
 47Volume  1,  number  1-2,  2022

Russian Journal of World Politics and Law of Nations. 2022. 1(1-2). P. 47–86
DOI 10.24833/RJWPLN-2022-1-2-47-86

Innovation  Mirage:   
The  Role  of  Technological  Uncertainty   
in  Military  Instability 
Igor A. Istomin

MGIMO University, Harvard University

Abstract. This article examines the impact of technological changes on the risks of mili-
tary clashes between states. Currently, experts express increasing concerns about the 
destabilizing effect of new weapons (including anti-missile and anti-satellite weapons, 
hypersonic missiles, autonomous lethal systems, and artificial intelligence). These as-
sessments are rarely based on solid theoretical foundations. The author seeks to fill 
this gap, arguing that the emergence of new weapons has a negative impact on in-
ternational stability, and this effect is weakly related to the specific characteristics of 
underline technologies. The theory of technological uncertainty offers an alternative 
to the offence-defence balance theory. The latter has been developed since the 1970s, 
but its validity is questionable. The theory of technological uncertainty attributes the 
destabilizing effect of weapons to the divergence of states’ perceptions of the balance 
of powers, hyped expectations regarding the ability to compensate quantitative limita-
tions with qualitative superiority, and the alarmistic sense of closing windows of oppor-
tunities and growing vulnerabilities. The article tests the theory against the historical 
record of military clashes in Europe from the end of the 18th to the middle of the 20th 

centuries, as well as the crises between superpowers during the Cold War. Empirical 
cases are selected from this period, which is marked by the intensification of qualitative 
arms races between states. In addition, it is also the period most often used to substan-
tiate the offence-defence balance theory. The history of the last t250 years provides a 
solid foundation for the theory of technological uncertainty. All instances of large-scale 
military clashes were preceded by significant technological changes, while peace fell 
on periods of technological stagnation. The author addresses the policy implications of 
the theory for the discussions on emerging weapons in the 2010s and 2020s. The study 
confirms that concerns regarding their destabilizing effect are justified, but for differ-
ent reasons from those put forward by most analysts. A somewhat optimistic caveat 
to its conclusions is the fact that currently emerging weapons are at various stages of 
development. The greatest likelihood of military clashes corresponds to the overlap 
of several technological uncertainties. Therefore, an increase in the time lag between 
introduction of various arms can mitigate destabilizing effect.
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Do advances in technology affect the likelihood of armed clashes between 
states? In the latter half of the 20th century, many believed that the creation 
of nuclear weapons, due to their destructive power, sharply reduced (if not 

eliminated) the risks of political conflicts escalating into military confrontation (Bro-
die 1946; Waltz 1981; Jervis 1989; Glaser 1990; Karaganov 2010). Nevertheless, the ex-
perience of the Cold War showed that even the superpowers continued to fear for their 
own security. Throughout the mid- to the late-20th century, they sought to achieve 
military superiority, choosing not to bank on the stability of mutually assured destruc-
tion (Green, Long 2017).

Concerns about the possibility of a large-scale collision prompted the Soviet Union 
and the United States to develop new weapons – missiles with multiple independently 
targetable re-entry vehicles, anti-submarine defence systems, anti-missile defence sys-
tems, etc. (Brooks 1975). Their appearance, in turn, led to even greater fears of a desta-
bilizing arms race. After the end of the Cold War, the risks associated with creating 
new weapons continued to be of concern to those in the know. Throughout the 2010s, 
the attention of experts was focused on the possible consequences of the development 
of anti-missile defence systems, anti-satellite weapons, hypersonic weapons, auton-
omous combat systems, military applications of artificial intelligence, and weapons 
based on new physical principles (Burano 2011; Brimley et al. 2013; Yesim 2015; Koko 
shin, BlueSky, Potato 2015; The Impact of Technology … 2017; Speier 2017; Klara 
2018; Arbatov 2018; Sechser, Narang, Talmadge 2019; Johnson 2019; Horowitz 2019). 
At the same time, most publications were concentrated on the features of individual 
weapon types. 

The present article aims to place such assessments in the context of a theoretical 
understanding of the impact of technological changes on the likelihood of military 
clashes between states. At the same time, technologies are understood as a repertoire 
of knowledge and skills that ensure the production of tools for human activity, as well 
as artefacts created on the basis of this (Skolnikoff 1994: 13). That is, in this case, vari-
ous kinds of social and managerial technologies are not considered, as these are modes 
of behaviour that are not related to the production of physical objects. 

We argue that the emergence of new weapons negatively impacts international 
stability. In the course of doing so, we solve two interrelated problems. First, the study 
confirms the impact of the dynamics of advances in technology on the possibility of 
military clashes. Second, it reveals the psychological effects associated with the emer-
gence of new weapons that ensure the current balance of dependencies is maintained. 
Accordingly, the article’s main contribution is the original theory of technological un-
certainty, which is designed to explain the logic behind the decisions of countries to 
launch military operations against another state.

We begin our analysis on the impact of new weapons on the likelihood of military 
clashes with a review of the debate on the international political significance of the 
ratio of offensive and defensive capabilities. Experts have used this method since the 
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1970s to assess the risks of launching military action. At the same time, the assumption 
that technological innovations have a differentiated effect on the likelihood of aggres-
sion and the possibility of organizing effective defence is open to criticism. 

In this regard, we offer a never-before-considered explanation for launching 
military action as a product of technological uncertainty. The destabilizing effect of 
weapons is attributed to the differences in perceptions of states about the balance of 
power generated by the emergence of new weapons, overestimated expectations about 
the ability to compensate for quantitative limitations with qualitative superiority, and 
alarmism caused by a sense of dwindling opportunities and growing vulnerability.  

The article demonstrates the advantages of the theory of technological uncertainty 
in explaining the experience of military clashes between European states from the late 
18th to the middle of the 20th centuries, as well as the relations between the superpow-
ers during the Cold War. The choice of empirical materials for analysis is determined 
by the fact that the historical period we are looking at was marked by increased arms 
races between states (Buzan, Lawson 2015). It is also the one most often used to justify 
alternative explanations for the role of technology in military clashes,  

In the conclusion, we discuss the consequences of theoretical developments and 
historical analysis for discussions about advances in weapons moving into the 2020s. 
Our research confirms that fears about the destabilizing factor of arms races are justi-
fied, but not for the reasons put forward by most observers. It is not the specs of new 
technologies that is the issue here, but rather the poorly calculated and often misun-
derstood consequences of advances in weapons. The present article attempts to outline 
possible ways to reduce the emerging risks. 

The subsequent analysis contributes to two areas of international relations re-
search. First, it clarifies notions about the origins of wars between states. The theory 
of technological uncertainty gives weight to previous hypotheses about the psycho-
logical mechanisms that cause political rivalries to turn into military confrontation 
(for example, Blainey 1973; Jervis 1976; Copeland 2001), revealing the material incen-
tives that trigger them. However, it also takes issues with researchers who focus on the 
destabilizing potential of individual technologies (Quester 1977; Jervis 1978; Lynn-
Jones 1995; Van Evera 1998; 1999; Glaser, Kaufmann 1998), as well as with experts 
who are more concerned with the ratio of common potentials when explaining armed 
conflicts (Waltz 1979; Mearsheimer 2001; Lieber 2005). 

Additionally, the present paper complements the rapidly expanding literature on 
the role of technology in international relations in recent years (Ruggie 1975; Skol-
nikoff 1994; Herrera 2012; Golubev 2015; McCarthy 2017). At the centre of this 
discussion since the 1990s has been the mutual construction of material and social 
change. However, any study of the origins of armed conflict is necessarily influenced 
by technological determinism. The present study demonstrates the applicability of the 
provisions developed in the course of science and technology studies (STS) to under-
standing international security issues. 
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2	 In a number of cases, proponents of the offence-defence balance theory call for a broad approach to assessing the ratio 
of potentials, including such parameters as geographic accessibility, the size of cumulative resources, the level of national 
unity and the political legitimacy of the government, the presence and strength of alliances, the size of the armed forces, 
military doctrines, and the organization and  deployment of troops. The inclusion of such a large number of parameters 
complicates the practical use of the theory and makes it virtually unfalsifiable. For an overview of all the variables, see 
(Lieber 2005: 30–32). When carrying out empirical studies, proponents of the offence-defence balance theory are primar-
ily guided by the nature of the dominant technologies of the time. Our subsequent analysis focuses on the “narrow” ver-
sion of the offence-defence balance theory.

The Impact of Technology on the Offence/Defence Ratio

Studies of international security polemicize about the relationship between the 
means of armed struggle that dominated in specific historical periods and the likeli-
hood of military clashes. The theory of the offence-defence balance offers an explana-
tion for the risks posed by technological change (Quester 1977; Jervis 1978; Lynn-
Jones 1995; Van Evera 1998; 1999; Glaser, Kaufmann 1998). Advocates of this theory 
point to a change in the intensity of inter-state conflicts due to the emergence of new 
weapons.2 The emergence of different technologies affects international security in 
various ways. 

Researchers argue that, in some cases, new weapons, while offering advantages to 
the defending side, increase the costs of offensive actions. Consequently, aggressive 
policies are less likely to succeed, and armed conflicts become less effective and last 
longer. The confrontation turns into a war of attrition, and any victory turns out to be 
pyrrhic. For example, in the Middle Ages, stone castles allowed petty feudal lords to 
repel vastly superior forces. By guaranteeing their autonomy, the defences preserved 
fragmentation in Europe. In the same vein, the expanding opportunities for self-de-
fence in the 19th century played a role in the development of rapid-fire weapons. This 
made it difficult for the attacking side to overcome the meticulously planned positions 
of the enemy – a scenario played out in the positional battles of the First World War. 

There are, however, cases where other technological advances have made it easier 
for the aggressor, and far riskier for the defending side. These are technologies that 
increase the possibility of a swift victory, depriving the enemy of the chance to recov-
er from the initial onslaught, regroup and resume resistance. In such circumstances, 
armed conflicts are over more quickly, which thus creates prerequisites for expansion.

For example, the development of firearms in the early modern era made it much 
easier to take castles. This led to the consolidation of sovereign possessions and the 
emergence of centralized states (Parker 1976; Batchelder, Freudenberger 1983). And 
the appearance of tanks was a major factor in overcoming the positional battles in the 
initial stages of the First World War, increasing the possibility of breaking through the 
defence and carrying out manoeuvres behind enemy lines. Mobile units proved their 
effectiveness during the Second World War and the conflicts in the later part of the 20th 
century (Searle 2017).
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In international politics, periods when defensive potentials dominate correspond 
to greater stability, as states face fewer threats of attack and wars become rarer due to 
the high costs. Even actors with a propensity towards expansion are unable to see their 
aggressive intentions put into action.3 The opposite is also true – the spread of technol-
ogies that increase offensive potential increases volatility in the international system. 
The danger of being caught unawares encourages states that maintain the status quo to 
turn to preventive aggression. Offence thus becomes the best form of defence, and the 
threat of armed clashes increases.  

While the theory that the likelihood of war is dependent on the nature of the 
prevailing technologies is widely accepted, it is not without its fervent detractors.4 The 
weak point in the argument was how to decide which technologies should be consid-
ered offensive and which should be considered defensive (Jervis 1978). Throughout 
history, uncertainty about this very issue has repeatedly led to destabilization in the 
international arena. 

The experience of both World Wars is a perfect illustration of the inability of states 
to correctly assess the current balance of offensive and defensive capabilities. In 1914, 
the European powers, expecting a quick victory, were drawn into a positional con-
frontation. In 1939, the opposite happened – France and Great Britain underestimated 
the potential of mobile units and, accordingly, the risks of German aggression (Chris-
tensen, Snyder 1990).

Critics argue that the very division of weapons into offensive and defensive is re-
dundant, as it only applies to the tactical level of confrontation. States seeking military 
expansion adapt all weapons at their disposal to achieve their political goals.5 Similarly, 
the defending side is able to adapt offensive weapons to solve its defensive tasks. As a 
result, the same inventions are used to either pursue an aggressive policy or to protect 
the status quo, depending on the situation.6

For example, in the late 13th century, English ruler Edward I ordered the exten-
sive construction of castles in order to conquer Wales. This led to the formation of a 
network of strongholds that ensured control over the surrounding territories and the 
rapid redeployment of royal troops (Brauer, van Tuille 2016: 116–126). Castles were 
thus not used for their supposed purpose of maintaining fragmentation, acting in this 
case as an instrument of expansion. The Franco-Prussian War of 1870–1871 also il-
lustrates the creativity of the aggressor, as the German troops took advantage of the 

3	 John Mearsheimer pointed out that even expansionist states only tend to start conflicts when they are confident of a 
swift victory (Mearsheimer 1985).
4	 The popularity of the offence-defence balance theory is proved by the fact that the Google Scholar database contains 
28,000 articles on the issue for the 2010s. In particular, it has been widely used to explain the confrontation in cyberspace. 
See, for example, (Saltzman 2013; Gartzke, Lindsay 2015; Slayton 2017; Garfinkel, Dafoe 2019).
5	 For the most comprehensive critique of this, see (Lieber 2005). See also (Gray 1993; Betts 1999).
6	 For example, Geoffrey Herrera claims that in the wars of the 1850s–1870s, the development of the railways helped the 
attacking sides more, while the defending sides benefitted most during the First World War (Herrera 2004). Linking di-
rectly opposite consequences to the same cause testifies to the logical inconsistency of the reasoning. 
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increased rate at which small arms could fire, creating barriers behind enemy lines. As 
a result, the defending French forces had to resort to tactical attacks on fortified posi-
tions in order to avoid being encircled. The resulting losses contributed to the success 
of the German offensive (Lieber 2005: 90–91).

During the Second World War, both the Soviet Union and Germany actively used 
armoured vehicles in defensive operations, despite the fact that tanks are traditionally 
associated with offensive operations. Specifically, it was the manoeuvring of mobile 
units that saved German troops from defeat during the Soviet counteroffensives in 
1941–1943. In turn, the Red Army used tank forces to repel attempts to unblock the 
Stalingrad Cauldron and to hold the defence near Kursk (Izzo 2015; Crow 2015).

