
 
 
 

1800 30th Street, Suite 314 
Boulder, CO  80301  USA 

telephone 303.444.6684 
fax 303.444.0824 

 
 

This excerpt was downloaded from the 
Lynne Rienner Publishers website 

www.rienner.com

EXCERPTED FROM 
 

Warfare in the  
Robotics Age 

 

 
Ash Rossiter and  

Peter Layton 
 

Copyright © 2024 
ISBN: 978-1-68585-981-7 hc



1    Revolutionary Technologies, International Politics,                    1 
     and War 

2   Drafting Robots into Military Service:                                       31
     The Story So Far 

3   Shaping What’s Possible: The Key Technology Drivers            57 

4   Producing Tomorrow’s Military Robots:                                    91 
     Who, Where, and Why 

5   The Diffusion of Robotic Weapons:                                          121 
     Ethical and Legal Issues 

6   Adapting to a Robot Way of War                                               141 

7   Reimagining Robotic Warfare                                                    183 

8   Implications for International Politics                                       205 

Bibliography                                                                                      225 
Index                                                                                                  249 
About the Book                                                                                  257 

v

Contents



For a growing number of policymakers, business leaders, engi-
neers, and scientists, a revolution in robotics is underway that will 
irreversibly reshape the world as we know it—including how, why, 
and where wars are fought. 

Indeed, there can be few questions more significant for understanding 
the unfolding international security environment than that of how a suite 
of technologies commonly associated with the so-called fourth industrial 
revolution (4IR) will impact strategic affairs. Rapid advances in artificial 
intelligence (AI) and the capabilities of physical robotic systems—two of 
the most significant technology areas connected with the 4IR concept—
are enabling advanced nations and increasingly others, including non-
state actors, to pursue new ways of fighting. These changes, in turn, 
might spark wider change in strategic interaction between states. Rapid 
technological development in the field of robotics promises to create a 
new set of challenges when it comes to identifying new and significant 
military capabilities and understanding how they will create military 
advantage and therefore political leverage in years ahead. In short, 
advances in robotics technology and their increasing real-world applica-
tion are creating a new set of conditions for the conduct of war and the 
broader employment of violence in international affairs. Yet, even as 
robots become an increasing feature of economic and social life, their 
near-term revolutionary potential across the battlespace is just that—one 
largely confined to potential at present. 

Robots—physical machines typically programmed by a computer 
that can execute tasks autonomously or automatically—have myriad 
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potential military uses, ranging from casualty evacuation to engaging in 
lethal combat. Given the uncertainties that pervade forecasting, how can 
we attempt to anticipate what warfare in the robotics age will entail? 
This book directly engages with this task by examining the technologi-
cal development of robotic systems; their past, present, and prospective 
military employment; and, as a corollary, their implications for interna-
tional relations. In doing so, it makes several interlinking contributions 
to the intensifying scholarly and policy debate about the opportunities, 
challenges, and dangers of warfare in the robotics age. 

Technology as Agent of Change 

Major powers are doubling down on military robots as competition in 
international politics intensifies. The navies, armies, and air forces of 
the world’s most advanced militaries are rapidly seeking ways to 
incorporate increasingly autonomous uncrewed systems into their 
respective services to generate more battlefield punch. How robots are 
shaping how militaries prepare for and fight wars—the principal sub-
ject of this book—is an unravelling story that necessarily deals with 
much wider questions about how technology interacts with human 
affairs, and vice versa. 

Scholars charting the chief forces that have shaped human existence 
accredit the introduction of new technology—both tools and ideas about 
their employment1—as critical agents of change. Technology’s overall 
transformational effect on human society is well understood. But more 
narrowly, many scholars of international politics consider technology to 
have a pervasive influence on the course of world events, especially in 
the arena of competition and conflict between states. 

The purported revolutionary aspect of emerging technologies spo-
ken about today is not only, of course, how they will transform military 
affairs; rather, their shaping effect on existing economic practices, the 
field of medicine, or social interactions grabs as much, if not more, rou-
tine attention. But technological change clearly matters at the sharper 
edges of international politics. 

A new technology may alter the perceived existing hierarchy of mil-
itary power in the international system, providing the possessor with the 
wherewithal to rise above others—at least until rivals learn to emulate or 
find ways to offset the initial advantage. New military technology can, 
according to some research, temporarily, yet decisively, upend a given 
balance of power, creating conditions conducive to the outbreak of war.2 
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But has technology revolutionized how wars are fought? The belief that 
a rival is making a technological leap forward with a new weapon may 
induce sufficient fear to precipitate a crisis.3 New technology might also 
shift, in either direction, the balance of power between states on the one 
hand and nonstate actors—networks, international organizations, private 
firms, nongovernmental organizations, individuals—on the other. 

Not all technologies carry transformative potential, of course. The 
technologies throughout history that can lay claim to the label “revolu-
tionary” are necessarily few—unless, of course, one’s definition of a 
revolutionary technology is so generous that it robs the term of all util-
ity.4 Skepticism is surely warranted in the face of annual lists produced 
by science and technology (S&T) periodicals that compile the ten 
“game-changing” technologies of that year. Punditry produced from 
technologists and futurists often claims that we are currently experi-
encing more radical technological change than at any time in the past. 
For Klaus Schwab, CEO and founder of the World Economic Forum 
and propagator of the 4IR concept, the world today stands on the brink 
of a technological revolution that will fundamentally alter the way we 
live, work, and relate to one another. “In its scale, scope, and complex-
ity,” Schwab expounds, “the transformation will be unlike anything 
humankind has experienced before.”5 

Most attempts to analyze and forecast the impact of emerging tech-
nology on the world, however, look at change through its potential to 
enhance human existence. The reason for this is straightforward. Many 
of today’s key technological advances are happening within the private 
sector, made by companies seeking to produce products for consumers. 
Just as in periods past and gone, technological development has deep 
implications for international security.6 International security—and the 
character of war more specifically—has often been profoundly impacted 
by the advent of technological developments that occur principally in the 
civilian world. This point holds true for the field of robotics. Indeed, for 
many military analysts, it has become axiomatic that robotics will revo-
lutionize warfare, much as the introduction of tanks and airplanes trans-
formed the battlefields of the major wars in the previous century.7 The 
anticipated impact of rapid developments in robotics—and, deeply con-
nected to this, in AI—has a decidedly large influence on current issues 
pertinent to war and peace. 

