Congressional Military 

Reform Caucus member and then-Secretary of Defense Dick Cheney, who is said to 

have been dissatisfied with General Norman Schwarzkopf’s initial plan of attack.209   

Whatever the case may be, to the degree that the Army and Marine Corps employed 

maneuver warfare and implemented the doctrinal changes they had taken in the previous 

decade, Boyd’s impact was felt during Desert Storm. 

Boyd and his followers’ successes in shaping the reform of U.S. military doctrine in 

the 1980s were enabled by a number of institutional and rhetorical factors.  First, they 

were enabled to a great degree by the increased “openness” of the defense establishment 

to participation by civilians, a factor which, as we have seen in previous chapters, was 

related to the development and spread of the systems sciences in the postwar years.  This 

was, in part, what allowed individuals like James Fallows, William Lind, Pierre Sprey, 

Eliot Cohen, and others to participate and to be taken seriously in matters of military 

theory and doctrine.  So, for all that they railed against the systems sciences and the 
                                                 
208 Quoted in Hammond, The Mind of War: John Boyd and American Security, 3. 
209 Coram, Boyd: The Fighter Pilot Who Changed the Art of War, 426. 
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supposedly resultant civilianization and bureaucratization of military professionals, 

many of Boyd’s followers fit the mold of the “defense intellectuals” that Generals White 

and LeMay had criticized in the 1960s.  Similarly, Boyd and his followers benefited 

from the changes in military professional identities that accompanied the spread of the 

systems sciences.  As we have seen, Boyd and most of his closest acolytes within the 

Pentagon had strong ties to systems science in particular or the sciences and engineering 

more generally, often with degrees in statistics, mathematics, engineering, economics, or 

management.  Of those closest to him, Boyd was the only one with significant combat 

experience, a result, of course, of his time served as a fighter pilot in Korea.  Pierre 

Sprey was a civilian and a former McNamara “whiz kid.”  Franklin Spinney, though an 

Air Force officer, had spent most of his career as an analyst.  Tom Christie was a civilian 

mathematician.  Even Boyd, though he had combat experience, had spent the majority of 

his career working on the technical aspects of aircraft design, for which he received 

public acclaim in the form of numerous awards for scientific and technical 

achievements.  Boyd was precisely one of those “mechanically minded fellows” that 

General Hap Arnold had envisioned as the future of the Air Force.  And because the Air 

Force and the other services had come increasingly to value those technically minded 

fellows in the postwar years, Boyd was able to rise to the highest levels within the 

Pentagon, to the old Office of Systems Analysis, a base from which he and his closest 

associates used systems science tools and techniques to argue against high-tech 

weapons, but also a position that he used to launch his post-retirement career as military 

theorist and maneuver warfare evangelist.  Ironically, if the U.S. military had lived up to 

the romantic, great-captain-on-horseback ideal that Boyd and his followers preached, it 

is unlikely that they would have had the influence that they had. 

Rhetorically, Boyd and his followers were able to successfully play a double game.  

On the one hand, they benefited from their close ties to systems science and used 

systems science often to help them make their case against high-tech weapons.210  

                                                 
210 For example, see Sprey, “The Case for Better and Cheaper Weapons.” and Spinney, Defense Facts of 

Life:T he Plans/Reality Mismatch.  Additionally, Hammond has noted that analyses conducted by Boyd 

and Spinney for PA&E adhered to the “strategies to tasks” methods developed by Glenn Kent.  See 

Hammond, The Mind of War: John Boyd and American Security, 124.  For more on “strategies to tasks” 
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Likewise, Boyd’s focus on human decision-making under conditions of competition, 

constant change, and uncertainty was, as we have seen, also a chief interest of systems 

scientists in particular, and social and behavioral scientists more generally, during the 

1950s and 1960s.  So, Boyd’s theories, while new, were not entirely out of the 

mainstream; they were not so new that they could not be recognized or understood by 

those within the defense establishment to whom he presented them.  On the other hand, 

he and his followers quite deliberately played to the ambivalence-bordering-on-backlash 

towards the sciences and computer technology that we saw develop among military 

professionals during the 1960s and 1970s.  For all that he and his followers were tied to 

and benefited from the systems sciences, they worked to distance themselves from the 

systems sciences, convincing many that it would be possible to implement an 

information-, knowledge-, and decision-centered doctrine of warfare without resort to 

systems analysis or IT-enabled weapon systems.  What’s more, he convinced them that 

this position rested upon the universal truths of “science.” 

He achieved this effect through the use of two techniques, parallelism and the 

creation of the OODA loop as a universal, “distributed passage point.”  Restivo has 

defined “parallelism” as the argument that there are similarities between modern, 

quantum physics and Eastern mysticism, an argument made popular in the late 1970s 

and early 1980s in popular press science texts such as Fritjof Capra’s The Tao of 

Physics, one of Boyd’s own sources of knowledge about the supposed meanings of 

Gödel, Heisenberg, and the second law of thermodynamics.211  Two of the strategies that 

Restivo identified as employed by “parallelists” were also used by Boyd.  The first was 

to adopt concepts and metaphors from the sciences as a way to legitimate other ways of 
                                                                                                                                                
see Kent, “LOOKING BACK: FOUR DECADES OF ANALYSIS,” 124.  It must be noted, however, that 

Boyd, Spinney, and Sprey routinely violated Kent’s commandment to only use OR as a tool of 

illumination, never advocacy.  Boyd and his followers used OR and systems analysis techniques to push 

their own agenda, often in ways which were quite obviously biased.  Walter Kross has documented 

numerous instances of the dubious use of statistics in the work of Sprey and Spinney during this period.  

See Walter Kross, Military Reform: The High-Tech Debate in Tactical Air Forces (Fort Lesley J. McNair, 

Washington, D.C: National Defense University Press), 1985. 
211 Sal P. Restivo, “Parallels and Paradoxes in Modern Physics and Eastern Mysticism: I - A Critical 

Reconnaissance,” Social Studies of Science 8, 2 (1978). 
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knowing, such as mysticism.  The second was to subordinate the sciences to another, 

“nonscientific” way of knowing.212  In Boyd’s case, he claimed parallels between the 

sciences and the lessons of military history and the classic works of military theory.  In 

making this move, however, “science” seems to lose its association with quantification, 

laboratories, equipment, etc., becoming more important as a source of concepts and 

metaphors.  At once, “science” seems to legitimate the lessons of military history and the 

classics of military theory, all while being pushed to the background.  In Boyd’s 

synthesis of “science” with military history and theory, we get to have our cake and eat it 

too.  We get Clausewitz, Fuller, and Sun Tzu with the legitimacy of “science,” all 

without the need for numbers or computers.  As such, Boyd’s synthesis seemed to 

reconcile the long-standing tension between Enlightenment and Romanticist strands of 

Western military thought. 

This mutually reinforcing process of legitimation between “science” and military 

history/theory has been called “triangulation” by Geof Bowker, and is one of the 

rhetorical techniques that he has identified as being used by cyberneticians in an attempt 

to create a “universal science.”213  Boyd’s OODA loop drew its own legitimacy from 

both military history/theory and “science,” translated each in terms of the other, and 

helped to legitimate each in terms of the other.  What’s more, just as Bowker has 

claimed that cyberneticians worked to position cybernetics as a universal science 

applicable in all domains (from physics, to biology, to sociology), so Boyd’s OODA 

loop was pitched as a universal “science” of conflict and competition, applicable in all 

domains (from war, to business, to sport), at all times, in all places, and at all levels of 

conflict (from individual up through international).  Thus, it was not only an “obligatory 

passage point” for translating between “science” and military history/theory, but it 

became what Bowker has called a “distributed passage point” supposedly applicable to 

any study of conflict or competition.  “The distributed passage point is inescapable 

                                                 
212 Sal Restivo, “Parallels and Paradoxes in Modern Physics and Eastern Mysticism: II - A Sociological 

Perspective on Parallelism,” Social Studies of Science 12, 1 (1982), 53-54. 
213 Geof Bowker, “How to be Universal: Some Cybernetic Strategies, 1943-1970,” Social Studies of 
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because wherever we do go…we will find new universal science.”214  Boyd, in turn, 

created just such a “science” of conflict and competition.  Taken together, Boyd and 

Warden provided a universal theory of behavior and organization applicable in all times 

and places, in all forms and at all levels of conflict.  As we will see in the next chapter, 

the theories of Boyd and Warden were crucial to translating the concepts and metaphors 

of nonlinear science into lessons for the conduct of warfare and foreign policy.  In the 

process, nonlinear science would be used to legitimate not only Clausewitz, but Boyd 

and Warden as well, all of whom were said to have learned the lessons of nonlinearity. 

Of course, the development and adoption of doctrine in line with Boyd’s teachings 

was not merely a result of rhetorical maneuverings by Boyd and his followers.  Even by 

the time that Boyd began to develop his theory, and certainly by the time that he reached 

the height of his influence, institutional changes had already been made in a number of 

areas, changes specifically meant to promote doctrinal reform.  This was the case, for 

example, with the Army’s founding of TRADOC in 1973.  Further changes were made 

in an effort to reform the reforms produced by TRADOC, namely returning much of the 

authority for Army doctrine development to the Command and General Staff College.  

Just as they were able to play successfully a double game rhetorically, so Boyd and his 

followers were able to negotiate effectively these institutional developments by putting 

pressure on service doctrine writers both from “inside” and “outside” simultaneously.  

Public criticism from books like Fallows’ best-selling National Defense, from Congress, 

and in newspapers helped to compel change in doctrine from “outside.”  Simultaneously, 

Boyd worked from the “inside” via association with Wass de Czege, Wyly, and Schmitt 

to influence the development of doctrine that service leaders would be compelled to 

adopt because it had been developed by the very institutions that they had invested with 

the authority to develop doctrine.  He was also able to work from the “inside” to 

influence the shape and direction of changes to curriculum and pedagogy in Army and 

Marine Corps schools.  Just as the very acceptance of the notion of professional military 

education was reinforced during the nineteenth century as those schools turned out 

cadres of officers who promoted the continuation and expansion of professional 
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education, Army and Marine Corps schools in the 1980s not only contributed to the 

development of new doctrine, but also to a cadre of mid-level officers educated in accord 

with the new doctrine who would, like Wass de Czege’s student at SAMS, Wayne Hall, 

go on to promote and spread what they had learned. 

Finally, we have seen a number of other developments that were also crucial to the 

enlistment of nonlinear science in the early 1990s.  First, as early as 1982, with the 

adoption of AirLand Battle, we saw military professionals referring to the battlefield as 

both “nonlinear” and “chaotic.”  We also saw increased interest in the quest for 

disproportionate effects upon the enemy and synergism among one’s own forces.  In 

neither case were military professionals making explicit references to nonlinear science.  

However, by the mid-1990s, they would be using nonlinear science to make these same 

arguments.  The fact that military professionals were already using terms and concepts 

that were the same or very similar to those associated with nonlinear science would help 

to smooth nonlinear science’s enlistment in the 1990s.  Finally, in the next chapter we 

will see that the ambivalence towards IT-enabled weapon systems and the debate over 

their compatibility with Boyd’s theory continued into the 1990s.  The dramatic first use 

during Desert Storm of the IT-enabled systems developed as part of the offset strategy 

led both to a widespread debate over the possibility of a technology-induced “revolution 

in military affairs,” as well the belief that rapid technological change was just one more 

factor making the post-Cold War world a volatile, uncertain, complex, ambiguous, and 

dangerous place.  As we shall see, both sentiments served in their own way to spur 

interest in nonlinear science as a source of concepts and metaphors for more accurately 

knowing and speaking about the world. 
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5. A Pudding with a Theme: The Enlistment of Nonlinear Science and 
the Emergence of Network-Centric Warfare 

 

5.1 Introduction 

Like the 1970s, the decade of the 1990s was a time of intense intellectual activity within 

the U.S. defense community.  Whereas calls for reform in the 1970s were the result of 

defeat and perceptions of weakness vis-à-vis a known enemy, calls for military 

transformation in the 1990s were the result of a stunning victory, the perception of rapid 

technological change, and the sudden lack of a known enemy.  The spectacular images 

of “smart bombs,” cruise missiles, stealth aircraft, and more that captured the 

imaginations of viewers of cable television world-wide during Operation Desert Storm 

in 1991, also stunned many within the U.S. defense establishment, leading to widespread 

debate within the defense community about the possibilities of an emergent, IT-induced 

“revolution in military affairs.”   Likewise, dramatic changes in the international system 

were cause for concern.  With the collapse of the Soviet Union in 1991, the world 

seemed to pass from the relative simplicity of a bi-polar world into a new, seemingly 

more volatile, uncertain, complex, and ambiguous international system.  While the 

President and others talked about a “new world order,” more often than not, U.S. 

military leaders saw instead a world without order.  The perception of rapid 

technological change, combined with the sudden absence of the Soviet Union, resulted 

in the “Information Age” itself often serving as the challenge towards which much of 

U.S. military theorizing and planning was directed.  It is in this environment of anxiety 

and uncertainty that one begins to see the first overt references to nonlinear science, 

whose concepts and metaphors seemed uniquely capable not only of describing the 

chaotic and unpredictable world of the Information Age, but also of providing lessons 

for coping in such an environment.  While initial discussions about an IT-induced 

“revolution in military affairs” and about the lessons of nonlinear science were largely 

separate, by the end of the decade, the two strands of thought would be synthesized into 

what came to be known as the theory of “network-centric warfare,” which would be at 

the heart of Secretary of Defense Donald Rumsfeld’s efforts at “military 
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transformation,” as well as the planning and conduct of the U.S. “war on terrorism” 

following the attacks of September 11, 2001. 

5.2 New World (Dis)order and the Revolution in Military Affairs 

The 1990s were viewed as a time of both great promise and great peril by members 

of the U.S. defense community.  The first large-scale use in Desert Storm of the IT-

enabled weapon systems developed during the 1970s and 1980s as part of the offset 

strategy seemed to signal the beginning of a “revolution in military affairs” (RMA) and 

the dawning of a new, “information age.”  However, the joy of “victory” in the Cold 

War soon gave way to anxiety over how to prepare for and deal with a world that 

seemed increasingly volatile, uncertain, complex, ambiguous, and, above all, dangerous.  

In the next few pages we will examine the expressions of promise and peril that 

constituted the military worldview of the 1990s. 

The notion of a “revolution in military affairs” (initially referred to as a “military-

technical revolution”) first emerged from within the Department of Defense’s Office of 

Net Assessment in 1992.  The Office of Net Assessment (ONA) had been founded in 

1973 to develop long-term strategic assessments of the balance of military power 

between the United States and the Soviet Union.  The ONA was (and still is) headed by 

a former RAND researcher named Andrew Marshall, developer of the net assessment 

methodology that focuses on the interaction between actors in a long-term military 

competition, including each actor’s perception of the other and the dynamics of the 

conflict.  During the Cold War, for example, understanding the Soviet assessment of the 

overall military balance, as well as the Soviet process of strategic assessment, was an 

important focus of studies undertaken by ONA.  While quantitative information was 

certainly used in ONA assessments, they were primarily qualitative, made use of 

historical case studies, and focused on interactions and perceptions over time, as 

opposed to methodologies that focused primarily on static, numerical force ratios.  One 

type of strategic assessment undertaken by ONA focuses on “highlighting important 

trends that may change a long-term balance; identifying future opportunities and risks in 
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the military competition; and appraising the strengths and weaknesses of U.S. forces in 

light of long-term shifts in the security environment.”1

The 1992 ONA report that set the tone for the RMA debate, The Military-Technical 

Revolution: A Preliminary Assessment, written by ONA analyst Andrew F. Krepinevich, 

was just such an assessment, a look at “important trends,” “future opportunities,” and 

“long-term shifts in the security environment” that was heavily influenced by Soviet 

views on such matters.  Andrew Marshall has said that as early as the mid- to late-1970s, 

ONA had begun to notice discussions in the Soviet military professional literature about 

the potential for major changes in the conduct of warfare due to recent technological 

developments made by the United States (i.e. the IT-enabled weapon systems of the 

offset strategy).  While Marshall and the ONA continued to monitor the discussion 

among Soviet military professionals throughout the 1980s, it was not until 1990, after 

the Berlin Wall had fallen and signs of an impending shift in the East-West military 

balance seemed imminent, that Marshall and Krepinevich began discussing the 

possibility of undertaking a formal study to assess whether the Soviet view was correct 

and, if so, what the implications would be for “strategic management” and force 

planning.2  In December 1990, as U.S. forces were pouring into the Persian Gulf as part 

                                                 
1 The best short definition of “strategic assessment” or “net assessment” can be found in “Appendix 1: The 

Definition of Strategic Assessment” of former Marshall colleague and RAND scholar, Michael Pillsbury’s 

2000, ONA-sponsored study of China’s process of strategic assessment.  Pillsbury defines strategic 

assessment as “an analysis of the interaction of two or more national security establishments both in 

peacetime and in war, usually ourselves and a potential enemy. It is the interaction of the two belligerents 

that is the central concept, not an assessment of one side alone. [...]  In the broadest definition, ‘strategic 

assessment’ implies a forecast of peacetime and wartime competition between two nations or two alliances 

that includes the identification of enemy vulnerabilities and weaknesses in comparison to the strengths and 

advantages of one’s own side.”  Practitioners of strategic assessment have consistently “underscored the 

need for American strategic assessment to focus on long-term historical patterns rather than on short-term 

trends and to appraise strengths and vulnerabilities of both the United States and its potential opponents as 

they would interact in future conflicts as well as during peacetime competition.”  See Michael Pillsbury, 

China Debates the Future Security Environment (Washington, D.C.: National Defense University), 2000, 

available from http://www.fas.org/nuke/guide/china/doctrine/pills2/part13.htm.  
2 Andrew F. Krepinevich Jr., The Military-Technical Revolution: A Preliminary Assessment (Washington, 

D.C.: Office of Net Assessment, Department of Defense), 1992, i. 
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of Operation Desert Shield, Marshall and Krepinevich met to discuss the “growing 

lethality of conventional war” and “how rapid advances in technology might change 

warfighting concepts.”  As Desert Shield became Desert Storm, the two met in January 

1991 to discuss the degree to which ongoing U.S. operations in Iraq constituted a 

“fundamental discontinuity in military operations” similar to the German blitzkrieg of 

1939.  Wanting to make sure that the U.S. was not merely reacting to, but rather, 

anticipating and shaping any potential discontinuous change in warfare, in August 1991 

the decision was made to undertake a formal study of the “military-technical 

revolution.”3

Krepinevich and Marshall assessed that the Soviets had been correct; the United 

States was in the midst of a “military-technical revolution” (MTR), a phenomenon which 

they said “occurs when the application of new technologies into military systems 

combines with innovative operational concepts and organizational adaptation to alter 

fundamentally the character and conduct of military operations.”4  Their definition of an 

MTR and conclusion that one was underway was based primarily on their reading of the 

Soviet literature on the subject, as well as their examination of the interwar period as a 

case study.  They noted that between 1917 and 1939, the development and incorporation 

of a number of new technologies into military systems, including the internal 

combustion engine, improved aircraft design, radar, radio, and the tank, made possible 

the conduct of very new types of military operations, including blitzkrieg, over-the-

horizon naval warfare, and strategic bombing.  The result was that World War II looked 

very different from previous conflicts.5  Yet, the interwar period also pointed to the need 

for organizational innovation, they said.  They noted, for example, that it was the British 

who were initially responsible for the development of both the tank and the operational 

concepts for its use (i.e. the ideas of J.F.C. Fuller), as well as the fact that on the eve of 

World War II, the British and the French generally had qualitative parity and 

quantitative superiority over their German attackers.  The difference, they said, was that 

while “In 1940 the French were prepared to use their aircraft, armor, and radio 
                                                 
3 Ibid., iii. 
4 Ibid., 3. 
5 Ibid., 4. 
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communications gear to wage World War I more effectively,” the Germans had 

fundamentally reorganized their forces to implement the new operations enabled by the 

new technology.6  Thus, an MTR was said to have four necessary characteristics: 

“technological change,” “military systems evolution,” operational innovation,” and 

“organizational adaptation.”7

In the Soviet literature, Krepinevich took special note of discussions about the 

implications of what the Soviets were calling the “reconnaissance-strike complex,” the 

increasing interdependence and blurred boundaries between information-gathering and 

weapons-delivery platforms in the U.S. arsenal.8  But according to Krepinevich, when 

viewed through the lens of the four characteristics of an MTR, the “reconnaissance-

strike complex” was only the “military systems” component of the MTR and dated to the 

1960s and 1970s with the maturation of ballistic missiles and the development of cruise 

missiles, satellite communication networks, and precision-guided munitions (PGMs).  

He dated the technological beginning of the ongoing MTR to the 1950s with the 

development of the transistor.  Recent military operations in Desert Storm were said to 

constitute only partial fulfillment of the operational innovation portion of an MTR.  

While Desert Storm offered a glimpse of the potentially revolutionary implications of a 

fully integrated reconnaissance-strike complex, full realization of that potential was said 

to require further integration of military systems, in addition to the development of 

operational concepts and organizational structures appropriate to such systems.9

Krepinevich noted that developments in computing and sensing technologies had 

made it possible to gather and disseminate more battlefield information, more rapidly, 

than ever before.  Many of those technologies had, in fact, already been incorporated 

into existing military systems such as PGMs, command and control systems, or 

intelligence-gathering systems.  They key development in terms of military systems, 

then, would be to integrate such systems into what he called a “network of systems” or a 

“deep-strike attack network,” to purposely promote the blurring of boundaries between 

                                                 
6 Ibid., 19. 
7 Ibid., 3. 
8 Ibid., 6. 
9 Ibid., 8-9. 
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reconnaissance and strike platforms that the Soviets had identified.10  He argued that a 

fully integrated network of IT-enabled weapon systems, combined with the increasing 

power of computer simulations, promised greater effectiveness for U.S. forces, where 

effectiveness was defined as the ability to bring about rapid enemy collapse by striking 

his “centers of gravity.”  First, he said that it should be possible to use information 

gathered about a potential enemy to create a profile of the enemy society as an 

“organism.”  Such information could be fed into computer simulations that would allow 

U.S. planners to determine those centers of gravity in the enemy system that, when 

struck, would bring about the enemy’s collapse.11  The combination of near real-time 

battlefield information with computer simulation during a conflict would result in 

“learning curve dominance” for U.S. forces.12  Second, once enemy centers of gravity 

had been identified and their potential value determined via simulation, the battlefield-

level “deep-strike attack network” of PGMs, command and control, and reconnaissance 

systems, could be used to attack those centers of gravity, simultaneously, and throughout 

the depth of the theater of conflict.  The simultaneous strike against multiple enemy 

centers of gravity at the outset of any conflict would be equivalent to a strike at the 

enemy’s “jugular” or “central nervous system.”13  In short, it would be the realization of 

“parallel war” as articulated by John Warden. 

Simultaneity, then, emerged as one of the key operational concepts for realizing the 

promise of an integrated network of systems.  Multiplicity was also an important 

concept.  Not only would multiple enemy centers of gravity be struck simultaneously, 

but carrying out such strikes was said to require “multidimensional” operations which 

relied upon air, land, sea, and space assets working jointly and synergistically.14  But 

more than anything else, information was seen as the key enabler of simultaneity and 

multiplicity.  Thus, the most important operational concept would be “information 

                                                 
10 Ibid., 11, 14-15. 
11 Similar to Warden, Krepinevich identified enemy leadership, command and control, energy, 

communication, and military assets (in that order) as potential centers of gravity. Ibid., 11. 
12 Ibid., 12-13. 
13 Ibid., 12. 
14 Ibid., 20. 
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dominance.”  Defined as “a superior understanding of a (potential) adversary’s military, 

political, social, and economic structures, to include their strengths, weaknesses, 

locations, and degrees of interdependence, while denying an adversary similar 

information on friendly assets,”15 Krepinevich predicted that information dominance 

“could well be the sin qua non for effective military operations in the future.”16

Finally, organizationally, Krepinevich worried that long research, development, and 

acquisition cycle times would slow the U.S. ability to realize an MTR.  He 

recommended that efforts be made to shorten the acquisition cycle, with greater future 

reliance upon civilian, “off-the-shelf” technology being one possible solution.  Using the 

OODA loop as an analogy, he cautioned that “Just as a competitor seeks to get inside his 

adversary’s decision or information cycle, he also must be able to operate inside an 

opponent’s production and innovation cycles.”17  Ultimately, however, the report did not 

name a “peer competitor” against which the U.S. would compete.  As such, constant 

technological, operational, and organizational change and innovation became both 

problem and solution. 

So, while the Soviets had clearly identified the U.S. offset strategy as the driving 

force behind the emerging military-technical revolution, U.S. defense planners often 

portrayed the revolution as if it had taken on a life of its own, raising concerns over the 

possibility of even “keeping pace with the military-technical revolution.”18  As an 

example, in the forward to the 1994 “World View” report, the “strategic assessment” 

produced by the Army War College’s Strategic Studies Institute, the director of the 

Institute, Col. John W. Mountcastle, explained that “In this dynamic international 

setting, a technological revolution is propelling many nations, the United States being 

foremost among them, from the industrial age into the information age. The implications 

                                                 
15 Ibid., 22. 
16 Ibid., 20. 
17 Ibid., 41. 
18 Andrew F. Krepinevich Jr., “Keeping Pace with the Military-Technological Revolution,” Issues in 

Science and Technology 10, Summer (1994). 
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for military force structures and strategies are as enormous as they are uncertain.”19  The 

Chief of Staff of the Army, General Gordon R. Sullivan, echoed these sentiments, 

explaining that “the collapse of the Cold War strategic environment and the dawning of 

what futurists Alvin and Heidi Toffler have described as the ‘Information Age’” had 

combined to “present us with both an unprecedented challenge and an unparalleled 

opportunity.”20  Soon enough, then, the RMA came to be seen not as an easily-exploited 

opportunity, but as yet another challenge among many in the volatile, uncertain, 

complex, and ambiguous post-Cold War environment. 

As mentioned in the first chapter, Judith Stiehm has noted that during the 1990s, 

faculty, students, and researchers at the U.S. Army War College increasingly referred to 

the world as “volatile, uncertain, complex, and ambiguous,” or simply, “VUCA.”21  

Indeed, there was no shortage of Army War College publications at that time expressing 

the VUCA sentiment.  In the forward to the 1994 “World View” report mentioned 

above, Col. Mountcastle explained that “[T]he  strategic situation throughout the world 

is far more complex and fraught with danger than many may realize. The dramatically 

altered world of the post-cold war period is not the peaceful and tranquil scene many had 

longed for and thought had, indeed, arrived.”22  The assessment explored a number of 

challenges facing the Army at that time, including fiscal constraints, increasing 

involvement in U.N. peace operations worldwide, ethno-nationalist and religious 

conflicts (particularly in the Balkans), continuing turmoil in Russia, and the prospects of 

a nuclear North Korea.  The following year, in the preface to a study of The Army in the 

Information Age written by the Chief of Staff of the Army and published by the Strategic 

Studies Institute, director of studies at the Institute, Earl H. Tilford, Jr. again echoed the 

                                                 
19 Steven K. Metz and Earl H. Tilford Jr., eds., World View: The 1994 Strategic Assessment from the 

Strategic Studies Institute (Carlisle Barracks, PA: Strategic Studies Institute, U.S. Army War College, 

1994).. Original document does not have page numbers. 
20 Gen. Gordon R. Sullivan and Lt. Col. Anthony M. Coroalles, The Army in the Information Age (Carlisle 

Barracks, PA: Strategic Studies Institute, U.S. Army War College), 1995, 1 and 3. 
21 Stiehm, The U.S. Army War College: Military Education in a Democracy, 6. 
22 Metz and Tilford Jr., eds., World View: The 1994 Strategic Assessment from the Strategic Studies 

Institute. 
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VUCA sentiment, writing that “Uncertainty will be the norm as the Army moves into the 

21st century. During the Cold War, the Army was ready to fight a particular kind of 

conflict. Today, when conditions are less certain and the threats more ambiguous, 

unpredictable, and in a sense more likely to be translated into acts of force to achieve 

political, economic, or terroristic objectives, the Army must be structured, trained, 

equipped, and prepared for maximum flexibility.”23

But it was not only the faculty and staff of the Army War College who worried 

about a VUCA world.  Such sentiment was expressed in a series of publications written 

by the Army Chief of Staff between 1993 and 1995.  In a 1993 study of Land Warfare in 

the 21st Century, he warned that in addition to rapid technological change, the Army 

would have to face a world composed of potential threats that were more “uncertain,” 

“diffuse,” “unpredictable,” “subtle,” and ultimately, more dangerous than anything 

known during the Cold War.24  Two years later, he wrote, “Times of change, times of 

turbulence, and times of uncertainty are inherently ‘interesting’ periods. The element 

that makes them so is unpredictability. [...] Yet neither the Army nor the nation seem to 

have a choice in the rapid pace of change that is swirling around us as the 20th century 

draws to a close. Indeed we live in interesting times.”25  Since the Army could not hope 

to stem the tide of rapid change, uncertainty, and danger, the only possible response was 

to develop a force capable of rapid response.  That is, since one could not plan future 

forces based on a known threat (“threat-based planning”), one would have to plan them 

based on an agreed set of necessary capabilities (“capabilities-based planning”).  And 

such “interesting times” seemed to demand flexibility in strategy, the ability to do more 

with less, and the ability to rapidly respond to crises anywhere, anytime.26  General 

Sullivan explained his “vision for the future” of the Army in a 1995 article in the 

Military Review: 

                                                 
23 Sullivan and Coroalles, The Army in the Information Age, iii. 
24 Gen. Gordon R. Sullivan and Col. James M. Dubik, Land Warfare in the 21st Century (Carlisle 

Barracks, PA: Strategic Studies Institute, U.S. Army War College), 1993, vi and vii. 
25 Sullivan and Coroalles, The Army in the Information Age, 1. 
26 Sullivan and Dubik, Land Warfare in the 21st Century, vi and xi-xii. 
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Because we cannot predict the type of mission or the identity of the 
enemy, we must be capable of an unprecedented degree of flexibility and 
adaptability... Because the location of the next crisis is unknown, we must 
be a power-projection force, ready to deploy wherever needed and sustain 
ourselves... [W]e must be able to conduct that deployment quickly and on 
practically no notice. [...]  To achieve maximum versatility in today’s 
ambiguous environment, we are creating a capabilities-based force—an 
Army tailored to be effective against any threat, in any environment.27

Meeting the challenge of keeping pace with the RMA was seen as the key to 

providing the flexibility and capabilities needed to cope with a VUCA world.  All other 

problems were subsumed under meeting the challenges of the Information Age, for it 

was believed that the successful transformation of the U.S. military into an information-

age force would make it ready for anything.  General Sullivan was one of many within 

the U.S. defense establishment who had accepted the theories of socio-techno-economic 

change and historical periodization offered by futurists Heidi and Alvin Toffler in their 

bestselling books The Third Wave, Powershift, and War and Anti-war.  In their works, 

they offered a technological determinist, materialist theory that divided all of human 

history into three periods or, in their lingo, “waves”—i.e. the agrarian age, the industrial 

age, and the information age.  Each “age” or “wave” was defined by its dominant forms 

of technology, which determined economic production, what they called “war-forms,” 

and social structure.28  For General Sullivan and many others, then, the “Information 
                                                 
27 Gen. Gordon R. Sullivan, “A Vision for the Future,” Military Review, May-June (1995), 6 and 8. 
28 Alvin Toffler was the keynote speaker at the Army War College Fifth Annual Strategy Conference in 

1994, “The Revolution in Military Affairs: Defining an Army for the 21st Century.”  A graphical 

representation of the Toffers’ “three waves” also showed up in at least one official Army publication 

during this period.  See Robert J. Bunker, “The Tofflerian Paradox,” Military Review, May-June (1995), 

99.  Overall, direct and indirect references to the Tofflers’ books and ideas are ubiquitous in the military 

literature during this period.  Over time, in a testament to the power of the “unthought,” while direct 

references to them or their works faded, their fundamental ideas remained firmly rooted in military 

discourse, including, as we shall see, network-centric warfare.  The Tofflers were not the only source of 

inspiration for theorists of information-age warfare, however.  Other oft-cited works included: James V. 