It is unsurprising that attempts to link the likelihood of military clashes with the 
ratio of offensive and defensive weapons runs into numerous issues with consistency. 
The first half of the 19th century – when the arsenals of states did not change in any 
significant way – was marked by the Napoleonic Wars and then a long peace under the 
shelter of the “European Concert.”7 Two large-scale wars took place in the first half of 
the 20th century, one during the period of the supposed dominance of defensive poten-
tials, and the other during the period of dominance of offensive capabilities. 

Thus, in one case, the level of military confrontation changed, despite the fact that 
the technological conditions remained the same, while in the other case, the level of 
military confrontation was comparable, despite the advancements in military technol-
ogy. These examples call the explanatory potential of the theory of offence-defence 
balance into question. They do not accommodate for the fact that certain technologies 
generate only stabilizing or destabilizing consequences. 

Accordingly, attributing a given functional role to current military innovations 
(hypersonic carriers, autonomous strike systems, anti-satellite weapons) means un-
derestimating the range of their possible application. It is significant that non-Russian 
publications see hypersonic weapons mainly as a means of delivering a counterforce 
strike to disarm an opponent, while Russian politicians and experts choose to see them 
as a part of guaranteed retribution against an aggressor who has a well-developed mis-
sile defence.8

Thus, the side that lags behind in the development of weapons positions itself as 
the aggressor, while the side that has created advanced weapons positions itself as a 
defensive nation. In actual fact, new weapons have various applications, and they are 
not all immediately obvious to those who developed them. The uncertainty of what 

7	 For an overview of the evolution of international relations during this period, see (Schroeder 1994).
8	 For a detailed analysis of the Western view of hypersonic launch vehicles, see (Speier et al. 2017; Klare 2019). Russian 
views on the same issue can be found in (Karaganov, Suslov 2019: 31). See also: “Putin Announces that US Withdrawal 
from ABM Treaty Has Forced Russia to Develop Hypersonic Weapons,” TASS (September 19, 2020), https://tass.ru/armiya-
i-opk/9501307 (accessed on December 9, 2020). For a more nuanced analysis of the significance of hypersonic weapons, 
see: M. Kofman, “Russia’s Avangard Hypersonic Boost-Glide System,” Russia Military Analysis (January 11, 2019), https://rus-
sianmilitaryanalysis.wordpress.com/2019/01/11/russias-avangard-hypersonic-boost-glide-system/ (accessed on Decem-
ber 9, 2020).
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technological change could bring is often seen as an obstacle to assessing its impact 
on the risk of military conflict (Jervis 1978), when it actually determines its impact on 
international security.

Technological Uncertainty and the Intensity of Armed Conflict

The seriousness of the discussion about the theory of offence-defence balance has 
polarized the research community. Its proponents fiercely defend the need to distin-
guish between offensive and defensive potentials and take the relationship between 
the two into account when assessing the risks of an armed conflict. Meanwhile, critics 
insist that political considerations should take precedence over technological aspects, 
arguing that advances in weapons technologies do not influence the likelihood of in-
ter-state clashes.9

This polarization creates difficulties when it comes to explaining the link between 
the aggravation of conflict with the emergence of new weapons without differentiat-
ing between different types of technologies. At the same time, both sides of the debate 
ignore the impact of uneven technological development on human psychology.10 The 
evolution of the means of warfare distorts the perception of the current and future 
alignment of forces. The uncertainty caused by technological development creates 
risks for international security. 

This section aims to describe the oft-neglected relationship between the emer-
gence of new weapons and the start of military conflicts to present an original theory 
of technological uncertainty. It will also allow us to explain why military clashes occur 
even when no significant shifts have taken place in the balance of forces. An additional 
consequence of the dependence described earlier is the conclusion that changes in 
technology create greater destabilization risks than an increase in the size of armies or 
organizational and doctrinal innovations.   

The impact of new weapons on the likelihood of military clashes is mediated by 
three psychological effects: differences in the perceptions of states about the balance of 
power; inflated expectations of one’s ability to compensate for quantitative limitations 
with qualitative superiority; and alarmism caused by a feeling of waning opportunities 
and growing instability. To explain the logic of our theoretical approach, we will take a 

9	 Keir Lieber offered the theory of technological opportunism as an alternative to the that of offence-defence balance. 
According to this theory, countries seek to use all available weapons to achieve their (usually offensive) political goals 
(Lieber 2005: 4–6). However, it is hard to read such statements as part of an independent theory, as they follow from the 
logic of offensive realism, which attempt to justify the offensive strategies of states. That notwithstanding, there are nu-
merous examples of unjustified technological optimism in history.
10	 Proponents of the offence-defence balance theory point out that the perception of the ratio of offensive and defensive 
potentials may be even more important for international security than the practical capabilities of the weapons them-
selves. They also acknowledge that states often incorrectly assess the consequences of technological developments, 
although they typically put this down to the private preferences of specific interest groups, mainly the military (Van Evera 
1999). 
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deep dive into each of these effects before moving on to a description of the impact of 
technological advances on international security.  

One of the pioneers of international security studies, Geoffrey Blainey, wrote that 
“wars usually begin when fighting nations disagree on their relative strength” (Blainey 
1973: 293). Other researchers would also note the unjustified optimism of political 
leaders in initiating armed conflicts (Lebow 1981; Johnson 2004), while Stephen Van 
Evera agreed that overconfidence about an easy victory is a basic prerequisite for war 
(Van Evera 1999: 117). In all these cases, experts linked military action with the dis-
torted perceptions of decision-makers. 

Where do these distortions come from? Why do perceptions of the balance of 
power differ so much? The answer to this question is often linked to differences in the 
awareness of the warring parties and the inability or unwillingness of one of them to 
divulge real information to the other.11 It is even worse when none of the players has 
complete and reliable information – that is, when the level of uncertainty in the rela-
tionship increases.  

Technological development acts as a powerful source of uncertainty, making it 
difficult to agree on relative strength. As Martin van Creveld noted, technology has 
throughout history had a decisive influence on wars, providing a material basis for 
them (Van Creveld 1989: 1). Advances in weapons technology are creating a new 
means of organized violence, although it is difficult to discern in what ways and to 
what extent.

Physical objects and social relations determine one another. At the same time, 
technological development and social changes have their own internal drivers – their 
transformation is not limited to responding to external stimuli (McCarthy 2017: 11–
12). Otherwise, the dynamics of mutual construction would lead to a stable equilib-
rium that does not allow for deviations. Sociotechnical systems that have achieved 
internal consistency would no longer be able to develop. 

The dualism of the mutual influence and partial autonomy of technological and so-
cial change means that material artefacts allow for different interpretations – although 
not any interpretation whatsoever. Designing potential applications for technological 
advances is a creative process that is difficult to account for. The consequences of in-
novations are too indeterminate to make informed predictions about their most ap-
propriate applications from the range of hypothetically possible ones.

In this regard, the difficulties faced by military organizations when introducing 
new weapons are logical (Van Creveld 1989; Rosen 1991; Horowitz 2010). They are in-
tegrated with existing developments, adapted into doctrines and organizational struc-
tures, and this is viewed with scepticism. Technological innovations themselves rarely 
give impressive results to begin with, often experiencing “teething troubles.”12 As a re-

11	 For discussions on the possibility of formalizing this thesis within rationalist models, see: (Morrow 1989; Fearon 1995; 
Fey, Ramsay 2011; Slantchev, Tarar 2011).
12	 The literature on the role of disruptive innovation in business notes a similar paradox (Christensen 1997). 
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sult, it is not uncommon for a long time to pass between the development of weapons 
and their eventual use on the battlefield. 

While accelerated technological development does not necessarily secure mili-
tary advantages, it does expand the range of possible hypotheses about the current 
situation. Difficulties grasping the consequences of deploying new weapons, as well as 
the differences in the pace of their development and implementation, create room for 
discrepancies in assessments of the current balance of potentials and the possibility of 
this balance tipping in the future.    

The destabilizing effect caused by the uncertainty surrounding the consequences 
of introducing new technologies increases the tendency to ascribe greater importance 
to certain phenomena over others.13 Demonstrating weapons can have a huge psy-
chological effect, creating lasting images in people’s minds. In this respect, military 
parades are frequently used as a form of showing one’s power both to external parties 
and to the general public within the country.14 Colourful images of the latest weapons 
are designed to reinforce the idea of the country’s military power and technological 
potential. 

Consequently, when new weapons are introduced, this is often accompanied by a 
wave of inflated expectations regarding alleged qualitative superiority (Fenn, Raskino 
2008; Dedehayir, Steinert 2016). Technological changes frequently give rise to specula-
tion about the possibility of a revolution in military science.15 Unrealistic expectations 
of new weapons are tempered after they are introduced, but the hype returns when the 
next round of technological development begins. Thus, along with the diverging views 
of parties regarding their relative strength, emerging ideas about the magnitude of the 
consequences of technological advancements also have a negative impact.    

Finally, the fact that the advantages provided by new weapons rarely turn out to be 
long term also increases the likelihood of armed clashes. New weapons do not affect 
the basic foundations of military power, and rivalries between states encourage other 
players to try and make up the technological gap by producing their own analogues 
or developing other counter weapons.16 The development of weapons creates conse-
quences that are similar in nature to political revolutions, although in the opposite 

13	 For more on how the way information is presented affects perception, see: (Tversky, Kahneman 1973; Taylor, Thompson 
1982; Bordalo, Gennaioli, Shleifer 2012).
14	 See, for example, the international reaction to the military parade to celebrate the 70th anniversary of the establishment 
of the People’s Republic of China in 2019 (Cao Siqi, “China to Hold Largest Military Parade in Two Decades to Celebrate 70th 
Anniversary of PRC’s Founding,” Global Times (August 29, 2019), https://www.globaltimes.cn/content/1163004.shtml (ac-
cessed on December 9, 2020); A. Fifield, “China Rolls Out its Military Firepower with emphasis on ‘Cold War-Style’ Nuclear 
Might,” The Washington Post (October 1, 2019) https://www.washingtonpost.com/world/asia_pacific/china-rolls-out-its-
military-firepower-with-emphasis-on-cold-war-style-nuclear-might/2019/10/01/243d5302-e168-11e9-be7f-4cc85017c36f_
story.html (accessed on December 9, 2020); A. Neill, “China Anniversary: Military Parade Brings Out the Big Guns,” BBC 
(September 30, 2019), https://www.bbc.com/news/world-asiachina-49849858 (accessed on December 9, 2020).
15	 See, in particular, the discussions in the 1990s about the revolution in military science brought about the introduction 
of precision weapons (Krepinevich 1994; Cooper 1994; Metz 1995; Sloan 2002).
16	 For more on the role of imitation in international relations, see (Waltz 1979: 128).
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17	 See (Walt 1996).
18	 For more on the role of windows of opportunity and vulnerability in conflicts, see: (Van Evera 1999: 73–103). It is im-
portant to note that the window metaphor assumes a rise in alarmism at various stages. In the case of a window of op-
portunity, the incentive to escalate tensions increases the moment the window closes, as states are afraid of losing the 
advantage they once enjoyed. As for windows of vulnerability, the opposite is true – the incentive is there to pre-empt 
the window’s opening before the state weakens. It often happens that closing a window of opportunity means opening 
a window of vulnerability. 

direction. That is, revolutions lead to a short-term weakening of the state, while tech-
nological changes lead to an equally transient strengthening.17

The fickle nature of the superiority that technological development provides caus-
es many to believe that a limited window of opportunity is created for the side with 
new weapons, while the side that does not have them is temporarily exposed. The risk 
that these technologies will be picked up or copied by other states is a reason to take 
advantage of the supremacy while it is there. Falling behind encourages countries to 
carry out pre-emptive strikes before their vulnerability becomes apparent.18 In both 
cases, states are interested in initiating clashes.

emergence of new 
weapons 

military 
clash 

inflated  
expectations 

divergence in ideas 
about relative 

strength  

window of 
opportunity/vulnerability 

doctrinal and organizational adaptation 

Figure 1. Theory of Technological Uncertainty
Source: compiled by the author.

These logical relationships are presented in diagram form in Fig. 1. Here, the risks 
of armed clashes are linked with the impact of technological change on how states 
perceive the international situation. The emergence of new weapons gives rise to dif-
fering opinions about the balance of strength, inflated expectations about the ability 
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to compensate for quantitative limitations with qualitative superiority, alarmism due 
to a feeling of weakening capabilities, and growing vulnerability. These psychological 
effects can appear separately or at the same time, but they all serve to increase the like-
lihood of a military clash. 

The psychological effects may also make parties less willing to make concessions 
that would lead to a political settlement. This, in turn, lowers the threshold for the 
use of violence. In the context of the emergence of new weapons, a state may start to 
believe that the opposite side is unable to back up its claims with military force. That 
said, the situation urgently needs to be resolved, as it could very well take a turn for the 
worse down the road. In such conditions, there is an increasing willingness to exert 
pressure on the other side or to use extreme measures, including military action.

These relationships are indirectly related to the real balance of potentials, which 
largely depends not on the emergence of new weapons, but rather on the level of doc-
trinal and organizational adaptation of troops to their use. The latter typically becomes 
apparent only in the course of military operations (in fact, combat use itself contributes 
to a better understanding and mastery of weapons). The gap between perception and 
the actual situation on the ground explains why aggressors sometimes lose battles.19

The theory of technological uncertainty says nothing about the impact of the spe-
cific characteristics of new weapons on international security. It does not factor desta-
bilizing consequences into the equation and, as such, it is a criticism of sorts of the 
offence-defence balance theory. It is based on the assumption that there are potentially 
a wide range of uses for new technologies. Even if the weapons turn out to be used 
primarily for defence, their very use increases the risk of the status quo being under-
mined due to their novelty and the differences in the assessments of their significance. 