Many changes to our human experience have been driven by one 
overriding technology, such as the printing press, electricity, or comput-
ers. Major change can also be driven by several technologies emerging 
at roughly the same time. The age of robotics—if an age comes to pass 
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that can be labeled as such—will be realized through a suite of syner-
gistic technologies maturing in a synchronistic manner. Indeed, it is the 
convergence of several technologies instead of one alone that is pro-
pelling such fundamental change in this field. There is nothing new in 
this. Complementary technologies have in the past produced greater 
overall change than each individually. This was true, say, of the combi-
national effects of the railroad and the telegraph. Developments in com-
ponent technologies of robotics—not least AI—are for many analysts 
ushering in a new age: the robotics age. “We are in the midst of an ever 
accelerating and expanding global revolution in [AI] and machine learn-
ing, with enormous implications for future economic and military com-
petitiveness,” declared former US deputy secretary of defense Robert 
Work, a prominent advocate for Pentagon utilization of robotics.8 

Different theories of international politics consider technology’s 
impact on global affairs from a range of perspectives and reach diver-
gent conclusions. This introductory chapter first provides a brief exege-
sis on how various schools of thought have integrated technological 
change into theories of peace and war. Later parts of the book draw on 
these discussions to shed theory-grounded light on the potential impli-
cations of rapid developments in robotics for warfare and international 
politics more broadly. These are not separate matters. Change at the 
operational and tactical level of war can have higher-level consequences 
for war’s likelihood, relative capabilities between states, and perhaps 
for the international system as a whole. 

The Technology Factor in International Politics 

How much weight should we give technology as a source of change in 
international politics? Geoffrey L. Herrera posits that “technology 
looms across disciplines as a source of social, economic, and/or politi-
cal change. It is often the master variable that explains everything.”9 
Other prominent theorists are less equivocal about technology’s causal 
properties. Kenneth N. Waltz, for example, noted, “In shaping the 
behavior of nations, the perennial forces of politics are far more impor-
tant than the new technology.”10 Between these two bookends, most 
scholars treat technology as an important independent variable in shap-
ing the world around us. Indeed, new technology informs several key 
theoretical dispositions in international politics. 

The broad church of realism gives considerable causal weight to the 
role of new technology in the relative capabilities of states. Largely 
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treating technology as an exogenous shock, realists, however, differ in 
the causal processes involved in increasing state power. For some real-
ists, technology is directly relational to the generation of military power. 
Within this interpretation, the ability to bring into the world new and 
useful technologies bestows great advantage on the battlefield. Promi-
nent realist Hans Morgenthau, for example, argued, “The fate of nations 
and civilizations has often been determined by a differential in the tech-
nology of warfare that the inferior side was unable to compensate in 
other ways.”11 In this intuitively plausible line of argument, the posses-
sion of cutting-edge military-relevant technologies equates to more 
effective weapons systems, enhancing military strength, which in turn 
translates into greater geopolitical power. As Keith Krause once put it, 
“The possession of modern weapons is a key element in determining the 
international hierarchy of power.”12 Other realists do see technology as 
an independent factor in producing some military outcomes but are 
more equivocal about its role in obtaining desired strategic outcomes.13 

Technology’s importance for other realists is not so much its influ-
ence on martial affairs and more the advantages it confers in the eco-
nomic output from which national power is ultimately derived. Because 
technology works to determine economic growth, it is therefore indirectly 
responsible for the distribution of power in the international system.14 
This second strand of realist thinking is of less concern to the focus of 
this study on the impact of military robotics on contemporary and future 
warfare. Nonetheless, the question of whether those nations that are best 
able to harness robotic systems for civilian industries will reap eco-
nomic benefits substantial enough to alter power differentials does loom 
in the background. 

In sum, for many realists, technology, as an independent variable, has 
a major role in shaping the capabilities of states and thus indirectly the 
characteristics of the international system. It is possible to conceive how 
rapid advances in the field of robotics might possess causal properties as 
an independent variable in both of these realist interpretations. Indeed, the 
analysis throughout this book aims not just to gauge the potential military 
gains offered by developing military robots in general; it also considers 
whether certain states with advanced programs in this area are likely to 
gain comparative military advantages. In line with realists, this book is 
unapologetic for treating states as the main unit of analysis. This is not to 
suggest that states’ military organizations will be the only end users of 
military robots, only that they will be by far the most consequential users. 
It is also not to say that multinational firms and even individuals are not 
important in developments related to robotics—they clearly are. Yet, it is 
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still true to say that the vast majority of innovation in robotics occurs 
within a national environment. 

Realists are not, of course, the only set of international relations theo-
rists to have something to say about technology and international politics. 
Liberals do too. But in contrast to realists, liberals believe technological 
advances have a different causal effect on international politics—effects 
that might even be conducive to peace. This is especially true of devel-
opments in modern communication technologies that have underpinned 
globalization. In liberal interdependence theory, modern technology has 
created, so the argument runs, a global economic system of interdepen-
dences that dampens the prospects for outright hostilities among the 
major nations of the world.15 An associated idea with this supposition is 
that modern technology generates challenges that can only be addressed 
at a global level, which in turn incentivizes international cooperation and 
fosters the notion of an international society.16 It could be that develop-
ments in robotic systems intertwine nations’ economies ever more 
closely, but the opposite may equally be the case. 

All the while we have been discussing revolutionary technologies—
such as robotic systems—as an independent variable—that is, phenom-
ena with causal properties that shape outcomes in the international 
realm. But the causal arrow can also run in the other direction. Changes 
in the international system can also have pronounced effects on techno-
logical change—its pace and scale. Conforming to the logic of anarchy, 
leading states should see superior technology as necessary for remaining 
ahead of rivals.17 While this condition of international anarchy is invari-
ant, this “environmental” pressure changes over time; the prospects for 
cooperation and competition, as well as the probability of war, are often 
in flux.18 Holding this thought in mind, it is logical that the level of great 
power tension in the system has causal significance for states’ propensity 
to innovate—or to try to innovate—and more particularly to develop 
new military technologies. M. Zachary Taylor, for one, sees external 
threats as the main impetus for national-level innovation in both the eco-
nomic and military domains.19 Barry Posen’s study on the interwar 
period in Europe also indicates that large-scale geopolitical threats 
increase the urgency with which states respond to the possibility of har-
nessing new military innovations.20 