McGee and Laurence Prusak, Managing Information Strategically (1993); William H. Davidow and 

Michael S. Malone, The Virtual Corporation (1992); Peter Drucker, Post-Capitalist Society (1993) and 

The New Realities (1989); Robert B. Reich, The Work of Nations (1991); Michael Hammer and James 

Champy, Reengineering the Corporation (1993); John Naisbitt, Megatrends (1982); John Naisbitt and 
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Age” became the name of the otherwise generic VUCA world.  According to the 

Tofflers, no one wave ever entirely replaced the others; there were still examples of 

primarily agrarian and industrial societies in the world, even as the United States and 

other Western nations rode the third wave into the information age.  General Sullivan 

explained that this increasingly “tri-sected world” was one “of increased complexity and 

uncertainty” and that, as such, “the concept of war will change fundamentally.”29

In line with the Tofflers’ teaching that nations make war the same way they make 

wealth, changing the concept of war, the general said, would require a shift in military 

thinking from the “governing concepts” of the industrial age to those of the information 

age.  The three, core governing concepts of the industrial age were said to be “The 

Machine as Model,” “Paced, Sequential, Continuous, Long-Run Production,” and “Mass 

Output.”  Taken together, in both business and warfare, these governing concepts were 

said to have led to an emphasis on mass production or destruction generated sequentially 

by assembly line-like organizations that valued conformity, centralization, 

specialization, and repetition, and which were directed via a “scientific” approach to 

management/command known as “systems analysis.”  He said that World War II 

“epitomized industrialism’s governing concepts” because it was primarily a war of 

                                                                                                                                                
Patricia Aburdene, Megatrends 2000 (1990); and Don Tapscott and Art Caston, Paradigm Shift: The New 

Promise of Information Technology (1993).  Each of the above was cited in Army Chief of Staff Gordon 

Sullivan’s 1994 monograph for the Army War College’s Strategic Studies Institute, Gen. Gordon R. 

Sullivan and Col. James M. Dubik, War in the Information Age (Carlisle Barracks, PA: Strategic Studies 

Institute, U.S. Army War College), 1994.  While Boyd has had a longer-term influence upon military 

discourse in the United States, ideas about an emergent Information Age, in particular those of the 

Toffer’s, have had a profound influence within the U.S. military.  Of particular note is the speed with 

which these ideas seem to have been accepted and appropriated.  Their acceptance and appropriation 

seems to have occurred and become more widespread more quickly than Boyd’s ideas.  This may be due 

to the fact that, in general, ideas like the Toffer’s theory of the Information Age are more straight forward 

and easier to grasp quickly than Boyd’s ideas.  However, this is only my speculation.  More empirical 

work is needed in the future to weight more completely and precisely the relative influence of Boyd on the 

one hand and theorists of information-age society on the other within U.S. military discourse. 
29 Ibid..  The original document does not contain page numbers. 
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attrition in which victory was seen as a function of destroying the enemy’s industrial 

production and, hence, war-making capability.30

Since “In the information age, the path to wealth will be knowledge” rather than 

physical production, the military, he said, must adopt the governing concepts of the 

information age, which included “The Network as Model,” “Near-Simultaneous, 

Continuous, Short-Run Production,” and “Mass-Customized Products, Precisely 

Targeted, Near-Instantaneous Distribution.”  The network was seen as the key enabler of 

the other two governing concepts.  Taking the network as one’s model for organization 

was said to constitute “a more holistic approach,” one focused on relationships and links 

more than positions and nodes, one that valued decentralized decision-making, and one 

that sought after an organization “constantly learning and ‘self-renewing.’”  The network 

model would be at the heart of General Sullivan’s vision for the future of the Army, a 

force that he envisioned as an “integrated circuit” that is “part of a network.”31  As Chief 

of Staff he worked to make that vision a reality by promoting the Force XXI concept, a 

plan for the future Army that sought the seamless integration of all Army information 

systems with one another as well as with those of the other services.  But Force XXI was 

about more than just technology, he explained.  It was not “a thing”; nor would the 

Army ever be a “finished product.”  Rather, at bottom, Force XXI was said to be a 

flexible, integrative “mind-set” accepting of ambiguity.32

Recalling the theories of both Boyd and Warden, he argued that flexible, adaptive, 

and innovative soldiers plugged into a seamless network of systems would be able to 

defeat any potential enemy.  Taken together, Boyd and Warden provided a universal 

theory of organizational behavior and structure under conditions of competition.  All 

individuals and organizations were said to move through the “decision cycle”; and all 

individuals and organizations were said to be structured in the same basic way, with 

leadership, information, organic essentials, self-defense, etc. components.  A networked 

force seemed to promise the speed that Boyd had advocated, along with the multiplicity 

                                                 
30 Ibid.. 
31 He expressed his vision on numerous occasions, including Sullivan and Dubik, Land Warfare in the 21st 

Century, xviii and Sullivan, “A Vision for the Future,” 9-10. 
32 Ibid., 7-8. 
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and simultaneity called for by Warden, Krepinevich, and Marshall.  Indeed, General 

Sullivan said that simultaneity was the “unifying concept in Information Age warfare.”  

The goal of an integrated force would be to synchronize the capabilities from multiple 

services, to strike multiple enemy centers of gravity, simultaneously.33  Even speed of 

attack and getting inside an enemy’s decision cycle were said to serve the purpose of 

simultaneity.  He wrote, 

Considering the decision cycle of the target—its ability to cycle among 
observation, orientation, decision, and action—it is obvious that when the 
attacking force achieves surprise, the opponent is faced with a situation 
that he has either not seen coming, or is not oriented to block. However, 
at the moment of attack the target begins a new cycle. If opposing forces 
can be confronted with another action before they can act to cope with the 
first, then the power of simultaneity over time becomes evident. [...]  If 
we strike an opponent a blow to the head to stun and in rapid succession 
strike the chest, stomach, and groin, the attack takes on an indiscernible 
unity in the eyes of our opponent.34

Such an approach was said to “enable us to destroy the coherence of the enemy 

force by taking away the lynch pins that hold it together” so as to “bring strategic 

decision in a single operation,” “strategic paralysis,” and “rapid and total collapse of 

resistance.”35  In his most concise articulation of his vision of information-age warfare, 

he combined the theories of Boyd and Warden, the RMA ideas of Krepinevich and 

Marshall, and the Tofflers’ theory of the information age: 

In the information age, armies will conduct operations resulting in the 
near-simultaneous paralysis and destruction of enemy forces, war-making 
capability, and information networks throughout the depth of a theater. 
Armies in the information age will develop a shared situational awareness 
resulting from having common, up-to-date, near-complete friendly and 
enemy information distributed among all elements of a task force. First, 
an information age army will be able to locate enemy forces quickly and 
precisely, whether those enemies are agrarian war lords, industrial armies, 
or an information age peer. Second, information age armies will know 
where their own forces are, much more accurately than before while 
denying that kind of information to their foes. Finally, information about 
enemy units and friendly formations will be distributed among all 

                                                 
33 Sullivan and Coroalles, The Army in the Information Age, 3 and 8-9. 
34 Ibid., 13-14. 
35 Ibid., 9 and 11-12. 
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committed forces—land, sea, air, and space—to create a common 
perception of the battlefield. This shared situational awareness, coupled 
with the ability to conduct continuous operations, will allow information 
age armies to observe, decide, and act faster, more correctly and more 
precisely than their enemies. All the elements of the battlefield, armor, 
artillery, infantry, air platforms and command centers will be linked 
digitally in information age armies. Furthermore, in the future, warfare 
will be conducted jointly with the whole of any force being greater than 
the sum of its parts.36

General Sullivan’s vision was shared by many throughout the U.S. defense 

establishment, including the Chairman of the Joint Chiefs of Staff, General John 

Shalikashvili, and his Vice Chairman, Admiral William Owens.  In a 1994 article in 

Joint Forces Quarterly, Admiral Owens openly endorsed General Sullivan’s vision and 

dubbed his network of systems “The Emerging System of Systems.”  The system of 

systems was said to be the result of increasing convergence, “interactions and 

synergism” among C4ISR and PGM systems.37  In 1996, General Sullivan and Admiral 

Owens’ vision of the future of warfare became the official vision of the Joint Chiefs of 

Staff when General Shalikashvili approved and published Joint Vision 2010.  Authored 

by Admiral Owens, it would serve as the “template for the evolution of the Armed 

Forces for a challenging and uncertain future,” a “common direction for our Services in 

developing their unique capabilities,” and a prescription for “how we will fight in the 

early 21st century.”38  In turn, and in response to direction from the Joint Chiefs, each of 

the services produced their own vision statements that echoed the IT-enabled, 

information superiority-driven vision of future warfare articulated by Joint Vision 

2010.39

                                                 
36 Sullivan and Dubik, War in the Information Age.  No page numbers in original document. 
37 William A. Owens, “The Emerging System of Systems,” Military Review, May-June (1995), 16-17. 
38 Gen. John M. Shalikashvili, Joint Vision 2010 (Washington, D.C.: Chairman of the Joint Cheifs of 

Staff), 1996, Preface and 1. 
39 Most service vision statements were being drafted at roughly the same time as Joint Vision 2010.  Adm. 

Owens was aware of the work being done by each service and as early as 1995 expressed his approval of 

the direction in which they were heading, noting that each of the service visions echoed his own vision of 

the importance of C4ISR and PGM systems, as well as multidimensional, “joint” operations.  See Owens, 

“The Emerging System of Systems,” 16.  The vision statements produced by each service were, for the 
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However, given the strong romanticist sentiments that had developed within the 

U.S. military during the 1970s and 1980s, Krepinevich, Marshall, Sullivan, and Owens 

were not able to focus entirely on technology.  For all their enthusiasm over the promise 

of IT-enabled weapon systems, they were careful to point out that the intangible, human, 

“artistic” aspects of warfare were still important, that the future of warfare was not only 

about technology.  For example, Krepinevich and Marshall abandoned the term 

“military-technical revolution” in favor of “‘revolution in military affairs’, primarily as a 

consequence of the tendency on the part of some to equate the revolution primarily (and, 

in some cases, exclusively) with advances in technology.”40  General Sullivan went 

further, cautioning that while so much seemed to be in flux, while so much of the world 

and the future of war seemed uncertain and unpredictable, the fundamental “nature of 

war” would remain constant.  “War is a matter of heart and will first,” he said, 

“weaponry and technology second.”41  He explained that 

Perhaps the most important constant is this: war demands both science 
and art from the leaders who wage it. To think that one without the other 
will solve the problems posed by war is to err and err seriously. The 
future will find predictive modeling, integrative technology, precision 
guidance systems, and other high technology increasingly useful—
necessary, but not sufficient. The artistic side of war will remain: 
creativity, intuition, leadership, motivation, decisionmaking under 
conditions of limited information. These will never lose their importance, 
for they describe war’s essence.42

                                                                                                                                                
Army, Gen. Denis J. Reimer, Army Vision 2010 (Washington, D.C.: Department of the Army), 1996, for 

the Navy, John H. Dalton, Adm. J.M. Boorda, and Gen. Carl E. Mundy Jr., Forward...from the Sea 

(Washington, D.C.: Department of the Navy), 1997, for the Marine Corps, Gen. C.C. Krulak, Operational 

Maneuver from the Sea (Washington, D.C.: Department of the Navy, Headquarters United States Marine 

Corps), 1996, and for the Air Force, Gen. Ronald R. Fogleman and Sheila E. Windall, Global 

Engagement: A Vision for the 21st Century Air Force (Washington, D.C.: Department of the Air Force), 

1996.  The Air Force got into the vision statement business as early as 1992 with the publication of Donald 

B. Rice, Global Reach—Global Power: The Evolving Air Force Contribution to National Security 

(Arlington, VA: Aerospace Education Foundation), 1992. 
40 Krepinevich Jr., The Military-Technical Revolution: A Preliminary Assessment, iv.  The term 

“revolution in military affairs” was also taken from Soviet literature, according to Krepinevich. 
41 Sullivan and Dubik, Land Warfare in the 21st Century, xxviii. 
42 Ibid., xxvii.  He made a similar point in Sullivan, “A Vision for the Future,” 10. 
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Finally, though technology was certainly central to the vision of future warfare 

articulated in Joint Vision 2010, Admiral Owens was careful to make sure that people 

were identified first, and repeatedly, as the most important determinant of success in 

future warfare.  For example, the “foundation of Joint Vision 2010” was said to be 

“quality forces,” which, in turn, were said to be composed of “people,” “training & 

readiness,” “leader development,” and “first-rate equipment”—i.e. three of the four 

characteristics were directly related to the “human element.”43  The very last sentence of 

the document, written in bold face type, read, “Even during time of unparalleled 

technological advances we will always rely on the courage, determination, and strength 

of American’s men and women to ensure we are persuasive in peace, decisive in war, 

and preeminent in any form of conflict.”44

5.3 Nonlinear Science: Finding the Theme in the Pudding 

Growing dissatisfaction among a number of influential individuals and 

organizations within the U.S. defense community over the seemingly exclusive focus on 

technology of the RMA debate was an important immediate reason for interest in 

nonlinear science.  In the early 1990s, while much of the defense community debated the 

merits of the RMA thesis, a number of civilian academics, defense intellectuals, and 

military professionals began to explore the meaning of chaos theory and complexity 

theory for the conduct of international relations and military operations.  While their 

initial efforts were largely separate (and largely ignored issues of technological change), 

they did not go unnoticed.  In November of 1996, having noticed the increased but 

disparate interest in nonlinear science within the defense community, the National 

Defense University (NDU) and the RAND Corporation sponsored the “Complexity, 

Global Politics, and National Security Conference.”  Held at NDU in Washington, D.C., 

the conference brought together the majority of those civilians and military professionals 

who had written on the meaning of nonlinear science for international relations and 

military affairs in the preceding five years.  In the next several pages, we will examine 

the confluence of ideas about the need for and meaning of nonlinear science that were 
                                                 
43 Shalikashvili, Joint Vision 2010, 7. 
44 Ibid., 34. 
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represented at the 1996 NDU conference.  A number of those present at the conference 

would go on to have a profound influence upon the shape of U.S. defense policy in the 

remaining years of the twentieth and the first years of the twenty-first centuries. 

5.3.1 A Science for the Information Age 

In his opening remarks to the conference, one of the organizers, Gregory Treverton 

of RAND, described the VUCA world of the 1990s by paraphrasing a comment made by 

Winston Churchill after an unsatisfying meal: “The pudding lacked a theme.”  In his 

forward to the published conference proceedings, Air Force Lt. Gen. Ervin J. Rokke, 

president of NDU, said that in trying to find the theme in the post-Cold War pudding, 

“the intellectual response…has tended by-and-large to focus on what is called the 

Revolution in Military Affairs. […]  However, to my taste, what emerges is a ‘pudding 

without a theme.’”  In contrast, he suggested that the “New Sciences” of chaos and 

complexity “suggest that neither technology nor the Newtonian principles of linearity are 

sufficient to deal with the increasingly complex world in which we find ourselves.  

Complexity theory contends that there are underlying simplicities, or patterns, if we but 

look for them.  These provide us with insights, if not predictions and solutions.  Such an 

effort, if successful, promises to help us find the theme in the pudding.”  Thus, recalling 

his own statement to the conferees, he urged readers of the conference proceedings to 

“‘Kick off your mental shoes, and let your minds stray out of the boxes into which we 

normally find ourselves’.  See if among these papers there is a theme in the pudding.”45

A number of the presenters at the conference expressed dissatisfaction with the state 

of military/national security discourse at that time, arguing that the VUCA nature of the 

post-Cold War world required new ways of thinking and speaking.  For example, in his 

presentation, “The Reaction to Chaos,” Steven R. Mann, a diplomat in the U.S. State 

Department who had originally written about nonlinear science as a student at the 

National War College in 1991, said that the “utter unbelievability [sic]” of the phrase, 

‘the New World Order’,” had led him to his interest in “the metaphor of self-organized 

                                                 
45 “Forward” by Lt. Gen. Ervin J. Rokke, USAF, in David S. Alberts and Thomas J. Czerwinski, eds., 

Complexity, Global Politics, and National Security (Washington, DC: National Defense University, 

1997)., ii. 
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criticality.”  He explained that, “Whatever else we were seeing in international affairs, it 

was not order.”  Lamenting that the phrase had even appeared in the conference 

brochure, he suggested instead that “what we are actually dealing with is better 

expressed by the concept of consistent criticality.  The international environment is 

complex, dynamic, and constantly changing.  The world appears as a critical arena.”46  

He had begun his 1991 paper by arguing that the “new world order” constituted a 

fixation “on this year’s international reshuffling.  Absorbed by the transitory, we ignore 

the epochal.”47  Indeed, Mann was representative of those analysts and policymakers that 

George Washington University professor of international affairs, James N. Rosenau, 

identified in his presentation to the conference.  Noting that “uncertainty is the norm and 

apprehension the mood,” he said that “they latched onto recent strides in complexity 

theory in the hope that it will yield solutions to the intractable problems that beset us.”48

In his own book on the subject of nonlinearity in military affairs published two 

years after the conference, Thomas J. Czerwinski, one of the conference organizers and a 

professor in the School of Information Warfare at NDU, echoed Lt. Gen. Rokke’s 

concerns about the RMA debate’s seemingly exclusive focus on the technological 

component of the Information Age.  In contrast, he said that “Nonlinearity reflects the 

science of the Information Age, rather than its technology.  Currently, the awareness 

level about that science is low in comparison to the omnipresent technology.”49  His 

book, he said, was meant “to help correct this dangerous imbalance.” 50  His survey of 

                                                 
46 Steven R. Mann, “The Reaction to Chaos,” in Complexity, Global Politics, and National Security, ed. 

David S. Alberts, Czerwinski, Thomas J. (Washington, D.C.: National Defense University, 1997), 62. 
47 Steven R. Mann, “Chaos, Criticality, and Strategic Thought” (Master’s Thesis, National War College, 

1991), 1.  The following year, he published a shorter version of his National War College thesis as an 

article in Parameters, the journal of the Army War College.  See Steven R. Mann, “Chaos Theory and 

Strategic Thought,” Parameters, Autumn (1992). 
48 James N. Rosenau, “Many Damn Things Simultaneously: Complexity Theory and World Affairs,” in 

Complexity, Global Politics, and National Security, ed. David S. Alberts, Czerwinski, Thomas J. 

(Washington, D.C.: National Defense University, 1997), 32. 
49 Thomas J. Czerwinski, Coping with the Bounds: Speculations on Nonlinearity in Military Affairs 

(Washington, DC: National Defense University), 1998, 1. 
50 Ibid., 1. 
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the lessons of nonlinear science for military affairs led him to conclude that information-

age technologies as reflected in “big-ticket defense initiatives, such as Joint Vision 2010, 

Dominant Battlespace Knowledge (DBK) and its ‘system of systems’, and Force XXI’s 

digitized battlefield,” all displayed “an overriding penchant for the linear, especially its 

enchantment with, and over-dependence on, technological solutions.”51

So, just as military theorists and doctrine writers in the 1970s and 1980s had sought 

to deal with the intractable problem of Soviet numerical superiority by moving beyond 

the transitory aspects of force ratios, probabilities of kill, and new technologies, instead 

seeking the “timeless” and “universal” truths of military history and theory, initial 

interest in nonlinear science embodied a desire to address intractable but (hopefully) 

transitory problems with the truths uncovered by the “new sciences.”  As luck would 

have it, timeless truths from new science were increasingly ready to hand in the late 

1980s and early 1990s.  In less than ten years, there was an explosion in the number of 

popular press books written on chaos and complexity, and references to chaos theory 

began showing up in American popular culture.  Members of the national security and 

defense communities took notice, and much of their understanding of nonlinear science 

was based upon such popular works as Jame’s Gleick’s best-selling book, Chaos: The 

Making of a New Science (1987), Roger Lewin’s, Complexity: Life at the Edge of Chaos 

(1992), Mitchell Waldrop’s, Complexity: The Emerging Science at the Edge of Order 

and Chaos (1992), Murray Gell-Mann’s, The Quark and the Jaguar: Adventures in the 

Simple and the Complex (1994), Stuart Kauffman’s, At Home in the Universe: The 

Search for the Laws of Self-Organization and Complexity (1996), and John Holland’s, 

Hidden Order: How Adaptation Builds Complexity (1996), among others.  Even those 

who were not in the habit of reading books on popular science were exposed to chaos 

theory and the notion of the “butterfly effect” (the notion that small changes to a system 

can lead to disproportionately large consequences) in Michael Crighton’s best-selling 

novel (1990) turned blockbuster movie (1993), Jurassic Park.  At a presentation to the 

Army War College Fifth Annual Strategy Conference in April 1994, Michael Mazarr, an 
                                                 
51 Ibid., 147.  Czerwinski had raised many of these issues before, in an article he published in the same 

year as the NDU conference.  See Thomas J. Czerwinski, “Command and Control at the Crossroads,” 

Parameters, Autumn (1996). 
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adjunct professor of national security studies at Georgetown University, senior fellow at 

the Center for Strategic and International Studies, and legislative assistant to 

Representative Dave McMurdy (D-OK), asserted that “With the end of the cold war, 

everything we thought we knew about the world community has been turned upside 

down. […]  These developments force us to ask basic questions anew.”  He found hope, 

however, in the fact that “New mathematical theories of nonlinear, unpredictable 

relationships—the chaos theory popularized in the book and movie Jurassic Park—

provide a more telling portrait of international relations than the more traditional, linear 

models in favor for the last four decades.”52  Mazarr was one of those invited to present 

at the 1996 NDU conference.53

Finally, in addition to growing concern over a VUCA world, dissatisfaction with the 

current ways of thinking and speaking, and the widespread availability of the timeless 

truths of the new sciences, it is important to remember that many military professionals 

had already begun to speak about warfare in terms consistent with the vocabulary of 

nonlinear science.  In the last chapter we saw that as early as the mid-1980s it was 

common for military professionals to refer to the battlefield as a nonlinear, chaotic, and 

dynamic space.  It was common to seek the creation of a synergistic force, greater than 

the sum of its parts, which would be capable of creating disproportionate effects upon 

the enemy organism or system.  It was common for those influenced by Boyd’s thinking 

to speak of warfare in evolutionary terms, where adaptation to constant change and 

stimuli from the outside environment was seen as the key to survival.  And those who 

had heard Boyd’s briefings and who had read his “Green Book,” the collection of his 

briefing slides which included a copy of the “Destruction and Creation” essay, had seen 

what one could do with concepts and metaphors gleaned from the natural sciences.  So, 

not only had the idea of using concepts and metaphors from the sciences preceded the 

                                                 
52 Michael J. Mazarr, The Revolution in Military Affairs: A Framework for Defense Planning (Carlisle 

Barracks, PA: Strategic Studies Institute, U.S. Army War College), 1994, The original document is 

without page numbers. 
53 Michael J. Mazarr, “Chaos Theory and U.S. Military Strategy: A ‘Leapfrog’ Strategy for U.S. Defense 

Policy,” in Complexity, Global Politics, and National Security, ed. David S. Alberts, Czerwinski, Thomas 

J. (Washington, D.C.: National Defense University, 1997). 
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enlistment of nonlinear science—indeed, as we have seen, the idea preceded Boyd as 

well—many of the ideas and much of the vocabulary that would get articulated with 

nonlinear science in the 1990s actually preceded the enlistment of nonlinear science.  It 

is no wonder then, given all of these factors, that military professionals were drawn to 

nonlinear science. 

While Boyd was not physically present at the 1996 conference, he was there in 

spirit.54  A number of presenters referenced Boyd directly, including, as we shall see 

shortly, his old friend and Marine Corps doctrine writer, John Schmitt, who, by 1996, 

had succeeded in convincing the Marine Corps to incorporate nonlinear science ideas 

explicitly into a number of Marine Corps doctrinal publications.55  In their preface to the 

published proceedings, conference organizers David S. Alberts and Thomas J. 

