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Chapter 2

Militarised technology

In order to understand the potential role of
technology for nonviolent struggle, it is useful
to understand the actual role of technology for
military purposes. What is technology?* A
simple and narrow definition is that technol-
ogy is any physical object created or shaped by
humans (or other animals). Technologies
include paper, toothbrushes, clothes, violins,
hammers, buildings, cars, factories, and geneti-
cally modified organisms. These objects can be
called artefacts. A broader definition of tech-
nology includes both artefacts and their social
context, such as the processes, methods and
organisations to produce and use them. This
includes things such as the manufacturing
division of labour, just-in-time production
systems, town planning and methods used in
scientific laboratories. This broader definition is
useful for emphasising that artefacts only have
meaning within the context of their creation
and use. In this book, the word “technology”
refers to both artefacts and their social context.

Similarly, “science” can be defined as both
knowledge of the world and the social processes
used to achieve it, including discussions in
laboratories, science education, scientific jour-
nals and funding. The distinction between
science and technology, once commonly made,
is increasingly blurred. The scientific enterprise
is deeply technological, relying heavily on
instruments and associated activities. Just as
importantly, the production of artefacts re-
quires, in many cases, sophisticated scientific
understanding. This is nowhere better illus-
trated than in contemporary military science
and technology. For example, the development
of nuclear weapons depended on a deep under-
standing of nuclear processes, and in turn

nuclear technologies provided means for devel-
oping nuclear science. For convenience, | often
refer just to “technology” rather than “science
and technology,” with the understanding that
they are closely interlinked and that each can
stand in for the other.

In this chapter, I examine military influ-
ences on technology. Some influences are
immediate and obvious, such as military
contracts to produce bazookas and cruise
missiles; others are deep and structural, such as
military links with capitalism and patriarchy.
My approach is to start with the immediate
influences and later discuss the deep ones. The
first section deals with military funding and
applications, training and employment, belief
systems and suppression of challenges. The
second section deals with “countervailing
influences,” namely factors that resist military
influence on technology: civilian applications,
bureaucratic interests and popular resistance.
The final section discusses connections between
the military and social structures of the state,
capitalism, bureaucracy and patriarchy, and
how they can affect technology.

Military shaping of technology

Military priorities play a major role in the
development of many technologies.” Figures 1
and 2 illustrate how this process, which can be
called the military shaping of technology, can
occur. Factors such as funding and employ-
ment are pictured as influences from the top
(“military influence/context”). Military applica-
tions are shown in the middle and civilian
applications at the bottom. Figure 1 shows the
case of science and technology that are very
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specifically oriented for military purposes, such
as the computer software in a cruise missile;
there are only occasionally a few civilian
spinoffs. Figure 2 shows a more general perspec-
tive, looking at entire fields of science and
technology. In this case, civilian applications
are a significant competing influence.

With figure 1, the military-specific orienta-
tion is blatant. With figure 2, it is clear that
both military and civilian purposes may be
served by the same general fields. 1 now look
in more detail at the specific areas of military

funding and applications, training and
employment, belief systems and suppression of
challenges.

Military funding and applications

When money and other resources are provided
to develop certain technologies, obviously this
is an enormously strong influence on what
technologies are actually developed. Military
budgets for research and development (R&D)
around the world are huge. They have resulted
in an amazing array of powerful and sophisti

specific
technologies

military influence/context

specific scientific
p knowledge

(cruise missiles,
fragmentation bombs)

civilian spinoffs

(terrain contours,
flesh-fragment dynamics)

Figure 1. A model of military shaping emphasising military-specific science and technology.
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Figure 2. A model of military shaping emphasising generic science and technology.
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cated weapons, from land mines to aircraft
carriers.

Occasionally military funding leads to ideas,
methods or products that are useful for civilian
purposes. For example, the computer network
called Internet grew out of a network set up by
the US Defense Advanced Research Projects
Agency (DARPA). However, examples like this
are quite compatible with the idea that military
funding is a powerful way of shaping technolo-
gies. The influence of funding simply makes it
more likely—not inevitable—that the resulting
technologies will be mainly useful for military
purposes.

“Funding” is a shorthand for a more
complex process which can be called “military
technological innovation.”®> There are studies
of how military and political elites steer the
process of deciding upon, developing and
deploying military technologies. This research
provides insight into the specific features of
military technological innovation in different
countries and situations; it is fully compatible
with the basic idea that military funding
promotes and shapes technology to serve
military purposes.

The military is always on the lookout for
anything that can be used for its advantage.
There is money to develop techniques and
products. The possibility of applications has an
influence on R&D, by encouraging at least
some researchers to pursue areas where applica-
tions are more likely. For example, some re-
searchers in pure mathematics are more likely
to work in areas where there are possible
applications. These applications might be
computational methods, theoretical chemistry,
energy conservation or ballistics.

Sometimes entire fields are shaped by
military priorities. An obvious example is
nuclear physics, which has received heavy
military funding and provided jobs for many
researchers. Furthermore, in several countries
governments pursued nuclear power pro-
grammes as a means of keeping open the
option of acquiring nuclear weapons or (in the
US “Atoms for Peace” programme) to reposi-

tion nuclear technology as “peaceful.” The
priority on nuclear weapons and nuclear power
has meant that non-military nuclear physics,
carried out in universities, has had a higher
priority than otherwise would have been the
case. Military researchers have been ready to
take advantage of any advance from university
research. Without the military and commercial
interest in nuclear technology, it is likely that
other branches of physics such as solar physics
would have received greater attention.