In periods of intense competition, such as during the Cold War, 
rivals are inclined to believe that not pursuing even outlandish projects 
to stay ahead might result in a victory for the other side.21 Under these 
conditions, governments are probably more concerned about beating 
opponents to the punch in a technology race.22 As no one can say for sure 
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which technology will give one side a clear advantage, it makes good 
strategic sense for those involved in intense competition to compete vig-
orously. This, in part, explains for some scholars why some states at least 
have higher rates of innovation than others. “Specifically,” as one inno-
vation expert notes, “security concerns affect the willingness of people 
to accept the heavy costs, risks, and sacrifices necessary to create com-
petitive, national S&T capabilities.”23 To be sure, the rate at which coun-
tries are able to technologically innovate varies and is increasingly the 
domain of fewer and fewer states—a point that can be extended to robot-
ics as well. “Even being generous with the data,” Taylor writes, “only a 
few dozen countries can be said to have much innovation footprint at all. 
Put simply, the club of innovation nations is very elite.”24 

Both realists and neoclassical economists agree that material incen-
tives to acquire new technologies dominate all other factors. Not all 
thinking on states’ desire to pursue cutting-edge technology is based, 
however, on a materialist understanding of the world. Other research 
suggests that the role of prestige has been neglected as an explanatory 
factor in driving large-scale investments in science and technology.25 A 
prime example often cited is the battle for space-power prestige follow-
ing the Soviet success in putting Sputnik into orbit and the US response 
with its efforts in manned space flight.26 

Advances in robotics—and the potential for the pace of develop-
ment in this field to accelerate in the decades ahead—clearly impinge 
on the debate about the causal relationship between technology and 
international politics in important ways. To move beyond the general 
influence of technology on matters of war and peace to the specific 
impact of individual technologies, such as robotics, takes us to a consid-
eration of the merits of several mid-level theories. Indeed, while the 
case of military robotics is sui generis, it will still be possible to derive 
important inferences about how significant militarily relevant new tech-
nology emerges and its implications for war in the world. The following 
sections provide a brief discussion of the some of the most important 
mid-level theories—and key questions derived from them—relevant to 
the case of robotics and warfare that feature prominently in the later 
analytical parts of this book. 

A Robotics-Driven Military Revolution? 

That new technology ushers in military revolutions, or what some 
term major military innovations, is a well-established idea.27 For some, 
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military revolutions do more than just affect outcomes on the battle-
field; they can bring about major changes to politics and society. These 
eras, according to one study of military revolutions, “recast society and 
the state as well as military organizations. They alter the capacity of 
states to create and project military power.”28 

There is much truth to the claim that technologies have formed the 
basis of most, but crucially not all, of the chief military innovations 
throughout history, including those that significantly altered the capabil-
ities of states vis-à-vis each other and concomitantly the global balance 
of power.29 One of the most important issues tackled in these pages is 
the validity of the oft-made claim that the greater integration of robots 
into military organizations and their increasing sophistication will 
unleash an “unmanned revolution in military affairs.”30  

Any adjudication on this matter rests firmly on the wider question of 
when and if any technology—or collection of synergistic technologies—
can be said to result in a military revolution. Technological change varies 
in scale; the line separating revolutionary change from nonrevolutionary 
change is an arbitrary one. As a consequence, there is no agreement on 
what constitutes revolutionary change. The threshold for a military revo-
lution is necessarily subjective and depends on one’s own interpretation. 

To begin with, we must ask whether superiority produced by the 
possession of any new technology is a predictor of successful military 
outcomes. Military thinkers—both past and present—differ in the impor-
tance they ascribe to technology as an independent variable in bringing 
about military victory. The Prussian military thinker Carl von Clause-
witz, whose intellectual contribution to understanding war casts a longer 
shadow than that of perhaps any other theorist before or after, had little 
to say about technological change and its imprint on war.31 That there 
was little in the way of technological innovation in the hundred years or 
so before his time in uniform may partly explain this inattention. Further, 
the effectiveness of the Napoleonic army in the 1800s—the premier 
fighting force of its age—was not due to superior mastery of new tech-
nology (though the standardization of French artillery in the decades 
before was significant) but down to organizational, morale, and com-
mand factors, such as the employment of mixed-armed units and the 
massing of firepower at the tactical level.32 

But it is also true that Clausewitz was more interested in abstractly 
distilling the governing forces at play in war irrespective of the era 
under study—or at least those features present in war from the classical 
era to the period when he was alive. Notwithstanding Clausewitz’s inat-
tention, there is a widespread conviction that a causal link exists 
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between technology and fighting abilities. Indeed, in recent decades 
technology is frequently portrayed as the leading explanation for battle-
field success, such as the lopsided victory by US-led forces against the 
Iraqi military in 1991.33 

Moving from technology in general, can distinct technologies such 
as military robotics produce military revolutions? Historians and secu-
rity studies scholars are divided on the number of technologies thought 
to have produced military revolutions. There are many candidate tech-
nologies that lay claim to having revolutionized warfare, from the pike 
to the sailing ship, to gunpowder,34 the telegraph, and the combustion 
engine, through to nuclear weapons. Technological change is clearly 
important for scholars concerned with exploring the sources of military 
revolutions.35 Yet it is often difficult to isolate a single technology or 
conglomeration of technologies maturing at the same time as the inde-
pendent variable in military outcomes—that is, the thing that, above all 
else, bestowed the critical advantage in any given war. Moreover, tech-
nology does not always “appear” as something new. A technology’s far-
reaching consequences may come from slow advances that eventually 
simplify or standardize a weapon or from the improvement in manufac-
turing processes that significantly reduce its cost. This type of long-fuse 
impact can be hard to isolate at any particular juncture. 

Military revolutions have played a central role in altering the capa-
bilities of states vis-à-vis each other, but have they radically altered how 
we fight?36 Historians such as Williamson Murray are skeptical that 
war’s fundamental nature can be altered by the introduction of a new 
technology. In reference to the enduring fog and friction of war, Murray 
argues, “No amount of computing power can anticipate the varied 
moves and the implications of an enemy’s capacity to adapt in unex-
pected ways.”37 Others posit that technology can bring in new military 
“eras,” upending our sensibilities about appropriate action in war. 
Reflecting on the use of cruise missiles over three decades ago, Manuel 
De Landa wrote in War in the Age of Intelligent Machines that when we 
move to the day when “autonomous weapons begin to select their own 
targets, the moment the responsibility of establishing whether a human 
is friend or foe is given to the machine, we will have crossed a thresh-
old and a new era will have begun.”38 

Debates about military revolutions and the place of technology as a 
driver in bringing them about impinge directly on questions about the 
level of effect that military robotics will have on future warfare. Will 
they be the “game changer” that many predict they will be? Or will their 
impact be more gradual and supplementary to existing methods of 
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employing force? A conceptual engagement with different technology 
types may help us to form answers to these questions. 

What Type of Technology Are Robots? 