 The provisions of the theory of technological uncertainty have much in com-
mon with the conclusions presented in studies on arms races (Wallace 1979; Sample 
1997; Gibler, Rider, Hutchison 2005),20 which argue that competition between states 
in defence spending increases the likelihood of wars. While the empirical grounds for 
these conclusions may be reliable, they fall over when it comes to theoretical founda-
tions (Diehl, Crescenzi 1998) – most authors are satisfied with the assumption that 
arms races undermine trust between states and do not pay attention to the connection 
between mutual suspicions and the escalation of conflicts to military confrontations. 
The theory of technological uncertainty gives a detailed explanation of the impact of 
qualitative changes in the armed forces on international security.21

At the same time, studies of arms races mainly refer to gross defence spending, 
covering investments not only in technology, but also in the quantitative build-up of 

19	 Dan Reiter and Allan Stam’s analysis of inter-state wars from 1826 to 1982 revealed that the instigators of armed conflicts 
emerged victorious two times out of three on average (56 to 30). This suggests that aggressors often incorrectly asses the 
relative strength of the sides (Reiter, Stam 1998).
20	For a more sceptical assessment of the contribution of arms races to the launch of wars, see (Rider, Findley, Diehl 2011). 
21	 Tellingly, Barry Buzan pointed to technological change as one of the three sources of arms races (Buzan 1987: 105–106).
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troops. But numerical increases do not generate the same kind of uncertainty as tech-
nological development. And building up numbers itself does not produce serious dif-
ferences in perceptions of the balance of power, meaning that it easier to calibrate 
expectations in relation to them. Accordingly, their significance is manifested only 
in combination with the difficulties in assessing the qualitative characteristics of the 
armed forces.  

To sum up this section, the theory of technological uncertainty offers an alternative 
explanation for the offence-defence balance theory on the destabilizing consequences 
of advances in weapons. It shares the scepticism regarding the a priori attribution of 
a functional role to individual technologies, but does not support the absolutization 
of political considerations. Identifying specific mechanisms that mediate the impact 
of new weapons on the risks of military clashes opens up possibilities for empirically 
testing the proposed relationship. 

Technological Development and Modern Era Wars

The explanation of the origins of military clashes between states offered in the 
previous section differs significantly from existing theoretical approaches. The theory 
of technological uncertainty suggests that an analysis of the purely general structural 
characteristics of the international system and even the dynamics of their changes 
(Waltz 1979; Gilpin 1981; Mearsheimer 2001) is not enough to predict when and why 
a state would transition from political struggle to a military clash. In this regard, rival-
ries can by their very nature (structure) continue for a long time without developing 
into armed confrontation, which was the case during the Cold War.   

The theory of technological uncertainty also rejects the technological determin-
ism that is characteristic of the offence-defence balance theory, which sets out strictly 
defined consequences for individual weapons. In addition, the theory emphasizes that 
the impact of new technologies on the likelihood of conflicts is mediated by three psy-
chological effects (differences in the perceptions of states about the balance of power; 
inflated expectations of one’s ability to compensate for quantitative limitations with 
qualitative superiority; and alarmism caused by a feeling of waning opportunities and 
growing vulnerability). In this respect, it builds on prior work in examining the role of 
the perceptions an misperceptions of states of the international situation (Jervis 1976).

At the same time, not only does the theory of technological uncertainty reproduce 
the provisions of previous theories, it also concretizes and supplements them, taking 
the achievements of science and technology studies (STS) into account. It establishes 
possible causes of errors and discrepancies in perceptions, linking them to the uncer-
tainty generated by technological change, and also aims to assess the impact on the 
only dependent variable – the likelihood of armed conflict – rather than on the broad 
trends in inter-state rivalry and cooperation. At the same time, the explanation of this 
dependent variable is of great value in view of the catastrophic consequences of inter-
state wars.   
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Thus, the theory of technological uncertainty makes it possible to more accurately 
focus analyses than before, helping to concretize a number of previously formulated 
theoretical positions and refute alternate explanations, including the  offence-defence 
balance theory. In a number of cases, supporters of the offence-defence balance theory 
also name misperceptions as a cause of armed conflicts. They often mention such dis-
tortions in cases where states, in their opinion, incorrectly assess their relative strength 
(Van Evera 1998; Van Evera 1999).

That said, proponents of the offence-defence balance theory do not give detailed 
explanations of the causes of these distortions and do not trace their connection with 
the dynamics of technological advancements. Consequently, their arguments about 
the impact of errors in perception on destabilization appear to the ad hoc attempts to 
defend theoretical claims against the numerous empirical anomalies that undermine 
their validity. The theory of technological uncertainty is intended to provide a simpler, 
more internally consistent and verifiable explanation of the origins of wars than the 
offence-defence balance theory. 

The rationale for the theoretical provisions is based on an analysis of the experi-
ence of changes in the ground forces and military clashes between the leading powers 
from the end of the 18th to the end of the 20th centuries. This period is most associated 
with qualitative arms races generated by technological changes  (Buzan, Lawson 2015). 
In addition, it is a significant period for the offence-defence balance theory (Van Evera 
1999: 169).

The focus on relations between the leading military powers is explained by the 
fact that they are the main drivers of technological development in the military field, 
setting an example for other states to try and imitate. And the further prioritization 
of land armies is because of the leading role they play in clashes between large states 
(Mearsheimer 2001). In this regard, the subsequent analysis will demonstrate the 
greater explanatory power of the theory of technological uncertainty compared to the 
offence-defence balance theory when it comes to the key threats to international se-
curity.  

A number of difficulties arise when it comes to analysing the impact of techno-
logical advancements on the risk of military clashes. The first relate to the operation-
alization of the explanatory variable due to the diversity of the changes it describes. 
How comparable, for example, are such innovations as rifled weapons, railways and 
armoured forces?22 The criteria for classifying a given technological innovation as sig-
nificant, rather than an incremental improvement, remain blurred.  

This creates a danger of inconsistencies in the definition of what constitutes a sig-
nificant technology, or how such a designation can be attributed after the fact – that is, 
after they have proven their potential. As a result, a study of the impact of technologi-

22	 It is worth noting here that technological change is not the only variable in current research that presents difficulties 
for operationalization. For more on the challenges in developing concepts in the social sciences, see: (Gerring 1999).
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cal changes on international security requires a detailed tracing of the evolution of a 
wide range of weapons, as well as the impressions that these weapons had on people 
at the time.23

The diversity of technological change prevents statistically significant compari-
sons. Proponents of the offence-defence balance theory faced similar challenges, 
which led them to rely on qualitative methods of analysis. The history the evolution 
of the means of organized violence as documented in fundamental historical works 
helped in this respect (Howard 1976; McNeill 1982; Van Creveld 1989). Descriptions 
of how weapons have transformed over time allow us to assess the impact of techno-
logical advancements on the risks of armed clashes based on an analysis of the most 
prominent cases.  

Given that the theory of technological uncertainty focuses on the psychological 
mechanism that mediate the relationship between new weapons and the escalation of 
conflicts to armed confrontations, an in-depth study of a limited number of cases is 
even preferable to identifying extensive statistical correlations. It allows us to better 
trace the micro-foundations of dependence and assess alleged causal mechanisms.24

Stephen van Evera singled out four periods between the end of the 18th and the 
end of the 20th century in which the main military clashes between European powers 
took place: 1789–1815; 1859–1871; 1890–1918; and 1939–1945.25 Van Evera explained 
these dynamics through the prism of the offence-defence balance theory, although he 
did concede that offensive weapons did not always dominate defensive weapons in 
these cases. That notwithstanding, van Evera argued that, during these periods, states 
saw aggressive actions as having a greater chance of success (Van Evera 1999: 179).

Regarding the period from the end of the 1850s, van Evera noted that technologi-
cal changes favoured defence, but a combination of other circumstances pushed states 
towards aggressive policies. In addition, he put the periods of peace in Europe (1815–
1856, 1871–1890, and 1919–1939) down to changes in the sizes of armies and the 
diplomatic situation (Van Evera 1999: 170).26 The introduction of multiple variables to 

23	 In addition, see approaches to describing the relationship between technological change and the emergence of new 
weapons (Burenok 2010). 
24	 On the advantages of qualitative analysis methods, see: H. Eckstein, 1975. “Case Studies and Theory in Political Science,” 
Handbook of Political Science. Vol. 7, ed. by F. Greenstein and N. Polsby Reading: Addison-Wesley, 1975), 79–138; (George, 
Bennett 2005; Gerring 2006; Bennett, Checkel 2015).
25	 These dates require some minor clarification. First, van Evera does not include the Crimean War (1853–1856) in the sec-
ond period, without providing any compelling reasons for doing so, even though he acknowledges that an increase in 
offensive capabilities had taken place by the time the war broke out (van Evera 1999: 172). Accordingly, this period should 
be expanded to 1853–1871. Second, van Evera links the beginning of the third period (1890–1918) with the collapse of the 
Bismarckian network of alliances and the aggravation of contradictions between the leading military powers, despite 
the fact that none of them entered into direct military confrontation before 1904 (and even then, it was Japan – a non-
European country – that was a participant in the conflict). As such, this period of aggravation of military conflict can be 
reduced to 1904–1918. Third, van Evera’s designation of the period 1939–1945 ignores the Spanish Civil War (1936–1939) 
and the clashes between the Soviet Union and Japan near Lake Khasan and on the  Khalkh River. Plus, the leading mili-
tary powers were involved in both confrontations. Based on this, the final period of exacerbation should be framed as 
1936–1945.   
26	This is a rather broad interpretation of the offence-defence balance theory, which, as we have noted above, is a priori 
unfalsifiable. 
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account for historical experience looks like an ad hoc attempt to justify anomalies that 
run counter to the core tenets of the offence-defence balance theory.

At the same time, the proposed time periods are quite consistent with the provi-
sions of the theory of technological uncertainty. Each period of aggravation in Euro-
pean politics was preceded by a wave of changes in the arming of militaries, which 
led to differences in the perceptions of states about their relative strengths, inflated 
expectations of one’s ability to compensate for quantitative limitations with qualitative 
superiority, and alarmism caused by a feeling of waning opportunities and growing 
vulnerability.

Table 1. Correlation of Technological Changes and European Wars of the late 18th–
mid-20th centuries.

Period of military 
exacerbation Technological prerequisites Major military clashes 

1789–1815 mobile artillery War of the First Coalition (1792–1797)
War of the Second Coalition (1798–1802)
War of the Third Coalition (1805)
War of the Fourth Coalition (1806–1807)
War of the Fifth Coalition  (1809)
The French Invasion of Russia /
War of the Sixth Coalition (1812–1814)
War of the Seventh Coalition  (1815)

1853–1871 rifled breech loaders; steel artil-
lery; railways; telegraph

Crimean War (1853–1855)
Second Italian War of Independence (1859)
Austro-Prussian War (1866)
Franco-Prussian War (1870–1871)

1904–1918 automatic firearms; rapid-firing 
guns; motorized transport; aerial 
reconnaissance; telecommunica-
tions

Russo-Japanese War (1904–1905)
First World War (1914–1918)

1936–1945 armoured vehicles; ground-at-
tack aircraft; motorized infantry; 
radio communications

Spanish Civil War (1936–1939)
Japanese–Soviet clashes (1938–1939)
Second World War (1939–1945)

Source: compiled by the author. 

An overview of the impact of changes in weapons on the risks of military clashes 
from the late 18th to the middle of the 20th is presented in Table 1. The Cold War is not 
included here, as it is a difficult case to explain using the theory of technological un-
certainty, since the rapid development of weapons during this period was not accom-
panied by armed clashes between the superpowers. At the same time, further analysis 
will demonstrate that, in fact, this period does not differ in any serious way from the 
point of view of the explanation that will be put forward. We will also present an ad-
ditional systematization of technological changes in the second half of the 20th century 
and the crises that came with them.



Research  Article

62 Russian Journal of World Politics and Law of Nations

The Use of the Gribeauval System against the Anti-France Coalition

The wars of revolutionary and Napoleonic France were preceded by large-scale 
socio-political upheavals, which have been written about extensively by historians.27 
A number of technological changes also took place during the same period, mainly 
with respect to artillery weapons. These innovations receive less attention in works 
that cover international relations in the late 18th and early 19th centuries, although their 
impact on international security was less pronounced. 

Starting in 1776, sweeping changes were made to artillery weapons in France 
under the supervision of Lieutenant General Jean-Baptiste Vaquette de Gribeauval.28 

Calibres were standardized, new gun manufacturing technologies were introduced, 
and gun sights, fuses, carriages and ammunition were improved. These innovations 
made firearms lighter and easier to use on the battlefield. Technological advancements 
were complemented by a restructuring of the training of professional soldiers. These 
reforms led to artillery becoming more reliable, accurate and mobile (McNeill 1982: 
170–174; Berkowitz, Dumez 2017).

The Ancien Régime failed to take advantage of the Gribeauval System, which was 
only completed towards the end of the 1780s. Although it was instrumental in the 
struggle of revolutionary France with the European powers. Tellingly, it was as an ar-
tillery officer that the future Emperor Napoleon began his military career, and he later 
made full use of the superiority of French weapons in his campaigns (Kiley 2004). The 
innovations of the late 18th century left a lasting legacy – the principles of the Gribeau-
val System would, with minor adjustments, set the course for the development of artil-
lery until the middle of the 19th century. 

While artillery played an impressive role in the wars of France, the period 1789–
1815 provides only weak evidence that technological advancements had an impact on 
the likelihood of military clashes. The formation of anti-French coalitions engendered, 
first and foremost, a sense of fear among the European elites following the overthrow 
of the monarchy (Walt 199; Haas 2005). Subsequently, French expansionism fuelled 
the development of the republican ideology, levée en masse and the meritocracy of 
military command (Herrera, Manken 2003).

Napoleon famously said, “God is on the side with the best artillery.” His confi-
dence in French weaponry affected his perception of the balance of power and his 
readiness to engage in wars. That notwithstanding, the evidence that is available to us 
is not enough to assert that advances in weapons played a significant role in the out-

27	 See, for example: (Schroeder 1994).
28	The French reforms were in many ways a legacy of the innovations introduced by Joseph Wenzel I, Prince of Liechten-
stein in Austria in the middle of the 18th century, under whom Gribeauval  served. However, unlike the later developments 
in France, Austria’s attempts to improve artillery did not lead to a profound revision of the principles and forms of warfare 
(MacLennan 2003).
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break of armed clashes in the late 18th and early 19th centuries. Technological change 
was an ancillary factor to the uncertainty caused by the socio-political and organiza-
tional upheavals that were taking place at the time.      