Microelectronics and computing are other
fields that were, for many vyears, driven by
military applications.* For example, the devel-
opment of sophisticated nuclear weapons
makes heavy demands on computer power. In
the early decades of nuclear weapons, the US
nuclear weapons design laboratories—Lawrence
Livermore National Laboratory and Los
Alamos National Laboratory—worked closely
with computer manufacturers to develop
machines serving their particular requirements
for high-speed numerical computation, and in
some cases purchased a large proportion of the
resulting production runs. Some of the choices
in the architecture of supercomputers conse-
guently reflect military influences.®

Since the development of computers, the
field of numerical analysis—which, in part,
deals with ways to solve problems using com-
puters—has dramatically expanded, and there
are areas of pure mathematics that take up
esoteric questions related to numerical analysis.
Thus, the development of computers has
influenced the research priorities of some
mathematicians; in turn, pure mathematics
research relating to numerical analysis occa-
sionally leads to results that have practical
value.

In this way, possible applications influence
the direction of research. Military applications
are one such application. Thus, although most
pure mathematicians do not have military
applications directly in mind, their work may
be oriented in directions making it more likely
to serve military purposes.
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The large amount of US military funding
for electronics in the years after World War 11
actually led to few transfers for civilian uses.®
In recent years, commercial uses have played a
larger role in microelectronics research.
Commercialisation is even a goal for some
military-funded research.’

In the case of the insecticide DDT during
World War 11, military applications served to
accelerate research in one particular direction.
As a result of the emphasis on short-term
control of insect pests by chemicals to support
the war effort, research into biological control
of pests declined rapidly, institutionalising a
pattern that has persisted long after commer-
cial interests became the primary influence on
pesticide research.®

The social science field of communication
studies in the United States was shaped by
massive military funding and military agendas,
especially in the early years 1945-1960. The
military’s interest in the field derived from
interest in psychological warfare which—in
military terms—included not just propaganda
but also techniques such as deception, “dirty
tricks,” assassination, and terrorism. This
context was omitted from the academic face of
communication studies. Leading researchers
and research centres received massive military
grants. Major military studies were often later
published in academic forums, usually without
acknowledgement of their link to the military.
Communication research was oriented to the
goals of domination and manipulation of mass
audiences. The development and use of now-
standard survey techniques also reflected
military priorities.’

Similarly, research in educational technol-
ogy in the US has been heavily funded by the
military, with military priorities of developing
man-machine systems. Douglas Noble argues
that computers in classrooms and computer-
related procedures are not neutral tools, but
rather reflect military goals. For example, when
educational institutions operate in terms of
“instructional delivery systems,” this can be

said to reflect a military interest in command
and control.*®

It is worth emphasising that military shap-
ing of science and technology can occur even
when researchers themselves do not realise that
military funding or applications are influencing
their work. It is always possible to debate the
true purpose of any research. For example, in
military research on biological agents, military
scientists and administrators may perceive or
portray the research as “defensive”—designed
to counter biological weapons of opponents—
whereas outsiders may believe the research is a
prelude to (offensive) biological warfare."* This
“ambiguity of research” is always present to
some degree, since any technology can be used
for a variety of purposes, though more easily
for some purposes than others.

In the following example, “pure” research is
taken up by the military.

I did my PhD on the theory of dense
plasma—the hot, ionised gas found at the
centre of the sun and red giant stars. The
work involved the calculation of the spatial
correlations between the electrons and
atomic nuclei making up this plasma. The
calculations could be done mathematically
rather than on a computer, but the work was
esoteric, painstaking and even a little
tedious.

En route to take up a postdoctoral posi-
tion in London, | stopped over at the Univer-
sity of California in Berkeley to visit one of
my thesis examiners. He congratulated me on
the thesis, and then remarked, ‘My col-
leagues at Livermore are finding it very useful
for their calculations of what happens at the
centre of a hydrogen bomb explosion.’

Aware that Livermore is a design labora-
tory for nuclear weapons, | replied: ‘Surely
not! 1 thought of that possibility, but
discarded it. My calculations are only valid
for equilibrium systems. A hydrogen bomb
explosion is not in equilibrium.’

‘Ahal” he said. ‘Of course the Livermore
group use enormous computer programs to
do their non-equilibrium calculations. But
they need to check these highly complex
programs by means of mathematical solu-
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tions in special cases. Your calculations are
playing that role.’

A feature of this example from my youth-
ful innocence was that the nuclear weapons
scientists were already using my calculations
before they had been published. But the
main scientific application of my thesis which
I wished to see utilised, the correction of an
error in existing models of the solar interior,
was only adopted three or four years later.?