Czerwinski identified Boyd as one of the first U.S. defense thinkers who could “be 

considered to be nonlinearists,” correctly noting, however, that “in the context of the 

time and vocabulary, this realization could only be implicit.  An explicit articulation only 

began to emerge in the early 1990s.”56   

Indeed, it was not until the late 1980s and early 1990s that military professionals 

and others within the broader national security community, including Boyd, began to 

invoke nonlinear science directly.  For Boyd, while concepts and metaphors from the 

sciences had played an important role in the formulation of his ideas, and were featured 

prominently in his 1976 “Destruction and Creation” essay and “New Conception for Air-

to-Air Combat” briefing, the bulk of his work in the 1980s (i.e. “Patterns of Conflict”) 

was without direct reference to the sciences.  During this period, only those who took the 

time to read Boyd’s essay, or who knew Boyd personally, would realize the important 
                                                 
54 By 1996, Boyd was suffering from advanced prostate cancer.  He passed away in 1997. 
55 The previous year, Schmitt had written a paper on the implications of nonlinear science for the Marine 

Corps Combat Development Command.  See Capt. John F. Schmitt, Chaos, Complexity, and War: What 

the New Nonlinear Dynamical Sciences May Tell Us About Armed Conflict (Quantico, VA: Marine Corps 

Combat Development Command), 1995.  It was because of this work that he was invited to the 

conference, which was also attended by his boss, Lt. Gen. Paul K. Van Riper.  I will say more about 

Schmitt and Van Riper’s efforts to incorporate the lessons of nonlinear science into Marine Corps doctrine 

later in this chapter. 
56 Alberts and Czerwinski, eds., Complexity, Global Politics, and National Security, iii-iv. 
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place of concepts from the sciences in his thinking.  As we recall, “Patterns of Conflict,” 

the heart of Boyd’s presentation during this time, was focused exclusively on military 

history and theory.  Direct references to the sciences only became a significant part of 

Boyd’s “Discourse” with the addition of the briefing, “Strategic Game of ? and ?” in 

1987.  Even then, he only made passing reference to nonlinear science. 

The overall purpose of the briefing was to answer the question, “What is 

strategy?”57  To answer the question, Boyd returned to the ideas he had developed in 

“Destruction and Creation.”  In effect, “The Strategic Game of ? and ?” was the 1976 

essay in briefing form.  As such, he reiterated that the goal of “human nature” is to 

survive on one’s own terms, increase one’s capability for independent action, and that 

the resultant competition for scarce resources inevitably leads to conflict in which it 

becomes necessary to deny those capabilities to an adversary.58  After providing 

examples from a number of popular press accounts of psychology, biology, 

thermodynamics, physics, and mathematics, he told his listeners that, “As human beings, 

we cannot exist without an external or surrounding environment from which we can 

draw sustenance, nourishment, or support.  Interaction permits vitality and growth while 

isolation leads to decay and disintegration.”59  Thus, he said that “The Strategic Game is 

one of interaction and isolation.  A game in which we must be able to diminish 

adversary’s ability to communicate or interact with his environment while sustaining or 

improving ours.”60

It was in his examples from thermodynamics that he drew from Ilya Prigogine and 

Isabelle Stenger’s 1983 work, Order Out of Chaos, which was one of the first and, 

ultimately, most widely cited popular press accounts of nonlinear science.  He quoted 

them to support his contention that interaction was necessary for vitality and growth, 

while isolation resulted in death.  In this case, he equated equilibrium with isolation and 

death, just as he had in 1976.  In the example quote that he provided, Prigogine and 

Stengers explained that biological cells, as well as cities, are open systems that “exist 

                                                 
57 John R. Boyd, “Strategic Game of ? and ?,” unpublished manuscript, (1987), 2. 
58 Ibid., 14. 
59 Ibid., 29. 
60 Ibid., 33. 
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only because they are open.  They feed on the flux of matter and energy coming to them 

from the outside world.  We can isolate a crystal, but cities and cells die when cut off 

from their environment.  They form an integral part of the world from which they can 

draw sustenance, and they cannot be separated from the fluxes that they incessantly 

transform.”61  Overall, however, while he provided some other examples from “science” 

to support his point—e.g. some quotes from the science section of the Washington Post 

about recent discoveries related to the interactions of neurons in the brain—the overall 

“science” content of the presentation was the same as what could be found in the 1976 

essay—i.e. Gödel’s incompleteness theorem, Heisenberg’s uncertainty principle, and the 

second law of thermodynamics, under which he lumped the work of Prigogine and 

Stengers.  Thus, his use of “new science” was to provide support to ideas he had 

developed a decade prior, themselves based on scientific concepts from the 1930s and 

before. 

The means that he identified by which one could isolate, drive to equilibrium, and 

destroy one’s adversary should be quite familiar at this point: penetrate the adversary’s 

moral-mental-physical being, isolating each component from the external world and 

shattering internal linkages and cohesion; operate at a faster tempo than the adversary; 

get inside the adversary’s OODA loop, etc.  Conversely, he suggested that to promote 

connection and interaction, “We can’t just look at our own personal experiences or use 

the same mental recipes over and over again; we’ve got to look at other disciplines and 

activities and relate or connect them to what we know from our experiences and the 

strategic world we live in.”62  Thus, looking to the sciences for concepts and metaphors 

was itself seen as a strategic practice that could help promote connection, interaction, 

new “mental recipes,” and success in conflict.  Boyd would make the point again on 

numerous occasions over the next seven years.  For example, in testimony before the 

House Armed Services Committee in April 1991, in response to a comment by 

Representative Ike Skelton about recent progress at the military professional schools in 

terms of incorporating more military history into the curriculum, Boyd agreed that 

                                                 
61 Ibid., 18.   
62 Ibid., 45. 
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greater instruction in military history was a positive step.  He continued, however, by 

saying that “It’s more than history that plays in there…you can combine many ideas of 

science and engineering with history, and you can evolve to a new form.”63

The following year, he completed and began giving his last major briefing, 

“Conceptual Spiral,” which had as its goal, “To make evident how science, engineering, 

and technology influence our ability to interact and cope with an unfolding reality that 

we are a part of, live in, and feed upon.”64  “[B]y examining the practice of 

science/engineering and the pursuit of technology,” he said, “we can evolve a conceptual 

spiral for comprehending, shaping, and adapting to [the] world.”65  After reviewing the 

history of science and technology for his listeners,66 which included simply a long list of 

great scientists, inventors, and their respective discoveries and inventions, he distilled 

the “essence” of science, engineering, and technology, the “conceptual spiral” that he 

said constituted them: 

Science can be viewed as a self-correcting process of observations, 
analyses/synthesis, hypothesis, and test 

whereas 

                                                 
63 House Armed Services Committee, United States Military Reform after Operation Desert Storm, April 

30, 1991.  We saw in the last chapter that Boyd was a regular lecturer at both the Army’s Command and 

General Staff College, as well as the Marine Corps’ Amphibious Warfare School.  From 1991 until he 

became ill, Boyd regularly spoke to students in the Air Force schools at Air University at Maxwell Air 

Force Base in Alabama.  See Hammond, “The Essential Boyd.”, available from 

http://www.belisarius.com/modern_business_strategy/hammond/essential_boyd.htm.  
64 John R. Boyd, “Coneptual Spiral,” unpublished manuscript, (1992), 2. 
65 Ibid., 5. 
66 Boyd gave the “Conceptual Spiral” briefing to the SPACECAST 2020 study group at Maxwell Air 

Force Base on 20 September 1993.  The group had been formed by the Chief of Staff of the Air Force, 

General Merrill A. McPeak, with the task of thinking about the future of Air Force space operations.  The 

result was a series of concept papers which identified a number of promising space technologies and their 

potential applications.  Those papers can be found on the Air University website at 

http://csat.au.af.mil/2020/.  
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Engineering can be viewed as a self-correcting process of observations, 
analyses/synthesis, design, and test67 [and] 

Technology can be viewed as the wherewithal or state of the art produced 
by the practice of science and engineering.68

While he did mention in passing that chaos and complexity theories supported his views, 

again he relied mainly upon Gödel, Heisenberg, and the second law as the “scientific” 

foundation of his argument that, in essence, science and engineering themselves worked 

on the principle of the OODA loop, with “analyses/synthesis” substituted for 

“orientation,” “hypothesis” or “design” for “decision,” and “test” for “action,” 

respectively.  Technology was merely the application or result of the “conceptual spiral” 

of science and engineering—i.e. the product of the OODA loop. 

Boyd’s presentation of the “Conceptual Spiral” is the only one for which there is 

full audio available.69  While Boyd’s ideas are often tautological and can come across as 

amateurish, especially for one trained in science and technology studies or the history of 

science, by listening to his briefing one gets another sense as to why Boyd was so 

successful.  He was an amazing speaker and presenter.  He had a deep voice, 

commanded the room, and presented his ideas in a very logical and persuasive manner.  

While his biographers have often highlighted the fact that he was a maverick and could 

be hard to deal with on a personal level, by listening to his presentation one can see that, 

at least when presenting his ideas, he displayed a great deal of charisma.  His charisma 

was also apparent in the way that his acolytes spoke of him and their undying personal 

devotion to him, his legacy, and his ideas. 

5.3.2 Metaphors of/as Complex Systems 

Boyd did not work in isolation, however.  By the early 1990s there were a number 

of others beginning to apply the lessons of nonlinear science to discover themes in the 

VUCA pudding of the post-Cold War environment.  Either because of Boyd’s influence 

upon their thinking, their general dissatisfaction with the technology-centered RMA 
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discourse, or the influence of lingering, romanticist sentiment within the U.S. defense 

establishment, most of the early “nonlinearists” ignored technology, both as a topic of 

inquiry, as well as in the application of nonlinear science to national security-related 

issues.  That is, most used nonlinear science as metaphor, and quite deliberately so, in an 

attempt to understand better the dynamics of international relations and the conduct of 

warfare.  In the next few pages we will explore the way early nonlinearists characterized 

complex systems, their primary interest in concepts and metaphors, as well as the 

various themes or lessons that they were able to identify with the help of concepts and 

metaphors enlisted from nonlinear science. 

Most of those writing about nonlinear science and national security during the early 

1990s and, hence, most presenters at the NDU conference in 1996, were concerned with 

two broad issues: 1) the applicability and value of nonlinear science to theoretical 

understanding of international relations and 2) the applicability and value of nonlinear 

science to the understanding and conduct of warfare.  Both groups of nonlinearists 

described international relations and warfare as complex, adaptive, and nonlinear 

systems, which, based on their reading of many of the popular press accounts of 

nonlinear science mentioned above, they said were defined by a number of common 

characteristics.  They agreed that, structurally, complex systems were typically 

composed of many interconnected and interacting agents.70  The dense interconnection 

and high degree of interaction were said to lead to a number of behavioral 

characteristics.  First and foremost, such systems were said to behave in a “nonlinear” 

                                                 
70 Robert Jervis, “Complex Systems: The Role of Interactions,” in Complexity, Global Politics, and 

National Security, ed. David S. Alberts, Czerwinski, Thomas J. (Washington, D.C.: National Defense 

University, 1997), 21; Rosenau, “Many Damn Things Simultaneously: Complexity Theory and World 

Affairs.”, 36; Mann, “The Reaction to Chaos.”, 62-63; Robert R. Maxfield, “Complexity and Organization 

Management,” in Complexity, Global Politics, and National Security, ed. David S. Alberts, Czerwinski, 

Thomas J. (Washington, D.C.: National Defense University, 1997), 79; John F. Schmitt, “Command and 

(Out of) Control: The Military Implications of Complexity Theory,” in Complexity, Global Politics, and 

National Security, ed. David S. Alberts, Czerwinski, Thomas J. (Washington, D.C.: National Defense 

University, 1997), 106; and Steven M. Rinaldi, “Complexity Theory And Airpower: A New Paradigm for 

Airpower in the 21st Century,” in Complexity, Global Politics, and National Security, ed. David S. 

Alberts, Czerwinski, Thomas J. (Washington, D.C.: National Defense University, 1997), 115. 
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fashion, meaning that changes to such systems often do not lead to proportional 

results—i.e. small changes can lead to disproportionately large results, a phenomenon 

sometimes called the “butterfly effect.”71  One form of nonlinear behavior identified 

often was the “sensitivity to changes in initial conditions,” meaning that even minute 

changes to the starting variables of such systems could result in a system taking a wildly 

different path through its subsequent evolution.72  Next, such systems were often said to 

exist “far-from-equilibrium,” to be only ever “meta-stable,” to be constantly changing 

and in a state of flux.73  As such, the future state of such systems, with or without the 

effects of external influence, was said to be inherently unpredictable.74  Because such 

systems were said to be “open systems” that exchange energy, matter, and information 

with their environments,75 such systems were said to “co-evolve” with their 

environments.  That is, changes in the complex system lead to changes in the 

environment, which in turn lead to changes in the complex system.  Thus, “circular 

causality” and/or “feedback” were also often identified as common characteristics of 

complex systems.76  Finally, the dense interconnectivity and nonlinear interactions, over 

time, were said to result in the “emergence” of identifiable patterns via a process known 

as “self-organization.”  The overall characteristics of the system, then, could be quite 
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different from those of its constituent agents.  Thus, complex systems were often said to 

be “greater than the sum of their parts.”77

All of the early nonlinearists were in agreement that the international system and its 

constituent agents, including states and militaries, as well as the interactions among 

those agents (i.e. international relations and warfare), were themselves complex systems 

that displayed each of the characteristics identified above.  Ironically, however, though 

nonlinear science is quantitative and often relies upon the use of computer modeling, 

most of the early nonlinearists who attempted to “apply” nonlinear science to 

international relations and warfare favored the use of metaphors from nonlinear science 

over the use of the quantitative techniques associated with nonlinear science.  In general, 

the nonlinearists concluded that because complex systems are largely unpredictable and 

uncontrollable—a lesson that was the result of quantitative research—therefore, the 

application of nonlinear science to international relations and warfare would have to 

remain at the level of concept and metaphor.78

A number of the participants at the 1996 NDU conference made the case for 

metaphor.  Michael Mazarr, the legislative aide, Georgetown professor, and senior 

fellow from CSIS that we encountered earlier referencing Jurassic Park, explained that 

“at this point in its emerging application to the social sciences, chaos or complexity 

theory certainly cannot provide comprehensive answers…it is useful mostly as a spur to 

reconsider old ways of doing business and take seriously rapid and unpredictable 

change.”79  George Washington University professor of international affairs, James 

Rosenau, concurred, asserting that “[T]he inability of complexity theory to make specific 
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predictions is not a serious drawback… It provides a basis for grasping and anticipating 

the general patterns within which specific events occur.”80  The benefits of nonlinear 

science, he said, could be attained “without resort to mathematical models or 

sophisticated computer simulations.”  Rather, a “complexity perspective” based on “the 

philosophical underpinnings of complexity theory” could serve as the basis for “a mental 

set, a cast of mind that does not specify particular outcomes or solutions but that offers 

guidelines and lever points that analysts and policy makers alike can employ to more 

clearly assess the specific problems they seek to comprehend or resolve.”81

Even the physicists in attendance seemed to be in agreement that a holistic and 

metaphorical view of nonlinear systems was required.  One of the conference keynote 

speakers, Murray Gell-Mann, a Nobel laureate in physics and co-founder of the Santa Fe 

Institute, the hub of nonlinear science research in the United States, claimed that because 

complex systems are greater than the sum of their parts, “When dealing with any 

nonlinear system, especially a complex one, it is not sufficient to think of the system in 

terms of parts or aspects identified in advance, then to analyze those parts or aspects 

separately, and finally to combine those analyses in an attempt to describe the entire 

system. […]  It is of crucial importance that we learn to supplement those specialized 

studies with what I call a crude look at the whole.”82  The other physicist in attendance, 

Alvin Saperstein, a professor from Wayne State University who had written previously 

about the application of nonlinear equations to the study of arms racing and the outbreak 

of war,83 agreed that “Instead of specific new tools, these metaphors can contribute to 

the development of the new attitudes required for the more complex modern world.”84

                                                 
80 Rosenau, “Many Damn Things Simultaneously: Complexity Theory and World Affairs.”, 40. 
81 Ibid., 35-36 and 40. 
82 Murray Gell-Mann, “The Simple and the Complex,” in Complexity, Global Politics, and National 

Security, ed. David S. Alberts, Czerwinski, Thomas J. (Washington, D.C.: National Defense University, 

1997), 8-9. 
83 See Alvin M. Saperstein, “Chaos—a model for the outbreak of war,” Nature 309, 5966 (1984) and 

Alvin M. Saperstein, “War and Chaos,” American Scientist 83, 6 (1995). 
84 Alvin M. Saperstein, “Complexity, Chaos, and National Security Policy: Metaphors or Tools?,” in 

Complexity, Global Politics, and National Security, ed. David S. Alberts, Czerwinski, Thomas J. 

(Washington, D.C.: National Defense University, 1997), 56. 
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One of the conference presenters went even farther, however, in his 

recommendation of nonlinear science metaphors.  Alan Beyerchen, a professor of history 

at Ohio State University, had gained widespread notoriety within the defense community 

because of an article he published in 1992 that examined the military theory of Carl von 

Clausewitz through the lens of nonlinear science.  In his article, he had contended that 

the reason that Clausewitz was so difficult to understand and, hence, so often 

misunderstood, was that while he had implicitly understood the nonlinear nature of 

warfare, he had attempted to explain warfare with linear, Newtonian metaphors of his 

day.  Clausewitz’s use of such metaphors, combined with military professionals’ own 

proclivity towards linear, Newtonian thinking, combined to create a great deal of 

confusion.  Re-reading Clausewitz through the lens of nonlinear science, he said, 

promised to clear up much of that confusion.85  In his presentation to the NDU 

conference, he used his previous work on Clausewitz to make a strong case for the use of 

nonlinear metaphors, not merely as a temporary measure until quantitative models could 

be created, but because he believed that “Metaphors are extremely powerful in their own 

right and should not be treated simply as tokens along a tollway toward models.”86    

Indeed, he argued that metaphors, which he said “are indicators of networks of meanings 

and entailments that dilate or constrain both our perceptions and our conceptions,”87 are 

especially suited to living in and studying complex systems.  The reason, he said, was 

that metaphors themselves could be seen as evolving, complex systems.  He explained, 

[M]etaphors can be superior when the phenomena of interest cannot be 
controlled, or you are unsure of the necessary assumptions. As evolving 
things, metaphors are open to novelty, surprise, inspiration and even 
mutation. They therefore can capture the underlying processes of other 
evolving entities surprisingly well. […]  Metaphoring (as opposed to 

                                                 
85 See Alan D. Beyerchen, “Clausewitz, Nonlinearity and the Unpredictability of War,” International 

Security 17, 3 (1992).  Beyerchen had written about nonlinear science prior to applying it to reading 

Clausewitz.  See Alan D. Beyerchen, “Nonlinear Science and the Unfolding of a New Intellectual Vision,” 

Papers in Comparative Studies 6 (1989). 
86 Alan D. Beyerchen, “Clausewitz, Nonlinearity, and the Importance of Imagery,” in Complexity, Global 

Politics, and National Security, ed. David S. Alberts, Czerwinski, Thomas J. (Washington, D.C.: National 

Defense University, 1997), 74. 
87 Ibid., 74. 
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traditional analytical modeling) is a process of exploring some interesting 
possibility space with contingency and feedback. Each biological 
mutation is such an exploration, as is each historical event.88

Two years later, Czerwinski, following Beyerchen’s lead,89 made a very similar 

argument.  Like Beyerchen, he justified the argument that metaphors are necessary for 

understanding and living in complex systems by describing metaphors themselves as 

complex systems.  He explained, 

The metaphor is akin to the mechanism of tagging in complex adaptive 
systems as described in Chapter 1. These systems sense their 
environments and collect information about surrounding conditions by 
using tags to guide their actions. The systems may also encode data about 
new situations for use at a later date. [...]  Essentially, metaphors do the 
same thing for us, and are essentially tags.90

As Beyerchen claimed that Clausewitz had instinctively understood the nonlinear nature 

of warfare, so Czerwinski went on to explain that “The 19th century understood this [the 

nature of metaphor] better than we do today. Students studied Rhetoric, which rigorously 

covered the ‘science’ of metaphor-making. We have, in our own century, taken a step 

backward.”91  As such, he advocated that metaphor be considered a valuable “aid to 

learning” when living in a complex system, going so far as to claim that “The metaphor 

is a primary weapon…in the arsenal of nonlinearity,”92 an interesting metaphor in its 

own right. 

Finally, Alvin Saperstein also agreed that appropriate metaphors were vitally 

important, asserting that “It is clear that the set of metaphors which underline our 

thoughts and discussions about the political world determine our responses to matters of 

war and peace. Action often follows theory.”  Again, like Beyerchen and Czerwinski, he 

                                                 
88 Ibid., 76. 
89 Both Beyerchen’s original 1992 essay on Clausewitz, as well as large portions of his 1996 NDU 

presentation on metaphor, were reproduced in Czerwinski’s 1998 work. 
90 Czerwinski, Coping with the Bounds: Speculations on Nonlinearity in Military Affairs, 63-64. 
91 Ibid., 63-64. 
92 Ibid., 69.  Czerwinski himself was one of the early nonlinearists.  In 1996, he had written an article 

arguing that complexity theory lent support to Boyd’s theory and the necessity for “mission orders” as the 

basis for effective command and control.  See Czerwinski, “Command and Control at the Crossroads.” . 
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described the operation of metaphor in terms taken from complexity theory, this time 

drawing on the notions of co-evolution and feedback/circular causality to explain that 

[M]etaphors may also shape that political world. The ‘field of endeavor’, 
within which we are trying to find appropriate responses, is not itself 
fixed a priori; its contours may be molded by our metaphors; the 
topographic maps relied upon by the competing forces may be altered by 
the plans and actions of these forces. Hence policy and response are 
easier and more effective, the more appropriate the available metaphors. 
[…]  We must be careful not to imbed our ideas and ‘world-pictures’ in 
stone since the stone of the world is often brittle and ruptures 
catastrophically, or flows and deforms like lava.93

Of course, not just any metaphors would do.  All were in agreement that new 

metaphors were necessary, ones specifically adapted to life in a complex system, capable 

of guiding observation, decision, and action in a VUCA world.  In this respect, the 

current cast of linear Newtonian metaphors was seen as clearly unfit to the task.  The 

nonlinearists typically framed the discussion by creating a clear dichotomy between old, 

linear, Newtonian metaphors on the one hand, and new, nonlinear, Prigoginean 

metaphors on the other.  Saperstein, for example, was quite clear in asserting the 

dichotomy: “There are two major classes of metaphors…that are appropriate to this 

conference,” he said, “the Newtonian view” and “the currently fashionable Prigoginean 

paradigm.”94  They also agreed that Newtonian metaphors had, unfortunately, been 

dominant in Western military thought for far too long.  In his presentation at the 1996 

NDU conference, Steven Rinaldi, an Air Force officer with a doctorate in electrical 

engineering who had been one of the first to apply nonlinear science to airpower 

theory,95 began his presentation by telling the audience that “For the past several 

                                                 
93 Saperstein, “Complexity, Chaos, and National Security Policy: Metaphors or Tools?.”, 45. 
94 Ibid., 46. 
95 Rinaldi’s initial work was done as a student thesis project at the Air Force’s Air University.  See Maj. 

Steven M. Rinaldi, “Beyond the Industrial Web: Economic Synergies and Targeting Methodologies” 

(Master’s Thesis, School of Advanced Airpower Studies, Air University, 1995).  Others were doing 

similar work at Air University during this time, including Pat Pentland, who applied nonlinear science 

principles to the conduct of “center of gravity analysis”—i.e. finding centers of gravity within an enemy 

system that can be struck to create cascading negative effects and bring about paralysis.  See Pat A. 

Pentland, “Center of Gravity Analysis and Chaos Theory” (Master’s Thesis, Air War College, Air 
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centuries, classical physics provided a paradigm that was extensively used to frame 

theories of warfare. Military theorists borrowed a number of concepts from classical or 

‘Newtonian’ physics and applied them metaphorically to operational art: friction, center 

of gravity, mass, and momentum, to name a few.”96  Boyd’s friend Schmitt agreed and 

began his presentation in much the same way, going a step farther by claiming that it is 

not only military thought that has been governed by the Newtonian paradigm, but that it 

is “the overarching paradigm which characterizes modern Western culture. In ways that 

we don’t even realize because it is internalized, our paradigm shapes both our 

interpretation of the problems we face and the solutions we generate to those 

problems.”97  It is, he said, a “mechanistic” paradigm, in which “the world and 

everything in it as a giant machine” and the “preferred… metaphor is the clock: finely 

tooled gears meshing smoothly and precisely, ticking along predictably, measurably and 

reliably, keeping perfect time.”98  Unfortunately, Newtonian metaphors of machines and 

clocks were not adequate to describe the world, to aid us in our interpretations of 

problems and formulations of solutions.  “Military science is in need of a new 

framework that better describes the true nature of war,” Rinaldi said.99  The new, 

nonlinear, Prigoginean paradigm seemed to provide the needed shift in metaphor.  

Schmitt believed that “Complexity encourages us to consider war in different terms 

which in turn point to a different approach to the command and control of military 

action.”100  Viewed not as a Newtonian machine or clock, but rather, through the 

“different terms” of nonlinear science, war looked quite different according to Schmitt: 

War is fundamentally a far-from-equilibrium, open, distributed, nonlinear 
dynamical system highly sensitive to initial conditions and characterized 
by entropy production/dissipation and complex, continuous feedback. 

                                                                                                                                                
University, 1993).  While Pentland did not present at the 1996 NDU conference, his work is widely cited 

among nonlinearists.  Excerpts of his thesis have been included in Czerwinski’s 1998 work.  See 

Czerwinski, Coping with the Bounds: Speculations on Nonlinearity in Military Affairs. 
96 Rinaldi, “Complexity Theory And Airpower: A New Paradigm for Airpower in the 21st Century.”, 112. 
97 Schmitt, “Command and (Out of) Control: The Military Implications of Complexity Theory.”, 99. 
98 Ibid., 100. 
99 Rinaldi, “Complexity Theory And Airpower: A New Paradigm for Airpower in the 21st Century.”, 112. 
100 Schmitt, “Command and (Out of) Control: The Military Implications of Complexity Theory.”, 111. 
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Rather than thinking of war as a structure at equilibrium, we should think 
of it as a standing wave pattern of continuously fluxing matter, energy, 
and information. War is more a dynamical process than a thing.101

Rinaldi agreed that a complexity-based paradigm was “promising to be a far more 

powerful framework than the traditional Newtonian paradigm.”102  Beyerchen explained 

that the reason “why there seems to be serious metaphorical value in the images and 

ideas emanating from the new sciences” was that they placed “a premium on flexibility, 

adaptability, dynamic change, innovation, and responsiveness.”103  In short, Saperstein 

explained, “They can sharpen minds dulled by a Newtonian world view so as to be alert 

to all new possibilities.”104

5.3.3 The Lessons of Nonlinear Science 

So what were those new possibilities?  What were the lessons offered by the “new 

sciences” where the conduct of foreign policy and warfare were concerned?  Where the 

conduct of warfare was concerned, nonlinear science seemed to support a number of 

ideas and theories of warfare with which the reader will be familiar, including the need 

to act faster than one’s adversary; the need for “mission orders” and decentralization; the 

need for shared ways of thinking, speaking, and common values; the need for initiative; 

the need to value people above technology; the need to strike enemy centers of gravity; 

and the wisdom of Boyd, Warden, and Clausewitz. 

Based on his experience in industry, Robert R. Maxfield, a member of the board of 

trustees of the Santa Fe Institute and a former high-tech industry executive,105 told 

conference goers that “complex system metaphors can…suggest some implications for 

management of any organization operating in a context of rapid change.”106  Many of the 

implications that he identified fit well with the lessons that Boyd had taught almost 

                                                 
101 Ibid., 103. 
102 Rinaldi, “Complexity Theory And Airpower: A New Paradigm for Airpower in the 21st Century.”, 112. 
103 Beyerchen, “Clausewitz, Nonlinearity, and the Importance of Imagery.”, 74. 
104 Saperstein, “Complexity, Chaos, and National Security Policy: Metaphors or Tools?.”, 56. 
105 Maxfield was a co-founder in 1969 of the ROLM Corporation, a computer and telecommunications 

company in Silicon Valley.  ROLM merged with IBM in 1984. 
106 Maxfield, “Complexity and Organization Management.”, 79. 

 285



 

twenty years earlier.  He said that there were two main “traits or characteristics that 

confer the best fitness” to an organization dealing with rapid change.  The first was the 

ability to “match the rate of change in its environment. [...]  An organization that cannot 

keep pace will inevitably fall farther and farther behind.”107  Yet, he advised that 

organizations should not merely attempt to keep pace, for “the best way to succeed 

is…to create by your own innovations those changes which will be viewed by your local 

competitors as problematic changes in their external environments.”108  In military 

terms, organizations must maintain “the initiative” as a way to ensure “freedom of 

action.”  However, the second trait, which was said to enable the first, was the 

realization that “people are the key asset of any organization.”  The reason, he said, was 

that the human capacity for learning and innovation made people “the adaptive element 

of organizations.”109  The question, then, was how to promote learning, innovation, and 

adaptation among people in an organization.  His answers, in effect, were “mission 

orders” and “schwerpunkt.”  To promote the behaviors necessary for adaptation, an 

organization should be designed with “few rigid operating procedures,” “great flexibility 

in organizational structure,” “widely delegated decision authority,” “short authority 

chains,” and “sensitiv[ity] to changes in its external environment.” 110  Controlling such 

fast-moving, decentralized, “flat” organizations was said to require a “clearly 

communicated sense of purpose or mission, as well as a clearly communicated and 

constantly reinforced set of values governing behavior.”111  Such characteristics, he said, 

were common among “almost all high-tech organizations as a result of Darwinian 

selection over many generations of evolution.” 112

Boyd’s friend Schmitt was also interested in the implications of complexity theory 

for command and control.  He went so far as to tell his NDU audience that “Complexity 

theory is command and control theory” because he understood both as dealing “with 

                                                 
107 Ibid., 83. 
108 Ibid., 87. 
109 Ibid., 83. 
110 Ibid., 85-86. 
111 Ibid., 87-88. 
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how widely distributed collections of numerous agents acting individually can 

nonetheless behave like a single, even purposeful entity.”113  Like Maxfield, he saw 

command and control as “fundamentally a process of adaptation,” adding that the 

process could be described by the OODA loop.114  The ongoing process of adaptation 

was best facilitated via a decentralized organization using mission orders.  