The cessation of armed conflicts in the following decades against the background of 
a relative stagnation in the development of weapons is a far more compelling argument 
in favour of a testable theory on the impact of technological change on the likelihood of 
armed clashes. Despite the rivalry between Austria and Prussia in Germany, the trade 
competition between Great Britain and France that intensified starting in the 1830s, 
and the disagreements between liberal and conservative powers, peace was nevertheless 
maintained in Europe for almost four decades following the Napoleonic Wars.  

This period was marked by a serious imbalance, with Russia holding an over-
whelming superiority over other powers in terms of the size of its army. The military 
advancements that did take place in the years following the Napoleonic Wars were 
mostly incremental in nature.29 The lack of technological leaps helped maintain pre-
dictability in the balance of power, stave off alarmist feelings that one’s country may be 
falling behind in terms of arms development, and, similarly, reined in expectations of 
qualitative superiority. That is, the absence of significant changes in armaments was a 
factor in maintaining stability.    

Railroads, Rifles, Telegraph Communications and the Wars of 1853–1871

By the early 1850s, the spread of new means of transport and communications, 
coupled with the development of small arms and artillery weapons, made the pos-
sibility of a clash breaking out between European powers increasingly real (Showalter 
1975; Herrera 2004). Advancements on a large scale brought previously stable notions 
about the balance of power into question, resulting in a series of wars. This period in 
history supports the assumptions of the theory of technological uncertainty and con-
tradicts the provisions of the offence–defence balance theory.  

The development of modern railways began in Great Britain in the 1810s, but rail 
transport was not used for military purposes until the 1840s in Prussia. Berlin started 
to finance the construction of commercial railways in strategically important areas. 
Other powers would soon do the same (Showalter 1975; Herrera 2012). Railways were 
used to deliver troops to the front for the first time during the Second Italian War of 
Independence in 1859. In 1866, the advantages that a developed transport network 
provided in terms of getting a large number of troops to the front quickly factored into 
Prussia’s calculations when it was pondering launching a war against Austria.30

29	For example, in 1827, the French artillery switched from the Gribeauval System to the Valée system, with other European 
powers following suit in the 1830s. The changes were intended to further increase the mobility of artillery, but did not 
include the kind of game-changing transformations that had taken place in the latter half of the 18th century.  
30	See, in particular, the Rationale for the Campaign against Austria of April 20, 1866 by Chief of the Prussian General Staff 
Helmuth von Moltke (Moltke 1992).
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In subsequent years, Paris invested heavily in increasing the density of its rail net-
work. This formed the core of its plans in the period leading up to the Franco-Prussian 
War of 1870–1871. France expected to defeat the larger German forces before the foe 
had been able to fully deploy its troops (Howard 1961; Wawro 2005). That is, Paris also 
hoped to compensate for the mismatch in size with superior mobility. The decision 
was precipitated by concerns that Berlin might close the gap in this area. 

The expanded use of the railways was accompanied by a similar increase in the 
firepower of troops. In the late 1840s, French inventor Claude-Etienne Minié proposed 
an expanding bullet that would increase the rate of fire from muzzle-loading rifles. The 
advantages of rifles in terms of range and accuracy had long been known, but issues 
with loading prevented them from becoming widespread. The so-called Minié ball 
solved this problem, and their extensive use during the Crimean War proved the dev-
astating effect of the invention (Showalter 1975: 93; Shah 2017).

It was also in the 1840s that Prussia started experimenting with a breech-loading 
needle gun developed by Johann von Dreyse. The gun was far superior to the usual 
muzzle-loading weapons in terms of the rate of fire, while also enjoying the advantages 
of a rifled barrel. However, there were doubts about the reliability of the Dresye gun, 
which meant that the Prussian army was slow to adopt it. In fact, it was not until 1858 
that it became an official weapon of Prussian soldiers (Showalter 1975: 99). 

The new weapon proved its effectiveness in the war of 1866, prompting Prussia’s 
rivals to switch to breech-loading small arms as well. Influenced by the successes of 
Berlin, Paris adopted the Chassepot rifle, which had a range twice that of the German 
gun. This, along with the appearance of the mitrailleuse (a forerunner of the machine 
gun), convinced French leaders that the country was ready to go to war with Prussia 
in 1870. The density of the French rail network, and its superiority in terms of small 
arms fuelled optimism in Paris that it could defeat the German states against which 
had declared war.   

At the same time the revolution in small arms was taking place, advancements 
were also being made in terms of artillery. From the late 1840s, states started to in-
troduce rifles, which provided a greater range of fire. They also replaced solid metal 
ball ammunition with explosive projectiles. France demonstrated the advantages of 
the new guns in the war of 1859. Around the same time, German industrialist Alfred 
Krupp developed a steel breech-loading gun. It differed from previous bronze models 
in its greater range and durability. Berlin hastened to get the new guns into use, while 
Paris underestimates Krupp’s innovation. These differing assessments played a role in 
the calculation of the parties on the eve of the war in 1870–1871. As the conflict un-
folded, Prussia’s steel guns proved superior to the weapons the French side was using 
(Showalter 1988).

A less prominent innovation of the middle of the 19th century was the telegraph, 
which expanded the possibilities of command and control. The development of com-
munications helped speed up the process of mobilizing troops and improve the coor-
dination of military operations in conditions where the sizes of armies were constantly 
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growing (Herrera 2004). Telegraph communication was first used during the Crimean 
War, and subsequently played a significant role in the Franco-Prussian War. That said, 
there is no evidence in the available sources and literature to suggest that the develop-
ment of communications had a serious impact on the calculations of states. On the 
contrary, the Chief of the Prussian General Staff, Helmuth von Moltke, feared that 
these developments would lead to excessive centralization of command and control, 
which in cause would cause commanders to be less decisive on the battlefield. It was 
not until the Franco-Prussian War was in full swing that he changed his opinion on 
the matter.  

On the whole, the period 1850–1870 was marked by the emergence of numerous 
technological innovations in European armies. The significance of these innovations 
was assessed differently by individual powers, reflecting the difference in how they 
perceived the balance of power and in their ideas about an imminent revolution in 
military affairs. The wars that took place between 1853 and 1871 confirmed time and 
again the impact that technological advancements had on military clashes. During 
this period, states repeatedly entered into armed confrontations with opponents who 
clearly had a numerical superiority, counting on their own technological supremacy.31 
They often pinned high hopes on the inventions they introduced, attributing revolu-
tionary consequences to new technological capabilities.32

Finally, they sought to take advantage of the closing window of opportunity before 
others could catch up. A prime example of this was France’s decision to declare war on 
Prussia in 1870: Paris believed that investment in railway construction would allow it 
to deploy an army before the enemy, which had greater numbers of trained reservists, 
had a chance to fully mobilize. It was also confident in the advantages that the latest 
Chassepot and mitrailleuse rifles would give it. At the same time, Paris was concerned 
that Berlin would be able to quickly close the gap, and therefore sought to force mat-
ters. However, all these calculations turned out to be wrong.  

Thus, the development of events in the middle of the 19th century fully corre-
sponds to the assumptions of the theory of technological uncertainty. The wars of this 
period provide compelling evidence to support this theory, as many of the innovations 
that appeared during this time would come to be associated with improved defensive 
capabilities. That said, the growth of uncertainty in the 1850s–1860s caused by the ap-
pearance of these new technologies stimulated an aggressive policy based on military 
power.     

31	 Examples of this include the actions of London and Paris during the Crimean War, Berlin during the Austro-Prussian 
War, and Paris during the Franco-Prussian War.
32	 See, for example, Helmuth von Moltke’s comments on how improvements in firearms influenced his tactics (Moltke 
1992).  
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Rapid Fire Artillery, Automatic Weapons, Aviation and the First World War

After the end of the Franco-Prussian War, peace was established in Europe for 
four decades. The fact that the continent remained conflict-free for so long is often 
attributed to the diplomatic genius of Otto von Bismarck, who managed to get states 
to cooperate by developing a network of mutual obligations (McDonald, Rosecrance 
1985; Schroeder 2004; Alexandroff 2014). But the fact remains that even after his re-
moval from office in 1890, the European powers did not enter into any armed confron-
tations with each other for almost a quarter of a century. This long period of peace can 
be put down to the relative predictability of the balance of power at the time.  

The main change in European armies after the Franco-Prussian War was the re-
placement of single-shot rifles with multi-shot rifles, which further increased the rate 
of fire. States started to introduce them into service on a large scale in the mid-1880s 
(Stevenson 1996: 17). These developments coincided almost perfectly with the inven-
tion of smokeless powder, which had a greater explosive power than the previous gun-
powder used. However, its usability in terms of increasing the range of fire was ham-
pered by problems with stabilizing the guns. 

On the whole, by the late 19th century, the pace of development of land weapons 
had slowed down compared to the middle of the century.33 This situation was partly 
responsible for the closeness of views among states of their relative military potentials, 
their tempered expectations, and the reduction of alarmist statements about loosing 
opportunities and growing vulnerability. In the event of a crisis, states preferred to 
negotiate, rather than rely on military force.34

The pace of technological change picked up once again at the beginning of the 20th 
century. Just like in the middle of the 19th century, innovations in various areas ap-
peared simultaneously, leading to an increase in firepower and the scale of operations 
and to the emergence of a fundamentally new space for confrontation. The develop-
ments again created an imbalance in the capabilities of states, and this became a factor 
in the outbreak of the First World War. 

The most significant changes in terms of building up military potential oc-
curred in artillery. In 1897, a field gun equipped with a recoil mechanism appeared 
in France. It provided a significant increase in speed, accuracy and range com-
pared to its predecessors.35 Before this, the recoil after firing meant that guns had 
to be constantly repositioned and aimed. Recoilless guns made it possible to ad-

33	 However, rapid changes were taking place in the technological equipment of naval fleets. For an overview of the evolu-
tion of naval forces, see (Van Creveld 1989).
34	 For example, during the “war scare” of 1875, the escalation of the situation caused by the Russo-Turkish War of 1877–1878, 
and the Fashoda Incident of 1898. For an overview of the political history of this period, see (Taylor 1955).
35	 Recoilless guns had previously been used in naval artillery. In 1877, the V.S. Baranovsky quick-shooter was developed in 
Russia, although it was never put into wide production.   
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just fire and shoot from closed positions based on information from fire spotters  
(Herrmann 1997: 17–18).

The French kept their new invention secret for several years, although this did not 
bring Paris any dividends. The hit in prestige suffered by the army as a result of the 
Dreyfus affair prevented France from pursuing an aggressive policy. Other countries 
started to adopt guns with recoil mechanisms in 1902. Large-calibre recoilless howit-
zers appeared the following decade. By the beginning of the First World War, Germany 
had become a leader in the development of artillery.36

Another important innovation was the appearance of machine guns. Back in 1884, 
the American inventor Hiram Maxim proposed a promising system of automatic fire, 
but the European powers were sceptical. The experience of colonial conflicts and the 
Russo-Japanese War of 1904–1905 gradually dispelled these doubts. The European ar-
mies feverishly stocked their armies with machine guns in the decade preceding the 
outbreak of the First World War (Herrmann 1997: 19–20).

The increase in rate of fire made troops more dependent on supplies, which, in 
turn, prompted the expansion of the use of motorized transport to deliver goods from 
railway hubs. With the growth of armies, the military also became interested in new 
means of communication, primarily telephone communication, since radio station re-
mained too complicated, inconvenient and expensive. Nevertheless, during the First 
World War, officers continued in many cases to rely on messengers to transmit infor-
mation to the battlefield, and weapons were mostly delivered on horseback.  

The early 1900s saw the field of battle move to the air. Before this, attempts had 
been made to use balloons for military purposes, but controlling vehicles in flight 
proved to be difficult before the advent of internal combustion engines (Ziegler 1994). 
From 1906, European armies experimented with the use of airship, and after 1908, 
they began to study the possibilities of the recently invented airplane (Herrmann 1997: 
75, 138). France initially took the lead in this area, but Russia and Germany had caught 
up by 1914. The limited carrying capacity of planes made aerial bombardment point-
less, but they did expand the ability to monitor the movement of troops. Aviation was 
also used to artillery spotting. 

The increase in firepower made it difficult to capture the prepared positions of an 
entrenched enemy, meaning that serious changes in tactics and operational art were 
needed. The wall of fire produced by machine guns forced attackers to lie down on the 
ground, where they would be taken unawares by mounted artillery shelling. Carrying 
out offensive operations in such conditions required the development of tactics that 
were inaccessible to European armies at the time.37 That notwithstanding, states con-
tinued to consider offensive manoeuvres as the best option for military action, trying 

36	Among other things, Germany acquired twelve 305-mm calibre siege mortars and five 420-mm calibre guns; no other 
country could boast weapons of this kind (Herrmann 1997: 201).
37	 The implications of increased firepower for military tactics back then are detailed in (Biddle 2004). 
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to adapt new technical means to it (Van Evera 1984). The lack of experience in using 
such technology in live conditions made it difficult for the armed forces to adapt, both 
strategically and organizationally. 

At the same time, the armed forces of Russia and France were traditionally supe-
rior to those of Germany and Hungary in terms of total strength. Despite this, up until 
the mid-1910s, Berlin remained convinced it would be victorious in any potential class 
due to the speed at which it could mobilize troops, its better organization, and the fact 
that its army possessed a greater abundance of advanced weapons. Germany’s strategy 
was based on balancing out quantitative disparity with qualitative superiority. By 1914, 
Germany had caught up with France in those areas where it had previously lagged 
behind (the widespread provision of machine guns, field guns and aircraft to troops), 
while maintaining its superiority in heavy guns.   