Such personal concern to avoid military uses
for one’s research is not that common. Much
more typical is a concern to do good science
and not worry about applications. Seldom,
though, is it expressed as bluntly as by a gradu-
ate student at the Massachusetts Institute of
Technology: “What I'm designing may one
day be used to kill millions of people ... | don’t
care. That’s not my responsibility. I’'m given an
interesting technological problem and 1 get
enjoyment out of solving it.”*®

Militaries need to ensure that weapons
systems work as desired. Therefore, they set up
systems to ensure compliance to military
specifications, or simply order certain products
or services that fit such specifications. These
specifications sometimes have an impact on
“civilian” science and technology. In order to
ensure that weapons systems work, the US
Department of Defense enforces regulations
covering certain required standards. Checks are
made of standards for the volt and ohm (units
for measuring electrical potential and resis-
tance) either by auditors or, more recently, by
insisting on documentation of procedures.
These standards may then be used in science.™

The influence of military R&D on techno-
logical specifications is a more subtle influence
than the direct influence on choice of tech-
nologies to produce. It is possible to delve into
the intricate issues of how standards or the
form of civilian technologies have been shaped
by military influences. But whether such influ-
ences exist is less important than the obvious
existence of weapons: technologies designed to
kill or destroy. The choice to produce weapons
is the key issue. Investigating subsequent influ-
ences on the form or application of related

civilian technologies is an intriguing intellectual
puzzle but is not central to the problem of
technology in war.

Training and employment

Prior to World War Il, most scientific research
was carried out by individuals or small groups,
with small budgets. The war and the massive
military funding that accompanied and fol-
lowed it led to science carried out on an indus-
trial scale, with big funding, enormously
expensive pieces of apparatus, large teams of
workers, managerial systems and centralised
control, with an associated dependence on
wealthy patrons, usually the government. This
system of “big science” is ideally designed to
allow control over scientific agendas by state
managers, among whom the military features
prominently.*

Today, most scientists and technologists are
full-time professionals working for government,
industry or universities. To get to these posi-
tions, they first have to undergo a long period
of study and apprenticeship. To obtain a
research post with some degree of authority
and influence in a field, the researcher must
proceed successfully through high school,
university, PhD studies and often postdoctoral
employment. The employment situation and
the training to get there have a big impact on
the sort of work the researchers do.

Most scientific training promotes confor-
mity to standard scientific ideas and methods.
In school and university, students are seldom
encouraged to question conventional ideas such
as cell structure, quantum theory or bridge
design. Most science teachers simply teach “the
facts,” including a set of methods for solving
standard problems. They might want in princi-
ple to foster a more questioning approach, but
in practice the syllabus is usually so filled with
facts and skills that there is little time to do so.
Students who are good at solving complex
problems of the standard type—whether this is
calculus or chemical analysis—are given the
greatest encouragement through the system of
assignments, examinations and grades. Those
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who develop their own methods, or who ques-
tion the point of the exercises, are seldom
favoured, unless they are also extremely good at
the standard approaches.

By the time students are ready to begin their
research apprenticeship, they have imbibed the
current scientific world view. Research then
involves a certain breaking down of the text-
book picture of science, exploring areas where
answers are less predictable and encouraging
limited challenges to orthodoxy.

Although scientific training promotes
conventional orientations to science, a few
individuals come through their education with
unorthodox perspectives. However, it is most
difficult to develop a career at variance with
standard views, because there are few jobs that
allow this. Most jobs in government and indus-
try are for applied research and development,
or in pure research very obviously related to
applied areas. Researchers in government
agriculture departments might study transport
of chemicals in soils. Chemical companies are
likely to employ researchers to develop more
effective pesticides. University researchers
typically have more freedom, but they often
rely on industry or government for grants to
obtain equipment and technical support.
Setting off in a research direction divergent
from the standard one is not an easy road.

The military influence comes in at this level.
The military provides jobs for a vast number of
scientists and engineers, perhaps one quarter or
even one half worldwide. Although a few mili-
tary-funded scientists are able to do “pure
research,” it is in areas of potential interest to
the military, such as theoretical nuclear physics
rather than sustainable agriculture.

The social location of most scientists and
engineers who are not employed directly by the
military is still quite convenient for military
purposes. Most university and industry scien-
tists and engineers are highly specialised in
their training and work: they cannot readily
switch from mechanical engineering to micro-
biology or vice versa. They are generally well-
paid, see themselves as professionals and work

among peers. As a group of workers who are
mainly highly specialised, professionally ori-
ented employees, most scientists and engineers
are receptive to doing work where there is
ample funding. They are trained and employed
as technicians, namely to solve technical
puzzles, and not to explore in depth who
benefits and loses from their work. The funded
research has to be in their field, so that their
specialised skills can be brought to bear; it has
to be sufficiently well funded, in keeping with
their professional status; and it has to be recog-
nised as acceptable by their peers.

The military can take advantage of this
situation. Much military R&D requires highly
specialised skills. The military has plenty of
money to pay for research. Finally, military
funding is acceptable to a good proportion of
scientists and engineers. Most corporations are
happy to have military funding, and so are
most universities."® Most scientists and engi-
neers are happy to accept whatever funding is
available. There are also some who actively
solicit military support, proposing projects that
will appeal to military funders.*’

Occasionally, though, there is opposition by
scientists to military research. The most
prominent case concerned the Strategic
Defense Initiative (SDI), otherwise known as
“star wars,” promoted by the US government.
SDI was announced in 1983 during a massive
mobilisation of the peace movement, and was
clearly an attempt to undermine opposition to
US government and military agendas. Thou-
sands of scientists, seeing SDI as a continua-
tion of the arms race, refused to seek or accept
funding for SDI projects.*®

However, this was an exceptional case, and
even so there were plenty of scientists who were
quite willing to take money for SDI, often with
the rationalisation that they would use the
money for their own research purposes. Critics
saw SDI as both technically infeasible and
militarily provocative. Many of those who
signed the pledge against receiving SDI funding
were not opposed to military funding for
research in areas not related to SDI; indeed,
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many were seeking or in receipt of military
funding.