Different types of technologies can produce effects quite distinct from 
each other. Sometimes these effects are more obvious to observers than 
at other times. Two examples suffice to illustrate this point. The coming 
of both nuclear weapons and the internet revolutionized international 
affairs but in markedly different ways.39 One—nuclear weapons—altered 
strategic affairs by restraining great power conflict through the specter of 
mutually assured destruction, which outweighed any perceived gains for 
engaging in war. To be sure, strategic thinking about the role of nuclear 
weapons evolved over time, but the revolutionary impact of the introduc-
tion of this new technology was understood early on by strategists such 
Bernard Brodie and leaders of different political hues. In contrast, it has 
taken longer to appreciate the internet’s role in shaping international 
security and, more particularly, the strategic interaction of states. 

One reason for differences in effects is tied up with the intended 
purpose of each technology—its original raison d’être. This point also 
bears heavily on the way the technology entered the international sys-
tem. Nuclear weapons were invented as a military device with one 
physical purpose: the production of immense destructive force.40 Though 
the genesis of the internet can be traced to a US defense program, its 
development and diffusion through the international system was largely 
a civilian enterprise. The technology’s impact on international security 
is harder to disaggregate from its influence in the world’s economy and 
the social affairs of groups and individuals. 

Perceptions and Usage 

The case of military uses for robotics is instructive for understanding 
this dynamic between a technology’s intended purpose and its evolving 
employment. Technologies, of course, do not just appear; they are 
developed by humans. They do not exercise an independent force on the 
world absent their inventors’ and harnessers’ intentions for them. As 
later pages of this book illustrate, progress in the field of robotics has at 
times been heavily shaped by various governments pursuing military 
programs in this field. Nonetheless, it would be wrong to describe or 
think about robots by type as a military technology, in their origin or as 

10   Warfare in the Robotics Age



a consequence of major advances in their development. They are what 
we, as humans, decide they are. Indeed, their dual-use character has 
been a constant feature of their backstory, and this fact will undoubtedly 
endure into the future. 

Technologies—their invention, development, and use—cannot be 
divorced from the social world. Whether military robots ultimately 
become seen as a type of technology that is destabilizing and threaten-
ing depends on how they are socially constructed. Technological arti-
facts can only be understood in the knowledges, organizations, and 
institutional frameworks in which they function; they are more than 
material concretions—the social and the technical are hybridized 
domains. As Charles Weiss notes, “Science and technology are not 
independent instruments, but are social processes that respond to a 
variety of economic, social, cultural and political influences.”41 Indeed, 
one aim of this book is to give consideration to the way that robots 
have been imagined and reimagined as to their prospective role in war-
fare and the shaping influence of this on their past, present, and future 
development. Our perception of robots as embodiments of violence 
rather than as benign systems performing economic and domestic func-
tions for humans will certainly solidify as they become increasingly 
utilized as military tools. 

Much of the narrative of military robots in popular culture as well as 
in defense analysis focuses on their kinetic and violent use. Whether 
robots are created as a weapon primarily for attack rather than for pro-
tection is not a preordained matter. How we use military robots could 
have profound implications for strategic affairs. The introduction of 
types of past technologies into the world thought to be especially useful 
for attack—and by extension conquest—has been particularly impactful 
in world history by dint of encouraging aggression. History reveals some 
weapons, because of their perceived association with offensive action, 
can be highly provocative and exacerbate the “security dilemma.”42 
States acquiring offensive weaponry, so the predictive theory runs, are 
more likely to engage in military adventurism, while at the same time 
other states, judging there to be an increase in the threat environment, 
will seek to engage in internal or external balancing behavior, exacerbat-
ing the security dilemma and raising the prospects of inadvertent war.43 
The importance of any type of new military technology in the interna-
tional realm results from the ideas, interests, and roles (enmity or friend-
ship) it engenders and helps to support. Alexander Wendt demonstrates 
that physical artifacts acquire meaning only inside the process of defin-
ing foes and friends: “What gives meaning to the forces of destruction 
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are the ‘relations of destruction’ in which they are embedded: the shared 
ideas, whether cooperative or conflictual, that structure violence between 
states. These ideas constitute the roles or terms of individuality through 
which states interact.”44 

Whether or not some weapons can be said to possess an inherently 
offensive nature is a long-running debate among scholars of security 
studies and international law. It has often proved difficult to say in prac-
tice where the line between offensive and defensive weapons can be 
drawn. Defensive weapons, as strategic thinker Thomas Schelling 
noted, “often embody equipment or technology that is superbly useful 
in attack and invasion. Moreover, a prerequisite of successful attack is 
some ability to defend against retaliation or counterattack.”45 Past qual-
itative assessments of offensive weapons cite mobility combined with 
relative capacity to generate firepower as the hallmarks of a technology 
type that favors attack—a combination that can be termed striking 
power.46 Based on this schema, many military robots could be classified 
as offensive. As subsequent analysis will demonstrate, military robots 
have the potential to fulfil such a wide array of tasks on land, in the 
skies, and on and below the seas that it is nonsensical to designate them 
a priori as offensively or otherwise oriented. In the final analysis, it only 
matters how we decide to use robotic systems. 

Placing Robots in a Typology of Technologies 

Military robots are difficult to place within a typology of technology. 
They embody a collection of subtechnologies including the computing 
power that allows them to act with various degrees of autonomy. No 
modern weapon is derived from a single technology; it is more apt to 
think of them as systems that comprise a diversity of technologies that 
have been brought together. It is therefore useful to think of robotics’ 
functional constituent parts. Moreover, these “parts” bleed into much of 
the story that follows. 

Simply put, a robot is a physically existing machine built according 
to the logic of “recognize-think-act,” which must have all three elements: 
sensors for the apprehension of sensorial stimuli channeled through visi-
ble light, the wider electromagnetic spectrum,47 sound waves, or any other 
detectable medium; a computer center; and effectors that enable interac-
tion with the environment, including the ability to move. In practice, 
developments in sensing, thinking, and effectors have been intertwined 
activities. Indeed, there has been significant complementarity in their 
operations and the entanglement of their genealogies. 
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Furthermore, many robots put to military use are, like many other 
contemporary national security technologies, not really defense objects 
per se. Unlike during the Cold War, spending on research and develop-
ment (R&D) in many Western nations on national security–relevant 
technology now occurs as much, if not more, in the private sector as 
through defense-funded projects. Consequently, defense is no longer 
thought of as the primary driver of technological innovation in the 
national security domain. Instead, militaries increasingly look to lever-
age technologies with dual-use potential primarily developed in the 
commercial sector. Artificial intelligence, autonomous systems, and 
advanced supercomputing are seen as powering the next generation of 
combat systems.48 

Robots can be an automatic or autonomous type of technology. 
They may be uncrewed, but that does not mean they are autonomous. 
Predator uncrewed aerial vehicles flown by human operators, for exam-
ple, are not fully autonomous.49 The ability to make decisions and take 
action independent of humans puts autonomous robots in a particular 
class of technology. As the authors of one leading report from Harvard’s 
Belfer Center conclude, “AI is often identified as the emerging technol-
ogy that could most influence military power, whether by automating 
and improving tasks such as imagery analysis and logistical support 
functions; assisting decision-making by fusing data from many sources 
and producing recommended courses of action; or facilitating the devel-
opment of fully autonomous systems, including weapons that can select 
and engage targets on their own.”50 For this reason, discussion of robot-
ics and warfare cannot be disentangled from debates about the evolving 
impact of AI technology on the national security landscape. 