At the same time, Berlin was concerned by Russia’s resurgence, which consisted 
in a bigger army, improved training methods, the provision of advanced  weapons, 
and increased mobilization speed. Germany’s Minister of War Josias von Heeringen 
admitted in April 1913: “Russia had enough men and money and a willing parliament. 
Already today it had 400,000 more men than in 1912.”38 Germany came to the conclu-
sion that the strengthening of Russia in the coming years would ensure the superiority 
of the Entente. The gap in size of the armies threatened to increase even more, while 
Berlin’s technological superiority was in danger of fading, which would increase its 
vulnerability. Meanwhile, St. Petersburg and Paris were confident that their joint ca-
pabilities in 1914 were enough to ensure victory (especially with the participation of 
Great Britain). Although they acknowledged that their prospects would be less rosy if 
they were to lose their Balkan allies (Clark 2012).

In the period leading up to the First World War, states paid great attention to the 
number of bayonets they had at their disposal. Both Germany and France changed 
their conscription rules in order to have a larger pool of reservists and build up a per-
manent contingent. However, the size of the armies themselves said very little about 
the actual balance of power. Their battle-worthiness was in large part linked to their 
mastery of weapons, many of which had yet to be tested in real combat conditions. At 
the same time, the increase in firepower created unjustified expectations that a mili-
tary confrontation would take the form of a short, extremely intense engagement in 
which the speed of initial mobilization would play a decisive role. As usually happens 
when new technology appears, these expectations fell far short, but the belief in the 
superiority of the first strike made the stakes that much higher.     	

The events of the early 20th century confirm the destabilizing effect of techno-
logical change, in combination with other factors, including the growth in the size of 
armies, the quality of military training, and the dynamics of relations in coalitions. 
Rapid changes in armaments made it difficult to assess the international situation, el-

38	Quoted by (Herrmann 1997: 183).
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evating the risk of a military clash even more. The major European powers differed in 
their ideas about the balance of power, taking both qualitative and quantitative char-
acteristics into account. Berlin and Vienna in particular relied heavily on their ability 
to compensate for their numerical disadvantage with technological and organizational 
superiority. All the warring parties, especially Germany and Austria–Hungary, were 
concerned about their increasing vulnerability in the face of the modernization of their 
opponents’ armies. In this case, the explanatory power of the theory of technological 
uncertainty is noticeably greater than that of the offence-defence balance theory, since 
the weapons that appeared did not enhance offensive operations, but rather distorted 
the perception of the balance of power. 

The Technological Foundations of Blitzkrieg and the Second World War

The prerequisites for the next wave of technological development were laid as ear-
ly as during the First World War. The mechanization of the armed forces, coupled with 
the development of aviation and the emergence of new means of communication again 
complicated the perception of the balance of power in the 1930s. As a result, the next 
clash of European powers took place only two decades after the previous large-scale 
conflict. 

Any discussion of the origins of the Second World War cannot ignore the ag-
gressive aspirations of Nazi Germany, which sought to master the “living space” and 
achieve European hegemony (Kamenetsky 1961; Koch 1983). However, until 1939, 
Berlin acted cautiously, hiding its ambitions and potential, only moving to open ex-
pansion when it was sufficiently confident in the capabilities of the German armed 
forces (Mihalka 1980). At the same time, just like in 1914, Germany was counting on 
its qualitative superiority as a counterbalance to its quantitative limitations.  

The most important technological innovation in the final battles of the First World 
War was the appearance of tanks. Tracked armoured fighting vehicles helped to over-
come zones of intense enemy fire, punch holes in barbed wire barriers, and suppress 
machine gun emplacements. However, early tanks were slow, poorly protected and 
unreliable. Moreover, the armed forces could not figure out the best ways to use them 
back in 1918.39

In the interwar period, European powers actively experimented with various de-
signs of armoured vehicles. By the end of the 1930s, the thickness of the armour, cali-
bre of the guns, and speed of the vehicles had increased, and exotic designs with sev-
eral turrets were gradually abandoned. In the middle of the decade, light tanks made 
up the core of the arsenals of the European powers, which provided protection against 

39	Alaric Searle, who wrote the most comprehensive history of the armed forces, claims that tanks made an important 
contribution to the victory in the First World War (Searle 2017: 33), although most historians do not share his enthusiasm 
(Rosen 1991; Childs 1999; Biddle 2004: 34–35).
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bullets only (for example, the German Panzer I and II, and the Soviet Т-26). In many 
cases, they were equipped with machine guns, rather than canons. 

By the start of the Second World War, new medium and even heavy tanks had 
started to play a leading role (examples include the Panzer III and IV, the T-34 and the 
KV-1 and KV-2). At the same time, until 1940, most countries continued to see tanks 
primarily as a means of reinforcing infantry, rather than the basis of offensive power. 
Armies were unable to adapt to the new technological capabilities    (Murray 1996; 
Searle 2017).40

It was only when planning its campaign against France in the winter of 1940 that 
the German military developed the concept of using mobile formations to encircle 
the enemy, which would later be termed blitzkrieg (Mearsheimer 1985; Posen 1984). 
Carrying out such operations required both a new approach to the use of tanks, and 
an increase in the mobility of the accompanying infantry. This led to an increase in the 
use of light armoured vehicles to transport troops close to the battlefield. 

Managing mobile units increased the requirements for communication technolo-
gies. This was not as important during the positional battles of the First World War, 
but organizing offensives of large groupings of troops increased the need for com-
munication several times over. From the mid-1930s, the German armed forces started 
to purchase radio equipment in far greater volumes than their potential adversaries, 
using it to coordinate actions at the tactical level (Citino 2004).

Another manifestation of technological advancement was the improvement of 
aircraft. At the same time, states followed different paths in the development of their 
respective air forces. Great Britain was more focused on creating a material base for 
strategic bombing of the rear, which would require increasing the payload of aircraft. It 
was also interested in developing its air defence capabilities, launching a radar network 
by the beginning of the 1940s (Meilinger 1996; Overy 2010: 27–28).

Germany, the Soviet Union and France were more interested in aircraft that would 
provide support for ground force operations. Accordingly, they focused on develop-
ing attack aircraft. German Junkers Ju 87 dive bombers, first tested during the Spanish 
Civil War, proved effective with the support of mobile formations. At the same time, 
Germany lagged behind in the development of heavy aircraft, which became evident 
during the Battle of Britain in 1940 (Young 1974; Corum 1996; Muller 1996; Overy 
2010: 27–28).

Technological uncertainty played a significant role in the launch of military clash-
es in Europe. By 1939, Great Britain and France had an edge over Germany in terms 
of the number of tanks and aircraft, although Germany did have more weapons. At 
the time of the invasion of Poland, Berlin had not yet adapted to the new technologi-
cal possibilities in terms of its military doctrine. While this did not prevent Germany 

40	The Soviet Union differed in this respect, as it embraced the idea of using mobile formations to break through defences 
and carry out actions in depth more than any other state (see Mints 2010). 
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from defeating an obviously weak opponent, it did not guarantee victory in a war with 
major powers. 

Great Britain and France underestimated the importance of new weapons, count-
ing on a repetition of the experience of the struggle of attrition of 1914–1918. In the 
1930s, Paris invested in an advanced fortification system, pinning its security on the 
advantages of a defensive strategy. Meanwhile, London was determined to exhaust the 
enemy with strategic bombing, taking advantage of its supremacy in heavy aircraft 
(Posen 1984). As a result, having declared war on German, the Western allies could not 
turn their qualitative superiority into victory. 

By 1940, the German leadership had developed a new approach to the offensive 
built around armoured forces, which it used against France. One of the major factors 
in the decision to attack France was the technological superiority of German weapons 
and, most importantly, the fact that German troops knew how to use them. Given the 
technological innovations at its disposal, Berlin expected to encircle and defeat the 
sizeable Franco–British forces. And the results exceeded Germany’s wildest expecta-
tions (Jackson 2004; Frieser 2005).

In turn, Germany’s invasion of the Soviet Union stemmed not only from Hitler’s 
ideological programme, but also from the desire to deprive Great Britain of potential 
allies to continue the struggle. Germany’s lack of resources for a long campaign, cou-
pled with its desire to end the war in the west paradoxically pushed it to aggressive 
actions in the east. Hitler’s primary foal in the war with Moscow was not so much to 
capture territory as it was to destroy the Soviet Union’s military and industrial poten-
tial (Stahel 2009: 38, 54, 61, 71).

Looking at the latent capabilities of the Soviet Union, Berlin once again relied on 
qualitative superiority, counting on the rapid defeat of the Red Army. The German 
leadership’s underestimation of the Soviet enemy was based, among other things, on 
notions about the inferiority of Slavic peoples and the consequences of Stalin’s purges 
of the command personnel. Berlin’s calculations were also heavily influenced by the 
confidence in the superiority of German weapons. 

Chief of the General Staff of the German Army High Command Franz Halfer, 
who planned the invasion, noted in his diaries that the Red Army aviation was archaic, 
its artillery was based on obsolete models, and its tanks were noticeably inferior to 
Panzer IIIs. At a meeting on December 23, 1940, German intelligence emphasized 
the shortcomings of the armoured vehicles of potential enemies in terms of security, 
speed, communications and targeting devices (Stahel 2009: 63, 70). Based on these as-
sessments, we can conclude that it was not the possible resistance of the Red Army that 
caused Berlin concern, but rather the likelihood of its retreat deep into Soviet territory 
and the subsequent prolongation of the campaign. 

Just like in the period before the First World War, technological uncertainty (in 
combination with other factors) influenced the decision to initiate a conflict in the 
late 1930s. The years running up to the war saw the widespread introduction of new 
weapons. As a result, states differed significantly in their doctrinal and organizational 
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adaptation to the use of new technologies. Paris underestimated the capabilities of 
armoured forces, prompting it to declare a war it was not ready for, and then passively 
accept a German invasion. And Germany’s reassessment of the successes of the French 
campaign created inflated expectations among the country’s leadership regarding its 
technological superiority over the Soviet Union.    

In both cases, the ideas of these countries about the balance of power turned out 
to be incorrect. Berlin’s decisions were also influenced by the thought that the window 
of opportunity for an attack was closing, given the greater industrial potential of its ad-
versaries and its own limited resources. Meanwhile, Paris and London proceeded from 
the fact that their window of opportunity for resisting German expansion was largely 
closed, and therefore did not take any pre-emptive actions, despite their numerical 
superiority. Finally, Moscow sought to delay its entry into the war, hoping that its vul-
nerability would decrease as the Red Army completed its modernization. 

The period 1936–1945 provides limited opportunities for comparing the theory 
of technological uncertainty with the offence-defence balance theory, which, for its 
proponents, is associated with the growth of the offensive potential of states and, ac-
cordingly, the likelihood of conflicts escalating to the stage of military confrontation. 	
Under these conditions, it is difficult to assess which of the two hypotheses better ex-
plains the outbreak of the Second World War. At the same time, the theory of techno-
logical uncertainty is supported by the fact that the states had distorted ideas about the 
balance of power, and did not unanimously prefer offensive actions, as one may expect 
from the nature of their weapons. In addition, both high expectations associated with 
technological innovations and alarmism about the likelihood of a rapid change in the 
situation were present during this period,  

Technological Changes during the Cold War

It would appear that it is rather difficult to apply the theory of technological un-
certainty to the Cold War period. While it is marked by the intensive development of 
weapons, there was no direct military clash between the Soviet Union and the United 
States. This could lead us to the conclusion that there is no relationship between tech-
nological change and the risk of military confrontation. At the same time, proponents 
of the offence-defence balance theory explain the period of peace in the latter half of 
the 20th century by the appearance of nuclear weapons, which ensured the dominance 
of defence (Van Evera 1999).

The purpose of this section is to prove that the historical period of the Cold War 
does not contradict the provisions of the theory of technological uncertainty. It allows 
us to explain both the absence of a direct military clash, and instances of intensified 
rivalry between the Soviet Union and the United States. In this respect, it has greater 
explanatory power compared to the offence-defence balance theory. In addition, the 
experience of the second half of the 20th century highlights the differences in uncer-
tainty generated by single and multiple technological advancements.  
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While several new types of weapons appeared during the Cold War, they were 
introduced over the course of a long historical period. The risks created by technologi-
cal change did not overlap, but instead spread out over several decades. This is where 
the second half of the 20th century differs from the middle of the 19th century, and the 
periods leading up to the outbreak of the two world wars. This difference was caused, 
on the one hand, by fact that technological uncertainty was not as pronounced at spe-
cific points in time, and, on the other hand, by the fact that this uncertainty came in 
several bursts.  

As new weapons appeared, the superpowers experienced periods of heightened 
mutual fears, but ideas about the balance of power did not differ enough to bring about 
actual armed hostilities. However, they did provoke a number of crises that brought 
the sides to the brink of aggression. Thus, the Cold War period for the most part does 
not contain any anomalies in terms of a testable theory, although it does require clari-
fication regarding the difference between cases of single and numerous technological 
breakthroughs.  

Table 2 summarizes the technological changes that took place in the second half of 
the 20th century and the accompanying crises that threatened to escalate into military 
clashes.41

There were four waves of the introduction of new weapons during this period: 
the emergence of nuclear weapons; the development of missile technology; missile 
defence and carriers with multiple warheads; and the creation of high-precision con-
ventional arms. Three of the four waves were accompanied by an intensification in the 
Soviet–US rivalry, bringing the superpowers to the verge of an armed collision.   

Table 2. Correlation between the Dynamics of Technological Change and the Crises 
of the Cold War

Period of military 
exacerbation

Technological prerequisites Crises that could potentially have 
escalated to a direct military clash 
of the superpowers 

late 1940s – early 
1950s

nuclear and thermonuclear weapons Korean War (1950–1953)

late 1950s – early 
1960s

rocket technologies Second Berlin Crisis (1958–1961);
The U-2 Incident (1960);
The Cuban Missile Crisis (1962)

late 1960s – early 
1970s

missile defence; multiple indepen-
dently targetable re-entry vehicles 

1980s precision weapons;
intermediate-range missiles;
the Strategic Defense Initiative

West – 1981
Downing of a Boeing plane in 1983;
Able Archer – 1983 

Source: compiled by the author.