As noted, SDI was an exception, linked to
the strong antinuclear popular sentiment at the
time. In most cases, there is no attempt at a
boycott, and only a minority of scientists refuse
military largesse on an individual level. For
example, the cream of western physicists joined
the Manhattan Project during World War 11 to
produce the first nuclear weapons—of course
with the honourable motivation of defeating
an evil enemy—and there has been no short-
age of scientists to produce hydrogen bombs,
antipersonnel weapons and instruments of
torture. When the Nazis took power in
Germany in the 1930s, there was very little
political resistance from the German physics
community even though top scientists were
dismissed and pressured to emigrate.™

Groups that might challenge military priori-
ties in a fundamental fashion, such as peace
movements, some churches, some trade unions
and some political movements, seldom have
the resources to fund scientific research, much
less large-scale technological development. The
technically trained labour force is mainly
available to those groups that can afford to pay
for it. The military is in an excellent position to
do so. Even when scientists and engineers are
working for industry and universities, or are
unemployed, they provide a reserve labour
force of experts of potential value for military
purposes.”

Belief systems

Technology is shaped in various ways by
systems of belief, or ideology to use another
expression. At a basic level, it is necessary for a
considerable number of people to believe in
their society’s superiority in order to justify
killing members of other societies, either in
defending against attack or in launching one.
Underlying the existence of the military is the
assumption that it is legitimate to use technol-
ogy to defend a society by force, including these
days mass killing of enemy soldiers and civil-

ians. Technology is a means to achieve a
widely shared aim.

Belief systems do not arise out of thin air.
Education systems, cultural traditions, en-
forcement of ideological orthodoxy and a host
of other mechanisms are involved. How beliefs
influence technological development, and vice
versa, is often hard to figure out. This topic is
far too big to deal with fully here, so a few
examples will have to suffice.

In the 1920s, most aeroplanes were made of
wood but fully metal construction was heavily
researched. The switch to metal aeroplanes
occurred before there was much evidence of
their superiority, arguably because of beliefs
about science and progress. Metal symbolised
both science and progress, hence far more
effort was expended developing and justifying
metal aeroplanes than improving wooden
ones.*

During the Vietnam war, US planners
conceptualised the war in terms of science,
technology, bureaucracy and management.
These were all areas in which the US was
superior, hence defeat was unthinkable. The
conceptualisation of the war as technological
led to the deployment of sophisticated weap-
ons, contributed to the enormous human and
environmental impact of the war (two million
Vietnamese deaths), and helped obscure the
real reasons for US defeat.”

In the case of the Strategic Defense Initia-
tive, there were massive military funding
influences on scientific research, but just as
important were ideological factors. The massive
funding boom for star wars helped to draw
corporations into service to the US military
and to weaken opposition to US military
policy, especially by promoting the idea that
this was a “defence” system. Thus, although
star wars never came close to achieving its
technological ambitions, it “worked” in both
economic and political senses.*® On a wider
scale, it can be argued that the US Cold War
vision of global power on the basis of auto-
mated, centralised control both shaped the
development of computers and was sustained
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by both the technology and symbolism of
computers.**

Suppression of challenges

Military funding, military applications and the
training and employment of scientists and
engineers are all influences that shape science
and technology to be selectively useful for
military purposes. Another influence operates
in a different way, by negative rather than
positive reinforcement: when a development
occurs that challenges military priorities, it may
be subject to attack. This process is not always
straightforward, so it is worth looking at a few
examples. In each of these cases, military influ-
ence is one among a number of influences on
science and technology.

Lucas Aerospace is a large corporation based
in the UK. Much of its work is for military
contracts, specifically for aircraft. In the
1970s, workers at Lucas, concerned about loss
of employment from declining military orders,
developed an alternative corporate plan.* The
alternative plan included a number of products
that could be produced with the facilities and
skills available at Lucas, but which were de-
signed to serve “human needs” such as mass
transit or mobility of disabled people. Note
that the workers distinguished “human needs”
from military contracts.

The management of Lucas consistently
refused to accept any of the workers’ proposals,
insisting on managerial prerogatives, and
rejecting even those alternatives that were
projected to make a profit. This stance by
Lucas management was not taken at the
behest of the military, but it certainly served
military ends (as well as maintaining manage-
rial control). If initiatives such as those by the
Lucas workers had been successful and imitated
widely, they might have been a threat to the
usual acquiescent role taken by industry in
fulfilling military orders, and also a threat to
the achievement of military priorities for
technological development.