“Decentralization is not merely one choice of command and control,” he explained, “it is 

the basic nature of war. Centralized command and control represents an effort to muscle 

the system into some unnatural position.”115  Again, decentralization, combined with the 

uncertainty of combat, which he described as “a natural and unavoidable product of the 

dynamic war,” required a mission order-style of command and control that would be less 

a form of “control” and more “a looser form of influence.”  He continued, 

Complexity suggests it is a delusion to think that we can be in control in 
war with any sort of certitude or precision. Complexity further suggests 
the radical idea that the object of command and control is not to achieve 
control but to keep the entire organization surfing on the edge of being 
‘out of control’ because that is where the system is most adaptive, 
creative, flexible, and energized.116

As a result of his belief that uncertainty was both “natural” and inevitable—and no 

doubt as a result of Boyd’s influence upon his thinking—he rejected “Admiral Owen’s 

dream” of IT-enabled, information superiority-driven future warfare, warning that “The 

widespread belief that information technology will allow us to blow away the fog of war 

is a dangerous delusion which fails to understand the complex nature of war.”117  

Conference co-organizer, Thomas Czerwinski, agreed.  In a 1996 article that he wrote in 

Parameters, the professional journal of the Army War College, he agreed that the 

Toffler’s Information Age, which he said was more about nonlinear, post-Newtonian 

ways of thinking than information technology, required mission order-style command 

and control.  Though he criticized General Sullivan’s Force XXI plan as too focused on 
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technology, his vision of command and control did not entirely reject the use of 

technology.  However, his proposed use of information technology to realize “command-

by-intent,” as he called it, seemed more like techno-mysticism or science fiction.  Like 

Boyd and his followers, he favored “limitations on the use of voice and text” 

communication because he said that they were too explicit and prescriptive.  Instead, he 

advocated the development of electronic systems for capturing and transmitting “the 

commander’s mental images, representing his intent, or concept of operations.”  He 

continued, 

The display of mental images, the native mode of command, through 
synthetic environment technology produces a decision loop bordering on 
the instantaneous. A combination of standard and personalized icons and 
frames displayed on thin-panel screens, representing the commander’s 
intent, results in a superior decision cycle, both in elapsed time and 
integrity. One is virtually reading the commander’s mind (with imagery 
feedback loops provided).118

As a result, the commander’s subordinates, Czerwinski explained, would be “cast in the 

role of interpreter of the image, which together with his local situational awareness, 

provides the latitude for slightly chaotic but self-organizing effects to take hold.”119  He 

did not explain, however, how the “imagery feedback loops” would be realized without 

the networking of such systems that was the goal of the Force XXI plan that he rejected. 

Steven Rinaldi, in his presentation about “Complexity Theory and Airpower,” 

showed less of an allergy towards and a more realistic view of the possibilities of 

information technology than either Schmitt or Czerwinski.  He was also more interested 

in the lessons of nonlinear science for controlling the adversary than for controlling 

one’s own forces.  He saw Boyd’s OODA loop, in combination with Warden’s notion of 

the Five Rings and parallel warfare, ideas that he believed “largely rely upon ideas 

intrinsic to complexity,” as indicating that airpower theory had “been transitioning to the 

complex framework for decades.”  Thus, he believed that it was time to “complete the 

                                                 
118 Czerwinski, “Command and Control at the Crossroads,” original page numbers unavailable. 
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shift.”120  To Rinaldi, Warden’s Five Rings suggested that “it may be possible to drive 

the [enemy] system to chaos or force a cascading breakdown of its normal operating 

state. […]  Metaphorically, the enemy system has been pushed away from the edge of 

chaos.”121  Next, he explained that not only do complex adaptive systems “cycle through 

Boyd’s OODA loop and adapt to changing conditions,” but that “the OODA loop itself 

is a complex adaptive process, employed by competing complex adaptive systems.”122  

Finally, the multiplicity, simultaneity, and speed of parallel warfare were seen as a way 

of getting inside the adversary’s OODA loop.  “Parallel warfare is metaphorically tied to 

adaptation of complex systems. The objective of parallel warfare is to so rapidly modify 

the environment that the enemy is incapable of reacting to the changes. […]  The attack 

has ‘gotten within the enemy’s OODA loop.’”123  Yet, while he readily admitted the 

metaphorical value of complexity theory, his was the only presentation to argue in favor 

of computer modeling of the “enemy organism” as a way of identifying those centers of 

gravity within the enemy system that could be most profitably struck using the 

techniques described by Boyd and Warden.  In particular, he advocated the development 

of “a holistic targeting methodology” that would seek the most highly connected centers 

of gravity in the enemy system.  “Engineering analysis tools and computer simulations” 

could be used, he said, to carry out “nodal analyses” of the enemy system to “determine 

the effects of the loss of one or more elements in a network. […]  Yet a further extension 

would couple complex adaptive computer optimization routines such as genetic 

algorithms to nodal analyses to ‘evolve’ target sets inside a computer.”124  While 

Rinaldi’s vision of computer simulation-assisted targeting was not unlike the one 

expressed by Krepinevich four years earlier, the difference was that complexity theory 

seemed to offer the possibility of making that vision a reality. 
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Finally, increased interest in nonlinear science did not replace the interest in the 

classics of military theory that had developed within the U.S. defense community during 

the 1980s.  If anything, and especially where Clausewitz was concerned, the two were 

seen as complementary.  Czerwinski even claimed that, “In fact, Clausewitz is the 

emblem of nonlinearity in military affairs.”  He gave credit to Beyerchen, above all, 

explaining that Beyerchen’s 1992 article was “both profound and fundamental. […]  It 

forms the basis for the neo-Clausewitzian view: the synthesis of nonlinear science and 

Clausewitz’s words to form a powerful and contemporary message.”125  In the years that 

followed, there would be no shortage of articles, thesis papers, chapters, and more, 

written by military professionals and civilian defense intellectuals alike, which explored 

the ideas of Clausewitz through the lens of nonlinear science.126

The most important of those works were a series of updated doctrinal publications 

issued by the Marine Corps in 1997.  In April 1996, six months before the NDU 

conference at which he would be in attendance,127 Lt. Gen. Paul K. Van Riper, 

commander of the Marine Corps Combat Development Command, issued a “letter of 

instruction” to the doctrine developers in his command, which included Boyd’s friend 

Schmitt, author of the first edition of Warfighting, as well as a Clausewitz scholar and 

Marine Corps Command and Staff College professor, Christopher Bassford.  In Lt. Gen. 

Van Riper’s letter, which Bassford has claimed Schmitt penned on the general’s behalf, 

he called for the development of doctrine that would be “enduring and universal.”  To do 

that, he said that the manuals should “not simply codify conventional military wisdom 

                                                 
125 Czerwinski, Coping with the Bounds: Speculations on Nonlinearity in Military Affairs, 3. 
126 For example, see “Appendix D: Clausewitz’s On War as a Gestalt or a Systemic Theory” in Michael 

Handel, Masters of War (London: Frank Cass), 2000, as well as any number of articles by Naval War 
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but will expand the boundaries of doctrine by incorporating lessons from other 

disciplines, including the new sciences. Specifically, the manuals will incorporate as 

appropriate the implications of chaos and complexity theory.”128  And that they did.  

Schmitt and Bassford began with Warfighting as their “intellectual starting point” 

because, according to Bassford, “The Clausewitzian concepts embedded in FMFM 1 

greatly eased the task of incorporating nonlinear ideas.”  The reason, he said (citing 

Beyerchen), was that “Clausewitz’s world-view was essentially nonlinear.”129  Each of 

the doctrine manuals on which Schmitt and Bassford worked, including Warfighting, 

Strategy, and Command and Control, contained overt discussions of nonlinearity and the 

lessons of the “new sciences.”130  Indeed, much of the section on nonlinear science in 

Command and Control is the same as the text that Schmitt presented at the 1996 NDU 

conference.  Each of the new manuals was issued in 1997.  In March of that same year, 

Lt. Gen. Van Riper testified before a House National Security Committee hearing on 

“Information Superiority for the 21st Century Battlefield.”  In his testimony, he voiced 

skepticism over the ability of information technologies to reduce the natural and 

inevitable uncertainties of war.  He proudly told the Congressmen about Marine Corps 

efforts to move beyond the technology-centered RMA debate by instead working to 

combine the ideas of Clausewitz with the “new sciences” of complexity.  He told the 

Congressmen that “The microchip has not made Thucydides, Clausewitz, or Mahan 

irrelevant. In fact, all the trends in modern science, evolutionary biology, nonlinear 

mathematics, and quantum physics underline that Clausewitz’s fundamental belief that 

we do not live in a predictable universe was right on target.”  As such, he told them of 

efforts to promote “real thinking and innovation” in regard to future warfare that 

involved not only “exposing our Marines to classic military theorists such as 
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not available. 
130 See MCDP 1, Warfighting(Quantico, VA: United States Marine Corps), 1997, 8, 12-13, and 45; MCDP 

1-1, Strategy(Quantico, VA: United States Marine Corps), 1997, 16-20; and MCDP 6, Command and 

Control(Quantico, VA: United States Marine Corps), 1997, 44-47. 

 291

http://www.clausewitz.com/CWZHOME/Complex/DOCTNEW.htm


 

Clausewitz,” but also “initiatives [that] are literally on the ‘edge of chaos’, involving the 

emerging nonlinear sciences such as chaos and complexity.  These ‘new sciences’ are 

the object of research at Quantico and are also being introduced into the curriculums of 

our schools.”131   

While there was more diversity in the lessons for the conduct of foreign policy 

identified by presenters at the 1996 NDU conference, in general, nonlinear science again 

seemed to justify a number of long-held assumptions among both international relations 

scholars and policymakers.  Additionally, a number of nonlinear science’s supposed 

lessons for the conduct of warfare found their way into the lessons for foreign policy.  In 

general, the image of international relations provided by conference presenters fit well 

with the traditional tenets of neorealist international relations theory.  There were 

differences, however, in participants’ perceptions of the possibility for initiative and 

meaningful action by individual states within the international system. 

The understanding of complex systems as composed of agents interacting with one 

another with few or no overarching rules, allowing for the emergence of higher-level, 

recognizable patterns of behavior, fit well with the tenets of the neorealist theory of 

international relations, which had been the dominant theory in American political 

science during the Cold War.  Unlike classical realism, which explained state behavior 

and the persistence of war as the result of the drive for domination inherent within 

“human nature,” political scientist Kenneth N. Waltz, credited as the founder of the 

neorealist school of thought, found a structural explanation for state behavior and the 

persistence of war.  He argued that the international system is fundamentally 

decentralized and anarchical.  That is, there is no central authority above the state that 
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March 20, 1997.  A reading of the doctrinal manuals, as well as the general’s testimony, indicates that 

large sections of the general’s prepared remarks were taken verbatim from the new manuals, especially his 

comments on the nature of command and control.  Hence, much of what the general said was actually 

written by Schmitt and Bassford. 
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can mediate disputes.132  This basic structural condition, he said, is the primary force 

shaping state behavior at the international level.  Thus, states behave in a “self-help” 

manner, pursuing their own survival and self-interest above all else.  The competitive 

interaction of states in the system can lead to war or a temporarily stable “balance of 

power” situation.  Peace is viewed as the absence of war and as the result of a system in 

balance.  Balance of power, and hence peace, cannot be aimed at directly, however.  

Rather, they are said to be the result of interaction, what in nonlinear science terms 

might be called an “emergent pattern.”  Finally, not all distributions of states within the 

system are equally stable.  In neorealist theory, the system can be unipolar (one 

superpower), bipolar (two superpowers), or multipolar (three or more superpowers or a 

wide distribution of power throughout the system).  A bipolar system is seen as most 

stable, most likely to result in a balance of power.  Unipolar systems are believed to 

invite either imperialism by the lone superpower, “balancing” alliances among or 

challenges from the lesser powers in the system, or some combination.  Multipolar 

systems are believed to result in conflict as states vie to increase their power within the 

system.133  While some viewed the post-Cold War world as unipolar, with the U.S. as the 

only superpower, others believed that the world would quickly, and potentially violently, 

become multipolar, with any number of other states (e.g. China) or alliances of states 

(e.g. the European Union) arising to either balance or challenge U.S. dominance.  In 

either case, unipolar or multipolar, neorealism predicted and, as we have seen, most 

within the national security community expected, a VUCA post-Cold War environment. 

While nonlinear science seemed to confirm the dynamic and anarchical nature of 

interactions among state agents in the complex international system, in general, speakers 

at the NDU conference were of two minds when it came to lessons for the conduct of 

                                                 
132 Neorealists would not count transnational bodies such as the United Nations as overarching, central 

authorities because such bodies are themselves composed of states.  According to neorealists, this fact 

helps to account for why such bodies are not as effective as we would like—i.e. they are never able to 

fully escape state level competition. 
133 The two key works on neorealism, also called structural realism, are Kenneth N. Waltz, Man, the State, 

and War (New York: Columbia University Press), 1959 and Kenneth N. Waltz, Theory of International 

Politics (New York: McGraw-Hill), 1979. 
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foreign policy in such an environment.  One group of presenters offered caution, the 

other hubris, as the appropriate lessons of nonlinear science.  Murray Gell-Mann was 

among those who questioned traditional notions of “security” and the ability of 

individual states to act independently to achieve it.  He suggested that a broader 

conception of security was needed, one that included not only politico-military affairs, 

but also economic, environmental, demographic, and social issues as well.  To that end, 

he argued that the popular notion of “sustainability,” which he defined as “quality that is 

not purchased mainly at the expense of the future,” should be the definition of security in 

each issue area.134  Providing a sustainable future, in as many sectors as possible, to as 

many people as possible around the world, would require humanity to make changes in 

demographics, technology, economics, social structure, ideology, and more.  Thus, he 

questioned the ability of individual states to meet the challenge of providing sustainable 

security, concluding that “Most of our problems involving security—whether in the 

narrow or the broad sense—have global implications and require transnational 

institutions for their solution.”135  Part of the transnational approach to the problem of 

security, he believed, would involve an “ideological transition” to “a ‘planetary 

consciousness’, a sense of solidarity with all human beings and, to some extent, all living 

things.”136

Though they did not echo Gell-Mann’s utopian vision, the two scholars of 

international relations who presented at the conference, Robert Jervis and James 

Rosenau, also raised questions about the ability of individual states to take meaningful 

                                                 
134 Gell-Mann, “The Simple and the Complex.”, 9-10.  Gell-Mann’s position was one that was also 

reflected within the academic international relations and security studies community at the time.  Buzan et. 

al. called those taking Gell-Mann’s position “wideners”—i.e. those who wanted to “widen” the traditional 

definition of “security” and the scope of “security studies.”  They argued that security should be 

considered in multiple “issue areas” (i.e. politico-military, economic, environmental, and social) and at 

multiple “levels of analysis” (e.g. individual, state, international) simultaneously.  See Barry Buzan, Ole 

Waever, and Jaap De Wilde, Security: A New Framework for Analysis (Boulder, Colo: Lynne Rienner), 

1997. 
135 Gell-Mann, “The Simple and the Complex.”, 12. 
136 Ibid., 12. 
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action in a complex international system given to butterfly effects, feedback, and 

unintended consequences.  For example, Jervis cautioned that 

Ripples move through channels established by actors’ interests and 
strategies. When these are intricate, the ramifications will be as well, and 
so the results can surprise the actor who initiated the change. [...]  In a 
system, the chains of consequences extend over time and many areas: the 
effects of action are always multiple. [...]  [D]isturbing a system will 
produce several changes.137

Rosenau agreed, warning that “we have also learned that situations are multiply caused, 

that unintended consequences can accompany those that are intended, that seemingly 

stable situations can topple under the weight of cumulated grievances, [and] that some 

situations are ripe for accidents waiting to happen.”138  Thus, while he believed that 

concepts and metaphors from nonlinear science could serve as the foundation for a 

valuable mindset, he also worried that nonlinear science, by “implying that complex 

systems are patterned and ultimately comprehensible, may encourage undue hope that 

humankind’s problems can be unraveled and effective policies designed to resolve them 

pursued.”139  He cautioned against attempting to find “panaceas,” “exact predictions,” or 

“simplistic formulations” based on complexity theory, arguing instead that the true value 

of complexity theory is that it “serves to remind us there are no panaceas.”140

Two of the presenters, however, did not take such a cautious view.  Similar to 

Schmitt’s advocacy of “surfing on the edge” of chaos as the optimal state for a military 

force, physicist Alvin Saperstein and diplomat Steven Mann both claimed that 

policymakers could and should take advantage of the natural and inevitable chaos of the 

international system, that policymakers could master the system and take action to alter 

the system that would lead to desirable and predictable results.  While Saperstein 

believed that the “new intellectual paradigm” of nonlinear science had focused attention 

upon “underlying world political realities—chaos and complexities which have always 

                                                 
137 Jervis, “Complex Systems: The Role of Interactions.”, 21. 
138 Rosenau, “Many Damn Things Simultaneously: Complexity Theory and World Affairs.”, 40-41. 
139 Ibid., 34. 
140 Ibid., 40-41. 
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been there”141—he believed that the basic role of the policymaker had not changed.  

“The role of the policy maker, whether in a domestic or an international system, is to 

master the system: to be able to take actions now which will lead to desirable events, or 

avoid undesirable events, in the future. Thus he/she must be able to predict the outcome 

of current activities.”  The job of the nonlinearists, then, would be to “help the rational 

policy maker to understand in order to master.”142  The first requirement for mastering 

the system would be a “Prigoginean outlook,” which meant not “accept[ing] the 

battlefield or the world system as a fixed given.”143  Since the battlefield and world 

system were not fixed, but always in a state of change, the second requirement for 

mastery would be “very flexible diplomats and soldiers at all levels.”144  But more than 

the flexibility to respond to change was required for “attaining one’s ends in a complex 

system.”  Rather, since the world system was naturally in a state of chaos and change, he 

said, the policymaker could take the initiative to drive the process of change in a 

desirable direction “by influencing the elements at a lower level than those of the system 

of interest; e.g., in a system of nations, it may be advisable to attempt to influence their 

individual citizens. So much for the sanctity of national sovereignty!”145  In short, he 

claimed, “The metaphor [of complexity] require[s] that one should always be 

contemplating the future.  And, among these considerations for the future, always 

include attempts to change the field of endeavor [i.e. world system] itself.”146

Steven Mann took much the same view as Saperstein.  Mann was one of those for 

whom nonlinear science seemed to confirm the neorealist assumption that “at heart the 

international environment is conflict-based… The world as international arena is a 

correct metaphor—and there is no law in the arena.”147  Indeed, Mann was highly critical 

of international norms and laws, warning his listeners that “we have to be illusion-free 

                                                 
141 Saperstein, “Complexity, Chaos, and National Security Policy: Metaphors or Tools?.”, 45. 
142 Ibid., 44-45. 
143 Ibid., 57. 
144 Ibid., 56. 
145 Ibid., 57. 
146 Ibid., 57-58. 
147 Mann, “The Reaction to Chaos.”, 68. 
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when it comes to the limits and the appropriateness of international law and similar 

structures. The long-term goals of international law are worthy ones, but we always have 

to count the costs of what we pay for that in the short term.”148  He identified “the 

premature termination of the Gulf War” as an example of such a “short term cost” of 

placing the ideals of international laws and norms above national self-interest.  Fear of 

appearing “as a bellicose, ‘uncivilized’ state by destroying the Republican Guard and the 

desire not to exceed the terms of the relevant Security Council resolutions,” he said, had 

“proved costly in the succeeding years.”149  Thus, in answer to the question, “So what do 

we do when faced with an environment of self-organized criticality?” Mann had several 

recommendations.  Where international laws and norms were concerned, he 

recommended that policymakers remain “aware of our tendency to create myths in 

service of our beliefs,” listing among the most common and most detrimental to the 

national interest, the “myth of multilateralism” and “the belief in common international 

values,”150 and cautioning that “We should be clear about the price we pay for stability 

and service to assumed international norms.”151  Next, he recommended that because 

“we now see the world as subject to criticality,” policymakers should also “recognize 

that not all chaos is bad and not all stability is good.”  Based on this understanding, and 

in line with Saperstein’s recommendation of changing the “field of endeavor,” as well as 

Schmitt and the other military theorists’ belief in the importance of initiative, Mann 

recommended that “we need to be open to ways to accelerate and exploit criticality if it 

serves our national interest, for example, by destroying the Iraqi military and the Saddam 

state.”152

In short, for Saperstein and Mann, at the level of foreign policy, just as on the 

battlefield, the recommendation was to take the initiative to cause change, rather than 

merely reacting to it.  The belief was that since change and chaos were inevitable 

anyway, the United States should go ahead and exploit that change, seek to drive it in a 

                                                 
148 Ibid., 67. 
149 Ibid., 66. 
150 Ibid., 67. 
151 Ibid., 68. 
152 Ibid., 67-68. 
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direction that benefited the United States.  As long as the United States was more 

capable of “surfing on the edge” of the resulting chaos, it would have the advantage over 

any potential adversaries.  Of course, the underlying assumption was that if the United 

States were the one causing change and fueling chaos, as long as it maintained its ability 

to ride the waves it created, then it would maintain enough control of itself and the 

system to weather any potential storm of unintended consequences, reliably and 

predictably promoting the national interest.  In the wake of the terrorist attacks of 

September 11, 2001, and in part as a result of efforts made by one of those in attendance 

at the 1996 NDU conference, this view would become the official policy of the United 

States government, helping to justify the use of preemptive war as a means of “altering 

the initial conditions” of the international system and preventing the propagation of 

dangerous butterfly-effect, “system perturbations” said to emanate from the “non-

integrating” and “disconnected” regions of the world. 

5.4 Network-Centric Warfare and the Global Transaction Strategy 

On 20 March 1997, Vice Admiral (VADM) Arthur K. Cebrowski, the Director of 

Space, Information Warfare, Command and Control for the Chief of Naval 

Operations,153 testified before a House National Security Committee hearing on 

“Information Superiority for the 21st Century Battlefield.”  In his testimony that day, he 

provided one of the first public articulations of a theory of warfare that he called 

“network-centric warfare,” or simply NCW.  Like his colleague from the Marine Corps, 

Lt. Gen. Van Riper, VADM Cebrowski’s testimony utilized concepts and metaphors 

enlisted from the nonlinear sciences.  And like Lt. Gen. Van Riper, VADM Cebrowski 

had been in attendance at the 1996 NDU conference.154  Unlike Lt. Gen. Van Riper, 

however, he was optimistic about the promise of IT-enabled “information superiority” 

and began his prepared statement by thanking committee members for having “chosen to 

                                                 
153 The Chief of Naval Operations is the highest ranking Naval officer and is an equivalent position to the 

Chief of Staff of the Army or Air Force, respectively. 
154 Alberts and Czerwinski, eds., Complexity, Global Politics, and National Security, iv.  According to the 

preface to the published proceedings, the two served on an “Operations Perspectives Panel” that “helped to 

shape the symposium, by honing its perspective for that of the Warrior.” 
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hold hearings on a subject which has already changed the way the nation creates wealth 

and which is having profound effects on the way this nation will make war.”155  This 

statement indicated that he, like so many others within the U.S. defense community, had 

accepted the Tofflers’ thesis that nations make war the same way they make wealth.  It 

was on that basis that he praised General Shalikashvili and Admiral Owens’ Joint Vision 

2010, explaining that “Information based processes are the value adding processes in 

commercial industry today and in the Chairman’s thoughtful Joint Vision.”156  With a 

Master’s degree in computer systems management, VADM Cebrowski was familiar with 

information technology in general, and experienced its potentially revolutionary 

implications for warfare as commander of the aircraft carrier USS Midway during 

Operation Desert Storm.157  Thus, he accepted the RMA thesis, using the stages of an 

RMA described by Krepinevich and Marshall five years earlier to explain to his listeners 

that new organizational structures and operating concepts must be developed to take 

advantage of the many new, IT-enabled military systems.158

Yet, while the nonlinearists often rejected or were highly critical of the focus on 

technology in RMA discourse, VADM Cebrowski did not see the lessons of nonlinear 

science as opposed to information technology or the concept of information superiority.  

Rather, he used concepts and metaphors enlisted from nonlinear science to explain the 

value of information superiority in warfare.  In his testimony, he explained that, 

“Properly used, Information Superiority enables a phenomenon called ‘speed of 

command’ [which] ... involves a well conceived and precisely placed early effort 

producing extraordinarily high rates of change, locking out enemy options and locking in 

our success.”  He described those “precisely placed early efforts” as a way to “change 

critical initial conditions, foreclose enemy options and stop something before it starts.”  

                                                 
155 House National Security Committee, Procurement Subcommitte and Research and Development 

Subcommittee, Statement of Vice Admiral A.K. Cebrowski, March 20, 1997.  No page numbers available.  

A copy of his statement can be found at http://www.fas.org/irp/congress/1997_hr/h970320c.htm.  
156 Ibid.. 
157 Adam Bernstein, “Adm Arthur Cebrowski Dies; Led Pentagon Think Tank,” Washington Post, 

November 15, 2005. 
158 Statement of Vice Admiral A.k. Cebrowski. 
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Information superiority-enabled speed of command, he said, would allow U.S. forces to 

develop “powerful self-fulfilling expectations for victory which demoralize the enemy 

while increasing coalition and domestic support.”  Those “self-fulfilling expectations” 

would be analogous to the “sharply increasing rate of return” seen in the software 

industry, he asserted.  In short, and echoing the Tofflers’ thesis once again, he said, 

“That’s the American way of business, and that will be the American way of war.”159

Starting with the Toffler thesis as their base, VADM Cebrowski and his friend John 

Garstka, an Air Force captain and Stanford-trained engineer who shared the admiral’s 

interest in the implications of information technology for military strategy,160 began to 

explore how large, geographically dispersed corporations like Wal-Mart had changed 

their business strategies and operations as a result of their adoption of new information 

technologies.  If nations make war the same way they make wealth, and if wealth-

creation is driven by technology, as the Tofflers had claimed, then if one wanted to know 

the future of warfare, it only made sense to look to the world of business and economy.  

Likewise, if one were also interested in the implications of nonlinear science for warfare, 

it made most sense to look at where business, economy, and nonlinear science 

intersected, which is exactly what Cebrowski and Garstka did.  While most of the early 

nonlinearists had sought lessons by way of analogy to biology, physics, or chemistry, 

Cebrowski and Garstka looked first to nonlinear science as applied to economics and 

business. 

They turned to the works of Stanford economist and co-founder of the Santa Fe 

Institute, W. Brian Arthur, who, beginning in the mid 1980s, had been one of the first to 

write about the economy as a complex system.161  Arthur had argued that the 
                                                 
159 Ibid.. 
160 Noah Schachtman, “How Technology Almost Lost the War: In Iraq, the Critical Networks Are 

Social—Not Electronic,” Wired, November 27, 2007.  According to Shachtman, Cebrowski and Garstka 

first met in 1991 at a Bible study in McLean, VA. 
161 Some of Arthur’s notable early works exploring the economy as a complex system included W. Brian 

Arthur, “Self-Reinforcing Mechanisms in Economics,” in The Economy as an Evolving Complex System, 

ed. K. J. Arrow and P. Anderson (New York: Wiley, 1988) and W. Brian Arthur, “The Economy as a 

Complex System,” in Complex Systems, ed. D. Stein (New York: Wiley, 1989).  In 1994, Arthur published 

a compilation of a number of his previous essays.  See Arthur, Increasing Returns and Path Dependence 
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fundamental, “underlying mechanisms that determine economic behavior” had shifted 

over the course of the twentieth century because “Western economies have undergone a 

transformation from…processing of resources to processing of information, from 

application of raw energy to application of ideas.”162  Where the law of the land for the 

old, resource- and raw energy-based (e.g. industrial age) economy had been the law of 

diminishing returns, Arthur asserted that the new, information- and ideas-based (e.g. 

information age) economy was subject to increasing returns. 

Increasing returns are the tendency for that which is ahead to get further 
ahead, for that which loses advantage to lose further advantage. They are 
mechanisms of positive feedback that operate—within markets, 
businesses, and industries—to reinforce that which gains success or 
aggravate that which suffers loss. Increasing returns generate not 
equilibrium but instability: If a product or a company or a technology—
one of many competing in a market—gets ahead by chance or clever 
strategy, increasing returns can magnify this advantage, and the product 
or company or technology can go on to lock in the market.163

Arthur relied upon examples from the high-tech sector of the economy, in particular the 

software and computing industries, to illustrate his point.  As an illustration, he said that 

the rise of the DOS operating system was an example of increasing returns.  Though it 

was considered by many to be technically inferior to its competitors (CP/M and Apple 

Macintosh), Microsoft was able to “lock in” the market for DOS and “lock out” its 

competitors by making a deal with IBM that would put DOS on all IBM personal 

computers.  And when IBM decided to allow “clones” of its hardware, there were even 

more machines on which DOS would most likely be installed.  Through a process of 

positive feedback, the more machines there were running DOS, the more software 

developers wrote applications for DOS, which further encouraged computer users—who 
                                                                                                                                                
in the Economy.  Cebrowski and Garstka drew from Arthur, “Self-Reinforcing Mechanisms in 

Economics.”, as well as a 1996 Harvard Business Review article by Arthur that offered strategic lessons to 

managers based on his more quantitative and theoretical work.  See W. Brian Arthur, “Increasing Returns 

and the New World of Business,” Harvard Business Review, July-August (1996).  For Arthur’s role in the 

founding of the Santa Fe Institute, see Mitchell M. Waldrop, Complexity: The Emerging Science at the 

Edge of Order and Chaos (New York: Simon & Schuster), 1992. 
162 Arthur, “Increasing Returns and the New World of Business,” 100. 
163 Ibid., 100. 
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needed software that would be compatible with the software of others (what Arthur 

called a “network effect”)—to use DOS as their operating system.  Thus, while each 

copy of DOS produced by Microsoft cost less, the profit margin increased—i.e. 

increasing returns on investment.164  This self-fulfilling, deterministic process is also 

called “path dependence”—i.e. the paths of prior events, decisions, etc. constrain or 

determine the possible paths of future events, decisions, etc. 