Today’s AI appears on many levels to be superhuman. Intelligent 
machines can now outperform the very best human chess and poker 
players.51 Moreover, AI increasingly displays the sorts of skills in 
some areas that we associate with humanlike intelligence, even if this 
remains limited for now. Even at this stage, AI has progressed suffi-
ciently for some that it is “capable of transforming war, bringing 
changes more radical than those wrought by earlier technologies, even 
nuclear weapons.”52 

As potential warfare among the major powers grows increasingly 
rapid and multidimensional, including in cyberspace and outer space 
domains, governments and their military commanders may choose to 
place—or have little choice but to place—ever-greater reliance on intel-
ligent machines for monitoring enemy actions and initiating appropriate 
countermeasures. This could provide an advantage on the battlefield, 
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where rapid and informed action could prove the key to success, but it 
also raises numerous concerns, especially regarding nuclear crisis sta-
bility. Some of the weapons now in development, such as uncrewed 
antisubmarine wolfpacks, could theoretically endanger the current equi-
librium in nuclear relations among the major powers, which rests on the 
threat of assured retaliation by invulnerable second-strike forces. 

Technologies are characterized not just by their origin and intended 
purpose but by the ways in which they are employed and, equally, how 
they are perceived. Their effects throughout the world system are also 
intrinsically linked to how quickly (or slowly, in some cases) new tech-
nology diffuses, who develops it, and who uses it. 

Creation, Diffusion, and Adoption of  
Cutting-Edge Weapons 

Who in the international system will take the lead in the employment 
of robots for military purposes? Will those able to harness the new 
technology be many or few? As the authors of a recent special issue on 
the impact of the 4IR on military innovation note, “Technologies and 
resulting capabilities rarely spread themselves evenly across geopoliti-
cal lines. The diffusion of new and potentially powerful militarily rel-
evant technologies—as well as the ability of militaries to exploit their 
potential—varies widely across the globe.”53 And this point also stands 
for the originators of technology (and the science behind it). These things 
will matter a great deal as warfare enters the robotics age. 

Who Creates Cutting-Edge Weapons? 

Who will produce the most powerful military robots of the future? A 
progenitor of new technology like advanced robots stands to accrue 
considerable advantages over less inventive and industrial rivals. Yet, 
today, not more than a handful of states is capable of producing major 
breakthroughs in military technology.54 As M. Zachary Taylor has 
recently argued, “Despite our heightened respect for innovation and an 
incredible surge in the supply and demand of everything S&T related, 
vast differences in national S&T performance abound, even among 
wealthy, industrialized democracies.”55 Moreover, the ability to create 
truly novel technology is arguably becoming increasingly concentrated,56 
even if existing technology is diffusing at an accelerating pace.57 Only a 
small pack of states is capable of producing novel and significant mili-

14   Warfare in the Robotics Age



tary technologies, and of these, the United States remains some paces in 
front of the others. Harvey Sapolsky notes, “The United States takes on 
a difficult job in seeking true innovation; others generally focus on what 
is innovative for them but would not produce technology new to the 
United States. Moreover, the US level of effort creates innovative capa-
bility in many technical areas, while other countries focus at most on 
one or two.”58 

For decades after the outbreak of World War II, the United States 
was globally dominant across a range of technology areas (especially 
computing, telecommunications, software, aerospace, and composite 
materials), but during the 1970s it began losing market share in many 
of the technologies originating there to countries such as Germany and 
Japan, as well as later to Taiwan and South Korea. This decline has 
arguably continued, and the question remains whether the United 
States can reverse this trend and remain the world’s technological 
leader, including in those technologies relevant to robotics.59 Only the 
strongest states can maintain the high levels of long-run, risky invest-
ment in R&D required to generate major technological innovations in 
robotics. A partial exception to this rule is perhaps the Republic of 
Korea—a middle power at best—which has invested heavily in robot-
ics in recent decades. 

The US Department of Defense is spending billions of dollars on 
AI, robotics, and other cutting-edge technologies, contending that the 
United States must maintain leadership in the development and uti-
lization of those technologies lest its rivals use them to secure a future 
military advantage. China is assumed to be spending equivalent sums, 
indicating the initiation of a vigorous arms race in emerging technolo-
gies. “Our adversaries are presenting us today with a renewed chal-
lenge of a sophisticated, evolving threat,” Michael Griffin, US under-
secretary of defense for research and engineering, told Congress in 
April 2018. “We are in turn preparing to meet that challenge and to 
restore the technical overmatch of the United States armed forces that 
we have traditionally held.”60 

But being a leader in a science and technology field does not auto-
matically translate into innovation. Why are some states more innova-
tive than others? Some scholars have recently attempted to show why 
international security concerns propel states to create and exploit new 
technologies. External threat serves to compel states into action. 
Because domestic S&T capabilities enhance a nation’s military eco-
nomic security, M. Zachary Taylor writes, “threats to a nation’s military 
or economic security will tend to increase and broaden support for S&T 

Revolutionary Technologies, International Politics, and War   15



progress.”61 This makes sense. Threats to a state’s national security 
raises the benefits of technological advancement while increasing the 
costs of technological stagnation. If this preposition is credible, we 
would expect to see a correlation between the level of innovation in the 
use of military robots and national security threats. 