In the 1980s, the US National Security
Agency (NSA) attempted to put controls on

mathematical research in cryptography, the
study of codes. Before publication, cryptogra-
phy research was expected to be cleared
through the NSA.** In the 1990s, the NSA
developed a cryptography system—including a
computer chip, the “Clipper chip,” and an
encryption algorithm, “Skipjack”—that would
allow government agencies to read messages
under certain conditions. Most computer
network users strongly preferred encryption
systems—of which a number were available—
that could not be easily cracked by anyone.
The US government banned export of encryp-
tion systems while promoting the Clipper chip.
The primary stated justification for the Clipper
chip was monitoring of criminals, but the role
of the NSA showed the importance of military
priorities. In this case, the alternative, a market
of encryption systems useful for commercial or
private purposes, was opposed by military
interests.”’

Another example is nuclear technology, in
which military and civilian applications have
long overlapped. Nuclear power, inasmuch as it
is perceived to be a civilian technology, helps to
legitimate nuclear technology generally,
including nuclear weapons. There are many
cases of critics of nuclear power—especially
scientists and engineers—who have been
reprimanded, transferred, harassed, slandered
and dismissed.”® Another dimension to this
issue is the attack on alternatives to nuclear
power, such as cutbacks on funding for solar
energy.”

There are not so many examples of attacks
on critics within nuclear weapons programmes,
probably because few weapons scientists are in
a position to dissent openly and still have any
chance of retaining their jobs. Andre Sakharov
in the Soviet Union was a prominent critic
who was sent into internal exile as a result. In
the United States, Hugh DeWitt, a theoretical
physicist at Lawrence Livermore National
Laboratory where nuclear weapons are
designed, has spoken out against government
weapons policies and come under attack within
the lab several times as a result. The impor-
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tance of such cases is not so much their effect
on the individual dissidents, but the example
provided to others who might otherwise have
considered speaking out themselves. Even a few
cases of this sort send a strong message that it is
much safer to work on the job as it is defined
from above.* In this way, conformity to mili-
tary priorities is maintained.

Countervailing influences

Military shaping of technology is not all-
powerful, otherwise every technology would be
oriented to military purposes and we would all
be wearing combat boots and living in fallout
shelters. It is worth outlining the main influ-
ences that resist or challenge military priorities
for science and technology, namely civilian
applications, bureaucratic interests and popular
resistance.

Civilian applications

This is undoubtedly the greatest influence,
covering as it does influences from a host of
other factors from basic needs such as food and
housing to commerce and culture (including
art). Civilian interest groups, including corpora-
tions, governments and consumers, usually
want technologies to serve their immediate
purposes. In capitalist societies, cost in the
market is a key consideration. This explains,
for example, why most industries are not
designed to withstand a military attack. (Only
in a few countries, such as Irag, Sweden and
Switzerland, are some factories built under-
ground or otherwise designed with military
threats in mind.) In most countries, there are
few stockpiles of food, goods or strategic miner-
als beyond what is dictated by the search for
profits. Most road and rail systems are designed
primarily for civilian purposes.

Military influences do have some influences
on all these areas, but civilian influences are
usually much greater. Military influence on
technology is greatest in areas where there is
little civilian interest, such as missiles.

Bureaucratic interests
Within the military and within military indus-
tries, officers, soldiers, managers and workers
have jobs, status, authority, routines, standard
ways of thinking, and emotional commit-
ments. In other words, the current way of
doing things is a way of life. Changes in tech-
nology also introduce the prospect of social
changes. These social changes are likely to be
welcomed by some and opposed by others, in
ways that don’t necessarily correlate with
military efficiency. In other words, vested
interests within various bureaucracies constitute
one influence on technological development.
Sometimes the main vested interest can be
called conservatism, since it manifests itself as
resistance to new technologies. For example,
around 1900, when the new method of con-
tinuous-aim firing from ships was proposed,
bureaucrats within the US Navy at first
ignored and then did everything possible to
discredit the method and delay its introduction,
in spite of the fact that it was vastly superior to
the existing method. The reason for the resis-
tance was that the new method entailed
changes in the organisation of tasks on board:
it changed the arrangements in naval society.*
The introduction of the machine gun
provides another example of military conserva-
tism. It was vastly more effective than rifles
and, because of this, threatened to make obso-
lete the traditional training and tactics based
on beliefs in the importance of courage and
quality of troops. Plentiful evidence was
available of the superiority of the machine gun
in various colonial wars, but these victories
were attributed to white superiority over native
peoples rather than to technological superior-
ity. As a result, the implications of the machine
gun for warfare were not grasped and inte-
grated into military organisations and planning
until well into World War |, when the suicidal
implications of infantry attacks on positions
defended by machine guns eventually became
clear. Even in this situation, hundreds of
thousands of soldiers were Kkilled before
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commanders were willing to recognise the
failure of standard methods.*

Another example is the US-produced M-16
rifle, which was the result of prolonged bureau-
cratic manipulation. Another rifle had been
developed, the AR-15, which attained a high
reputation among soldiers. However, Eugene
Stoner, the designer of the AR-15, worked
outside the Army’s arsenal system, and thus
this rifle was a threat to the bureaucratic status
quo. The AR-15 was subject to numerous
design changes imposed by rigid specifications,
many of which were irrelevant to practical
conditions, such as performing in freezing
temperatures. The design changes led to the M-
16, which was much heavier, inconvenient
and failure-prone, and led to more deaths in
action. Soldiers who were aware of the prob-
lems with the M-16 wrote to their parents who
in turn put pressure on Congress. As a result,
the sabotage of the AR-15 was exposed in
hearings of Congress.*

These examples are distinctive because
strong bureaucratic interests favoured a clearly
inferior technology for the purposes of warfare.
However, bureaucratic interests are present at
all times, and on many occasions they favour
superior technology. This means that the
adoption of a technology, whether technically
superior or inferior, may have occurred in part
because of bureaucratic considerations.