In an increasing returns environment, Arthur said that knowledge-based business 

organizations must behave and structure themselves differently to cope with changes in 

the nature of market competition.  Where industrial production-based firms had tended 

to favor repetition and hierarchy as a way of creating “an environment free from surprise 

and glitches—an environment characterized by control and planning,” knowledge-based 

firms were said to organize and operate differently. 

In this milieu, management becomes not production oriented but mission 
oriented. Hierarchies flatten…because, to be effective, the deliverers of 
the next-thing-for-the-company need to he organized like commando 
units in small teams that report directly to the CEO or to the board. Such 
people need free rein. […]  Hierarchy dissipates and dissolves.165

Again, Arthur seemed to confirm what military professionals already knew: The latest 

developments in technology, business, and science pointed to the need for 

decentralization and a mission order-style of command and control.  Cebrowski would 

go a step further, however, and argue that the behavioral and structural requirements for 

success in the complex system of the IT sector of the economy were the same as those 

required for success on complex, nonlinear battlefields, and that the products of the IT 

sector were central to achieving those requirements—i.e. information technologies 

would emerge as the key enablers of decentralization and mission-order command and 

control in NCW. 

                                                 
164 Ibid., 102-103.  Another example that gets used often is the case of BETAMAX versus VHS 

videocassette formats.  As more people began to use VHS, considered by many to be technically inferior 

to BETAMAX, video rental stores began to keep more VHS cassettes in stock and videocassette player 

companies began to manufacture more VHS players.  This, in turn, encouraged more people to buy VHS-

compatible products.  Eventually, BETAMAX was “locked out” of the personal video market. 
165 Ibid., 104. 
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As a strategy, then, NCW was an attempt to respond to the world that is a complex 

system by making the military itself into a complex system.  It was meant to be both a 

response to changes in society, as well as a mirroring of those changes within the 

military.  Cebrowski and Garstka made this point clear in a 1998 article, “Network-

Centric Warfare: It’s Origins and Future,” which formally introduced the notion of NCW 

to the wider defense community.  They began by explaining that 

Network-centric warfare and all of its associated revolutions in military 
affairs grow out of and draw their power from the fundamental changes in 
American society.  These changes have been dominated by the co-
evolution of economics, information technology, and business processes 
and organizations. [...] [W]e can gain some insight through the general 
observation that nations make war the same way they make wealth.  [...]  
Network-centric warfare...is analogous to the new economic model, with 
potentially increasing returns on investment...’locking-out’ alternative 
enemy strategies and ‘locking-in’ success.166

Thus, using Arthur’s concepts of “increasing returns,” “lock-in,” and “lock-out,” 

Cebrowski and Garstka described a way of conducting warfare in which U.S. forces 

would respond so quickly at the beginning of any possible conflict that they would be 

able to decisively “alter the initial conditions” of the conflict.  What’s more, U.S. forces 

would move so quickly through Boyd’s OODA loop relative to the adversary, that it 

would unleash a self-fulfilling, positive-feedback process of “increasing returns” such 

that the further ahead of the adversary that U.S. forces operated, the further ahead they 

would be able to operate, “locking out” the possibility for successful adaptation or 

response by the adversary, and “locking in” victory for U.S. forces. 

Just as networked information and communication technologies (ICTs) were said to 

be at the heart of society’s shift from the Industrial Age to the Information Age, a shift 

which resulted in society, economy, war, and the international system operating as 

complex adaptive systems, so networked ICTs were said to be the key enablers of 

“transforming” the military into a complex adaptive system through the adoption of 

NCW.  In NCW, knowledge of complexity theory and the perceived value of networked 

ICTs are articulated such that networked ICTs are said to enable the military to become a 

complex system in both structure and behavior.  First, Cebrowski and Garstka asserted 
                                                 
166 Cebrowski and Garstka, “Network-Centric Warfare: Its Origin and Future.”  
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that complexity theory teaches that complex organizations like the military must self-

organize from the bottom up.167  Networked ICTs were said to “enable forces to organize 

from the bottom up—or to self-synchronize.”168  They were also said to enable the 

development of “information superiority” and “shared awareness” for U.S. forces.169  In 

turn, this higher level of knowledge was said to reinforce the ability to “self-

synchronize.”170  Additionally, a higher level of knowledge, together with a networked, 

dispersed force, were said to allow for both the creation and manipulation of the 

“battlespace” as a complex system.  That is, the act of dispersing one’s forces turns the 

traditional battlefield into a “non-contiguous” or “nonlinear” “battlespace”171 that 

operates as a complex adaptive system.  In turn, a knowledgeable and networked force 

was said to have the capability to “alter the initial conditions” of the complex, nonlinear 

battlespace, which was seen as the key to “locking out” enemy strategies.172

                                                 
167 Ibid. “Military operations are enormously complex, and complexity theory tells us that such enterprises 

organize best from the bottom-up... [B]ottom-up organization yields self-synchronization.” 
168 Ibid. 
169 Ibid. “Such awareness [i.e. “shared awareness”]...is a matter of the co-evolution of that technology with 

operational concepts, doctrine, and organization.  The enabler, of course, is technology.” 
170 Ibid.  “Self-synchronization is the ability of the well-informed force to organize and synchronize 

complex warfare activities from the bottom up... Self-synchronization is enabled by a high level of 

knowledge...” 
171 The term “battlespace” is preferred by NCW theorists to the more traditional “battlefield,” which is 

seen as a two-dimensional, linear term. 
172 Ibid.: “[A] superior information position is turned into a competitive advantage...by the decisive 

altering of initial conditions... [A]ll elements of the operating situation [are] parts of a complex adaptive 

ecosystem...”  Cebrowski made the point again on a number of occasions in subsequent years.  See Arthur 

K. Cebrowski, “Network Centric Warfare and Transformation,” presentation to IDGA Conference, 

Arlington, VA, January 22, 2003: “When we put all this together we see that a new American way of war 

is emerging...[that] recognize[s] the value of shared awareness and that a dispersed force is key to 

generating the non-contiguous [i.e. nonlinear] battle space.”  Arthur K. Cebrowski and Thomas P. M. 

Barnett, “The American Way of War,” Proceedings of the U.S. Naval Institute, January (2003): “In the 

increasingly transparent battle space, the speed and access of our networked forces open the way to 

profoundly altering initial conditions of conflict, developing high rates of change that cannot be outpaced, 

and sharply narrowing an enemy’s strategic choices.” 
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Through the closing years of the twentieth century, Cebrowski’s vision of NCW 

would remain rather limited, as would his capability to affect the “transformation” of 

U.S. forces into a complex adaptive system via the adoption of NCW.  By 1998, he had 

become the president of the Naval War College.  From this position, he continued to call 

for the transformation of the Navy, but had little influence over the rest of the services.  

Just as his overall influence was limited, the scope of the NCW vision was also still 

limited to the battlefield and was meant to give the U.S. military the flexibility and 

adaptability that General Sullivan, Admiral Owens, and others had believed were 

essential for responding to the dangers of a VUCA world.  Cebrowski’s own language as 

late as the year 2000 still clearly reflected the VUCA worldview.  For example, in an 

article in the Naval War College Review he explained that “The universe as we know it 

is an integrated system of systems, made up of many parts that dynamically interact with 

each other. The future behaviors of such systems are difficult or impossible to 

predict.”173  Like so many before him, he recited the common wisdom that 

unpredictability and the lack of a clearly identifiable threat meant that “we must plan for 

a wide array of threats,” and that U.S. forces would have to rely “less on our ability to 

make accurate predictions and more on our ability to adapt to the situation that does 

occur.”174  Not only did his description of “the universe” reflect his understanding of the 

nature of complex systems, but so did his recommendation for how U.S. forces could 

increase their adaptability.  In this case, he turned to the work of MIT management 

professor, Eric Beinhocker, who had worked to apply the lessons of nonlinear science to 

business strategy.  Faced with an ever-changing and unpredictable environment, he 

quoted Beinhocker to advocate that 

[R]ather than having one strategy, optimized for a single predicted future, 
responsible management teams should go about ‘cultivating and 
managing populations of multiple strategies that evolve over time’. […]  
‘[A] robust population of strategies will produce positive results under a 
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wide variety of circumstances, even though it may not be optimal in some 
circumstances… Such an adaptive population of strategies keeps an array 
of options over time, minimizing long-term and irreversible 
commitments’.175

Based on his reading of Beinhocker, he said that companies that had successfully 

evolved populations of robust strategies had done so because they had “created cultures 

of restlessness” and “discomfort” allowing them to “innovate and evolve. They don’t sit 

still. So it must be with the Navy.”176

Soon enough, Cebrowski would be able to exert influence over more than just the 

Navy when, in October 2001, Donald Rumsfeld, Secretary of Defense to the newly-

elected President, appointed Cebrowski as director of the newly-formed Office of Force 

Transformation (OFT) within the Office of the Secretary of Defense (OSD).  During the 

campaign, then-candidate George W. Bush had pledged to turn the heavy, slow, Cold 

War-era U.S. military into a light, agile, information-age force.  The OFT would be both 

the home of concept development and planning for making the President’s pledge a 

reality, as well as a key advisory body to the Secretary of Defense.  With Cebrowski at 

the helm, the “transformation” of the U.S. military came to mean the adoption of NCW. 

But, of course, by the time of Cebrowski’s appointment in October 2001, while the 

world was still volatile and complex, the attacks of September 11 had put an end to the 

uncertainty that was the result of ambiguity.  This meant that “transformation” could no 

longer be a generic response to the abstract challenges of the information age.  Rather, 

transformation would need to be justified in relation to the overall, post-9/11 U.S. “grand 

strategy.”  Indeed, OFT and Cebrowski were strategically placed such that they not only 

responded to or sought to justify transformation in light of higher-level national strategy, 

but rather, played a significant role in shaping overall DoD and, hence, U.S. strategy in 

the “global war on terrorism.” 

To help take NCW and transformation beyond the battlefield and the realm of force 

planning, respectively, and to the level of national strategy, Cebrowski turned to his 
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friend Thomas P.M. Barnett.  As a faculty member at the Naval War College during 

Cebrowski’s stint as president of the college, Barnett had overseen a number of research 

projects, assigned to him by Cebrowski, that sought “to imagine—in advance—what a 

terrible shock to the [international] system would do to the United States and the world 

in this day and age,” 177 as well as to “explore how globalization and the rise of the New 

Economy are generating new rule sets with regard to how nation-states and national 

economies interact with one another” and “how these changes redefine the U.S. 

Military’s historic role as ‘security enabler’ of America’s commercial network ties with 

the world.”178  Cebrowski was intimately familiar with and generally impressed by 

Barnett’s work.  Thus, when Cebrowski retired from the Navy in October 2001 and left 

his post at the college to become director of OFT, he asked Barnett to come with him 

and serve as his “Assistant for Strategic Futures.”  In response, Barnett has said that he 

told Cebrowski, “Art, I’ll do this if I can tie in this new explanation for transformation to 

the changed security environment that we think was really crystallized on 9/11 […]  I 

want to treat 9/11 in effect as a tipping point, historically.”  In short, he wanted “to 

locate transformation in some sort of larger vision…a centralizing, ordering principle 

[for] the way defense is going to be used. […]  Something that explains where we are in 

the world.”179  Cebrowski agreed.  Indeed, that was the very reason that he had asked 

Barnett in the first place.  So, over the next three years the two briefed their post-9/11 

“operating theory of the world and a military strategy to accompany it”180 throughout the 

U.S. national security community, all the way up to the level of the Secretary and 

Deputy Secretary of Defense.  Their theory and strategy was well received and demand 
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for the briefing grew between 2001 and 2002.181  But interest in their new theory and 

strategy really exploded in the winter of 2002 and spring of 2003 after Barnett had been 

named “The Strategist” in Esquire magazine’s yearly “best and brightest” issue.  As a 

follow-up to the December 2002 write-up, Esquire asked Barnett to write an article 

summarizing the ideas that he had been briefing within the Pentagon.  Published in the 

March 1, 2003 issue, just eighteen days before the U.S. invasion of Iraq, “The 

Pentagon’s New Map” summarized the theory and strategy behind “why we’re going to 

war, and why we’ll keep going to war.”182  In the next few pages we will examine the 

operating theory of the world captured in “The Pentagon’s New Map,” as well as its 

accompanying military strategy, what Barnett and others called the “Global Transaction 

Strategy.” 

At its core, Cebrowski and Barnett’s theory and strategy “combines the tenets of 

economic determinism (e.g. markets rule) and realism (our national interest is to 

continue our privileged place within the non-zero-sum game that is globalization)”183—

sprinkled generously with Tofflerian, information-age technological determinism and 

concepts from nonlinear science—to advocate the spread of economic globalization by 

way of military force.  As part of his work at the Naval War College, Barnett had plotted 

on a map all major U.S. military operations from the previous ten to fifteen years. 184  

Not surprisingly, he found that most deployments had been to locations in what we 

would typically think of as the “third world.”  He drew a line on the map enclosing these 

regions of the world and predicted that the near future would look much like the recent 
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past—i.e. in the future, U.S. forces were more likely to deploy somewhere within the 

outlined portion of the map than anywhere else.  According to Barnett, these regions 

were more prone to instability and hence, more prone to provoking a “crisis response” 

by the U.S. military, precisely because they had not been adequately integrated into, nor 

had they accepted the new “rule sets” of, globalization.  In his 2003 article in Esquire, he 

confidently proclaimed 

Show me where globalization is thick with network connectivity, 
financial transactions, liberal media flows, and collective security, and I 
will show you regions featuring stable governments, rising standards of 
living, and more deaths by suicide than murder.  These parts of the world 
I call the Functioning Core, or Core.  But show me where globalization is 
thinning or just plain absent, and I will show you regions plagued by 
politically repressive regimes, widespread poverty and disease, routine 
mass murder, and—most important—the chronic conflicts that incubate 
the next generation of global terrorists.  These parts of the world I call the 
Non-Integrating Gap, or Gap.185

In a March 2002 briefing to all of the senior aides to Donald Rumsfeld and Paul 

Wolfowitz, Barnett pointed to the “non-integrating gap,” which he had outlined on a 

map, and said, “What you are looking at are the battle lines in this war.  This is the 

expeditionary theater for the U.S. military in the twenty-first century.”  He has said that, 

in response, “Suddenly their eyes lit up…and the Pentagon has a new map.”186  And 

from the understanding of the international system that the “Pentagon’s new map” 

represented, he said that “a simple new security rule set emerges: A country’s potential 

to warrant a U.S. military response is inversely related to its globalization connectivity,” 

or even more simply, “Disconnectedness defines danger.”187

Though they believed that the spread of globalization and the shift to the 

Information Age, which they viewed as synonymous,188 would “bind countries together 
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in mutually assured dependence,”189 resulting in less instability and fewer conflicts in the 

long term, the near future was said to be fraught with a number of globalization-induced 

dangers.  The first danger was that global “rule sets” had become “misaligned.”  By 

“rule sets” they meant “all the procedures, laws, treaties, rules of thumb, and 

conventional wisdom that seem to guide the actions of individuals, corporations, 

governments, and the international community at large.”190  Where one found agreed-

upon rules in place, they said, instability and conflict were much less likely.  Conversely, 

“where you don’t find generally agreed-upon rules, or where rules are out of whack or 

misaligned across social sectors, then you’re talking about the future of instability, the 

potential for misperceptions leading to conflicts, and the clash of competing rule sets.”191  

According to Cebrowski and Barnett, 

Across the 1990s global rule sets became seriously misaligned, with 
economics racing ahead of politics (as evidenced by current corporate 
scandals) and technology racing ahead of security (e.g., the rise of 
transnational terrorists exploiting globalization’s growing network 
connectivity). Now it is time to play catch up...with the U.S. military once 
again serving as an instrument of rule-set exportation through the global 
war on terrorism.192

As an example, those misalignments were believed to be reflected in dramatic shifts 

in both the structure of the international system, as well as the nature of power in the 

system and who is capable of wielding that power.  Recalling Kenneth Waltz’s levels of 

analysis for international relations—i.e. system, state, and individual—Cebrowski 

argued, “We are finding that power is moving to the larger system level (instead of 

merely at the state level) while violence is moving downwards to the individual level... 

The result is that we have now something that can be called a governance gap. What 

compels that gap is that we have mismatches. Some things simply run ahead of 
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others.”193  In this statement, he offered an argument that is widely accepted among 

contemporary military theorists: Globally networked ICTs are believed to enable and 

empower transnational, non-state actors such as al-Qa’ida, what one theorist calls 

“global guerrillas.”194  Globally networked ICTs, then, are said to allow small groups, 

even “super-empowered individuals,”195 to wield power and to have an effect at the 

“larger system level,” a level once reserved for states.  As such, it is argued that there 

exists a “governance gap”—i.e. no effective response within traditional structures of 

state and global governance to the emergence of super-empowered groups and 

individuals wielding power and having effects at the global system level.  Thus, 

technology is said to have “run ahead” of governance in this respect. 

As such, adversaries like al-Qa’ida were actually believed to be more in sync with 

the “information age” than the U.S. military.  Former Secretary of Defense Donald 

Rumsfeld expressed this sentiment clearly in 2003, arguing that “In an age when 

terrorists move information at the speed of an email, money at the speed of a wire 

transfer, and people at the speed of a commercial jetliner, the Defense Department is 

bogged down in the micromanagement and bureaucratic processes of the industrial 

age—not the information age.”196  Military transformation was meant to bring the 

military into sync with larger changes in the world, to bring it into sync with the 

demands of the “information age.”  To the degree that terrorist groups like al-Qa’ida 

were said to have already learned a number of lessons about war in the “information 

age,” transformation was an attempt to learn and implement those same lessons, to 

“morph or change or transform in some way to mirror the target set.”197

Next, the danger of rule-set misalignment, combined with the emergence of super-

empowered groups and individuals, was believed to be compounded by the increasingly 
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dense economic and technological interconnectivity of the complex system that is the 

globalized, information age.  They explained that the international system is now more 

prone to the potentially devastating effects of “system perturbations”—i.e. butterfly 

effects—because of such dense interconnectivity.  Cebrowski defined a “system 

perturbation” as 

…an information age phenomena… a vertical shock to the international 
system from which horizontal waves propagate... when it happens new 
rules are created,… and a new reality is created… [The] propagation is 
related to the density of the medium. In the information age we have an 
increasingly dense medium…it can sustain the propagation of the 
perturbation. That is much of what we witnessed post-9/11.198

While 9/11 was seen by Barnett and Cebrowski as a perfect example of the kinds of 

dangerous system perturbations that could flow from the “gap,” Barnett has also 

described 9/11 on various occasions as a “gift,” a “huge favor” for the U.S. national 

security establishment, 199 and “a historical ‘creation point’ much like the immediate 

post-WWII years.”200  Barnett had been critical of the VUCA worldview of the 1990s 

because instead of providing a “reproducible strategic concept” that could “guide our use 

of military power…the closest thing we had…was really the opposite of one, or the 

notion that the post-Cold War strategic environment was defined by chaos and complete 

uncertainty, hence we needed to defend all against all.”201  While 9/11 had cleared the 

matter up to a degree by providing “an enemy to attach to all this ‘chaos’ and 

uncertainty’,” he worried that the emerging post-9/11 worldview “still leaves us 

describing horrible futures to be prevented, not positive ones to be created.”  That 

positive future, he believed, would involve the United States working to “secure 

globalization’s ultimate goal—the end of war as we know it.”202  The means of 

achieving that goal would be called the “Global Transaction Strategy,” which would rely 
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to a great degree upon the new “rule set” of preemptive war as a means of eliminating 

war. 

The Global Transaction Strategy had as its primary goal “shrinking the gap”—i.e. 

spreading economic globalization to the Third World.  To do that, Barnett argued that 

the United States must work to enable and balance four major “flows,” including the 

“flow of people from the Gap to the Core,” the “Flow of security from Core to Gap,” the 

“Flow of energy from Gap to Core,” and the “Flow of investments from Old Core to 

New Core.”  In the first case, because of a demographic shift to an older population in 

Core nations, he said that the United States should encourage immigration, providing 

workers for the Core nations and a population “release valve” for Gap nations who have 

both higher birth rates and fewer job opportunities.203  By investments moving from the 

Old Core to the New Core, he was referring to the flow of foreign direct investment 

dollars from the United States and Europe to the newly industrializing economies of 

Asia.204  Likewise, the flow of energy was said to be primarily about Asia.  He explained 

that “The U.S. must enable smooth flow of energy from the Middle East to Asia because 

the latter is such an important partner in our global transactions. […]  In the end, it may 

not be our oil supply, but it is most certainly our prosperity that we protect when we 

export security to the Middle East.”205  Finally, there is the flow of security from the 

Core to the Gap, or what he termed “exporting security,” which involved the use of 

preemptive war to remove rogue regimes that threaten globalization, but which also 

included “bases, naval presence, crisis response activity, [and] military training.”206  

Barnett provided further explanation in his March 2003 Esquire article: 

Show me a part of the world that is secure in its peace and I will show 
you strong or growing ties between local militaries and the U.S. military. 
Show me regions where major war is inconceivable and I will show you 
permanent U.S. military bases and long-term security alliances. Show me 
the strongest investment relationships in the global economy and I will 
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show you two postwar military occupations that remade Europe and 
Japan following World War II.207

Barnett and his co-author explained the rationale behind viewing security as an export by 

saying, 

The one U.S. public-sector export that has only increased its global 
market share with time is security. We account for nearly half the global 
public spending on security and unlike any other state, we can actually 
export it abroad to other regions on a substantial and continuous basis. 
And that is our fundamental transaction with the global economy: we 
import consumption and export security. 

Sharing our surplus of security with the world is what makes us unique. 
Any advanced industrial state can sell arms, but only the U.S. can export 
stability. Yes, it does engender plenty of anger from some quarters, but 
from far more it elicits real gratitude—and allowance for our ‘living 
large’.208

Thus, “shrinking the gap”—i.e. integration into globalization by military force—was 

seen as a form of “sharing,” a moral obligation to give something back as a way to make 

up for the large living of a consumption-based society.  “By looking out for ‘number 

one’ in a broad cooperative sense, we make the world a better place over the long 

run.”209

Meeting the United States’ moral obligation to shrink the “gap” and, thereby, 

prevent system perturbations, would require military forces capable of fast, precise, 

global response.  It would also require forces capable of taking on super-empowered 

individuals and groups.  The transformation of the U.S. military via the adoption of 

NCW was said to provide just such a military.  Cebrowski and Barnett explained that 

As network-centric warfare empowers individual servicemen and women, 
and as we increasingly face an international security environment where 
rogue individuals, be they leaders of ‘evil states’ or ‘evil networks’, pose 
the toughest challenges, eventually the application of our military power 
will mirror the dominant threat to a significant degree. In other words, we 
morph into a military of super-empowered individuals fighting wars 
against super-empowered individuals. In this manner, the American Way 
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of War moves the military toward an embrace of a more sharply focused 
global cop role: we increasingly specialize in neutralizing bad people who 
do bad things.210

In Cebrowski’s words, such a military would allow the United States to “deter forward.”  

He wrote, “Deterrence now has to be based on prevention, which is different...that is 

being preventative and the notion of deter forward becomes very, very important.211  In 

turn, on several occasions he equated “deterring forward” with “altering the initial 

conditions” and “taking advantage of path dependency” in both the battlespace and the 

international system as complex systems.212  Likewise, to Barnett, terms such as 

“pathway dependencies,” “tipping points,” “spillover,” and “unintended consequences,” 

seemed not to point to the difficulties of meaningful individual action in the international 

system, but rather, inspired a confidence that even surpassed that which had been 

demonstrated by Alvin Saperstein and Steven Mann at the 1996 NDU conference.  

Where Mann and Saperstein had concluded based on their reading of nonlinear science 

that the world system was chaotic but ultimately controllable, Barnett was even more 

confident, interpreting the same or similar terms as indicating that “What had looked like 

‘chaos’ from the Pentagon’s perspective appeared a lot more orderly once you knew how 

to track globalization’s causes and effects.”213  Thus, rather than pursuing a reactive 

policy based on the concept of chaos, Barnett advocated using knowledge of 

globalization’s rule sets to devise “a future worth creating.”  In Saperstein’s terms, the 

United States should seek to change the “field of endeavor,” in this case, to shape the 

world in its own image. 

In general, then, the transformation of the U.S. military via the adoption of NCW 

was justified by linking it to the Global Transaction Strategy.  A network-centric force 

would be required to give the U.S. the ability to take on the role of “global systems 

administrator,” a global cop that works to prevent “system perturbations” by “exporting 

security” to the “non-functioning gap” of globalization.  Cebrowski summed up the 
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Global Transaction Strategy in a 2003 speech to the ultra-conservative Heritage 

Foundation, stating, 

We have to master system perturbations... [O]ur role, and the role of the 
members of the core, the functioning core of globalization...our role is 
that of Systems Administrator... [T]he role is to keep the system up and 
running, just like with your computer system... There is a certain moral 
obligation to shrink the Gap over time.  This results in a booming export 
market for us. But the export market that I’m concerned about in defense 
is the exporting of security. It is indeed a growth market. Security is our 
nation’s largest single public sector export, and it’s booming...  If you are 
fighting globalization, if you reject the rules, if you reject connectivity, 
you are probably going to be of interest to the United States Department 
of Defense... This is the chafing we saw in the run-up to Operation Iraqi 
Freedom, which is that we are a nation that is increasingly recognizing 
this view of the world.214

For Cebrowski and Barnett, U.S. operations in both Afghanistan and Iraq were seen 

as the embodiment of transformation, NCW, and the Global Transaction Strategy.  They 

were both seen as pointing the way to the future of warfare at the battlefield level, with 

the Iraq war in particular pointing to the future of U.S. national strategy for many years 

to come.  For example, in a 2003 OFT publication, Military Transformation: A Strategic 

Approach, Cebrowski argued that “the recent performance of U.S. forces in the 

successful conduct of Operations Enduring Freedom and Iraqi Freedom has provided a 

glimpse of the future potential of the emerging way of war...[c]onstructed around the 

fundamental tenets of network-centric warfare.”215  He saw both the conduct and 

outcome of the battle in Iraq as reflective of NCW.  At the battlefield level, he says, 

“Consider the operations in Western Iraq, which is largely an example of what we call 

the non-contiguous [i.e. nonlinear] battlespace—a large number of small forces 

operating. You can’t do that if you’re not networked.”216  In his estimation, the result of 

the U.S. military’s battlefield conduct was not only a shocked, awed, and defeated Iraqi 

foe, but nothing less than the transition of the U.S. military from the Industrial Age to 
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the Information Age.  In his 2003 speech to the Heritage Foundation mentioned above, 

he explained that in Operation Iraqi Freedom 

We certainly saw the movement from the Industrial Age to the 
Information Age on the part of our forces, what we call the adoption of 
Network Centric Warfare... When you have people who say ‘this didn’t 
come out the way we thought’ or ‘we thought the Americans would have 
a much harder time of it, it doesn’t seem to be the American way of war 
that we thought was going to show up here’ and that’s exactly what we 
want to happen... Indeed, I think that’s what we saw... We want all of our 
enemies, current and future, to look at us and say, ‘Wow. How do they do 
that? We see it unfold before our very eyes, but we don’t understand 
what’s really happening, and we can’t stop it’. That’s the power of 
transformation.217

Similarly, Barnett explained in March 2003, before the U.S. invasion of Iraq had 

even begun, that “military engagement with Saddam Hussein’s regime in Baghdad is not 

only necessary and inevitable, but good.”218  Of course, he justified the war-to-come in 

terms of the Global Transaction Strategy, seeing Iraq as just the first step of a multi-year 

plan to “shrink the gap.” 

The reason I support going to war in Iraq… The real reason I support a 
war like this is that the resulting long-term military commitment will 
finally force America to deal with the entire Gap as a strategic threat 
environment. 

[…] 

The Middle East is the perfect place to start. Diplomacy cannot work in a 
region where the biggest sources of insecurity lie not between states but 
within them. 

[…] 

The Middle East has long been a neighborhood of bullies eager to pick on 
the weak. […]  The only thing that will change that nasty environment 
and open the floodgates for change is if some external power steps in and 
plays Leviathan full-time. Taking down Saddam, the region’s bully-in-
chief, will force the U.S. into playing that role far more fully than it has 
over the past several decades…  As baby-sitting jobs go, this one will be 
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a doozy, making our lengthy efforts in postwar Germany and Japan look 
simple in retrospect. 