41	 The table does not cover a number of asymmetric conflicts (such as the Vietnam War and the War in Afghanistan), as 
well as the clashes between Soviet and US satellites (for example, in the Middle East), since the risks of direct confronta-
tion remained low in these cases. 
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The appearance of the atomic bomb was announced by the American bombings of 
Hiroshima and Nagasaki at the final stage of the Second World War. The United States 
had a monopoly in these weapons for a short time. The Soviet Union did not test its 
first nuclear weapons until 1949, and the progress Moscow had made took many in 
Washington by surprise. This notwithstanding, the United States continued to have 
more nuclear warheads for many years to come. In the early 1950s, both superpowers 
tested thermonuclear weapons. The potential damage that such weapons could cause 
was many times greater than anything that had been seen before.42

The unprecedented power of this new type of weapon was immediately obvious, 
but the most promising methods of its application and, accordingly, its impact on the 
balance of power remained a topic of discussion (Rosenberg 1983). The United States 
saw its nuclear arsenal as a means of compensating for the superiority of the Soviet 
Union in conventional weapons. At the same time, in the early years of the Cold War, 
it was extremely limited in terms of both the number of nuclear bombs it possessed 
and in their means of delivery. 

In this respect, during the Berlin Blockade of 1948–1949, the sides did not actually 
consider options for escalating conflicts to the point of an armed confrontation (Betts 
1987). The United States would subsequently increase the potential for the combat use 
of nuclear weapons, building up arsenals and creating the necessary infrastructure. 
The Americans considered using these weapons on several occasions during the Ko-
rean War. In particular, China became the target of planned nuclear bombing when 
peace negotiations stagnated in 1953. In the first half of the 1950s, the US leadership, 
concerned about the growing Soviet arsenal, seriously considered the possibility of a 
pre-emptive strike against Moscow (Trachtenberg 1988).

The uncertainty caused by the appearance of nuclear weapons did not result in a 
clash of superpowers, although it did complicate assessments of the balance of power. 
The new weapon created a surge in expectations of revolutionary consequences, and 
the temporary nature of US dominance created the temptation to take advantage of 
the closing window of opportunity. At the same time, the United States did not expect 
its monopoly to be so short-lived. In addition, the emergence of nuclear weapons, in 
a sense, created less uncertainty than the development of weapons in the previous pe-
riods we have looked at, as its destructive effect was patently obvious from the onset. 
This may explain the willingness of the Soviet Union to make unilateral concessions 
during the crises in the early days of the Cold War. Technological advancements did 
not lead to any direct clashes between the superpowers in the 1950s, but they did in-
crease the risks of destabilization. 

The next stage of exacerbation came as a consequence of the development of rock-
et technology. This period was preceded by a limited détente in US–Soviet relations, 

42	 The power of the bomb used in Hiroshima was estimated at the equivalent of around 15 kilotons of TNT. The power of 
the first detonated thermonuclear charge exceeded 10 megatons.  
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which was made possible by the stabilization of the balance of power. In 1956, the 
superpowers even demonstrated their ability to work together when they opposed the 
“triple aggression” of Great Britain, France and Israel against Egypt.   But the competi-
tion heated up again towards the end of the 1950s. 

The successes of the Soviet Union in the Space Race gave rise to fears in the United 
States about the risks of a “missile lag.” Intercontinental ballistic missiles, which both 
superpowers put into service in 1959, put US territory within reach of the Soviet nu-
clear forces. Moreover, Moscow often exaggerated its successes in the production of 
new weapons, which only served to heighten US fears (Roman 1995).

The increased capabilities gave the Soviet Union leadership a swagger to their step, 
which was manifested in its disputes over Berlin and the expansion of Moscow’s activ-
ity expansion into the Third World.43 Tension was also caused by the incident with the 
U-2 reconnaissance aircraft that was shot down by newly developed anti-aircraft mis-
siles over Soviet territory in 1960. The reason for these was Washington’s desire to get 
some kind of confirmation of Moscow’s achievements in military construction. That is, 
they came about due to a lack of information about the balance of power. The provoca-
tive nature of this foray, as well as the likelihood of US military personnel being killed 
or captured, raised the stakes of the confrontation (Geelhoed 2020: 167).

The most striking case of destabilization during this period was the Cuban Missile 
Crisis, caused by the deployment of Soviet missiles in Cuba in 1962. The appearance 
of cutting-edge weapons near US territory provoked a sharp reaction from Washing-
ton. The United States considered a strike on Soviet installations in response, a move 
that would have put the world on the verge of a military clash between superpowers. 
At the same time, Moscow’s reasoning for deploying missiles in Cuba was that it was 
concerned about the United States doing the same in Turkey (Betts 1987).

Once again, the emergence of new weapons heightened the risks of a military 
clash between the superpowers. The development of rocket technology raised doubts 
among the superpowers about the current balance of power. In particular, it was ac-
companied by inflated expectations of possible shifts in favour of the Soviet Union fol-
lowing the emergence of new types of nuclear weapons carriers. The United States was 
particularly concerned about its growing vulnerability in the near future, associating 
missile technologies with the risks of losing their advantages. Against the background 
of growing technological uncertainty, the superpowers against came closer to a direct 
confrontation, but they did not cross the line. 

The next stage in the arms race between the Soviet Union and the United States 
unfolded in the late 1960s and early 1970s as a consequence of the development of 
missile defence systems, as well as the emergence of new weapons. A distinguishing 
feature of this stage was that technological uncertainty did not lead to an acute crisis. 
Quite the opposite, it was during this period that the confrontation between the super-
powers stabilized and international tensions cooled.   

43	 For more on the risks of nuclear escalation during the Soviet blockade of Berlin, see (Betts 1987).
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These dynamics are partly explained by the fact that the United States was still 
reeling from its defeat in Vietnam, the Soviet Union had become concerned about the 
growth of China, and both sides recognized their strategic parity. At the same time, 
the easing of tensions was only possible after the Soviet Union and the United States 
realized that it was technically impossible to protect their respective territories from 
a missile attack. Throughout the 1960s, the sides developed programmes in this area, 
but in the end, they limited themselves to the deployment of warning systems and the 
missile defence of specific areas. Thus, arms control could only be established after 
the uncertainty associated with the development of defensive means of countering 
the enemy’s strategic nuclear forces (an ultimately fruitless endeavour) had subsided 
(Cameron 2017).

The consequences of the appearance of intercontinental ballistic missiles with 
multiple independently targetable re-entry vehicle (MIRV ICBMs) raises more ques-
tions. The United States was the first to test such weapons in 1969, putting them into 
service the following year (Green, Long 2017). Despite the widespread recognition 
that this technology would likely not prevent a retaliation in the event of an attack, its 
creation did not impede the de-escalation process. The introduction of such weapons 
reflected the attempts of the parties to achieve strategic superiority, but they did not 
lead to a significant divergence in their views on the balance of power ¬– the ap-
pearance of MIRVs shook, but did not undermine, the idea of the relative stability 
of mutual vulnerability. Nor did it cause a rise in alarmism associated with increased 
expectations from the new technology that was appearing. 

This anomaly is a repeat of the situation with the introduction of multi-shot weap-
ons in the 1880s we talked about earlier. In both cases, a technological breakthrough 
in one area did not undermine international stability in any significant way. At the 
same time, the appearance of MIRVs does not fit into the explanation offered by the 
offence-defence balance theory, since this technology, just like missile defence, is typi-
cally given an offensive significance. Even so, these technological advancements did 
not bring about an escalation in the rivalry between the two states, despite the specific 
characteristics of the weapons themselves.      

Finally, another wave of technological change appeared at the turn of the 1980s in 
connection with the development of space tracking, guidance and positioning, as well 
as the development of cruise missiles. The combination of these technologies resulted 
in the emergence of high-precision weapons, which provided conventional forces with 
the ability to create a threat comparable to the use of nuclear charges. These weapons 
were integrated into updated doctrinal approaches and organizational models.44 The 
technological advancements made in the late 1970s and early 1980s represented the 
most serious revision of previous approaches to confrontation in a key European thea-
tre of potential conflict (Mearsheimer 1985; Posen 1991). 

44	For more on the correlation between technological, doctrinal and organizational innovations during this period, see 
(Palmer 2014).
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In parallel with this, towards the end of the 1970s, the Soviet Union and the 
United States started to adopt and deploy a new generation of medium-range missiles 
equipped with nuclear warheads that combined wide coverage of targets in the Euro-
pean theatre with a short approach time. Additionally, discussions on missile defence 
systems resumed in the early 1980s, including systems deployed in space and those 
equipped with laser weapons (Duric 2003). These projects resulted in Ronald Reagan’s 
Strategic Defense Initiative, which was never put into operation. 

Thus, a wide range of new types of weapons were developed in parallel from the 
late 1970s to the early 1980s. Throughout the entire Cold War, this period was char-
acterized by the densest overlap of several sources of technological uncertainty. Con-
sequently, in the early 1980s, the superpowers came closer than they ever had before 
to the threshold of a conflict escalating into a full-scale military confrontation in the 
most significant region of adversarial engagement – Europe.   

The emerging superiority of the United States in a number of technological areas 
exacerbated the sense of vulnerability in Moscow. In particular, the articles published 
by the Chief of the General Staff of the Armed Forces of the USSR Nikolai Ogarkov 
noted the concerns of the Soviet leadership regarding the impact of new weapons on 
the balance of power (Ogarkov 1982; Ogarkov 1985). What is more, Soviet military 
thought attached even greater importance to the prospects for qualitative changes in 
the conventional forces than American experts, who were the first to formulate the 
thesis of a “scientific and technological revolution in the military sphere.” 

The growing uncertainty surrounding the stability of the balance of power led to 
even greater military tensions (Fischer 1997; Miles 2020). Growing fears about possi-
ble Western military aggression prompted Moscow to systematically collect informa-
tion on the possibility of a nuclear strike based on a system of indicators that had been 
developed. The confrontation reached its peak in the autumn of 1983, when a Soviet 
fighter jet shot down a South Korean airliner that had entered Soviet airspace and did 
not respond to requests, causing a rather intense crisis. Immediately after this incident, 
NATO conducted large-scale exercises involving the use of nuclear weapons, which 
many saw as a potentially destabilizing factor. 

Despite the fact that the ideological tenets of the Reagan administration also 
served to increase tension in the early 1980s, it is difficult to ignore the influence that 
the growing uncertainty of the sides regarding the balance of power caused by the 
introduction of qualitatively new types of weapons and the expectations of a revolu-
tion in military affairs had on the development of events. First, the Soviet side was 
concerned about the window of vulnerability that was opening up as a result of the 
country’s lagging behind in the field of informatization and the introduction of new 
conventional means of warfare. With limited access to archival sources, it is difficult to 
assess how close the parties came to a military conflict during this period.    

In general, the experience of the Cold War does not refute the theory of techno-
logical uncertainty as such, but it does require a slight modification to the previous 
arguments. The greatest risks are fraught with the implementation of several innova-
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tions in parallel within a short period. Individual advancements in arms development 
are less dangerous, although they also increase the likelihood of exacerbation. This 
much is confirmed by the experience of previous periods (for example, the spread of 
multi-shot rifles in the 1880s).   

Throughout the Cold War, almost every wave of new weapons brought the super-
powers to the brink of direct military clashes. What is more, they were all associated 
with an increase in fears about possible aggression. Even nuclear weapons, sometimes 
described as predominantly defensive, created incentives for offensive action. This ef-
fect goes against the provisions of the offence-defence balance theory, but this is to be 
expected based on the theory of technological uncertainty.   

The analysis given above was intended to prove the theory of technological uncer-
tainty by establishing the dependence of risks of military clashes on the emergence of 
new weapons, and identifying the psychological effects that mediate such influence. 
The validity of the explanation we have presented here was tested on vast and varied 
empirical material, more so than the offence-defence balance theory that has been 
widely recognized up until now.  

Examples from history provide solid support for the theory of technological un-
certainty. Advancements in arms technologies affect the perceptions of states, creating 
risks of military confrontation. The emergence of such technologies, as well as the 
differences in doctrinal and organizational adaptation to the new military capabilities, 
lead to differing ideas about the balance of power. These changes bring with them in-
flated expectations about one’s ability to compensate for quantitative deficiencies with 
technological superiority. Finally, alarmism caused by dwindling opportunities and 
growing vulnerability, push sides to preventive action. All this generates powerful in-
centives for military escalation. 

The most compelling argument in favour of the theory of technological uncer-
tainty is the experience of the middle of the 19th century and the beginning of the 
20th century. In both cases, the expectations associated with it clearly diverge from the 
assessment of the ratio of offensive and defensive capabilities. The manner in which 
events unfolded demonstrated the greater explanatory power of the theory of techno-
logical uncertainty compared to the offence-defence balance theory.    

Conversely, the period of the end of the 18th century predictably provides the 
weakest evidence in support of our theory. While years were marked by an intensi-
fication of technological change, the long period of peace that follows is telling, and 
it cannot be explained by a change in the ratio of offensive and defensive capabilities.  

In the case of the middle of the 20th century, the predictions of the theory of tech-
nological uncertainty and the offence-defence balance theory coincide, which makes it 
difficult to determine which is correct. Both connect the outbreak of the Second World 
War with the emergence of new weapons. That said, the theory of technological uncer-
tainty appears to better explain the discrepancies in the assessments of technological 
change by individual states.   
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Finally, the second half of the 20th century proves to be the most difficult period in 
terms of corroborating the theory of technological uncertainty, as changes in weapon-
ry did not lead to direct military clashes between the superpowers. That said, the Cold 
War is less of an anomaly if we take its duration, as well as the fact that new weapons 
were constantly emerging, into account. At the same time, technological uncertainty 
explains the escalation during the Cold War better than changes in the ratio of offen-
sive and defensive weapons.    

The causes of military clashes, as well as the preconditions for peace, serve as im-
portant pieces of evidence in support of the theory of technological uncertainty. In 
this regard, our historical survey confirms that periods of stability correspond to a 
comparative stagnation in the development of weapons. As such, the study cannot 
be accused of cherry-picking cases for analysis based on the variable under analysis 
(King, Keohane, Verba 1994), which lends further credence to the conclusion about 
the impact of technological uncertainty on international security. 	