More generally, it is a reasonable assump-
tion that military leaders will not voluntarily
adopt any technology that undermines the
need or rationale for their existence. As will be
discussed later, even when nonviolent methods
of struggle are superior in terms of reducing the
threat from an enemy, militaries favour mili-
tary methods. Military strength creates its own
necessity, by posing a threat to other societies
and stimulating military races.

Without actual war, military technologies
would not need to be efficient for warfare, but
could serve other functions, such as maintain-
ing current bureaucratic systems, creating
profits for industry and providing symbols of
power and masculinity. During the Cold War,

it has been argued, western military weaponry
became more and more “baroque,” namely
excessively expensive and complicated and
hence not likely to be particularly effective.®
The Cold War confrontation provided the
justification for massive military expenditures,
but there was no practical testing of weapons
designed for war between major industrial
powers.

Popular resistance
Another key factor in technological develop-
ment for the military is the unwillingness of
people to support certain methods of fighting.
“People” here includes civilians, politicians,
soldiers, military commanders and engineers.
The role of civilians has been considerable.
Peace movements have campaigned against
various sorts of weapons and, in some cases,
against any form of organised violence. There
have been campaigns against nuclear, biologi-
cal, chemical and antipersonnel weapons,
among others. In many cases these campaigns
are supported by government leaders. The
results can be seen in the limited use of biologi-
cal, chemical and nuclear weapons in warfare
and in treaties against these weapons. The
popular revulsion against certain types of
weapons and warfare is a powerful factor. But
this popular revulsion is subject to change.
Before World War 11, aerial bombing was
thought to be totally outrageous; the 1937
bombing of Guernica by the German-sup-
ported fascists in Spain generated intense
anguish. Yet aerial bombing was adopted by
both sides in World War Il. Through a gradual
process of expansion from military to civilian
targets, aerial bombing became a much more
“acceptable” method of warfare. In the future,
it is quite possible that biological, chemical or
nuclear warfare may become seen as standard
procedure, most likely as a result of all-out war.
Many people have worked and continue to
work to ensure that this does not occur,
through publicity, international law, and de-
struction of stocks of weapons.
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Soldiers and officers also have ideas about
what is acceptable in warfare, and these ideas
have an important impact on technological
development. In previous centuries, armies
faced each other in set-piece confrontations, in
ways that, by present-day standards, seem
incredibly restrained. Then, relatively few
civilians were killed; technologies were designed
mainly for killing soldiers. Today, many more
civilians are killed in wars than soldiers;
weapons of mass destruction are designed for
this purpose.

Most people are highly reluctant to hurt
others. Soldiers have to be trained to Kkill,
especially when the enemy is confronted face-
to-face. There is evidence that most front-line
soldiers in World War 11 and other wars did not
fire their rifles, and that many of those who
did fire intended to miss. In many countries,
armies cannot be filled by volunteers; conscrip-
tion is needed. Technological development has
made it easier to kill at a distance, without
recognising the enemy as a person. Engineers
who design bombers and pilots who fly them
can maintain a psychological distance from
the people who are being attacked. It is possible
to see much of modern weapons development
as a response to a pressure to use fewer people
in fighting and to reduce the need for face-to-
face combat. In this way, the repulsion most
people feel towards killing is sidestepped.
Another way to overcome this repulsion is to
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train soldiers using highly realistic simulations
so that responses become automatic. This has
been done increasingly in the US military since
World War Il, with correspondingly greater
psychological impacts on those soldiers who
engage in “intimate” killing, such as in the
Vietnam war.*

With modern poisons and other small
weapons, it is now possible for one individual
behind enemy lines—especially an agent who
has joined the other side’s armed forces—to be
more potent than a whole battalion of front-
line soldiers. By planting poisons in water
supplies or in the food of individuals or by just
slitting throats, one agent could Kkill hundreds
of soldiers and cause a crisis in morale. Tech-
nological developments could aid such an
approach to warfare. But this has not been a
major R&D focus compared to conventional
weapons. One reason is that it would be diffi-
cult to recruit soldiers to undertake this sort of
killing. Also, if adopted by both sides, it would
be a threat to the military command, since
agents would target officers who, in conven-
tional warfare, are least likely to be Killed.

Taking into account these various counter-
vailing influences, it is possible to present a
more complicated picture of military shaping of
science and technology. Figure 3 shows some of
the influences and some of the connections.

enemies

scientific knowledge

e

T applications

popular resistance
Figure 3. A model of military shaping showing a variety of specific influences on science and technology.
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Deeper links

So far in this discussion of military influences
on the development and use of technologies, it
has been assumed that the purpose of the
military is simply to defend societies against
aggression. This is the usual picture drawn by
militaries and governments and widely believed
by members of the public. But there is another
viewpoint: that the military is tied in funda-
mental ways to social structures, especially the
state, capitalism, bureaucracy and patriarchy.
In this picture, the military both supports and
is supported by these structures. This has impli-
cations for understanding military-related
technology.