But it is the right thing to do, and now is the right time to do it, and we 
are the only country that can. Freedom cannot blossom in the Middle East 
without security, and security is this country’s most influential public-
sector export.219

At the end of his best-selling 2004 book, The Pentagon’s New Map, which 

explained in the greatest detail he and Cebrowski’s theory and strategy, Barnett left his 

readers with a “hopeful image” of the “ten steps toward this future worth creating.”  Not 

surprisingly, Iraq was listed as the first step.  His second recommended/forecast step was 

that Kim Jong Il be removed and Korea reunited.  He said, “I think these dice should be 

rolled by whatever administration takes power in January 2005, and I believe it 

inevitable if President Bush is reelected.  There is simply no good reason why Northeast 

Asia should put up with this nutcase any longer.”220  His third step was Iran and “an 

overthrow of the mullahs’ rule by 2010.”221  While the first three steps to this supposed 

“future worth creating” were largely “over there,” step four would bring U.S. attention 

back to the Western Hemisphere with the successful implementation of the proposed 

Free Trade Area of the Americas.  “This dream,” he predicted, “will become a reality by 

2015.”  Along with that “dream,” however, would come a commitment on the part of the 

United States to “ending the nearly joint rule of the drug cartels and the rebel groups 

within that failed state,” by which he meant Colombia.  “This will be an amazingly 

messy task, our embracing of which must go all the way if we are determined to 

succeed.”222  Perhaps even more astonishingly (if that is possible), and again where the 

Western Hemisphere is concerned, he predicted/advocated that 

By 2050, the United States could include a dozen more states.  The first 
president of Mexican heritage will be elected directly from a Mexican 
state.  But this historical pathway will not be contiguous, as we have 
learned in the cases of Hawaii and Alaska, and there is nothing wrong 
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with cherry-picking the best economies as an inducement for harmonizing 
economic policies throughout the Western Hemisphere.223

Barnett was concerned by his own vision however, concerned that “Perhaps all this 

qualifies me as a dreamer.”  Nonetheless, he was confident in his “hopeful image” of a 

“future worth creating,” confident that “all meaningful borders can be erased, and all 

religious differences rendered harmless as sources of mass violence.  I believe the end of 

war is within our historical grasp, and that I will live to witness this achievement.  But 

nothing worth that much for so many can come without real sacrifice.”224  Of course, in 

the dream world of Barnett’s “future worth creating,” the end of war begins with the 

sacrifice of war, helping him to explain “why we’re going to war, and why we’ll keep 

going to war.”225

5.5 Conclusion 

There is no doubt that Barnett’s “hopeful image” of a “future worth creating” is 

outrageous and disconcerting, to say the least.  We can, however, derive some comfort 

by remembering that NCW and the Global Transaction Strategy represent a very 

particular linking of conceptions of society, science, technology, war, and the military.  

Ultimately, it is more correct to speak of NCW and the Global Transaction Strategy as 

an enlistment of nonlinear science, rather than the enlistment of nonlinear science.  In the 

next several paragraphs, we will review the emergence of nonlinear science as a key 

“node” or “center of gravity” in the network that is the articulation of NCW and the 

Global Transaction Strategy, paying special attention to the ways in which this 

enlistment of nonlinear science has reflected longer-term patterns of enlisting the 

sciences for use in military theory, as well as the way that nonlinear science’s enlistment 

has been shaped by late twentieth-century U.S. military thought and discourse.  By 

highlighting the highly contingent and particular nature of nonlinear science’s 

articulation with military theories and technologies that largely preceded its enlistment, 

we begin to open a space that makes it possible to “disarticulate” nonlinear science, 
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NCW, and the Global Transaction Strategy, paving the way for potentially less 

militaristic and imperialistic understandings of and policies for interacting with the rest 

of the world. 

The enlistment of nonlinear science into military discourse as represented in NCW 

and the Global Transaction Strategy has been reflective of the three general patterns of 

enlistment that we have seen throughout the previous chapters.  Nonlinear science has 

been seen as a body of knowledge about the world crucial to professional military 

education; as a new and valuable way of thinking; and as a valuable source of concepts 

and metaphors for those constructing military theory, doctrine, and strategy.  However, 

though the enlistment of nonlinear science fits the general pattern, its enlistment has 

been unique in a number of respects.  Of the three patterns of enlistment that we have 

seen, the third (nonlinear science as a valuable source of concepts and metaphors) has 

been dominant.  Indeed, the value of nonlinear science for professional education and as 

a way of thinking are both derived from nonlinear science’s perceived value as a source 

of concepts and metaphors. 

First, there is no doubt that nonlinear science has been seen as an important and 

valuable addition to professional military education.  Of course, the 1996 conference on 

“Complexity, Global Politics, and National Security,” was hosted, co-organized, and co-

sponsored by the National Defense University.  We saw Lt. Gen. Van Riper proudly 

telling members of Congress that Marine Corps schools were incorporating nonlinear 

science into their curricula.  Of course, that was in part due to the influence of Schmitt 

and Boyd.  As we saw, Boyd had advocated combining history with concepts from 

science and engineering in order to “evolve to a new form” in professional education.  

And he practiced what he preached.  From the mid-1980s through the early 1990s, he 

gave his briefings and lectured regularly at institutions of military professional 

education.  Some of the work being done by students in these institutions played a 

significant part in the overall enlistment of nonlinear science, especially the thesis papers 

of Steven Mann, Steven Rinaldi, and Pat Pentland, the first two of which presented at the 

1996 NDU conference, with Pentland having portions of his paper reproduced in 

Czerwinski’s 1998 book on “nonlinearity in military affairs.”  Their papers, while first 

and, as a result, most cited, were only the tip of the iceberg, however.  Students in 
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schools of military professional education would produce dozens of thesis papers 

throughout the 1990s, each of which sought to “apply” nonlinear science, most often in a 

qualitative or metaphorical way, to some aspect of military affairs.226

The reason that nonlinear science was seen as valuable for professional education, 

as well as for the creation of military theory, doctrine, and strategy, was because it was 

seen as embodying a valuable and increasingly necessary way of thinking.  As we saw in 

Chapter 2, during the eighteenth and nineteenth centuries, mathematics and the natural 

sciences were seen as valuable because they offered both a way of thinking and problem 

solving, as well as practical knowledge that could be applied to battlefield problems such 

as fortification or gunnery.  In the late twentieth and early twenty-first centuries, military 

professionals in the United States have been less interested in the practical application of 

nonlinear science to operational problems on the battlefield and more interested in 

nonlinear science as representative of a way of thinking that values flexibility, 

adaptability, and innovation in place of the supposedly “Newtonian” emphasis on 

formulas and recipes. 

So, if nonlinear science was seen as valuable for professional education and the 

construction of theory, doctrine, and strategy, it was because it was seen as representing 

a valuable and necessary way of thinking.  In turn, the primary value of nonlinear 

science as a way of thinking was seen as derived from its value as a source of concepts 

and metaphors.  Presenters at the 1996 NDU conference, who represented the core of 

nonlinear science-related thought in the U.S. defense community, and who went on to 

have an important impact upon service doctrines and overall U.S. national strategy, 

explicitly recognized the relationship between language and thought, in particular 

pointing to the epistemological value of metaphor.  In their understandings, language 

and thought were conflated such that the adoption of new language is the adoption of a 

new way of thinking.  As such, in a number of the presentations, the switch from linear, 

“Newtonian” metaphors to nonlinear science-based metaphors was seen as equivalent to 

a major “paradigm shift” in military thought, even though, as we have seen, many of the 
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military concepts and “lessons” that were articulated with nonlinear science metaphors 

had actually been developed or learned long before the enlistment of nonlinear science.  

Even Admiral Owens, who was not primarily identified as a nonlinearist, saw the change 

in the military’s vocabulary as an important success of transformation efforts in the 

1990s, writing, “Looking back now, I think those of us who wanted to accelerate change 

were successful in several respects. We changed the vocabulary. Today it is replete with 

allusions to ‘transformation’, ‘revolution in military affairs’, new ‘systems-of-systems’, 

and ‘jointness.’”227

Nonetheless, though nonlinear science has come to provide a common conceptual 

and metaphorical grounding for linking an informatic theory of warfare, understandings 

of Information Age society and economy, and a militarist-imperialist “grand strategy,” it 

may not be unreasonable to assert that, contrary to what it may claim, the U.S. defense 

community has not, in fact, learned any lessons from nonlinear science.  As we have 

seen, the “lessons” of nonlinear science for the conduct of warfare at the battlefield level 

had been learned prior to nonlinear science’s enlistment.  While members of the U.S. 

defense community, including Boyd, did not begin to explicitly reference nonlinear 

science until the late 1980s and early 1990s, they had begun to speak of the battlefield as 

“nonlinear” and “chaotic” as early as 1982 with the adoption of AirLand Battle.  

Information, knowledge, and decision are at the heart of all warfare activities; flexibility 

and adaptability are essential traits of the individual military professional as well as the 

military organization; enemy armies and societies can be seen as organisms or systems 

composed of “centers of gravity” that can be struck to achieve disproportionate effects 

upon the enemy; “mission orders” and decentralization are key to effectively controlling 

one’s own forces; one’s forces should act synergistically to achieve disproportionate 

effects; operating faster than one’s opponent, severing his links to the external world, 

shattering his internal cohesion, and taking the initiative to alter the conditions of battle 

and fight on one’s own terms are key to achieving victory—while nonlinear science may 
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have seemed to confirm these lessons, the fact is that all of them were learned prior to 

the enlistment of nonlinear science. 

Next, the ambivalence towards quantification, computers, and information 

technologies, as well as the concomitant increased interest in “concepts,” “principles,” 

and common ways of thinking and speaking, that we saw in the 1970s and 1980s 

continued into the 1990s.  Additionally, the antagonism between proponents of the offset 

strategy and maneuver warfare had its corollary in the antagonism between RMA 

advocates and many of the early nonlinearists who were, to say the least, skeptical of the 

promises made on behalf of IT-enabled, information superiority-driven warfare.  Indeed, 

that skepticism is part of what drove early nonlinearists to their interest in chaos and 

complexity theories in the first place.  Likewise, prior ambivalence towards 

quantification where the formation of theory and doctrine was concerned helps to 

explain the nonlinearists’ primary interest in nonlinear science as metaphor.  Thus, the 

articulation of a theory of warfare founded on the notion of IT-enabled information 

superiority with concepts and metaphors from nonlinear science was not inevitable.  In 

the case of Czerwinski, for example, though he accepted the Toffler thesis, and though 

he even advocated the use of information technologies specifically designed to enable a 

“command-by-intent” style of command and control, he still believed that weapon 

systems and theories of warfare that sought to achieve information superiority were 

fundamentally at odds with the lessons of nonlinear science.  Rather, the articulation of a 

theory of IT-enabled, information superiority-driven warfare with concepts and 

metaphors from nonlinear science is part of what makes Network-Centric Warfare 

unique.  Again, it should be noted that this articulation was made possible by Cebrowski 

and Gastka’s very limited reading of nonlinear science, focused as it was primarily upon 

nonlinear science as applied to the high-tech sector of the U.S. economy. 

Finally, in the areas of international relations and the conduct of foreign policy, we 

have seen that while there was more diversity in the supposed lessons of nonlinear 

science, in general, nonlinear science seemed to confirm long-held assumptions about 

the fundamental nature of the workings of the international system, namely that the 

system is inherently anarchical, decentralized, and driven by national self-interest.  

While one group of nonlinearists inferred from nonlinear science that the characteristic 
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of nonlinearity and the tendency towards “butterfly effects” and “unintended 

consequences” within the international system implied the need for caution and 

multilateralism, the “lessons” of nonlinear science that ultimately became policy in 

NCW and the Global Transaction Strategy were just the opposite.  Alvin Saperstein, 

Steven Mann, and ultimately Cebrowski and Barnett as well, all learned the “lesson” that 

the United States could and should take advantage of chaos and constant change as a 

means of pursuing its national interest.  The underlying assumptions that seemed to 

justify this position fitted well with recent military theory and doctrine, particularly the 

theories of Boyd and the doctrine of AirLand Battle.  Similar to Boyd’s notion of getting 

inside an adversary’s OODA loop, the assumption was that if the United States could 

both act faster and maintain its capability to surf on the “edge of chaos” relative to any 

potential adversary, it could weather the storm of any potential unintended 

consequences, always staying one step ahead—i.e. causing change means not having to 

respond to change.  Next, the notion of a judo-like, rapid transition from defense to 

offense as enshrined in AirLand Battle came to be seen in terms of “altering the initial 

conditions” of the battlefield as complex system.  The corollary at the international level 

would be taking the initiative to “change the field of endeavor.”  Indeed, one could 

interpret the rapid transition from defensive, post-9/11 action in Afghanistan to offensive 

action against Iraq as just such a judo- or AirLand-like maneuver carried out at the 

highest level of national strategy. 

In short, the particular form that nonlinear science’s enlistment has taken in its 

articulation with NCW and the Global Transaction Strategy was neither “natural” nor 

inevitable.  Of course, pointing to the contingency of nonlinear science’s enlistment and 

articulation does not suffice as a means of disarticulation.  What’s done is done; there is 

no reversing the death and destruction that has resulted from the actions that have been 

powered and justified via the NCW-Global Transaction Strategy articulation.  As Barnett 

himself has written, in a “path dependent” world, there are “turning points, but no 

turning back points.”  Nonetheless, while past actions constrain future possibilities, they 

do not determine them.  The contingency of nonlinear science’s enlistment and 

articulation does point to the possibility of reading nonlinear science otherwise, of 
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learning other, less militaristic and imperialistic lessons, and disarticulating the dominant 

view. 
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6. After Action Report and Lessons Learned 

 

6.1 Introduction 

In this final chapter, I will review the contributions that this study has made both to our 

understanding of the development of military theory in the last century, as well as to our 

understanding of the ways that the sciences are enlisted in areas of society and culture 

typically seen as “outside” the realm of science.  I will begin by providing an “after 

action report” that will summarize briefly the relationship between the sciences and 

military theory that we have seen develop across the preceding chapters.  Second, I will 

explore the contributions that the material presented in this study, when examined with a 

combination of theories and methods from both STS and rhetorical studies, makes to our 

general understandings of the ways that change happens in military theory, how those 

patterns of change relate to the ways that change happens in the sciences, the 

relationship between science and society more generally, and how the story of military 

theory over the last century maps onto larger changes in society, namely the emergence 

of “postmodernism.”  Finally, I will outline some of the potentially more practical 

“lessons” that could be learned from this study, ones which could contribute both to the 

creation of better military theory, as well as to the ability of STS scholars to engage on a 

continuing basis in that region of military theory discourse which has itself been engaged 

in the learning of lessons from the sciences. 

6.2 After Action Report 

Whereas most of academic military history has been concerned typically with 

militaries in combat and on the battlefield, and where most scholars in STS or the history 

of science have been interested primarily in the military as a major influence upon the 

direction and content of scientific research and technological development in the postwar 

period, this study has examined the relationship between the sciences and military theory 

over the last century in an effort to understand the rhetorical, intellectual, and 

institutional conditions that have enabled the enlistment of concepts and metaphors from 

the nonlinear sciences into the service of United States military discourse over the last 
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several decades.  The rationale for undertaking such a study has been the conviction that 

the strategies and technologies employed on the battlefield are powered by a knowledge 

of the world that precedes their use.  That knowledge, in its most abstract form, is 

military theory, which is often formally codified in doctrinal statements issued by each 

of the service branches.  This study has demonstrated that the sciences, in various forms, 

have played a crucial role in the development of military theory and doctrine in the West 

more generally, as well as in the United States more particularly.  By providing an 

understanding of the historical relationship between the sciences and military theory 

more generally, this study has provided insight both into the conditions that have 

allowed for the successful enlistment of concepts and metaphors from the nonlinear 

sciences into the service of U.S. military theory, as well as to the employment of U.S. 

forces in the “war on terrorism” in ways that have been justified and guided by 

understandings of nonlinear science. 

During the European Enlightenment of the eighteenth century, the sciences began to 

play an increasingly important role in Western militaries.  We have seen that the 

sciences were integral to the development of the very notion of “military theory” during 

this period, as well as to the rise of the institutions of professional military education 

where military theory would most often be formulated and taught to standing cadres of 

professional military officers.  The sciences came to play three primary roles in the 

formulation of military theory and the education of military professionals.  First, the 

sciences were increasingly seen as a body of knowledge about the world believed to be 

crucial to an officer’s education, especially for those destined for service in technical 

areas such as fortification or artillery.  Second, however, the sciences were seen as 

important to any officer’s education because they were seen as representing a way of 

thinking that valued empiricism and logic and which would serve to distinguish the 

military professional from inexpert civilian political leaders.  But, beyond helping to 

create and maintain a boundary between military professionals and civilians, the 

sciences seemed to hold the promise that the “natural” phenomenon of war could be 

studied scientifically.  Like the natural sciences, such a “science of war” would seek to 

discover the universal laws of war and universal principles of right conduct in warfare.  
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Finally, and third, the sciences increasingly served as a valuable source of concepts and 

metaphors with which the military professional could think and speak about war. 

Though dominant in Europe and the United States at the turn of the nineteenth 

century, the positivist and universalist view of scientific military theory espoused by 

military thinkers of the Enlightenment was never able to gain an absolute hold on 

military minds of the time.  In response to French intellectual, military, and political 

dominance, Prussian military reformers of the early nineteenth century, most notable 

among them Carl von Clausewitz, were in the vanguard of a romanticist backlash that 

would reject the idea that there could be the kind of rigid, formulaic universal laws and 

principles of warfare proposed by Enlightenment military thinkers, many of them 

French.  Instead, the Prussian military romanticists would emphasize the uniqueness of 

each time and place, as well as the human psychological factors in warfare such as will, 

emotion, and genius.  Following two successive defeats of France (1815 and 1871) and 

the unification of Germany (1871), Prussian/German romanticist military thought would 

be in ascendance among Europe’s militaries, even France, where a modified, “neo-

Clausewitzian” view would contribute to the development of the French “doctrine of the 

offensive.”  The sciences did not fall entirely into disfavor in this environment, however.  

On the contrary, in both France and Germany, sciences such as biology, physiology, 

eugenics, and crowd psychology would serve as valuable sources of concepts and 

metaphors in the formulation of military theory and doctrine.  These neo-Clausewitzian 

and science-inspired theories and doctrines of warfare would be put into practice during 

the First World War, and with bloody results. 

The period between the two world wars saw the development of a number of 

theories of industrial, mechanized warfare that were noteworthy, in part, because they 

represented a hybrid, positivist-romanticist form of military theory that combined the 

quest for universal laws and principles, the use of concepts and metaphors from the 

sciences, and a privileging of human psychological factors such as mind, will, morale, 

emotion, and genius.  The most influential examples included the theories of tank 

warfare espoused by J.F.C. Fuller and B.H. Liddell Hart, as well as the theories of 

strategic aerial bombardment promoted by Liddell Hart and William C. Sherman.  More 

than just theories for the use of new technological artifacts on the battlefield, however, 
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these theorists employed concepts and metaphors from sciences like crowd psychology 

and eugenics to articulate their understandings of the workings of society and war in 

what they saw as an emerging “industrial age” with the promise of a “mechanized” 

military.  Regardless of the romanticist strains in their theories, the model of a “science 

of war” found implicitly in these works, but articulated most fully by Fuller, was a 

thoroughly positivist one in which the lone genius military theorist would work to 

discover, once and for all, the universal laws and principles of warfare.  Like military 

thinkers of the Enlightenment, Fuller and Liddell Hart believed that the development of 

a true “science of war” would serve to insulate the military profession from the kind of 

deleterious meddling by inexpert civilian political leaders that they blamed for the 

bloodbath in the trenches of Word War I. 

The theories of mechanized warfare on land and in the air developed by Fuller, 

Liddell Hart, Sherman, and others during the interwar period would be put into practice 

by belligerents on both sides during World War II, with the German armored blitzkrieg 

owing a debt of gratitude to Fuller and the Allied strategic bombing campaigns over 

Germany and Japan shaped by theories like those of Sherman and Liddell Hart.  Yet, the 

war would also mark the beginning of fundamental changes in the relationship between 

the sciences and the military in the United States.  The massive mobilization of civilian 

scientists for the conduct research in support of the war effort, together with the 

development and first use of an applied form of science known as operations research 

(OR), would blur the military-civilian boundary and challenge traditional, positivist 

notions of a “science of war.” 

Both the blurring of traditional boundaries and challenging of traditional ways of 

thinking would be intensified during the immediate postwar years as military and 

civilian leaders alike, believing that scientific research and technological development 

had been crucial to Allied success during the war, worked to formally extend the 

working relationship between the military and civilian scientists that had developed 

during the war.  The development of military-funded, civilian-run research centers such 

as RAND and the Center for Naval Analyses was one important result of these efforts.  

In this environment, one which was largely of the military’s own creation, the pursuit of 

the “science of war” would no longer serve to insulate the uniformed military 
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professional from interference by civilians.  Rather, just the opposite was the case.  As a 

result, the increasing involvement by civilian scientists in military affairs in the decades 

following the war was matched by increasing conflict between civilian scientists and 

military professionals over who should have the authority to speak on matters of national 

defense. 

The conflict was exacerbated by the fact that the “science of war” pursued by 

civilians in organizations like RAND, as well as by uniformed military professionals 

throughout the services, was increasingly at odds with traditional, positivist notions 

about what science is, who can participate as scientist, and what the products of science 

are.  In part an outgrowth of WWII-era operations research, the postwar “systems 

sciences,” which were refined in organizations like RAND, were conducted by 

interdisciplinary teams of researchers, were highly quantitative, increasingly reliant upon 

the digital computer, and often promised not definite answers or predictions, but merely 

insight or illumination about military problems of the day to researchers and their 

military patrons.  Though they often exhibited a technocratic worldview, the systems 

sciences also held the seeds of what could be called a nonlinear, “systems worldview,” 

one which was increasingly concerned with issues of complexity, feedback, flows of 

information, communication, networks of interaction, and human decision-making under 

conditions of constant change and uncertainty.  In short, as a “science of war” the 

systems sciences were quite different from the positivist vision of Fuller and others, one 

in which the lone military genius discovers, once and for all, the universal laws and 

principles of war. 

As early as the mid 1960s, military professionals from several of the services and at 

various levels were criticizing not only the increasing influence of civilian “defense 

intellectuals,” but also the methods of knowledge production that they employed.  Critics 

charged that systems science applied to military affairs was too abstract, too quantitative, 

too reliant upon computers, and not properly informed by intangibles like history and 

human factors like will, emotion, and morale.  Not only did they charge that systems 

science was at the heart of increasing centralization of military command structures, but 

also that the conduct of systems science research by a greater number of those in 

uniform was leading to the “civilianization” of the military profession.  Finally, by the 
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late 1960s, even as war still raged in Southeast Asia, military professionals and even 

some civilians associated with systems science began to assert that the United States’ 

failures on the battlefield in Vietnam were the result of these trends. 

Criticism of over-reliance upon systems science and computers would reach a 

crescendo during the mid 1970s and 1980s when, in the wake of Vietnam and in the face 

of numerous seemingly intractable challenges in the international security environment, 

initial efforts to rebuild and reform the U.S. Army were focused on the procurement of a 

whole new generation of information technology-enabled weapon systems and the 

formulation of new doctrine to employ those weapons.  In its formulation, the “Active 

Defense” doctrine of 1976 had relied heavily upon systems analysis and computer 

simulations.  It presented what critics called a “firepower/attrition” view of war in which 

the key to victory was identifying and destroying more targets, more precisely, and more 

quickly than the enemy.  Given the fact that military professionals had begun to blame 

the failures of Vietnam on systems analysis and computers even before the conclusion of 

the war, it is not surprising that this new doctrine met with harsh criticism, both from 

inside and outside the Army.  Within three years of its publication, in 1979 the Army 

began to reformulate its doctrine.  The result of that process was the acceptance of a 

“maneuver style” of warfare with the adoption of the “AirLand Battle” doctrine in 1982. 

Ironically, the most prominent theorist and advocate of “maneuver warfare” during 

this period, a retired Air Force colonel named John Boyd, was himself an engineer and 

consultant in Defense Secretary Robert McNamara’s old Office of Systems Analysis.  

Indeed, though Boyd had been a fighter pilot and had seen combat in Korea, most of his 

career had been devoted to the technical details of fighter aircraft design, work for which 

he received a number of prestigious awards for achievements in science and engineering.  

Additionally, many of his closest confidants and fellow advocates for maneuver were 

themselves civilian defense intellectuals, including OR analysts, engineers, 

mathematicians, politicians, Congressional staffers, and journalists.  Together, they 

worked to promote Boyd’s OODA loop theory of conflict.  Based on Boyd’s reading of 

military history, his experiences in engineering and aircraft design, and his avid reading 

of popular press works on the sciences, his theory posited that the side in a conflict that 

could observe and orient itself to changes on the battlefield, make decisions based on 

 331



 

that information, and carry out the required actions, all faster than the adversary, would 

be victorious.  The ultimate goal, he and his followers said, should not be to kill the 

enemy, but rather, to out-maneuver him morally, mentally, and physically in an effort to 

shatter his will to resist.  While the “firepower/attrition” style of warfare was said to 

emphasize the physical destruction of the enemy, due to his reading of Fuller and Liddell 

Hart, Boyd’s “maneuver” style focused on the intangibles of information, human 

decision-making, knowledge formation, and “moral forces.”  Again, like Fuller’s theory, 

Boyd’s could be considered a hybrid, positivist-romanticist one.  Though he made 

significant moves down the road away from the positivist view by problematizing 

representation and depicting knowledge formation as iterative and never-ending, 

nonetheless, he could not escape the need to develop his own list of universal principles 

nor the temptation to depict the OODA loop as the universal method of science. 

Boyd’s theory was highly influential among those responsible for formulating the 

Army’s AirLand Battle doctrine.  These individuals were among a growing cadre of 

military professionals showing an increased interest in the study of military history and 

the classics of military theory for the purposes of formulating concepts and principles, 

all while criticizing the narrow, quantitative, and presentist focus of military systems 

science.  In its final form, the doctrine that they developed bore the imprint of Boyd’s 

thinking.  Developers of the Army’s AirLand Battle, as well as developers of a 

maneuver doctrine for the Marine Corps later in the decade, with whom Boyd worked 

directly, began to speak of the battlefield as nonlinear and chaotic and sought the 

creation of a military force that could act synergistically to take advantage of the chaos 

of battle to achieve disproportionate effects upon the enemy system.  By the end of the 

decade of the 1980s, Boyd was one of the first military theorists to begin referencing 

chaos theory to explain and justify his theory.  Yet, while Boyd and his followers 

rejected most of the new, IT-enabled weapon systems of the day, primarily because they 

saw them as inherently linked to systems analysis and the firepower/attrition style of 

warfare, Army doctrine writers and planners in particular largely saw IT-enabled 

command and control systems, as well as precision-guided munitions, as thoroughly 

compatible, even necessary for realizing, Boyd’s theory.  Though not directly influenced 

by Boyd during this period, the Air Force developed a theory of airpower that also 
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placed information, knowledge, and decision at the center of warfighting, and also relied 

upon a new generation of IT-enabled systems for its realization.  I have termed this 

combination of information- , knowledge- , and decision-centric doctrine and technology 

“informatic warfare.”  The world witnessed the first large-scale example of informatic 

warfare in 1991 during Operation Desert Storm. 

Ultimately, Boyd and his followers were successful at playing a “double game.”  

They were able simultaneously to take advantage of the sciences’ traditionally contested 

role, resentment of and resistance to the systems sciences, and an already-emergent 

nonlinear worldview to shape the direction of doctrinal reform in the 1980s.  Though he 

and his followers had criticized the systems sciences and the increasing reliance upon 

high-tech weaponry, Boyd was able to use his status in the defense community, gained 

via his association with the sciences and engineering, to win the acceptance of his 

OODA loop as a scientific and universal theory of conflict.  By the early 1990s, the 

OODA loop had become an obligatory point of reference for military theorists in the 

United States. 

This was true for two groups within the defense community following the Gulf War 

and the end of the Cold War: those who posited the emergence of an IT-induced 

“revolution in military affairs” (RMA), as well as the early “nonlinearists” who worked 

to learn lessons for the conduct of foreign policy and warfare from the nonlinear 

sciences.  While both groups tended to see the post-Cold War world as generally more 

volatile, uncertain, complex, and ambiguous (what we have called the VUCA 

worldview), early RMA advocates typically did not draw from nonlinear science and 

early nonlinearists were typically skeptical of the claims made on behalf of IT-enabled 

weapon systems.  By 2001, however, the two discourses had been combined in the 

theory of network-centric warfare (NCW) and the Global Transaction Strategy. 

Network-centric warfare and the Global Transaction Strategy represented a very 

particular articulation of military conceptions of Information Age society, economy, 

technology, and warfare with concepts and metaphors gleaned from a limited number of 

texts that had applied nonlinear science to the high-tech sector of the United States 

economy.  At the battlefield level, NCW reiterated, but this time with vocabulary from 

nonlinear science, many of the lessons taught by Boyd and the principles instantiated in 
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AirLand Battle.  Early nonlinearists were of two minds in regards to the lessons of 

nonlinear science for the conduct of foreign policy, with one group offering caution in 

the face of “butterfly effects” and “unintended consequences” and the other offering 

hubris and the possibility of acting confidently to surf on the “edge of chaos” and “alter 

the initial conditions” of the complex international system in a way favorable to United 

States interests.  The Global Transaction Strategy adopted the second of the two views, 

using concepts and metaphors from nonlinear science to justify the spread of economic 

globalization by force.  The NCW-Global Transaction Strategy articulation has been 

central to justifying and shaping the use of U.S. forces during the “war on terrorism.” 