It is worth noting that our analysis does not suggest that advances in weaponry are 
a necessary or sufficient condition for military clashes. They are typically accompanied 
by other conditions – growing armies, socio-political upheavals, changing coalition 
dynamics, etc. And we cannot rule out the possibility that states at times have dis-
torted perception of the balance of power, even in the absence of technological innova-
tions. Nevertheless, the experience of the last two and a half centuries shows that such 
changes were observed before every single large-scale military clash.  

What are the practical implications of our analysis for contemporary international 
relations? The theory of technological uncertainty is extremely relevant today. Discus-
sions at the turn of the 2020s have centred on the introduction of a number of new 
weapons, including hypersonic launch vehicles, autonomous combat systems, military 
applications of artificial intelligence and quantum computing, and a new generation of 
anti-missile and anti-satellite systems. 

Expectations are already being formed in connection with these developments 
regarding revolutionary changes in the methods of conducting a war. Many states 
hope to use them to make up for their numerical disadvantages in terms of army sizes, 
the availability of traditional weapons for troops, and military budgets. They are also 
thinking in terms of likely windows of vulnerability in the near future.  

All this raises serious concerns about the prospects for a military clash. To the 
extent that historical experience and the theory of technological uncertainty can guide 
forecasts, the risks of large-scale collisions increase. Under these conditions, there are 
no guarantees that states will be able to control the course of events, since their percep-
tion of the balance of power and the prospects of armed confrontation are distorted. 

The fact that potential innovations are currently at various stages of development 
add a modicum of optimism to our conclusions. In the case of hypersonic, anti-missile 
and anti-satellite weapons, prototypes and even practical examples are ready. As for 
autonomous combat systems and the military applications of artificial intelligence and 
quantum computing, developments in these areas still require some time.  
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Given that the greatest threat of military clashes is observed in the case of overlap-
ping sources of technological uncertainty, an increase in the time lag between emerg-
ing innovations can play a stabilizing role. It is unrealistic to expect states to stop devel-
oping new weapons altogether, but if they were to postpone the introduction of some 
of them, then this would help maintain international security.  

Additionally, players who expect to gain advantages through the development of 
advanced technologies should bear in mind that qualitative superiority is often not 
enough to win a military clash. Historical experience urges caution when it comes to 
assessing the possibility of securing one’s own interests by initiating a military clash. 

About the Author: 

Igor А. Istomin – Candidate of Sciences, Associate Professor, Department of Applied International Political 
Analysis, MGIMO University, 76, Prospect Vernadskogo Moscow, Russia 119454; Senior Visiting Scholar, Davis 
Centre, Harvard University, 1730 Cambridge Street, Cambridge, MA 02138 Email: i.istomin@inno.mgimo.ru

Conflicts of interest. 
The author declares the absence of any conflicts of interests.

Acknowledgments:
This research is funded by the Ministry of Science and Higher Education of the Russian Federation (Grant 
Agreement Number 14.641.31.0002). The author expresses gratitude to Alexander Chekov, Ivan Danilin, 
Mikhail Mironyuk, and Elena Nechaeva for their valuable comments on preliminary drafts of the article.

References:

Alexandroff A. 2014. Before the War: Three Styles of Diplomacy. The Next Great War? The 
Roots of World War I and the Risk of the U.S.-China Conflict. Ed. by R. N. Rosecrance, S. E. Miller. 
Cambridge: MIT Press. P. 5-8.

Arbatov A. G. 2018. Osobennosti natsional'noi protivoraketnoi oborony [Specifics of National 
Missile Defense]. Kontury global'nykh transformatsii: politika, ekonomika, pravo. 11(6). P. 6-20. DOI: 
10.23932/2542-0240-2018-11-6-6-20 (In Russian)

Batchelder R.W., Freudenberger H. 1983. On the Rational Origins of the Modern Centralized 
State. Explorations in Economic History. 20(1). P. 1-13.

Bennett A., Checkel J.T. 2015. Process Tracing: from Philosophical Roots to Best Practices. 
Process tracing. Ed. by A. Bennett, J. T. Checkel. Cambridge: Cambridge University Press. P. 3-38.

Berkowitz H., Dumez H. 2017. The Gribeauval System or the Question of Standardization in 
the 18th Century. Gerer & Comprendre. English Language Online Edition. No. 2. P. 20-27.

Betts R.K. 1987. Nuclear Blackmail and Nuclear Balance. Washington: Brookings Institution 
Press. 240 p.

Betts R.K. 1999. Must War Find a Way? A Review Essay. International Security. 24(2). P. 166-
198.

Biddle S.D. 2004. Military Power: Explaining Victory and Defeat in Modern Battle. Princeton: 
Princeton University Press. 337 p.

Blainey G. 1973. Causes of War. New York: Free Press. 278 p.
Bordalo P., Gennaioli N., Shleifer A. 2012. Salience Theory of Choice under Risk. The Quarterly 

journal of economics. 127(3). P. 1243-1285.



Igor A. Istomin

 81Volume  1,  number  1-2,  2022

Braueer Iu., van Tuil' Kh. 2016. Zamki, bitvy, bomby: kak ekonomika ob"iasniaet voennuiu is-
toriiu [Castles, Battles, Bombs: How Economy Explains Military History]. Moscow: Izd-vo Instituta 
Gaidara. 570 p. (In Russian)

Brimley S. et al. 2013. Game Changers: Disruptive Technology and US Defense Strategy. Wash-
ington D.C.: Center for a New American Security. 32 p.

Brodie B. 1946. The Absolute Weapon. New Haven: Yale institute of international studies. 214 p.
Brooks H. 1975. The Military Innovation System and the Qualitative Arms Race. Daedalus. 

104(3). P. 75-97.
Burenok V.M. 2010. Tekhnicheskie i tekhnologicheskie osnovy razvitiia vooruzhenii i voennoi 

tekhniki [Technical and Technological Foundations for the Development of Weapons and Military 
Hardware]. Vooruzhenie i ekonomika. No. 4. P. 113-124. (In Russian)

Burenok V.M. 2011. Bazis sleduiuschego pokoleniia voin [Foundations of the Next Generation 
of Wars]. Vestnik Akademii voennykh nauk. No. 3. P. 32-37. (In Russian)

Buzan B. 1987. An Introduction to Strategic Studies: Military Technology and International Rela-
tions. New York: St. Martin's Press. 325 p.

Buzan B., Lawson G. 2015. The Global Transformation: History, Modernity and the Making of 
International Relations. Cambridge: Cambridge University Press. 396 p.

Cameron J. 2017. The Double Game: The Demise of America's First Missile Defense System and 
the Rise of Strategic Arms Limitation. Oxford University Press. 234 p.

Childs D.J. 1999. A Peripheral Weapon? The Production and Employment of British Tanks in the 
First World War. Westport: Greenwood Publishing Group. 210 p.

Christensen C.M. 1997. The Innovator's Dilemma: when New Technologies Cause Great Firms to 
Fail. Boston: Harvard Business School Press. 252 p.

Christensen T.J., Snyder J. 1990. Chain Gangs and Passed Bucks: Predicting Alliance Patterns in 
Multipolarity. International organization. 44(2). P. 137-168.

Citino R. 2004. Beyond Fire and Movement: Command, Control and Information in the Ger-
man Blitzkrieg. Journal of Strategic Studies. 27(2). P. 324-344.

Clark C. 2012. The Sleepwalkers: How Europe Went to War in 1914. London: Allen Lane. 696 p.
Cooper J.R. 1994. Another View of the Revolution in Military Affairs. Carlisle Barracks: Strategic 

Studies Institute, U.S. Army War College. 46 p.
Copeland D.C. 2001. The Origins of Major War. Ithaca: Cornell University Press. 322 p. 
Corum J.S. 1996. From Biplanes to Blitzkreig: The Development of German Air Doctrine Be-

tween the Wars. War in History. 3(1). P. 85-101.
Crow M.C.L. 2015. An Operational Level Analysis of Soviet Armored Formations in the Deliber-

ate Defense in the Battle of Kursk, 1943. Pickle Partners Publishing. 144 p.
Dedehayir O., Steinert M. 2016. The Hype Cycle Model: A Review and Future Directions. Tech-

nological Forecasting and Social Change. Vol. 108. P. 28-41.
Diehl P.F., Crescenzi M.J. C. 1998. Reconfiguring the Arms Race-War Debate. Journal of Peace 

Research. 35(1). P. 111-118
Duric M. 2003. The Strategic Defence Initiative: US Policy and the Soviet Union. Taylor & Fran-

cis. Aldershot: Ashgate. 190 p.
Esin V.I. 2015. Politika SShA v oblasti protivoraketnoi oborony i ee vliianie na strategicheskuiu 

stabil'nost' [U.S. Missile Defense Policy and Its Influence on Strategic Stability]. Vestnik Moskovskogo 
universiteta. Seriia 25. Mezhdunarodnye otnosheniia i mirovaia politika. 7(3). P. 85-114. (In Russian)

Fearon J.D. 1995. Rationalist Explanations for War. International organization. 49(3). P. 390-
401.

Fenn J., Raskino M. 2008. Mastering the Hype Cycle: how to Choose the Right Innovation at the 
Right Time. Cambridge: Harvard Business Press. 237 p.



Research  Article

82 Russian Journal of World Politics and Law of Nations

Fey M., Ramsay K.W. 2011. Uncertainty and Incentives in Crisis Bargaining: Game-Free Analy-
sis of International Conflict. American Journal of Political Science. 55(1). P. 149-169.

Fischer B.B. 1997. A Cold War Conundrum: the 1983 Soviet War Scare. Washington, DC: Cen-
tral Intelligence Agency, Center for the Study of Intelligence. 37 p.

Frieser K.H. 2005. The Blitzkrieg Legend: The 1940 Campaign in the West. Annapolis: Naval 
Institute Press. 507 p.

Garfinkel B., Dafoe A. 2019. How does the Offense-Defense Balance Scale? Journal of Strategic 
Studies. 42(6). P. 736-763.

Gartzke E., Lindsay J.R. 2015. Weaving Tangled Webs: Offense, Defense, and Deception in Cy-
berspace. Security Studies. 24(2). P. 316-348. DOI: 10.1080/09636412.2015.1038188

Geelhoed E.B. 2020. Diplomacy Shot Down: The U-2 Crisis and Eisenhower's Aborted Mission to 
Moscow, 1959–1960. University of Oklahoma Press. 315 p.

George A.L., Bennett A. 2005. Case Studies and Theory Development in the Social Sciences. 
Cambridge: MIT Press. 331 p.

Gerring J. 1999. What Makes a Concept Good? A Criterial Framework for Understanding Con-
cept Formation in the Social Sciences. Polity. 31(3). P. 357-393.

Gerring J. 2007. Case Study Research: Principles and Practices. Cambridge: Cambridge univer-
sity press. 265 p.

Gibler D.M., Rider T.J., Hutchison M.L. 2005. Taking Arms against a Sea of Troubles: Conven-
tional Arms Races during Periods of Rivalry. Journal of Peace Research. 42(2). P. 131-147.

Gilpin R. 1981. War and Change in World Politics. Cambridge: Cambridge University Press. 
272 p.

Glaser C.L. 1999. Analyzing Strategic Nuclear Policy. Princeton: Princeton University Press. 378 
p

Glaser C.L., Kaufmann C. 1998. What is the Offense-Defense Balance and how Can We Meas-
ure It? International security. 22(4). P. 44-82.

Golubev D.S. 2015. Nauka i innovatsii v teoriyakh mezhdunarodnykh otnoshenii [Science and 
Innovations in the Theories of International Relations]. Mezhdunarodnye protsessy. 13(2). P. 66-80. 
DOI: 10.17994/T.2015.13.2.41.5 (In Russian)

Gray C.S. 1993. Weapons don't Make War: Policy, Strategy, and Military Technology. Lawrence: 
University Press of Kansas. 236 p.

Green B.R., Long A. 2017. The MAD Who Wasn't There: Soviet Reactions to the Late Cold War 
Nuclear Balance. Security Studies. 26(4). P. 606-641. DOI: 10.1080/09636412.2017.1331639

Haas M.L. 2005. The Ideological Origins of Great Power Politics, 1789-1989. Ithaca: Cornell Uni-
versity Press. 232 p.

Herrera G.L. 2004. Inventing the Railroad and Rifle Revolution: Information, Military Innova-
tion and the Rise of Germany. Journal of Strategic Studies. 27(2). P. 243-271.

Herrera G.L. 2012. Technology and International Transformation: The Railroad, the Atom Bomb, 
and the Politics of Technological Change. New York: SUNY Press. 265 p.

Herrera G.L., Manken T.G. 2003. Military Diffusion in Ninteenth-Century Europe: The 
Napoleonic and Prussian Military Systems. The diffusion of military technology and ideas. Ed. by  
E.O. Goldman, L.C. Eliason. Stanford: Stanford University Press. P. 205-242.

Herrmann D.G. 1997. The Arming of Europe and the Making of the First World War. Princeton: 
Princeton University Press. 307 p.

Horowitz M.C. 2010. The Diffusion of Military Power: Causes and Consequences for Interna-
tional Politics. Princeton: Princeton University Press. 273 p.

Horowitz M.C. 2019. When Speed Kills: Lethal Autonomous Weapon Systems, Deterrence and 
Stability. Journal of Strategic Studies. 42(6). P. 764-788.



Igor A. Istomin

 83Volume  1,  number  1-2,  2022

Howard M. 1961. The Franco-Prussian War: The German Invasion of France 1870–1871. Oxon: 
Routledge. 512 p.

Howard M. 1976. War in European History. Oxford: Oxford University Press. 165 p. 
Izzo L. C.L.L. 2015. An Analysis of Manstein’s Winter Campaign on the Russian Front 1942-1943: 

A Perspective of the Operational Level of War and Its Implications. Pickle Partners Publishing. 104 p.
Jackson J. 2003. The Fall of France: The Nazi Invasion of 1940. Oxford: Oxford University Press. 