First Movers and Imitators 

Because of the long-term financial investment in technology and the 
required skill levels to perform cutting-edge scientific research, only 
leading powers are positioned to create the kinds of new military tech-
nology that lead to military revolutions.62 “Great powers,” John 
Mearsheimer notes, “always prefer to be the first to develop new tech-
nology.”63 Existing within a competitive environment, states seek to 
sustain or increase their relative power by improving upon their military 
capabilities, preferably stealing a march on rivals by being the first to 
employ a new cutting-edge weapon.64 

It is questionable whether being the first mover is such an advan-
tage. There are historic examples of greater payoffs from learning from 
and improving upon the innovations of the first mover.65 For this discus-
sion, the actual outcomes are less important than the perceived benefits 
at the time. Though few states produce really novel technology or can 
make substantial breakthroughs in existing technology areas, other 
states can ultimately benefit from the innovation and invention of others 
through emulation. 

Although societies differ in regard to capacity to learn and to absorb 
military and productive technologies, less advanced societies may 
enjoy what Alexander Gerschenkron called the advantages of back-
wardness. Imitators, who have lower standards of living and less 
wasteful habits, can use the imported technology more efficiently. This 
speaks to Leon Trotsky’s idea that backward societies are able to skip 
historical stages by combining backward forms and more advanced 
forms in a unique amalgam.66 Thus, according to Robert Gilpin, “with 
lower costs, untapped resources, and equivalent technology, backward 
societies frequently can outcompete the more affluent advanced society 
economically and militarily.”67 Youthful or rapidly developing states 
may be able to adopt the most advanced and already proven technolo-
gies, whereas prior R&D costs and vested interests deter more 
advanced economies from substituting the very latest techniques for 
obsolescent ones. Mature economies also have more vested interests 
that resist the loss of their privileges.68 
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A key question for the future of warfare is how much advantage 
leaders in military robots will acquire over others and how long this 
advantage will last for. Will lesser states be able to quickly imitate 
demonstrable gains in robotic warfare? Novel technology that is diffi-
cult for others to imitate can lead to strategic openings. 

Kenneth Waltz has argued that “contending states imitate the mili-
tary innovations contrived by the country of greatest capability and 
ingenuity.”69 There is a prescriptive element to this claim: disadvantages 
arise from not imitating. States may tend toward isomorphism in their 
military structures, but this may occur after a period has elapsed during 
which one state has enjoyed certain advantages over others.70 The US 
monopoly of nuclear weapons was brief—and far briefer than American 
policymakers and Soviet watchers believed it would be—but it was sig-
nificant for a period.71 

Yet states may want to imitate the success in military robots of the 
international system’s leading state or states, but this desire may not be 
obtainable.72 If they cannot build or import cutting-edge military robots, 
the potential benefits are all but hypothetical.73 When it comes to rela-
tive advantages gained from military robots, much depends on how long 
first movers—the original creators and exploiters of the technology—
hold onto their comparative advantage and how long it takes others to 
access this technology or imitate it themselves. In short, how rapidly 
will a technology like advanced military robots diffuse to others? 

Diffusion of Technology 

To be sure, some technologies diffuse faster than others. Night-vision 
googles allowed US forces to “own the night” by providing American 
soldiers with something their adversaries did not possess. These devices, 
however, soon became ubiquitous across all battlefields and diffused 
downward to nonstate violent actors also.74 Similar initial advantages 
afforded to early European adopters of gunpowder soon equalized—in 
Europe at least—as the innovation in firearms was emulated by all. 

The ability to integrate and exploit new technological advances is 
one of the primary ways a state can stay ahead of its rivals or close the 
gap with stronger competitors. The extent to which emerging technolo-
gies lead to increases in military power depends on factors that are dif-
ficult to anticipate, however.75 Competitors may not be able to imitate, 
due to their inability to obtain sensitive technology as a consequence of 
export controls imposed by the producer.76 Lack of access to advanced 
military robots, for example, may propel them to attempt to develop 
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countertechnologies—such as new cyber or electronic warfare capabil-
ities—to offset the perceived advantages of rivals.77 Attempts at techno-
logical military change are often a response to the innovations of others 
and lead to novel approaches in their own right. 

Ceteris paribus, the lower the fixed-cost investments, the greater the 
number of expected actors who will be able to develop and consume the 
technology in question. Yet some technologies, even after standardiza-
tion, still require considerable investments. This could be because the 
costs of production are high or the disruptive effects of an innovation on 
organizations are significant enough to make the costs of adaptation 
equally high.78 Most countries—including modern European nations—
do not possess the specialized personnel needed to effectively operate 
modern weapon systems.79 The difficulty the Soviet navy faced in its 
efforts in aircraft carrier warfare is illustrative of the manifest challenges 
even great powers face in adopting some innovations.80 Advanced mil-
itary robots, as later chapters explicate, will place great demands on 
states’ armed forces, slowing the pace of diffusion through the interna-
tional system. 

Another factor in the rate of diffusion is whether the new technol-
ogy primarily caters to the public sector or the private sector. Many sig-
nificant technological innovations qualify as “general-purpose” tech-
nologies that both the security and civilian sectors can exploit. Others 
have circumscribed civilian use. Major technological innovations with 
low fixed costs and significant private-sector possibilities can be more 
readily thought of as general-purpose tech. They may have been devel-
oped with public-sector purposes in mind, but the commercial applica-
tions are so manifest that private-sector activity begins driving the tech-
nology. This has already happened to some degree with drones and, as 
later sections of the book suggest, may also be increasingly the case 
with robots in other domains. 

History should remind us—though it is often underutilized as the 
teacher it is—that even if a technology has tremendous potential for end 
users, there are no certainties about who will decide to adopt it or, at the 
very least, attempt to do so. To be sure, there are often steep hills to 
climb in the process of incorporating military-related technologies. 
Adopting new technology is often not easy. Some militaries are better 
than others at integrating new technology, especially as it increases in 
complexity and places ever-greater demands on would-be adopters. As 
Posen reminds us, the United States’ “development of new weapons and 
tactics depends on decades of expensively accumulated technological 
and tactical experience.”81 It is important to bear in mind that the “abil-
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ity to conceive of, and implement, organizational and operational means 
for coordinating new weapon systems as well as new and existing ones 
should not be assumed.”82 

Yet, even when a new technology seems commonsensical and 
makes existing equipment or methods outdated, would-be adopters 
may be resistant to make the necessary organizational changes.83 As 
Evan Braden Montgomery notes, “Military organizations are often 
reluctant to adopt alternative ways of doing business that clash with 
existing modes of operating, endanger the position of influential 
warfighting communities, and impose substantial adjustment or oppor-
tunity costs.”84 Bureaucracies—and especially militaries—are designed 
to conduct established tasks with uniformity and regularity. As political 
scientist Stephen Rosen similarly points out, organizations, and espe-
cially military organizations, have difficulty changing because “they 
are designed not to change.”85 This creates a major dilemma: militaries 
need to innovate but resist innovation due to their inherent bureaucratic 
attributes. Some scholars posit that it takes civilian leaders facing a 
national emergency (i.e., when their attention is for a time overwhelm-
ingly focused on military matters) to force such change upon their mil-
itaries. When it comes to various types of military robots, much 
depends on whether the emerging technology supplements existing 
capabilities or leads to new weapons systems that demand the creation 
of novel warfighting concepts. 