Finally, the enlistment of nonlinear science generally fit the pattern that we have 

seen throughout this study.  Nonlinear science has been seen as a body of knowledge 

about the world valuable to an officer’s professional education, as a valuable way of 

thinking, and as a valuable source of concepts and metaphors with which to think and 

speak about war.  However, more so than in previous periods and in previous theories, 

the first two reasons for enlistment were largely subordinated to the third.  That is, 

nonlinear science was seen as valuable for professional education and the construction of 

theory, doctrine, and strategy because it was seen as representing a valuable and 

necessary way of thinking.  In turn, the primary value of nonlinear science as a way of 

thinking was seen as derived from its value as a source of concepts and metaphors.  

Nonlinearists such as Beyerchen, Czerwinski, and Saperstein not only pointed to the 

epistemological value of metaphors in general, but argued that metaphors were 

particularly valuable for studying and living in complex systems because metaphors 

themselves could be seen as complex systems.  Ultimately, language and thought were 

conflated such that the adoption of new language was seen as equivalent to the adoption 

of a new way of thinking. 

6.3 Science(s) and Rhetoric(s) of/and (Postmodern) Military Theory 

By examining the enlistment of nonlinear science in the context of the historical 

relationship between military theory and the sciences from the perspectives of both STS 

and rhetorical studies, this study contributes to our general understanding of how change 

happens in military theory and how those patterns of change relate to the way change 
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happens in the sciences.  It also problematizes conventional understandings of the 

relationships among the state, the military, and the sciences in the postwar period, as 

well as the enlistment of the sciences in areas of society and culture typically seen as 

“outside” the realm of science.  Finally, this study contributes to our understanding of 

the way changes in the United States military’s understandings and conduct of warfare 

relate to wider social and intellectual changes in the postwar period, namely the 

emergence of “postmodern” society and ways of thinking. 

6.3.1 Theorizing Military Theory 

The combination of an STS perspective with concepts from contemporary rhetorical 

theory is particularly appropriate and valuable for examining the development of 

military theory over the last century.  First, viewing military theories, doctrines, and 

strategies as rhetoric is appropriate and valuable if for no other reason than that military 

professionals themselves take issues of language, rhetoric, and metaphor seriously, with 

potentially life and death consequences.  The military theorists and doctrine writers that 

we have seen in this study would most likely agree with the definition of rhetoric as 

action that was offered in the first chapter.  We recall that Bitzer defined a work of 

rhetoric as “pragmatic,” as coming “into existence for the sake of something beyond 

itself,” as functioning “to produce action or change in the world,” as “a mode of altering 

reality...by bringing into existence a discourse of such a character that the audience, in 

thought and action, is so engaged that it becomes mediator of change.”1  The same could 

be said, indeed has been said, of military theory and doctrine.  Theories and doctrines of 

warfare often come into being in response to a perceived exigency in the world.  The 

exigencies of war are often treated as “rhetorical exigencies” perceived not only as 

“capable of positive modification,” but such that “positive modification requires 

discourse or can be assisted by discourse.”2  While they are not physical actions in the 

traditional sense, military theories and doctrines are also not “merely” rhetoric in the 

colloquial meaning of the term.  Rather, they are quite practical in that they seek to 

properly orient the military institution in relation to the “outside” world by means of 
                                                 
1 Bitzer, “The Rhetorical Situation,” 3-4. 
2 Ibid., 6-7. 
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shaping the thought and action (in the present and on the future battlefield) of military 

professionals. 

Second, from Latour and Woolgar’s classification of statement types expressing 

varying degrees of certainty in different types of scientific publication, to Shapin and 

Schaeffer’s examination of Robert Boyle’s efforts to create a language for accurately 

reporting experimental results, to both Keller and Doyle’s looks at the role of metaphor 

in the construction of the twentieth century life sciences,  STS has a strong tradition of 

taking language, rhetoric, and metaphor seriously as vitally important to the very 

production of scientific knowledge.3  In a statement that would not seem strange to 

military nonlinearists such as Beyerchen, Czerwinski, Saperstein, or others, Keller 

explains that “Some of the force of descriptive statements, then, derives from the role of 

metaphor in constituting similarity and difference, in defining the ‘family resemblances’ 

that form the bases on which we categorize natural phenomenon and in motivating the 

performance of particular experiments or the construction of particular technical 

devices.”4  In Boydian terminology, not only do metaphors as prior orientation shape our 

observations of the world, they also shape the actions that we can and do take in relation 

to certain aspects of that world.  In the case of our life science-mediated relations to our 

own bodies, Keller writes, “It is not only that we now have different ways of talking of 

the body (for example, as a computer, an information-processing network, or a multiple 

input-output transducer) but that, because of the advent of the modern computer (and 

other new technologies), we now have dramatically new ways of experiencing and 

interacting with the body.”5  Richard Doyle has included “rhetorical software” among 

those technologies that enact the “materialization of belief.”  Echoing Keller, he writes 

                                                 
3 Latour and Woolgar, Laboratory Life: The Construction of Scientific Facts; Shapin and Schaffer, 

Leviathan and the Air-Pump: Hobbes, Boyle, and the Experimental Life; Keller, Refiguring Life: 

Metaphors of Twentieth-century Biology; and Doyle, On Beyond Living: Rhetorical Transformations of 

the Life Sciences. 
4 Keller, Refiguring Life: Metaphors of Twentieth-century Biology, xi. 
5 Ibid., xviii. 
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that “Rather than a mere description or heuristic for the life sciences, the rhetorics of 

code, instruction, and program materialized beliefs into sciences and technologies.”6

But the scientist or military theorist as rhetor cannot say just anything; “language 

does not simply construct reality.”7  Rather, rhetorics and metaphors “are inherently and 

necessarily social, dependent on the existence of agreed-upon conventions about the 

effect of certain words, uttered in particular circumstances, by persons conventionally 

authorized to enact such effects,” as well as “other family resemblances [i.e. metaphors] 

already in place,” in addition to “requiring the cooperativeness of the material at hand.”8  

Or, as Bitzer or Jamieson might say, both scientists (and military theorists) as “rhetors,” 

as well as their “audiences,” are subject to constraints, some of them recurring fixtures 

of the genre of scientific of military theory discourse, which serve both to restrict but 

also to enable what can be seen, what can be said, and what can be done.9  Yet, though 

some constraints persist as “generic constraints,” constraints themselves are subject to 

change.  The scientist or military theorist as rhetor “not only harnesses constraints given 

by situation but provides additional important constraints” such that discourse not only 

shapes what can be seen, said, and done, but also the very subjectivities of “speakers” 

and “audiences.”  As Richard Doyle has argued, even those caught unawares will be 

affected as “rhetorics...pass through fields and agents as intertextual forces that recast 

knowledges and their knowers while sometimes remaining in the realm of the 

unthought.”10  Science, rhetoric, the rhetorics of science, and science as rhetoric all work 

“in strange ways, not just on nature but on ourselves.”11

By combining an STS perspective and rhetorical theory we have been able to 

explain the process of creating military theory as one of both responding to exigencies, 

but also of “articulation.”  The concept of “articulation” has been important both in 

                                                 
6 Doyle, On Beyond Living: Rhetorical Transformations of the Life Sciences, 3. 
7 Keller, Refiguring Life: Metaphors of Twentieth-century Biology, xiii. 
8 Ibid., x-xiii. 
9 Bitzer, “The Rhetorical Situation,” 8 and Hall Jamieson, “Generic Constraints and the Rhetorical 

Situation.” . 
10 Doyle, On Beyond Living: Rhetorical Transformations of the Life Sciences, 3. 
11 Gray, Postmodern War: The New Politics of Conflict, 76-77. 
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recent rhetorical studies of environmental politics, as well as studies of the sciences 

more generally.12  In its two senses, it involves both positing or defining and then linking 

elements in the world.  In this sense, “articulation” is a process and a product, “an 

assemblage or contraption of different parts, humanly designed within the world to do 

certain kinds of work.”13  Fortun and Bernstein have described the sciences themselves 

as articulations for constructing articulations.  We have seen that to the degree that the 

field of military theorizing has come to mirror the heterogeneous structure of postwar 

“big science,” it too begins to look like an articulation of multiple and motley 

individuals, institutions, technologies, and more, all bolted together and working to 

posit, define, and specify the relationships among those parts of society, the sciences, 

technology, war, and the military organization which bare on the conduct of warfare.  In 

the field of military theorizing, articulation itself is a “discourse tradition,” one which 

often begins from the assumption that the elements in the articulation should be 

congruent, should match up, or mirror one another.  From Fuller at the beginning of the 

last century to Cebrowski, Garstka, and Barnett at the close of the century,  we have seen 

that incongruence often serves as a generic form of exigency to which military 

theorizing as articulation serves as a response meant to create or restore congruence, 

match-up, mirroring, or synchronization among the elements.  Yet, the persistence of the 

exigency of incongruence as a form of “generic constraint” itself seems always to work 

against achieving the match-up that is so often the goal of articulating military theory 

and doctrine.  Society, technology, the sciences, and the military organization never 

seem to all change in the same way at the same time.  Yet, the military theorist often 

works from the assumption that they do or should.  Military theorizing becomes a means 

either of uncovering and specifying a hidden, congruent articulation assumed already to 

                                                 
12 In STS see Fortun and Bernstein, Muddling Through: Pursuing Science and Truths in the 21st Century.  

In rhetorical studies, see DeLuca, “Articulation Theory: A Discursive Grounding for Rhetorical Practice.”  

and DeLuca, Image Politics: The New Rhetoric of Environmental Activism.  DeLuca is taking his 

understanding of articulation from Grossberg, “On Postmodernism and Articulation: An Interview with 

Stuart Hall.” ; Laclau and Mouffe, Hegemony and Socialist Strategy: Towards a Radical Democratic 

Politics; and Slack, “The Theory and Method of Articulation in Cultural Studies.”. 
13 Fortun and Bernstein, Muddling Through: Pursuing Science and Truths in the 21st Century, 39-40. 
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exist or one of creating such an articulation.  In the case of Fuller, a congruent 

articulation among society, technology, and war was identified, with the military 

organization as the only piece out of sync.  Fuller’s theory involved both uncovering and 

specifying on the one hand, while on the other identifying the requirements for bringing 

the military organization into sync with an “outside” world, the elements of which 

already seemed quite congruent.  The structure of Cebrowski, Garstka, and Barnett’s 

articulation took much the same form.  Finally, the extent to which the military theorist 

can be driven to attempt to achieve congruence is demonstrated by Boyd and his 

followers’ rejection of information technology-enabled weapons as being incongruent 

with Boyd’s teaching of maneuver warfare.  The underlying assumption of their position 

was that weapon technologies inevitably mirror dominant theory and doctrine such that 

if theory and doctrine change, then a wholesale change in technology is also required. 

The underlying assumption of congruent articulation found in military theory 

discourse mirrors the dominant understanding of the sciences that we have seen among 

military theorists over the last century.  Beginning from an STS perspective that does not 

take “science” as a singular, fixed entity, but rather as a question, a quantity always in 

flux with different ascribed meanings and values in different times, places, and contexts 

leads us not to pass over or dismiss the use of “science” in military theory discourse.  

Rather, such a perspective encourages us to ask what “science” has meant in this context 

over time.  Combined with an appreciation of the heterogeneous, dispersed, and 

technologically mediated nature of “big science,” such a perspective helps us to 

characterize traditional understandings of science as found in military theory discourse 

as thoroughly positivist and, in a number of ways, quite incongruent with the way that 

both the sciences and military theory itself have come to operate in the postwar period. 

Indeed, military theory is like science in a number of respects, but not in the ways 

that military theorists would have liked or expected.  Like the sciences, the field of 

military theorizing has become increasingly heterogeneous and often disunified with 

change in the elements of military theory and doctrine as articulations occurring in a 

discontinuous, incongruent way.  As Barnett and Cebrowski have said, some things 

simple run ahead of others.  In Peter Galison’s terms, we may say that military theory is 

“intercalated,” with changes in technology, doctrine, methods of knowledge production, 
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training regimens, professional identities, and other elements all changing, but not 

necessarily in a “coperiodized” way.14

By noting that prior orientation always shapes observation, we might say that Boyd 

made “progress” towards an understanding of science more in line with the “anti-

positivist” STS scholars Galison identifies as having posited and demonstrated the 

“theory-ladenness” of scientific observation.  Indeed, he may even be credited with 

having taken a more nuanced or mature position than the anti-positivists by identifying a 

never-ending, back-and-forth relationship between observation and orientation in which 

each constrained the other.  As Galison notes, anti-positivists often went so far as to 

claim that observation was entirely determined by theory.15  Boyd would not and did not 

go so far.  In the end, however, Boyd and his followers did not entirely escape the 

positivist view of science.  In their depiction, science was still reliant upon a shared 

language of observation and a universal method.  What’s more, that method was 

cognitively focused; there were no laboratories, equipment, wealthy patrons, etc.  

Science was still largely a matter of mind carried out by the great man scientist.  Finally, 

its products were still universal laws and principles.  Thus, we can say that late-twentieth 

century and early-twenty first century military theory is like the sciences in the sense 

that change happens in a discontinuous way, with some elements of the articulation 

running ahead of others.  In this case, one of those mismatches is between prominent 

military theorists’ very understanding of science as compared to the structure and 

operation of the sciences that has developed in the postwar period, a structure and 

pattern of operation mirrored within the field of military theorizing itself. 

6.3.2 Revisiting Military-Science-Society Relationship 

While the combination of an STS perspective with rhetorical theory helps us to 

understand better the role of the sciences in the way military theory has operated over 

the last century, a better understanding of the role of the sciences in military theory 

problematizes or complicates our understanding of the relationship between the state and 

                                                 
14 Peter Louis Galison, Image and Logic: A Material Culture of Microphysics (Chicago: University Of 

Chicago Press), 1997, 799. 
15 Ibid., 790. 
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military on the one hand and the sciences on the other.  This study leads to a recognition 

of “things and people that didn’t otherwise count”16 (i.e. the military)—or at least to a 

recognition that they counted in ways that we didn’t expect or allow—in our own 

understandings of the relations among the state, the military, and the sciences in the 

postwar period.  When STS scholars and historians of science have spoken of the 

impacts of the Cold War upon the sciences, they have usually spoken of the corruption 

and contamination of the sciences and the professional identities of American scientists 

by the interests of institutions such as the military or the “national security state.”  Stuart 

Leslie, for example, has concluded that while universities benefited both financially and 

intellectually from their military contracts, “the greatest challenge to the autonomy and 

integrity of the American university over the last half century has come from the state, 

and more specifically from its military agencies.”17  He continues, “Consequently, the 

full impact of weapons research…must be reckoned both in dollars and in sense, in 

terms of our scientific community’s diminished capacity to comprehend and manipulate 

the world for other than military ends.”18  Paul Forman has echoed Leslie’s sentiment, 

arguing that American physics in the 1950s underwent a qualitative change in character 

and purpose as it became enlisted in “the nation’s pursuit of security through ever more 

advanced military technology.”19  He has lamented the “general militarization of the 

social purposes of physics in the U.S.” in the postwar period, describing the discipline as 

less pure because military money shifted its focus toward “techniques and applications” 

and away from more “basic” or “fundamental” research.20  Where the professional 

identities of scientists are concerned, Forman has argued that it was the scientists’ own 

naivety, ineptness, or “false consciousness” that led to the cooptation of their work by 

                                                 
16 Kim Fortun, Advocacy after Bhopal: Environmentalism, Disaster, New Global Orders (Chicago: 

University of Chicago Press), 2001, 353-354. 
17 Leslie, The Cold War and American Science: The Military-Industrial-Academic Complex at MIT and 

Stanford, 10-13. 
18 Ibid., 8-9. 
19 Forman, “Behind Quantum Electronics: National security as Basis for Physical Research in the United 

States, 1940-1960,” 150. 
20 Ibid., 223 and 216. 
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the military.  He writes, “Though they have maintained the illusion of autonomy with 

pertinacity, the physicists had lost control of their discipline.  They were now far more 

used by than using American society, far more exploited by than exploiting the new 

forms and terms of their social integration.”21  Jessica Wang has agreed, portraying 

scientists as victims of the anticommunist “Cold War political consensus” in the United 

States.  “Together,” she says, “the Cold War, domestic anticommunism, and nuclear fear 

merged in a way that places scientists among the first victims of the post-World War II 

red scare.”22

However, this narrative provides too linear and too unidirectional of an account of 

the relationship between the state/military and the sciences in the postwar period.  Quite 

simply, in these accounts the state/military changes the direction of science (usually in a 

negative way) and the scientific knowledge and technological artifacts that result (or do 

not result, because priorities were otherwise) have either positive or negative impacts 

upon society more generally.  Yet, in this dissertation we have seen that it was not only 

the scientists who lost control of their disciplines, lost their autonomy, or had their 

professional identities changed.  If the sciences and scientists were subject to 

“militarization,” we have seen that it was equally true that military professionals were 

subject to “civilianization.”  The pattern of influence was not linear or unidirectional.  

Rather, the impacts of the new institutional relationship between the military and the 

sciences, as well as the impacts of the scientific knowledge and technological artifacts 

that resulted from this new relationship, fed back into the system and affected the 

military institution that had been largely responsible for creating the new relationship in 

the first place.  Ultimately, this complicates our understanding of the relationship 

between the state/military on one hand and the sciences on the other.  We must move 

beyond a linear, unidirectional patron-client, or worse yet, master-slave, understanding 

of the relationship.  It has become increasingly clear that the two are co-dependent, or, 

we might even say subject to co-evolution.  Of course, the state/military did and still 

does provide a great deal of funding for scientific research.  However, recognition of 
                                                 
21 Ibid., 228-229. 
22 Jessica Wang, American Science in an Age of Anxiety: Scientists, Anti-Communism, and the Cold War 

(Chapel Hill, NC: University of North Carolina Press), 1999, 2. 
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feedback or co-evolution might, for example, prompt us to ask if the military still 

provides the same kind of funding for the same kinds of projects it once supported.  

While it is a question beyond the scope of this study, it is not unreasonable to 

hypothesize that as scientific knowledge and technological artifacts emerging from the 

military-industrial-university complex fed back into the military institution, in turn 

changing ideas about how war operates, what is required for victory, and what it means 

to be a military professional, the military’s funding priorities would have changed in 

response, in turn further shaping the direction and content of scientific research.  In 

short, we should no longer assume that we know what the relationship between the 

military and the sciences is; rather, we should expect that it is dynamic and, therefore, 

always in need of further investigation. 

Just as this study helps us to problematize our understandings of the pattern of 

interactions between the state/military and the sciences, it also contributes to work on the 

enlistment of the sciences in areas of society and culture typically seen as “outside” the 

realm of science, what has been called “science popularization” or the “public 

understanding of science.”  In particular, it contributes to those more recent works that 

have questioned the “canonical view” of science popularization and the public 

understanding of science.23  While canonical works have tended to assume distinct 

boundaries between two clearly defined categories (e.g. “science” and “the public”) and 

that the process is a linear one of “transmission” of scientific facts to a blank-slate but 

inexpert public who often misunderstands (the so-called “deficit model”), more recent 

studies have questioned these assumptions by examining “how people in different social 

contexts experience and construct the meaning of scientific expertise.”24  Similarly, in 

this dissertation we have seen that the boundaries between the realms of “science” and 

“the public” are not so clear.  Should military theorists like Boyd, Lind, Cebrowski, or 

Barnett be considered part of “science” or the “lay public?”  In the case of Boyd, for 

example, he was certainly not ignorant of the sciences or engineering.  Indeed, it would 

                                                 
23 David J. Hess, Science Studies: An Advanced Introduction (New York: New York University Press), 

1997, 141-144 and Myers, “Discourse Studies of Scientific Popularization: Questioning the Boundaries,” 

266. 
24 Hess, Science Studies: An Advanced Introduction, 141. 
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be safe to say that he was an expert in his field of fighter aircraft design and aeronautical 

engineering.  But, like most scientists and engineers, he was not expert in every field of 

the sciences or engineering.  He was certainly not expert in all the fields of science from 

which he drew concepts and metaphors for the construction of the OODA loop.  Just as 

STS studies in the public understanding of science have demonstrated that it is not 

accurate to paint “the public” with a broad brush of ignorance, that there are pockets of 

“the public” that have a great deal of knowledge about specific areas of science—i.e. 

environmental activists and environmental science, cancer patients and cancer research, 

etc.—one must also acknowledge that those who are expert in one field of science are 

likely not expert in all areas of science.  Indeed, where nonlinear science is concerned, 

many working scientists interviewed for a recent study on the spread of chaos theory 

across various disciplines admitted that popular works like James Gleick’s, Chaos: The 

Making of a New Science, served an important function by helping to bridge the gaps in 

knowledge among the different disciplines, where an expert in meteorology may not be 

expert in fractal geometry (and vice versa), even though both have important 

contributions to make to a broader understanding of “chaos,” which in turn affects both 

of their work.25  Similarly, the military as a whole is not monolithic in its knowledge of 

the sciences; nor is every military theorist who draws concepts and metaphors from the 

sciences entirely expert or inexpert in the sciences from which he or she draws. 

Next, not only are the boundaries between “science” and “the public” not as distinct 

as we may have thought at one time, neither is the pattern of influence as linear or 

unidirectional as the simple “transmission” of “scientific facts” from “expert scientists” 

to the “lay public.”  In turn, the process of interaction itself breaks up each of those 

categories as homogenous, monolithic entities.  As Biesecker has noted, neither 

individual actors nor whole institutions enter into discourse with their identities fully 

formed.  Rather, the process of discourse itself plays an important part in constructing 

identities, in keeping identities always in a state of becoming rather than being.26  Again, 

as we have seen, this is the case also in the interaction between the sciences and the 
                                                 
25 Danette Paul, “Spreading Chaos: The Role of Popularizations in the Diffusion of Scientific Ideas,” 

Written Communication 21, 1 (2004). Differánce 
26 Biesecker, “Rethinking the Rhetorical Situation from Within the Thematic of Differánce.” . 
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military.  Military professionals did not only “experience and construct the meaning of 

scientific expertise,” rather, their interaction with the sciences helped to construct what it 

meant to be a military professional.  In short, there is interaction between and among 

sciences and publics, neither of which are categories as clearly defined as we once 

thought, in part because their interaction helps to define and re-define them in a never-

ending process. 

Finally, the way that the enlistment of nonlinear science has been shaped by various 

constraints and traditions of military theory discourse in the United States reminds us 

that when the sciences travel, they do not travel to uninhabited lands.  There is no natural 

or inevitable way that a particular science or the sciences more generally will be taken 

up by actors in a particular context.  Eglash has noted that the military’s acceptance of a 

form of “romantic organicism” that values decentralization and chaos is in direct 

contradiction to assertions that such a worldview is inherently peaceful.  The work of 

Chris Hables Gray is a perfect example in this regard.  Apparently unaware of the 

military’s own readings of nonlinear science, Gray confidently asserts that the valuing of 

decentralization, uncertainty, holism, chaos, etc. that comes from an appreciation of 

nonlinear science is inherently tied to the fostering of peace.  In an argument that should 

sound strikingly familiar at this point, he wrote 

Complexity theory also shows that...very small events, if they take place 
at the right time and place, can have profound and far-reaching effects.  
This is the famous ‘butterfly effect’... 

Weather is certainly such a system.  All evidence seems to indicate that 
war is another one. [...]  As powerful and horrible as our current 
international system is, based on violence, hypocrisy, and lies, it is still 
changeable.  It isn’t absolutely predictable either, but we can shape its 
future gradually, as a hard rain, while watching for the chance to be at the 
right place at the right time. 

It would help if we understood the actual ‘rules of complex systems’.  
Some of them are beginning to become clear out of the work of a number 
of different research programs, including sets of rules and metarules 
(rules, about rules) that are quite counterintuitive, but very powerful, and 
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full of potential for understanding how we might develop politics capable 
of bringing peace to the world.27

There is no doubt that Cebrowski and Barnett would agree; they said as much 

themselves.  And the rules, metarules, or what Barnett has called “rule sets” that Gray 

goes on to identify as those capable of helping us to bring peace are exactly the rules that 

have contributed to the world system based on violence, hypocrisy, and lies that he seeks 

to eliminate. 

The interpretation of particular scientific facts, as well as the interpretation of the 

meaning and value of the sciences more generally, will be subject to local constraints, 

including pre-existing beliefs, ways of speaking, and ways of knowing about the world.  

Eglash’s discussion of counter-cultural influences upon what he calls “cultural 

cybernetics” yields insights into the way cultural readings of the sciences travel, insights 

that are relevant to understanding military readings of the nonlinear sciences.  He has 

demonstrated that the “romantic organicism of American youth subculture” in the 1960s 

found its way into the American scientific community in the mid- to late-1970s via the 

personal connections of a number of scientists to 1960s youth subculture.  As such, the 

cultural meanings or lessons attributed to cybernetics, information theory, chaos, and 

fractals were often exactly that, pre-existing ideas that were attributed to or read into the 

new sciences more so than learned from them.28  Of course, we have seen the same 

pattern repeated in the way members of the defense establishment have found military 

meanings and lessons in the nonlinear sciences, most of which preceded and were then 

read into and seemingly confirmed by nonlinear science.  Most of the “lessons” of 

nonlinear science for the conduct of warfare were developed in the 1980s or before, and 

only after described with metaphors from nonlinear science.  As such, we might be 

tempted to claim that the U.S. defense establishment is another one of those groups that 

Eglash has identified for whom nonlinear science has served as “a sort of ideological 

Rorschach” or “mathematical ink blots allowing writers to see whatever they please.”29  

However, while Eglash is not incorrect in asserting that those who have “read into” the 
                                                 
27 Gray, Peace, War, and Computers, 81-82. 
28 Eglash, “Cybernetics and American Youth Subculture.” . 
29 Eglash, “A Cybernetics of Chaos,” 155 and 199. 
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nonlinear sciences may have pushed past the limits of what those sciences can 

legitimately teach about how to live, how to conduct our societies, politics, and 

militaries, nonetheless, it is incorrect to say that they read “whatever they please.”  In the 

case examined here, we have seen that the enlistment of nonlinear science into the 

service of military theory discourse was subject to a number of time, place, and genre-

specific constraints and traditions.  Thus, while we may have our own predictions and 

beliefs about how and why science will (or will not) and should (or should not) be taken 

up in a particular context, each case of the enlistment of the sciences in a particular 

context, whether by military theorists, environmental activists, or cancer patients, 

remains an area for empirical research that maps in a detailed way the particular pattern 

of enlistment, its constraints, and its consequences. 

6.3.3 The Question of Postmodernism 

Beyond the specific interactions among the military and the sciences, this study 

adds to that body of literature which has sought to examine the degree to which 

developments in U.S. military thought since World War II can be considered to have 

constituted a “postmodern” transition.  Thus, in the next several pages I will briefly 

examine the claims for postmodernity that others have made.  Doing so can serve as a 

base from which to critique the nonlinear science-NCW-Global Transaction Strategy 

articulation.  The characteristics of a postmodern military or form of warfare in 

particular, as well as a number of other, more general characteristics of postmodernity, 

provide a valuable heuristic with which we can begin to identify the inadequacies, 

antagonisms, and contradictions within recent U.S. defense policy. 

Military sociologist Charles Moskos has pointed to the blurring of the boundary 

between “military” and “civilian” as a key characteristic of The Postmodern Military.  

He and his co-authors identify “a breakdown of traditional lines of demarcation.  In the 

Postmodern era, the distinctions between the military and society are lessening, as are 

those between many military functions and civilian equivalents.  Military culture is 

challenged by...the increasing civilianization of military functions and personnel 
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orientation.”30  Using the “United States as a paradigm” for the postmodern military, 

Moskos has documented this blurring of boundaries in a number of areas that he calls 

“force variables.”  For example, he says that the dominant “perceived threat” has shifted 

from “enemy invasion” to “subnational,” including ethnic violence and terrorism.  