Only occasionally are contemporary mili-
tary forces used to engage in combat against
military forces of another country. It is actually
much more common for a country’s military to
be used against the people of the country itself,
most obviously in military dictatorships. This
suggests that militaries have as much to do
with social control—in the interests of certain
groups in a society—as with defence against
foreign threats. At the global level, military
forces and alliances such as NATO serve to
protect dominant groups from challenge. For
example, NATO troops help to sustain global
economic inequality.

The state, in a sociological sense, can be
defined as a community based on a monopoly
over organised violence within a territory, this
violence being considered “legitimate” by the
state itself.** In modern societies, organised
violence is only considered legitimate when
exercised by the police or the military. The
state is more commonly thought of as being
composed of the government (including
national and local officials), government
bureaucracies, the legal system, the military,
and government-run operations such as
schools. The state maintains itself financially
mainly through taxes, administers services and
regulations through government bureaucracies,
and maintains order through the police and
the legal system. In any major challenge to the

system—such as refusal to pay taxes—the
police and, if necessary, the military are
available to maintain state power. War is a
primary impetus behind the rise of the state.
Indeed, war-making and state-making are
mutually reinforcing.”’

The state must defend against external
threats, to be sure, but internal threats are
more frequent and more complex. Most
contemporary states administer unequal
societies, with wealth, status and privilege
distributed very unevenly, usually accompanied
by systematic methods to maintain this
inequality, such as class structure and sexual
and ethnic discrimination. The pervasive
injustice of societies stimulates challenges to the
status quo. In societies with representative
governments, the usual methods of social
control are schooling, manipulation of percep-
tion through the mass media, systems of
legitimacy such as parliaments and courts, and
the economic system. But when these systems
are not sufficient to protect the interests of
dominant groups, the police and the military
may be deployed, for example to arrest demon-
strators or break strikes.

During the cold war, the superpowers could
justify their massive arsenals by pointing to the
threat posed by the enemy. The cold war is
over but military spending, though somewhat
cut back, continues at a very high rate. It has
been widely remarked by commentators that
the US Department of Defense and spy
agencies have been desperately searching for
new legitimations for their existence—favourite
rationales are “rogue states,” terrorism and the
drug trade. The lack of an overt justification
for a continuing military megamachine pro-
vides added weight to explanations referring to
the military’s role in maintaining systems of
inequality.

The links between the military and the state
also have implications for technology. A large
proportion of funding for R&D comes from the
state. This includes many nominally civilian
areas, such as transport systems, communica-
tions, sewerage, energy and industry. Planners
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within the state are likely to prefer technologi-
cal systems that ensure continuation of state
power.

For example, central provision of energy,
through oil and natural gas supplies and
through electricity produced at large power
stations, is ideally suited for allowing state
control or regulation. Taxes can easily be
imposed on such energy operations, since
consumers must obtain their energy from a few
large suppliers. Contrast this with a community
in which building design eliminates the need
for most energy for heating, town planning
allows most people to walk or ride bicycles, and
small local enterprises provide for energy from
the sun, wind and biofuels. With such a
community, there is much less need for strong
state intervention. The energy system is low
risk: there is no hazard from nuclear reactor
accidents, large oil spills, or sabotage of elec-
tricity generating plants. There is less depend-
ence on external supplies, and hence resource
control—and struggles over this control—is not
so vital an issue. There is no great need for
heavy investment in automobile manufacture
or freeway construction, and hence less need
for central regulation or funding in these sorts
of areas. Because the community is largely self-
sufficient in energy, there is less justification for
taxing the energy sector.*®

As will be discussed in chapter 6, the
conventional high-energy-use system, with its
high risks, high vulnerability to disruption and
large economic investments, also makes it a
target for military attack. Thus, military forces
are needed to defend such a system. By
contrast, the low-energy self-reliant system has
much less need for military defence® This
example shows the mutually consistent and
reinforcing roles of the state and the military.
The energy system that provides a convenient
vehicle for state intervention and extraction of
resources (taxes) for the state is also one that
requires and justifies the military. Part of the
state’s extraction of resources is to provide
energy supplies for the military itself. Central-
ised provision of energy is convenient for this

purpose. By contrast, a system built around
energy efficiency, solar heaters and town
planning to reduce transport doesn’t provide
much scope for supporting an energy-hungry
military.

From the point of view of the state, the
traditional dichotomies between “peace” and
“war” and between “civil” and “military” are
increasingly irrelevant. The military capacity
of a state depends on systems of education and
training, R&D and industry, all ostensibly
“civil” arenas. Especially since World War IlI,
the states of industrial societies have pursued
policies concerning knowledge and production
that lay the basis for technological warfare.*

Monopoly capitalism—Dbuilt around large
corporations with active intervention by the
state in support of these corporations—favours
technologies that also tend to be useful for the
military. The automobile industry is an
example. A transport system based on large
production plants is relatively easy to adapt for
military purposes. This is partly because the
plants can be converted to produce military
goods, but more because the plants are con-
trolled by a few people through large corporate
bureaucracies. This organisational structure is
easily influenced to serve military ends, either
through military contracts or through direct
administration in wartime.** By contrast, a
production system based on smaller enterprises
producing more bicycles and fewer heavy
vehicles, with a great deal of worker control, is
less subject to central control either by capital-
ists or military administrators.