The rate at which advanced and increasingly autonomous military 
robots are adopted is influenced by whether they are thought of by their 
existing and prospective end users as a disruptive or sustaining technol-
ogy. In his groundbreaking work on categorization of technological 
innovations, Clayton Christensen divided technologies between those 
that lead to “disruptive” innovations and those that produce “sustaining” 
ones.86 Ever since, the idea of disruptive innovation has become indeli-
bly associated with exciting and transformational technology. Some 
advocates of military transformation in the United States and elsewhere 
in the West have used “disruptive innovation” as an evocative shorthand 
to push for major changes they believe are necessary. While that might 
be the case, organizations are more likely to accept a new technology if 
innovators situate it within existing paradigms—that is, they demon-
strate how it sustains and enhances existing ways of doing things.87 
Indeed, champions of new technology may even downplay the expected 
disruption caused by introducing a new technology. Early advocate of 
air power Giulio Douhet acknowledged such duplicity in his initial 
attempts to convince military leaders about the potential contribution of 
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airplanes. In the 1921 edition of The Command of the Air, he called for 
an auxiliary air arm to support land and sea forces. He later wrote in the 
preface to the 1927 edition why he presented airpower as a sustaining 
technology: “At that time [in 1921], in order to accomplish anything 
practical and useful for my country, I had to be careful not to oppose 
too strongly certain notions firmly held in high places. Therefore, I was 
forced to emasculate my thought, confining myself to indispensable 
fundamentals, and wait for more favorable circumstances before pre-
senting my ideas in full.”88 

Military robots have been and continue to be designed and built to 
perform multitudinous tasks and thus vary considerably in the scale of 
change required by militaries to adopt them. Subsequent sections of this 
book deal directly with how various military organizations are currently 
attempting—successfully or otherwise—to incorporate robotic systems. 

Military robots hold out considerable potential for militaries of dif-
ferent sizes and configurations. As with other useful technologies, it 
will likely take military organizations longer to integrate such systems 
into existing doctrine and organizational processes than many analysts 
anticipate. Even as aspects of the technology become more and more 
readily available throughout the international system, some actors will 
be better placed to adopt and efficaciously utilize military robots than 
others. It may take a major military upset to jolt military organizations 
and their civilian leaderships into adopting a more radical and acceler-
ated position vis-à-vis the utilization of military robots. Indeed, mili-
taries in particular are arguably more open to innovation if they suffer a 
serious defeat, such as the energetic reforms of the Prussian army fol-
lowing its complete collapse in 1806.89 

Hyping Robots 

This book seeks to anticipate the unknowable: the role of robots in 
future war. It therefore has technology—a technology—as its core sub-
ject of interest. Isolating one particular technology runs the danger of 
overplaying its significance in relation to other factors, including other 
technologies, that will undoubtedly shape the wars of tomorrow. In 
undertaking this endeavor, care must be taken to not reflexively inflate 
the potential impact of military robots or take a technologically deter-
ministic approach. Indeed, part of the purpose of this book is to offer an 
antidote to much of the hype surrounding robotics in warfare that often 
verges on boosterism. 
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Technological advances, especially in the area of military systems, 
are a continuous, dynamic process. Yet the impact of new technology on 
military effectiveness and the relative comparative advantage that might 
be gained are hard to predict. Moreover, many important technological 
innovations have arisen not from a single breakthrough but from a con-
fluence of many individual advances over an extended period. It is 
therefore difficult to predict when technological developments will coa-
lesce into a revolution in military affairs with all the broader societal 
and political effects that follow. 

Although it is inherently difficult to know in advance which technolo-
gies will ultimately leave the biggest imprint on war, there is no shortage 
of those willing to offer up their predictions. Military commentators, 
techno-enthusiasts, and literary giants have all joined in the game of pre-
dicting what future war will look like and typically give center stage to a 
favored technology as the key causal variable leading to change. Indeed, 
military robotics has for a long time fueled imaginations about war over 
the horizon. This continues today. We are repeatedly told that we are on 
the cusp of a robotics revolution that will not only shape future war but 
recast its fundamental nature. A recent British military assessment, for 
example, asserts, “The increased capability of robots is likely to change 
the face of warfare.” Revolutionary change to war is predicated on the 
belief that countries will replace large numbers of troops with robots in the 
decades ahead.90 Essentially, a future battlefield largely depopulated, bereft 
of human participants, is often imagined. As a form of extreme remote 
warfare, robotic warfare will further “de-risk” violence. 

Robots, especially those created for military purposes, are not the 
only technology currently being hailed as a “game changer.” But their 
prospective widespread usage in the near future—not least because of 
their potential to remove humans from much of the battlefield—is pre-
dicted to be the most revolutionary development in warfare since the 
advent of nuclear weapons. That advances in robotics technology might 
hold such revolutionary potential chimes with recent thinking about the 
factors shaping war, which place emerging technology front and center. 
Indeed, there is a strong case to be made that much analysis of war in the 
modern era is infused with what can best be termed technological deter-
minism. This is best characterized as an ingrained certainty that technol-
ogy will have an inordinate influence over developments and that its 
impact will always eventually be felt regardless of any initial or future 
inhibitors that stand in the way of realizing its potential. 

Such technological determinism is true of much of the discussion 
about robots, especially increasingly autonomous ones, perhaps more so 
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than for any other area of technology today. For many years now, we have 
been told that we are nearing a robotics revolution in military affairs. This 
book attempts to take stock of such claims. It interrogates the field of 
robotics, and autonomous systems more generally, to provide a soberer 
account of the place of robots in warfare, in the past, present, and future. 

It would not be a surprise if the near-term impact of military robot-
ics on war was being exaggerated. International relations scholars and 
military historians have long observed, albeit episodically, that new 
technologies often trigger intense enthusiasm among civilian leaders, 
defense planners, and military officers—or hype.91 Jeremy Black, for 
example, has noted the preference among end users and defense ana-
lysts for “magic bullet” technology. Such a perspective underplays the 
incremental character of technological advances.92 

Hype about any given military technology can raise excessive expec-
tations about the near-term readiness of the technology to perform.93 This 
uncertainty about the readiness of any given technology is further compli-
cated because of the three-way interaction between designers, the military 
(as end user), and policymakers.94 All have varying motives and needs. 
Boosters of the technology may underplay the myriad technical hurdles 
and adoption challenges that lay ahead. The resulting overpromise/under-
delivery dynamic holds within it technologist Roy Amara’s now famous 
adage (referred to Amara’s law): “We tend to overestimate the effect of a 
technology in the short run and underestimate the effect in the long 
run.”95 This could, for instance, lead to the early abandonment of tried 
and trusted tools or methods in favor of unproven technology whose 
potential is latent and unproven. 