274 p.
Jervis R. 1976. Perception and Misperception in International Politics. Princeton: Princeton Uni-

versity Press. 445 p.
Jervis R. 1978. Cooperation under the Security Dilemma. World Politics. 30(2). P. 167-214.
Jervis R. 1989. The Meaning of the Nuclear Revolution: Statecraft and the Prospect of Armaged-

don. Ithaca: Cornell University Press. 266 p.
Johnson D.D. P. 2004. Overconfidence and War: The Havoc and Glory of Positive Illusions.Cam-

bridge: Harvard University Press. 280 p.
Johnson J. 2019. Artificial Intelligence & Future Warfare: Implications for International Secu-

rity. Defense & Security Analysis. 35(2). P. 147-169. DOI: 10.1080/14751798.2019.1600800
Kamenetsky I. 1961. Lebensraum in Hitler's War Plan: The Theory and the Eastern European 

Reality. The American Journal of Economics and Sociology. 20(3). P. 313-326.
Karaganov S. 2010. “Global'nyi nol'” i zdravyi smysl [“Global Zero” and Common Sense]. Rossi-

ia v global'noi politike. 8(3). P. 108-118. (In Russian)
Karaganov S.A., Suslov D.V. 2019. Novoe ponimanie i puti ukrepleniia mnogostoronnei strate-

gicheskoi stabil'nosti. Doklad [New Understanding and Prospects of Strengethening Multilateral Stra-
tegic Stability. Report]. Moscow: NIU VShE. 55 p. (In Russian)

Khrustalev M.A. 2008. Analiz mezhdunarodnykh situatsii i politicheskaia ekspertiza [Analysis of 
International Relations and Political Expertise]. Moscow: NOFMO. 230 p. (In Russian)

Kiley K. F. 2004. Artillery of Napoleonic Wars. Barnsley: Frontline Books. 318 p.
King G., Keohane R. O., Verba S. 1994. Designing Social Inquiry: Scientific Inference in Qualita-

tive Research. Princeton: Princeton University Press. 245 p.
Klare M.T. 2018. The Challenges of Emerging Technologies. Arms Control Today. 48(10).  

P. 10-16.
Klare M.T. 2019. An ‘Arms Race in Speed’: Hypersonic Weapons and the Changing Calculus of 

Battle. Arms Control Today. 49(5). P. 6-13.
Koch H.W. 1983. Hitler's ‘Programme’and the Genesis of Operation ‘Barbarossa’. The Historical 

Journal. 26(4). P. 891-920.
Kokoshin A.A. ed. 2017. Vliianie tekhnologicheskikh faktorov na parametry ugroz natsional’noi i 

mezhdunarodnoi bezopasnosti, voennykh konfliktov i strategicheskoi stabil’nosti [Impact of Technolog-
ical Factors on Paratemers of Threats to the National and International Security, Military Conflicts 
and Strategic Stability]. Moscow: Moscow State University. 478 с. (In Russian)

Kokoshin A.A., Baluevskii Iu.N., Potapov V.Ia. 2015a. Vliianie iadernogo faktora na razvitie 
otechestvennoi voennoi mysli [Impact of Nuclear Factor on the Development of the Domestic Mili-
tary Thought]. Vestnik Moskovskogo universiteta. Seriia 25. Mezhdunarodnye otnosheniia i mirovaia 
politika. 7(3). P. 3-22. (In Russian)

Kokoshin A.A., Baluevskii Iu.N., Potapov V.Ia. 2015b. Vliianie noveishikh tendentsii v raz-
vitii tekhnologii i sredstv vooruzhiennoi borby na voennoe iskustvo. [Impact of New Tendencies in 
Development of Technologies and Means of Armed Struggle on Military Art]. Moskovskogo univer-
siteta. Seriia 25. Mezhdunarodnye otnosheniia i mirovaia politika. 7(4). P. 3-22. (In Russian)

Krepinevich A. F. 1994. Cavalry to Computer: The Pattern of Military Revolutions. The Na-
tional Interest. No. 37. P. 30-42.



Research  Article

84 Russian Journal of World Politics and Law of Nations

Lebow R.N. 1981. Between Peace and War: The Nature of International Crisis. Baltimore: Johns 
Hopkins University Press. 350 p.

Lieber K.A. 2005. War and the Engineers: The Primacy of Politics over Technology. Ithaca: Cor-
nell University Press. 226 p.

Lynn-Jones S.M. 1995. Offense-Defense Theory and its Critics. Security studies. 4(4). P. 660-
691.

MacLennan K. 2003. Liechtenstein and Gribeauval: ‘Artillery revolution’ in Political and Cul-
tural Context. War in History. 10(3). P. 249-264.

McCarthy D.R. 2017. Introduction: Technology in World Politics. Technology and World Poli-
tics: An introduction. Ed. by D.R. McCarthy. Oxon: Routledge. P. 1-22.

McDonald H.B., Rosecrance R. 1985. Alliance and Structural Balance in the International Sys-
tem: A reinterpretation. Journal of Conflict Resolution. 29(1). P. 57-82.

McNeill W.H. 1982. The Pursuit of Power: Technology, Armed Force, and Society Since AD 1000. 
Chicago: University of Chicago Press. 405 p.

Mearsheimer J.J. 1985. Conventional Deterrence. Ithaca: Cornell University Press. 296 p.
Mearsheimer J.J. 2001. The Tragedy of Great Power Politics. New York: WW Norton & Com-

pany. 555 p.
Meilinger P.S. 1996. Trenchard and “Morale Bombing”: The Evolution of Royal Air Force Doc-

trine Before World War II. The Journal of Military History. 60(2). P. 243-270.
Metz S. 1995. Strategy and the Revolution in Military Affairs: from Theory to Policy. Carlisle Bar-

racks: Strategic Studies Institute, U.S. Army War College. 38 p.
Mihalka M. 1980. German Strategic Deception in the 1930s. Santa Monica: RAND Corp. 128 p.
Miles S. 2020. The War Scare That Wasn't: Able Archer 83 and the Myths of the Second Cold 

War. Journal of Cold War Studies. 22(3). P. 86-118.
Mints M.M. 2010. “Strategiia sokrusheniia”: strategicheskaia i voenno-tekhnicheskaia kont-

septsii budushchei voiny v strukture sovetskoi voennoi doktriny 1930-kh-nachala 1940-kh godov 
[“Strategy of Crushing”: Strategic and Military – Technical Concepts of Future War in the Structure 
of the Soviet Military Doctrine in 1930s – early 1940s]. Rossiiskaia istoriia. No. 3. P. 3-18. (In Russian)

Moltke H.G. von. 1992. Moltke: vom Kabinettskrieg zum Volkskrieg: eine Werkauswahl.Bonn: 
Bouvier, 1992. 646 p. (In German)

Morrow J.D. 1989. Capabilities, Uncertainty, and Resolve: A limited Information Model of Cri-
sis Bargaining. American Journal of Political Science. 33(4). P. 941-972.

Muller R.R. 1996. Close Air Support: The German, British, and American Experiences, 1918–
1941. Military Innovation in the Interwar Period. Ed. by W. Murray, A. R. Millet. Cambridge: Cam-
bridge University Press. P. 144-190.

Murray W. 1996. Armored Warfare: the British, French, and German Experiences. Military 
innovation in the interwar period. Ed. by W. Murray, A. R. Millet. Cambridge: Cambridge University 
Press. P. 6-49.

Ogarkov N.V. 1982. Vsegda v gotovnosti k zashchite Otechestva [Always Ready to Protect Moth-
erland]. Moscow: Voenizdat. 71 p. (In Russian) Ogarkov N.V. 1985. Istoriia uchit bditel'nosti [History 
Teaches Vigilance]. Moscow: Voenizdat. 96 p. (In Russian)

Overy R. 2010. The Air War in Europe, 1939-1945. A History of Air War. Ed. by J.A. Olsen. 
University of Nebraska Press. P. 27-52.

Palmer D.A.R. 2014. The NATO-Warsaw Pact Competition in the 1970s and 1980s: a Revolu-
tion in Military Affairs in the Making or the End of a Strategic Age? Cold War History. 14(4). P. 533-
573. DOI: 10.1080/14682745.2014.950250

Parker G. 1976. The “Military Revolution,” 1560-1660 – a Myth? The Journal of Modern History. 
48(2). P. 196-214.



Igor A. Istomin

 85Volume  1,  number  1-2,  2022

Posen B. 1984. The Sources of Military Doctrine: France, Britain, and Germany between the 
World Wars. Ithaca: Cornell University Press. 283 p.

Posen B. R. 1991. Inadvertent Escalation: Conventional War and Nuclear Risks. Ithaca: Cornell 
University Press. 280 p.

Quester G.H. 1977. Offense and Defense in the International System. New York: Wiley. 219 p.
Reiter D., Stam A.C. 1998. Democracy, War Initiation, and Victory. American Political Science 

Review. 92(2). P. 377-389.
Rider T.J., Findley M.G., Diehl P.F. 2011. Just Part of the Game? Arms Races, Rivalry, and War. 

Journal of Peace Research. 48(1). P. 85-100.
Roman P. 1995. Eisenhower and the Missile Gap. Ithaca: Cornell University Press. 264 p.
Rosen S.P. 1991. Winning the Next War: Innovation and the Modern Military. Ithaca: Cornell 

University Press. 275 p.
Rosenberg D. A. 1983. The Origins of Overkill: Nuclear Weapons and American Strategy, 1945-

1960. International Security. 7(4). P. 3-71.
Ruggie J.G. 1975. International Responses to Technology: Concepts and Trends. International 

organization. 29(3). P. 557-583.
Saltzman I. 2013. Cyber Posturing and the Offense-Defense Balance. Contemporary Security 

Policy. 34(1). P. 40-63. DOI: 10.1080/13523260.2013.771031
Sample S.G. 1997. Arms Races and Dispute Escalation: Resolving the Debate. Journal of Peace 

Research. 34(1). P. 7-22.
Schroeder P.W. 1994. The Transformation of European Politics, 1763-1848. Oxford: Oxford Uni-

versity Press. 894 p.
Schroeder P.W. 2004. Alliances, 1815–1945: Weapons of Power and Tools of Management. Sys-

tems, Stability, and Statecraft: Essays on the International History of Modern Europe. New York: Pal-
grave Macmillan. P. 208-211.

Searle A. 2017. Armoured Warfare: A Military, Political and Global History. Bloomsbury Pub-
lishing. 269 p.

Sechser T.S., Narang N., Talmadge C. 2019. Emerging Technologies and Strategic Sta-
bility in Peacetime, Crisis, and War. Journal of Strategic Studies. 42(6). P. 727-735. DOI: 
10.1080/01402390.2019.1626725

Shah N. 2017. Gunning for War: Infantry Rifles and the Calibration of Lethal Force. Critical 
Studies on Security. 5(1). P. 81-104. DOI: 10.1080/21624887.2017.1330600

Showalter D. 1988. Prussian Technology and War: artillery from 1815 to 1914. Men, Machines 
and War. Ed. by R. Haycock, K. Neilson. Waterloo: Wilfried Laurier University Press. P. 121-128.

Showalter D.E. 1975. Railroads and Rifles: Soldiers, Technology, and the Unification of Germany. 
Hamden: Archon Books. 267 p.

Skolnikoff E.B. 1994. The Elusive Transformation: Science, Technology, and the Evolution of In-
ternational Politics. Princeton: Princeton University Press. 322 p.

Slantchev B.L., Tarar A. 2011. Mutual Optimism as a Rationalist Explanation of War. American 
Journal of Political Science. 55(1). P. 135-148.

Slayton R. 2017. What is the Cyber Offense-Defense Balance? Conceptions, Causes, and As-
sessment. International Security. 41(3). P. 72-109. DOI: 10.1162/ISEC_a_00267

Sloan E.C. 2002. Revolution in Military Affairs. McGill-Queen's Press-MQUP. 188 p.
Speier R.H. et al. 2017. Hypersonic Missile Nonproliferation: Hindering the Spread of a New Class 

of Weapons. Santa Monica: Rand Corporation. 154 p.
Stahel D. 2009. Operation Barbarossa and Germany's defeat in the East. Cambridge: Cambridge 

University Press. 483 p.



Research  Article

86 Russian Journal of World Politics and Law of Nations

Stevenson D. 1996. Armaments and the Coming of War: Europe, 1904-1914. Oxford: Oxford 
University Press. 463 p.

Taylor A.J.P. 1954. The Struggle for Mastery in Europe, 1848-1918. Oxford: Oxford University 
Press. 638 p.

Taylor S.E., Thompson S.C. 1982. Stalking the Elusive “Vividness” Effect. Psychological review. 
89(2). P. 155-181.

Trachtenberg M. 1988. A “Wasting Asset”: American Strategy and the Shifting Nuclear Balance, 
1949-1954. International Security. 13(3). P. 5-49.

Tversky A., Kahneman D. 1973. Availability: A Heuristic for Judging Frequency and Probabil-
ity. Cognitive psychology. 5(2). P. 207-232.

Van Creveld M. 1989. Technology and War: from 2000 BC to the Present. New York. 342 p.
Van Evera S. 1984. The Cult of the Offensive and the Origins of the First World War. Interna-

tional Security. 9(1). P. 58-107.
Van Evera S. 1998. Offense, Defense, and the Causes of War. International Security. 22(4).  

P. 5-43
Van Evera S. 1999. Causes of War: Power and the Roots of Conflict. Ithaca: Cornell University 

Press. 270 p.
Wallace M.D. 1979. Arms Races and Escalation: Some New Evidence. Journal of Conflict Reso-

lution. 23(1). P. 3-16.
Walt S. 1996. Revolution and War. Ithaca: Cornell University Press. 365 p.
Waltz K.N. 1979. Theory of International Politics. Boston: McGraw-Hill. 251 p.
Waltz K.N. 1981. The Spread of Nuclear Weapons: More May be Better: Introduction. London: 

International Institute for Strategic Studies. 32 p.
Wawro G. 2005. The Franco-Prussian War: The German Conquest of France in 1870-1871. Cam-

bridge: Cambridge University Press. 327 p.
Young R.J. 1974. The Strategic Dream: French Air Doctrine in the Inter-War Period, 1919-39. 

Journal of Contemporary History. 9(4). P. 57-76.
Ziegler C.A. 1994. Weapons Development in Context: The Case of the World War I Balloon 

Bomber. Technology and Culture. 35(4). P. 750-767.