The economic system commonly called
communism—but better described as state
socialism, bureaucratic socialism or state
capitalism—serves military imperatives even
more directly and easily than monopoly
capitalism.* In the case of both capitalism and
state socialism, the large scale of production,
the role of the state in regulation and the
system of bureaucratic management of enter-
prises all favour technological systems that are
compatible with military purposes.
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Similar considerations apply to the role of
bureaucracy, which can be defined as a way of
organising work built around the principle that
workers are replaceable cogs.* Bureaucracies
are hierarchical, based on a division of labour
and operate using standardised procedures.
Most government bodies are organised as
bureaucracies, but so are large corporations,
political parties, churches, trade unions and
many other organisations. The military is
perhaps the ultimate in bureaucracies, with its
rigid hierarchy (the ranks) and system of
command. Bureaucracy is the basic organising
principle of the state, monopoly capitalism and
the military. The technological systems fa-
voured by bureaucratic elites are ones that
ensure them a continuing role and position of
power. They tend to favour large systems
requiring centralised control, such as centralised
welfare systems and large hospitals. The previ-
ous examples of transport and energy illustrate
the interests of bureaucratic elites.

Yet another important social structure
linked to the military is patriarchy, the organ-
ised social domination of men over women.
Patriarchy is a pervasive set of relationships,
including male violence against women,
control over reproductive choice, discrimina-
tion in employment, devaluation of child
rearing, different social expectations for men
and women, and many other dimensions. It is
possible to argue that any system of unequal
power, such as systems of central government
and corporate management, are patriarchal in
themselves; in any case, they are highly
compatible with patriarchy, since men control
most of the elite positions and regularly use
their positions to maintain male privilege.

Militaries are notoriously patriarcha
Most soldiers and almost all top commanders
are men, and most military forces strongly
denigrate  human characteristics that are
considered feminine. On the other hand,
militaries are designed for fighting against other
men. Women are victims, to be sure, both as
civilian casualties and through being raped in
wartime and within the military itself. But, it
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may be argued, the function of patriarchy is to
allow some men to dominate other men (as
well as women). If men are mobilised to defend
male privilege and male identity against
women, it becomes easier to maintain the role
of elites (who are mostly men).

The overt influence of patriarchy on science
and technology can be found in a number of
areas, such as reproductive technologies and
theories of brain lateralisation. In terms of
military technology, though, perhaps the great-
est—if rather diffuse—influence is the built-in
preference for violence and technology, which
goes to the core of the military role in society.
Violence is commonly associated with mascu-
linity, whereas nonviolence is seen as stereo-
typically feminine. (This helps explain the
common but quite false presumption that
nonviolence means being passive.) Also, it is a
characteristically masculine trait to be unemo-
tional and aloof. Technology that allows
killing at a distance thus meshes with a
common conception of masculinity.

In recent decades, traditional forms of male
domination in the military have come under
threat as women seek equality within the
armed services in some countries. Furthermore,
some military women—seeing themselves as
feminists—argue that they bring a different
sensibility to the military role, with their
greater ability to relate to local people, espe-
cially women, in UN intervention missions.
This suggests that the conventional picture of
militaries as composed of men exhibiting a
traditional masculinity may no longer be
adequate.® Women can adopt masculine
values and men can adopt feminine values,
and both types of values can be expressed in
either positive or damaging ways. Thus, women
can enter the military with the aim of making
it less oppressive, but at the risk of themselves
becoming acculturated to the military ethos of
competitiveness, hierarchy, domination and
violence. This struggle between military and
feminist values will also be played out in
struggles over choices and uses of military
technology.
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This discussion of deep links between the
military and the state, capitalism, bureaucracy
and patriarchy, and implications for science
and technology, has only introduced a few
ideas from a topic with many dimensions.*
The issues are complex and seldom addressed.
Nevertheless, a few key points are worth
stating again. The military and military-in-
spired technology are not designed just for
defence against foreign enemies, but are more
centrally involved in maintaining social con-
trol. This control is at the service of the state,
of economic elites (in today’s societies, most
commonly capitalists), of elite bureaucrats, and
of the system of male domination. Under-
standing the shaping of science and technology
for military purposes thus is not a simple under-
taking, since it ultimately involves analysis of
all social institutions. A possible picture is given

in figure 4. Although this figure encompasses
more of the processes involved, its vagueness
reduces its usefulness. For many purposes figure
1, for example, is more helpful. Models should
be chosen because of their value in providing
insight, and sometimes simple—and hence
inaccurate or incomplete—models are more
helpful.*’

In this chapter | have focussed on military
influences on and uses of technology. Another
perspective is that technology is shaped more
generally by the structures of the state, capital-
ism, patriarchy, etc., with which the military is
largely compatible. So even without a direct
military influence, technology might still be
“militarised”—oriented to military purposes—to
a considerable extent. This model is compatible
with figure 4. I'm not sure whether it is a better
way to understand what’s going on.

context of the state, capitalism, bureaucracy, patriarchy, etc.

military funding

military bureaucracy

technologies

government

applications

popular resistance

enemies

scientific knowledge

Figure 4. A model of military shaping showing a variety of specific influences on science and technology in
the context of social structures. There are no arrows because the various items are mixed together in a
“soup” of mutual interactions.
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