Likewise, the shift in “major mission definition” has mirrored the shift in perceived 

threat, moving from “defense of homeland” to “new missions” such as peacekeeping or 

humanitarian aide.  He also notes the increasingly important role of civilians within 

military organizations, as well as the civilianization of the primary identity of the 

“dominant military professional” from “combat leader” to “manager or technician,” 

“soldier-statesman,” or “soldier-scholar.”31  The “revolution in military affairs” is said to 

have resulted in its own set of blurred boundaries, including “the lessening of the 

distinctions between warrior and non-warrior, between officers and other ranks, and 

between the branches of the military.”32

The developments that we have examined in the previous chapters generally 

conform to the shifts that Moskos has identified.  Beyond the systems science-related 

blurring of the military-civilian boundary, the increasing reliance upon IT-enabled 

weapon systems has been an important factor in the blurring of boundaries between the 

branches—i.e. “multidimensional operations” or “jointness.”  Finally, Barnett and 

Cebrowski would contend that globally connected ICTs are, in part, what has enabled 

the emergence of the “super-empowered” individuals and groups which have led to the 

                                                 
30 John Allen Williams, “The Postmodern Military Reconsidered,” in The Postmodern Military: Armed 

Force after the Cold War, ed. Charles C. Moskos, John Allen Williams, and David R. Segal (London: 

Oxford University Press, 2000), 274. 
31 Other transitions identified include a greater role for women in the military, a more permissive 

environment for conscientious objection, and more (though not complete) tolerance for homosexuals.  See 

Charles C. Moskos, “Toward a Postmodern Military: The United States as a Paradigm,” in The 

Postmodern Military: Armed Force after the Cold War, ed. Charles C. Moskos, John Allen Williams, and 

David R. Segal (London: Oxford University Press, 2000), 15. 
32 Charles C. Moskos, John Allen Williams, and David R. Segal, “Armed Forces after the Cold War,” in 

The Postmodern Military: Armed Force after the Cold War, ed. Charles C. Moskos, John Allen Williams, 

and David R. Segal (London: Oxford University Press, 2000), 5. 
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blurring of the “warrior/non-warrior” distinction and the rise of new, more police-like 

roles and missions for the military. 

But there is the possibility for both promise and peril in the blurring of boundaries.  

For all that Boyd and his followers have been influenced by the ideas of Fuller and 

Liddell Hart, they did not inherit Fuller and Liddell Hart’s acceptance of targeting 

civilians.  Similarly, the civilian population appears nowhere in Warden’s theory as a 

legitimate target.  While the overall goal might be the same—i.e. strategic paralysis via 

targeting the enemy’s will—civilian populations are no longer seen as viable targets for 

achieving that end.  In fact, most contemporary military professionals agree that 

targeting civilians is counterproductive.  Indeed, the gradual removal of civilian 

populations from the list of acceptable targets has been a positive development since 

WWII, a result of a growing consensus following the war that bombing civilian 

populations only increases the will to resist.  However, the ideal of precisely targeted use 

of force that avoids civilian “collateral damage” assumes the ability to make such 

distinctions, which themselves rely upon the assumption of state-on-state conflict.  As 

the U.S. military has become involved in combating non-state actors or conducting 

counter-insurgency operations, maintaining those distinctions has become increasingly 

difficult.  What’s more, “transforming” into a military that specializes, as Cebrowski and 

Barnett have said, in taking care of “bad people” who do “bad things” only serves to 

make the problem more difficult, pointing to a growing contradiction in U.S. defense 

policy. 

Certainly, the transformation of the nation’s military into a force that focuses on 

combating super-empowered individuals and groups blurs the line between military and 

law enforcement.  But it is also indicative of the blurring of boundaries between the 

traditional levels of war—i.e. tactical, operational, strategic, grand strategic/national 

strategy.  This is reflective of Moskos’ identification of a blurring of distinctions 

between ranks and is often referred to as the “strategic corporal” effect, the idea that a 

soldier at the lowest level can take action that has impacts at the highest levels.  The 

implications of the Abu Ghraib prisoner abuse scandal are often identified as an 

example, as is the capability of small groups of special-forces soldiers utilizing IT-

enabled systems to overthrow the Taliban.  Both are examples of super-empowered 
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individuals or small groups having effects disproportionate to effort expended or 

position within the traditional levels of war.  As the Abu Ghraib scandal indicates, there 

can be negative consequences to the blurring of these boundaries.  However, the 

negative consequences of blurred boundaries could potentially be much worse.  First, the 

application of Boyd’s ideas at the level of national strategy, including the idea that 

altering the world system is analogous to altering the initial conditions of a complex 

system and getting inside a potential adversary’s OODA loop, as well as the 

AirLand/”judo”-like defense-to-offense transition post-9/11, both assume (dubiously) 

that concepts originally developed for use at the battlefield levels of war (tactical, 

operational, strategic) are also appropriate at the level of national strategy, and even 

peace-time foreign policy.  Finally, Cebrowski and Barnett’s vision of the U.S. military 

playing the role of “global cop” that targets individuals directly, or a “global systems 

administrator” that “exports security” as part of a national strategy based on spreading 

economic globalization, represents the “tacticalization” of national strategy and foreign 

policy, increasing the likelihood that military force will increasingly be used as a day-to-

day tool of foreign policy.  The increasing capabilities for “global precision 

engagement,” including for example the very real possibility of developing the 

capability to hit a target the size of a house on the other side of the world, within 

minutes, with conventional weapons launched from the continental United States, only 

increases the likelihood that such seemingly “small” doses of force would be seen as 

viable tools of foreign policy. 

Next, Frans Osinga, who has written in the greatest depth about Boyd’s theories, has 

tackled this issue, arguing that “it is fruitful and warranted to regard Boyd as the first 

postmodern strategist.”  The reason, he says, is that 

at the heart of Boyd’s view on war and strategy resides the fundamental 
issue of epistemology and the view of knowledge as unfolding, evolving, 
as a dialectic process and uncertain.  His first step in developing A 
Discourse is an attempt to discover how we develop knowledge, how we 
learn.  His very starting premise is that the world is fundamentally 
uncertain, truth is an arena of combat, knowledge is a weapon, as is the 
capability to evolve one’s knowledge base.  He warns against 
monochromatic views and argues that command organizations should 
consist of people with different frames of reference, thereby ensuring a 
variety of interpretations of one observation.  Truth is dialogical, in 
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postmodern terms; it arises from people in discourse.  Assigning meaning 
to events, phenomena or objects is not just an individual process.  The 
OODA loop itself indeed is an epistemological statement.  It is an abstract 
and theoretical model of the way we derive knowledge from our 
environment.33

A number of scholars have noted the affinity between nonlinear science and 

postmodernism or poststructuralism.  For example, Paul Cilliers has argued that 

postmodernism generally, and poststructuralism more particularly, has an “implicit 

sensitivity” to complex systems.34  Isabelle Stengers has concurred, arguing that the 

unpredictability and excessiveness associated with complexity has served as both “a 

question mark, or an alarm bell,” as well as a “source of inspiration.”  Complexity has 

raised an alarm because it seems to put our ways of knowing under threat by suggesting 

that we are in a situation where, hence forth, our explorations and discoveries can 

“authorize neither generalization nor method.”35  Brian Rotman agrees that an increased 

awareness of complexity has unsettled our notions of what truth is and how we acquire 

it.  Gone, he says, is “the conception of a single truth, a single path to that truth, a single 

future, a single viewpoint, a single deity... Emerging in its place is the possibility of a 

new plurality of truths and futures: beings with an awareness of our/their multi-

directional itinerary.”36  For all the alarm that such a view might cause, Stengers also 

sees the possibility for great promise, explaining that “the sciences of nature are thus 

liberated from a narrow conception of objective reality, which believes that it must in 

principles deny novelty and diversity in the name of an unchanging universal law.”37  

Whether viewed as promise or peril, the consensus seems to be that, above all, 

complexity calls into question both the value and possibility of universal truth and 

universal methods of acquiring it. 

                                                 
33 Osinga, Science, Strategy, and War: The Strategic Theory of John Boyd, 242. 
34 Paul Cilliers, Complexity and Postmodernism: Understanding Complex Systems (London: Routledge), 

1998, viii-x. 
35 Isabelle Stengers, Power and Invention: Situating Science (Minneapolis: University of Minnesota 

Press), 1997, 8 and 36. 
36 Brian Rotman, “Going Parallel,” SubStance, 91 (2000), 77-78. 
37 Stengers, Power and Invention: Situating Science, 40. 
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In light of this view, and based on what we have seen of Boyd’s thinking, his use of 

the sciences, and the influence of J.F.C. Fuller’s military theory upon Boyd’s thinking, it 

is safe to say that Osinga’s interpretation, while valuable, is also problematic.  To the 

degree that Boyd was primarily concerned with processes of knowledge formation, as 

well as the constructed and uncertain nature of knowledge, he can be said to have been 

postmodern.  What’s more, the problematization of representation and the notion that 

“mismatches” lead to productive change over time bears more than a passing 

resemblance to the ongoing differing and deferral of Derrida’s notion of differánce.  

However, Boyd’s “battle for truth” constitutes only half of Foucault’s battle for truth.  

For Foucault, there was not only a battle over what is true, but also a battle over the 

means of finding truth and assigning effects of power to it.  There is no such battle in 

Boyd’s conception.  While Boyd’s theory admits a battle over what is true, Boyd and his 

followers did/do not see that there is (or should be) a battle over the means of finding 

truth.  Rather, Boyd’s OODA loop as a dialectical process of analysis and synthesis is 

seen as the way that knowledge is produced. 

As mentioned above, though Boyd did move towards what Galison has identified as 

an “anti-positivist” position, ultimately he did not escape the great-man, positivist view 

of science as the search for universal laws and principles that has been prevalent among 

military theorists since the Enlightenment.  At its worst, Boyd’s work depicts the process 

of science as a natural-philosophical or even Aristotelian process of deduction from 

“first principles” such as “human nature” or “human will” that would produce a 

universal taxonomy of concepts that could serve as the basis for common ways of 

thinking and speaking.  In Boyd’s “science” there were no laboratories, no 

interdisciplinary teams of scientists, no computers, nor even any quantification.  There 

were only individuals, such as himself, reading the classics of military theory and 

secondary-source military history texts as “empirical data” from which to “evolve” 

hierarchical taxonomies of principles and “essences” to be formalized in a hierarchically 

organized series of doctrinal manuals. 

Additionally, Osinga’s argument that Boyd rejected “monochromatic views” is in 

need of qualification.  Though Boyd and his followers often emphasized the importance 

of “learning how to learn” (a position both descendent from Clausewitz and reaffirmed 
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by contemporary cyberneticians like Gregory Bateson), one finds nonetheless that he 

and his followers often advocated the creation of monochromatic views as necessary for 

successfully implementing German-style “mission orders” and tactical decentralization.  

In this regard, the necessary “internal consistency,” “wholeness,” and “harmony” was 

said to be the result of a group of individuals who had the same outlook, the same 

training, the same language, and the same tactical conceptions.  It is a position seemingly 

at odds with the requirement for learning how to learn; indeed, monochromatic views 

would seem to obviate the need for learning at all.  Rather, Boyd and his followers often 

portrayed professional military education as a process in which the common and 

universal laws, principles, and concepts that were developed using a universal and 

agreed-upon form of knowledge production are transmitted via education and doctrine 

using common and agreed-upon language with the intended result being a group of 

people all of whom have a common outlook, language, and concepts.  Those individuals 

may be given the freedom to find their own specific solutions to specific problems 

(which is valuing difference to a degree), but only after successful completion of a 

process meant to instill sameness.  So, while Osinga recognizes that Boyd’s OODA loop 

theory does implicitly share postmodernism and poststructuralism’s valuing of the 

productive play of differences, Boyd and his followers’ recommendations for the reform 

of professional military education are often at odds with such sentiment. 

Finally, many theories of postmodernity are concerned not just with the state of 

knowledge formation—though that is certainly a central concern—but also with what 

postmodernity means for the functioning of societies and economies.  In that regard, the 

impact of information and communication technologies is often of prime interest.  As 

Chris Hables Gray has argued, “As a weapon, as a myth, as a metaphor, as a force 

multiplier, as an edge, as a trope, as a factor, and as an asset, information (and its 

handmaiden—computers to process it, multimedia to spread it, systems to represent it) 

has become the central sign of postmodernity.”38  But Boyd’s concern was only with 

knowledge formation.  Neither he nor his followers showed any real interest in the role 

of technology in the workings of society and economy, nor in the process of knowledge 

                                                 
38 Gray, Postmodern War: The New Politics of Conflict, 22. 
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formation for that matter.39  In Boyd’s depiction of the science-technology relationship, 

technology was the result of scientific research, helping to explain he and his followers’ 

lack of interest in the role of technology in knowledge formation.  Additionally, as we 

have seen, many of his followers rejected the notion of an “information revolution” and 

were extremely skeptical about the potential value of ICTs in combat.  This was in part 

due to their idealization of the kind of implicit communication they believed was 

enabled by common ways of thinking and speaking.  Thus, if information and its 

associated technologies are central signs of postmodernity, then, as a theory of warfare, 

NCW would be considered more postmodern than Boyd’s theory. 

Eglash has also pointed to another characteristic of postmodernism that has been 

reflected in the U.S. defense establishment over the last three decades, what we might 

call a “duel over dualisms.”  Postmodern theorists often point out that much of Western 

thought is powered by linked, hierarchically-organized, value-laden pairs of opposing 

terms—e.g. good/bad.  Since the European Enlightenment, Western thought in general, 

and the natural sciences more specifically, are said to have valued prediction, control, 

hierarchy, linearity, centralization, reductionism, mechanisms, and digital representation 

over uncertainty, chaos, non-hierarchy, nonlinearity, decentralization, holism, 

organisms, and analog (non)representation.  The advent of postmodernism is often 

associated, at least initially, with the reversal of the traditional values attached to each of 

these terms.  Eglash has periodized the transition to postmodernism in the sciences and 

in the U.S. defense establishment, arguing that the dualism reversal that occurred as part 

of 1960s and early 1970s pop- /counter-culture had spread to the sciences and the 

defense establishment by 1977.  Thus, he calls the period from 1977 to 1987 

“transitional postmodernism.”  By 1987, however, he says that the two institutions were 

beginning to seek a synthesis of the opposing terms.  The period since 1987 is termed 

“stable postmodernism.”40

In general, Eglash’s periodization describes well the shifts we have seen in the U.S. 

defense community over the last three decades.  Boyd’s theories from the late 1970s and 
                                                 
39 Because they believed that science, theory, or doctrine should precede technology, they often seem to 

have assumed that they do precede technology. 
40 Eglash, “Cybernetics and American Youth Subculture,” 383. 
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1980s generally conform to Eglash’s characterization of transitional postmodernism, 

while the period since 1987 has seen a number examples of synthesis.  For example, 

where the valuing of “chaos” was concerned, Boyd’s theory reflects Eglash’s 

observation that many within the military and industry initially found “chaos” to be 

rather “unnerving.”41  Though the notion of chaos was an important part of Boyd’s 

theory, it was generally associated with disorder, confusion, entropy, death, and military 

defeat.  While it was seen as something to be induced in the enemy, seen as the 

equivalent to shattering the enemy as an “organic whole,” chaos was to be avoided at all 

cost by one’s own forces.  By the end of the 1980s, however, Eglash has noted that many 

within the military and industry had come “to look for stability in chaos” and had come 

to see “uncertainty as a resource rather than [a] deficit.”42  He cites Tom Peter’s 1987 

best-selling business management text, Thriving on Chaos, as an example of such 

sentiment.  Indeed, in Chapter 4 we saw such sentiment develop within the Marine 

Corps during the late 1980s.43  By the mid-1990s, the idea that it was possible to surf on 

the “edge of chaos” and that, as such, one should seek to create and exploit chaos for 

one’s own advantage, was common among defense-establishment nonlinearists.  These 

ideas are still commonly accepted today. 

Next, the positions of Boyd and his followers where command, control, computers, 

and communication were concerned also reflected the characteristics of Eglash’s 

transitional postmodernism, in particular the shift in values “from digital to analog and 

from linear hierarchy to non-linear decentralization.”44  In command and control, Boyd 

                                                 
41 Eglash, “A Cybernetics of Chaos,” 174-175. 
42 Ibid., 175. 
43 As the reader will remember, the 1989 edition of FMFM 1 even spoke of “thriving” in an chaotic 

environment.  It is not clear whether the Marine’s borrowed this terminology from Peters.  It is a definite 

possibility, however.  Coram, for example, has claimed that Peters was one of those who had been 

influenced by Boyd’s ideas, mainly via his reading of Fallows’ book, National Defense.  Coram has 

claimed that while Peters did not give credit to Boyd in his 1987 book, he later published a newspaper 

article giving Boyd credit.  Coram does not provide any documentation, however, to support this assertion 

and I have not been able to locate any such article.  See Coram, Boyd: The Fighter Pilot Who Changed the 

Art of War, 428-429. 
44 Eglash, “A Cybernetics of Chaos,” 163-164. 
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and his followers came to value German-style “mission orders,” or “command-by-

intent,” which they described as nonhierarchical, decentralized, and ultimately more 

“natural” than the typical American style of “command-by-direction,” described as 

bureaucratic, hierarchical, linear, centralized, top-down, explicit, and, ultimately, 

unnatural.  These values colored their view of computers and communication 

technology, which was a “romanticist or organicist view of human ills as generated by 

the artificiality of our digital systems” in which “the image of the digital computer 

invoked both hegemonic, hierarchical centralization and alienating, artificial 

representation.”45  We saw these views expressed, for example, when Fallows said that 

over-reliance upon centralized, computerized command and control systems had been at 

the heart of recent U.S. military failures.  Hart and Lind justified their argument that 

military units should kick their communication equipment off the back of their trucks 

before they go to fight by asserting the “idea of ‘face to face communication’ as a more 

ethical [and militarily effective] means of representation than digital encodings.”46  

Finally, alienation was part of the problem that they found in computerized command, 

control, and communication systems—i.e. such systems caused one to be “internally 

focused” rather than focusing on the enemy, a sure prescription for defeat according to 

Boyd.  As we have seen, however, Boyd and his followers were not successful in 

winning total acceptance for their views on computers and IT-enabled weapon systems.  

We did not, in fact, see a full reversal of dualisms in this respect, though it is clear that 

we saw the development of a deep sense of ambivalence towards these technologies. 

Such ambivalence continued into the 1990s, into the period of stable 

postmodernism, helping to fuel analog-digital, and even hybrid, digital-decentralization 

syntheses.  For example, while Czerwinski was highly skeptical of the value of the IT-

enabled systems advocated by the RMA theorists, he proposed the use of IT-enabled 

systems of his own that were meant to allow Boyd’s “command-by-intent” by enabling 

commanders to transmit their “mental images” to subordinates, what he called a more 

“natural” form of command.  In this case we see a form of “analog-digital” synthesis.  

                                                 
45 Ibid., 72 and 80. 
46 Eglash, “Cybernetics and American Youth Subculture,” 389. 
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Communication systems that allow “face to face” communication via digital video 

teleconferencing could also be seen as a form of analog-digital synthesis.  A recent and 

interesting example of analog-digital synthesis can be found in a 2007 DARPA proposal 

that called for the creation of what it termed the “Deep Green” battle command decision 

support system.  The so-called “Sketch to Plan” portion of the proposed system would 

capture the commander’s “intent from intuitive, coarse-grained plan descriptions,” 

including from “natural” or “free” speech, as well as from “free hand” sketches drawn 

by the commander.47  The proposal makes it clear on a number of occasions that users of 

the system should not have to speak using a specialized vocabulary, nor sketch using a 

standardized symbology; rather, speaking and sketching should be as “free” and 

“natural” as possible.  The commander’s intent, entered via free and natural speech and 

sketch, would then be combined with real-time battlefield data to generate alternative 

courses of action, evaluate the probability of success for each of those courses of action, 

and assist the commander in making a decision and transmitting that decision in the form 

of orders to his or her subordinates.  Presumably, such orders could be transmitted as the 

kind of “mental images” that Czerwinski advocated over ten years ago.  The overall goal 

for “Deep Green,” the proposal states, is the creation of “a new OODA loop paradigm”: 

The Observe (execution monitoring) and Orient (options generation and 
analysis) phases run continuously and are constantly building options 
based on the current operation and making predictions as to the direction 
the operation is taking. When something occurs that requires the 
commander’s attention or a decision, options are immediately available. 
Ideally, the OO part of OODA is done many times prior to the time when 
the commander must decide. When the planning and execution 
monitoring components of Deep Green mature, the planning staff will be 
working with semi-automated tools to generate and analyze courses of 
action ahead of the operation while the command concentrates on the 
Decide phase. By focusing on creating options ahead of the real operation 
rather than repairing the plan, Deep Green will allow commanders to be 
proactive instead of reactive in dealing with the enemy.48

                                                 
47 BAA 07-56 Deep Green Broad Agency Announcement (BAA)(Washington, D.C.: Information Processing 

Technology Office, Defense Advanced Research Projects Agency), 2007, 4. 
48 Ibid., 6. 
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Additionally, it may be possible to identify hybrid syntheses as well.  For example, 

most of those who were generally optimistic about the promise of IT-enabled weapon 

systems also accepted Boyd’s arguments about the need for decentralization and the 

primary importance of knowledge-formation as a strategic activity.  We might see this as 

a “digital-decentralization” synthesis—i.e. one that rejects Boyd and his followers’ 

transitionally postmodern valuing of analog over digital, but which simultaneously 

accepts their valuing of decentralization in decision-making, as well as information and 

communication systems. 

Eglash has also pointed to the difficulties of reading cultural meanings into or from 

the natural sciences, in particular the assumption that dualism reversal is always a good 

thing.  For example, he has argued that “Norbert Weiner’s brief attempt to apply 

cybernetic recursion to labor unions in the 1950s was a radical move, but in the 1980s 

worker ‘self-management’ was more about eliminating union activism.”49  Similarly, the 

recent Abu Ghraib prisoner abuse scandal indicates that decentralization is not always 

ideal.  First, if soldiers in a decentralized, “command-by-intent” system, who have been 

cast in the role of “interpreter of the image,” as Czerwinski has said, are not, in fact, 

capable of virtually reading the commander’s mind, the result could be confusion-

induced loss of initiative and paralysis—i.e. the exact scenario that a “mission order” 

system is meant to avoid.  Second, decentralization could be used by higher-level 

military commanders or civilian authorities to avoid responsibility for mistakes made by 

those under their command.  While following the revelations of Abu Ghraib most in the 

media wanted to know who knew what at the top, all the way up to the Secretary of 

Defense and the President, it may have been more appropriate to inquire about what 

commanders responsible for Abu Ghraib did not know, and why not.  Finally, this points 

to a third potential problem of decentralization.  Subordinates will lose their initiative if 

they feel that they are only being given the authority to act upon their own local 

knowledge and initiative because their superiors are attempting to avoid the 

responsibilities and risks associated with command.  That is, if they feel that they will be 
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left holding the bag when things go wrong, they will be reluctant to act on their own 

initiative.  Again, this is the opposite of what decentralization is intended to produce. 

6.4 Lesson-Learning Lessons 

We should not take the vast differences and contradictions in the readings of 

nonlinear science as evidence that there is nothing of value to read, nor that anything 

goes, that all readings are equally valuable.  Just as we should not assume that the 

lessons of nonlinear science are inherently, inevitably, and universally peaceful, neither 

should we assume that because nonlinear science has been read in such a way as to 

warrant a militarist-imperialist, universal operating theory and strategy of the world, that 

nonlinear science will always and inevitably be read in such a way.  The particularities 

and “constructedness” of the nonlinear science-NCW-Global Transaction Strategy 

articulation, alongside the contradictory readings of not only Gray, but others within the 

defense establishment itself, indicates that it is still possible to read nonlinear science 

otherwise, to learn other lessons.  Thus, as there seems to be no shortage of demand for 

lessons, perhaps we are in need of some lessons for lesson-learning.  Like metarules as 

rules about rules, there are a number of “lesson-learning lessons” that can (ironically) be 

gleaned from the works of Boyd and Barnett, ones which can serve as guides for future 

attempts to learn lessons that are different from those that are currently dominant.  They 

are, simply, “engage” and “keep moving.” 

“Engage” and “keep moving” apply both to military professionals and STS scholars 

wishing to influence the shape of U.S. defense policy.  For military professionals 

involved in the construction of theory and doctrine, engagement implies the need to 

understand prior theorists like Boyd, Clausewitz, or Sun Tzu on their own terms, to do 

generous and faithful readings in an attempt to understand what they “really” meant, all 

while remaining mindful that it will never be possible to know them “purely” on their 

terms, nor to understand exactly what they “really” meant.  This is especially the case 

with Clausewitz, whose life’s work remained unfinished, and Boyd, who did not leave 

much in the way of a written legacy.  Next, engagement involves attempting to 

understand these theorists and their theories in the historical contexts of their times and 

places.  In short, the classics of military theory should not be read as timeless, universal 
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statements, a lesson with which Clausewitz himself would have agreed.  But Boyd’s 

theory also implies that we should, indeed must, “keep moving,” that theories, even his 

own, will inevitably unravel and be reconfigured over time.  In the first chapter I argued 

that, in addition to computer models or laboratories, the military enlistment of nonlinear 

science is also a part of what nonlinear science is.  Similarly, the various readings and 

interpretations of military theories over time are a part of the life of those theories, 

shaping the force that those theories have in particular times and places, and constraining 

future possible readings and interpretations.  For example, reading Liddell Hart to 

adjudicate whether he correctly interpreted Clausewitz—and there is plenty of evidence 

that he did not adequately “engage” with Clausewitz’s work—is only one way of reading 

Liddell Hart’s reading of Clausewitz.  Liddell Hart’s reading (right or wrong), has 

become as much a part of what Clausewitz’s theory is today as Clausewitz’s own words.  

So, to “keep moving,” we must first expect and seek to engage prior “movements” of 

theory, prior readings and prior interpretations.  Again, we should seek to engage those 

prior movements on their own terms, doing generous and faithful readings.  For 

example, reading Clausewitz must also involve reading Liddell Hart, and reading both as 

generously and faithfully as possible, in the context of their respective times and places, 

all while realizing (per Boyd’s teaching) that our own reading will always be subject to 

mismatches that will contribute to further movement and add a layer to the lives of both 

theories.  But movement should not merely be expected as a (sometimes) happy 

accident.  Rather, the reader and interpreter of past theory should seek to cause 

movement, to reinterpret and appropriate past theory in a way that is, well, appropriate to 

one’s own time and place.  Again, we should not seek in past theories universal truths 

directly applicable to our own times and places.  In fact, we should expect that our own 

readings and interpretations will always already be situated in our own times and places; 

whether we like it or not, our “orientation” will exert an influence.  Thus, as the subway 

signs warn, we must “mind the gaps” as we keep moving, indeed, recognizing that 

without the gap the train does not move.  More succinctly, these lesson-learning lessons 

could be summarized: “You have to conserve existing truths and destroy them.  You 
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have to improvise new arrangements and obey old principles.  You have to experiment, 

and you have to be responsible.  You can’t do both, and you must.”50

For STS scholars, “engagement” here means that we must take on what Stengers has 

called a “double role” of both “actor and spectator,”51 that we must seek, to some degree, 

to “inhabit” the spaces that are important to us.52  Conversely, we might even say, as 

Barnett does, that “Disconnectedness defines danger.”  In deciding which worlds we are 

for and which we are against, we cannot stand outside in a “pure” space and merely offer 

critique.  To make a difference that makes a difference, to seek effectively the creation 

of the worlds we are for, we must join the action.  And the first requirement for the 

actor-spectator is to learn the local language.  In this case, we cannot only be aware of 

our own culture’s “correct” readings of nonlinear science (or, for that matter, any 

science).  While this does not mean that all readings are equally valid, it does mean that 

if we are to have valuable critical engagement, we must also understand the “other” 

culture’s readings.  But we need more than that.  Merely standing outsider and yelling 

“You got it wrong!” will not suffice.  We need to understand how and why the “other” 

culture has been able to read nonlinear science the way that it has.  By both recognizing 

that it is possible to read nonlinear science otherwise, in ways with which we may not 

agree, as well as by understanding what has made those readings possible and powerful, 

we can engage as an interested party to the process, using our knowledge of the local 

terrain to find the seams, gaps, mismatches, and contradictions that may be used as 

leverage points in efforts to disarticulate the dominant position and to learn better 

lessons.  There is hope that the same blurring of boundaries that has made it possible for 

Lind, Barnett, and others to engage means that it is possible for STS scholars to engage 

as well, that there is hope and that it is indeed possible to learn other lessons. 

Nonetheless, we should not fool ourselves into believing that the process will be 

easy, that we will soon “arrive” at the “correct” lessons, nor even that the process of 

lesson-learning will end.  Chances are that we will, indeed must, keep moving.  As 

                                                 
50 Fortun and Bernstein, Muddling Through: Pursuing Science and Truths in the 21st Century, 291-292. 
51 Stengers, Power and Invention: Situating Science, 42. 
52 Elizabeth A. Wilson, Neural Geographies: Feminism and the Microstructure of Cognition (New York: 

Routledge), 1998. 
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Eglash has hinted, effective critique of the dominant reading of nonlinear science’s 

lessons will work “best when it does not depend on final answers, immovable grounds of 

truth, or ultimate formula.”53  Inhabiting such a messy, complex world means becoming 

comfortable with contradiction and paradox, with limited information and noise.  It 

means recognizing that, in the absence of universal principles, which are always 

deferred, knowledge cannot always dictate action, but neither can inaction be justified.54  

In short, “The only place to stand is to keep on moving.”55  In the end, it is my hope that 

the work presented in this study can provide a basis from which others in STS can 

engage on a continuing basis in that region of military discourse which has itself been 

engaged in the learning of lessons from the sciences, that it can help us to avoid the very 

real dangers of disconnectedness.

                                                 
53 Eglash, “Cybernetics and American Youth Subculture,” 404. 
54 Fortun, Advocacy after Bhopal: Environmentalism, Disaster, New Global Orders, 54. 
55 Eglash, “Cybernetics and American Youth Subculture,” 404. 
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