But some level of hype about military robots might prove crucial in 
the process of their innovation and eventual fielding on the battlefield. 
Hype might be important in stimulating interest in a cutting-edge robotic 
system from purse-string holders at a critical stage in its innovation life 
cycle. As technological innovation expert Sjoerd Bakker posits, 

An innovation may also need a hype to gain legitimacy and credibility 
in its early stages of development. That is, innovation relies not only 
on scientific and technological achievements and breakthroughs but 
also on expectations of future potential. More specifically, expecta-
tions of technological progress help to stimulate, steer and coordinate 
collective action on the sides of researchers, engineers, firms, and 
funding agencies in order to make the innovation work.96 

Many technologies have surely benefitted from hype through injec-
tions of monies in their early stages of development to get them off the 
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ground. But there are also many examples of technological innovations 
that were heralded as revolutionary but then gradually fizzled out over 
the years, such as supersonic air travel or the high-powered lasers of 
ballistic missile defense. 

In some cases, truly technological innovation may go unnoticed, 
sometimes by its own creator. Rocket propulsion, for example, was 
dismissed out of hand only to be picked up decades later. Clearly tech-
nologies do not have predetermined developmental paths. Recogniz-
ing a true innovation or gauging its revolutionary potential is neither 
simple nor clear-cut. Its ultimate impact on the world is highly contin-
gent on a wide range of material and human factors. Military robots 
will be no different. 

Where Rubber Meets the Road 

This introductory chapter has laid out a range of theoretical questions 
and issues related to technology and warfare to which our examination 
of the evolving place of military robots has much to contribute. 

Before moving on to the analytical chapters ahead, some clarifica-
tions on terminology. First, in the English language the term unmanned 
has often been used in relation to robotic vehicles or systems and 
derives from manned. Manned comes from the old English mannian, 
“to furnish (a fort, ship, etc.) with a company of men,” with the mean-
ing of taking up a specific position on a ship found in use by the 
1690s.97 In 2006, NASA decided to move toward using non-gender 
specific terms in its space program and began using crewed and 
uncrewed (rather than, say, crewless). In 2018, the matter as related to 
aviation was raised by Canada with the need for change then formally 
recognized by the International Civil Aviation Organization.98 In the 
early 2020s, uncrewed became more frequently used in place of 
unmanned in any situation, although at times large organizations such 
as the US Department of Defense used both. Manned is now clearly 
anachronistic. We prefer to use uncrewed in this book, but retain 
unmanned as necessary for historical accuracy and when used in the 
titles of earlier publications. 

Second, it must be acknowledged that scholars from different parts of 
the academy—including the social sciences—interested in science, tech-
nology, and innovation mean markedly different things when they use the 
term technology. It is an imprecise concept. Technology can refer to prod-
ucts, to skills, or to the activities undertaken in developing technologies. 
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Here we largely follow Jeremy Black’s view that technology can best be 
thought of “as a relationship between materials and human ingenuity.”99 
In this reading, it is the process of applying scientific knowledge to mate-
rials to fabricate an object. This analysis employs the more limited sense 
of the term technology as a process that intends to result in a product (i.e., 
as a weapon in a military context). Although the phrase “military technol-
ogy” is used throughout, the origins of any given technology may be 
either civilian or derived from a military need.100 

Third, while it is true that increases in scientific knowledge, organ-
ized and applied for practical purposes, can lead to advances in technol-
ogy, science (by which we mean the knowledge obtained by the system-
atic study of the structure and behavior of the natural world) remains 
distinct from technology. Scientific progress can be purely theoretical; 
this book is more interested in change embodied in new products that 
shape military power. However, we recognize that the distinction between 
the two has become increasingly close with the decrease in time elapsed 
between laboratory and production line. 

Hovering around the term technology throughout this book is the 
word innovation. Innovation is thought of here as the introduction or 
development of a new technology or the adaptation of established tech-
nology to a new use.101 For the purposes of this book, military innovation 
is limited to improvements in technology and the way this technological 
change is put to use. Typically, innovation implies gains in effectiveness 
toward a given pursuit. Understood here, innovation does not include 
changes or improvements in doctrine, organizations, policies, or institu-
tions that may occur independently of technology.102 This more circum-
scribed definition has drawbacks but is a necessary compromise for a 
more laser-like focus on the impact of robotics on war. 

The remainder of this book engages with key theoretical debates 
but does not lose sight of the goal that conclusions reached have real-
world relevance. While the moral, ethical, and legal dimensions of war 
robots are being hotly debated, scant work addresses operational con-
cepts, organizational and tactical reforms, or verification and validation 
tests for the emerging systems.103 To that end, this book is concerned 
with the designs, material inputs, and operational principles behind mil-
itary robots as technical objects. 

There has been a tendency in international security scholarship to 
consider a technical understanding of weapons and other national secu-
rity technologies as edging toward superfluous granularity. Yet, in order 
to properly evaluate the current and latent potential of any weapon, we 
must have a keen appreciation of how it functions.104 
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The chapters that follow are intended to fill these gaps and at the 
same time contribute to higher-order issues in international relations. 
We do not see these as two separate tasks—far from it. A firmer grasp 
of the actual ways that military robots have hitherto been used opera-
tionally and the likely ways they will be employed in the future is a nec-
essary starting point for any meaningful discussion about their wider 
shaping effect on the politics of nations. 

First, we chart the most critical developments in military robotics—
both hardware (i.e., the mechanical platforms and their physical sub-
components) and software, especially artificial intelligence’s ability to 
learn—and explain the persistent challenges inherent in maturing these 
sophisticated technologies. Second, we offer a comparative study of 
nations’ current strategies in the field of military robotics and their sci-
entific and industrial capabilities for realizing these ambitions. Third, 
we provide sweeping analysis of evolving military thought about the 
application of increasingly autonomous robots across various domains. 
Lastly, we theoretically explore how developments in military robots 
and their widespread employment might affect higher-order issues in 
international relations, such as the distribution of power, deterrence, the 
offense-defense balance, arms race dynamics, and the onset of war. 
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