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A B S T R A C T

There are numerous emerging technologies that are potentially disruptive to business, to government, and to
society. This paper looks at the two levels of disruptive technologies. A first order disruption is a localized
change, within a market or industry. A second order disruption has much larger influences, affecting many
industries and substantially changing societal norms and institutions. This paper presents an analysis of these
types of disruptions and synthesizes the literature on disruptive technologies and Kondratieff's long waves.
Previous definitions of disruptive technologies have focused on disruptions to commercial markets and existing
firms. That is, on the first order of disruption, where a particular technology is disruptive. The second order
disruptions are technological disruptions, where the impacts ripple through society. That is, these technologies
disrupt social interactions and relationships, organizational structures, institutions and public policies. Since
innovation ecosystems are complex, dynamic, adaptive systems, technological design and development ne-
cessarily interact with social trends. Understanding and modelling potential disruptions will require taking a
holistic perspective of the socio-technical innovation ecosystem. This paper lays out a conceptual model of first
and second order disruptions and identifies the key factors necessary for modelling the process that results in
second order disruptions—a process that necessarily occurs at the intersection of several highly-complex in-
teractive systems.

1. Introduction

The term “disruptive technologies” and “disruptive innovations”
were defined and popularized by Clayton Christensen and Joseph
Bower (Bower and Christensen, 1995; Christensen, 2003a; Christensen
and Bower, 1996). Disruptive technologies are those that cause an
upheaval in the existing market structure and dominant firms by being
cheaper, simpler, and more convenient than the dominant technology
(Christensen and Bower, 1996). However, there are actually two levels
of disruptive technologies. There are the first order localized disrup-
tions within a market or industry. This type of disruption is the one that
is the focus of substantial business and innovation literature. A second
order disruption is broader, resulting either from the clustering of nu-
merous first order localized disruptions or from the adoption of a first
order disruption into many different markets and industries. Previous
definitions of disruptive technologies have focused on disruptions to
commercial markets and existing firms. That is, on the first order of
disruption, where a particular technology is disruptive. Alternatively,
researchers have looked at very large macro-economic technological
revolutions.

The main research question of this paper is how do localized tech-
nological developments and disruptions relate to the larger technolo-
gical disruptions, which cause disruptions to the larger society?
Heretofore, the literatures on localized disruptive technologies (to a
market) has not been synthesized with the literature on larger societal
disruptions and the longer-term technological disruptions. The goal of
this paper is to provide the foundation for synthesizing these two types
of literature and a conceptual model of how the second order disrup-
tions arise. This paper looks at the orders of magnitude of disruptive
technologies and technological disruption, and the socio-political-eco-
nomic context – the innovation ecosystem – in which they take place.
The first section looks at how disruptive technologies are defined and
distinguishes between first and second order disruptions. The second
section develops a model of disruptions, looking at the factors that lead
to first order and second order disruptions. The third section discusses
the implications of the model and opportunities and challenges for
further elaboration to it.
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1.1. Definition of a disruptive technology

Technological innovation is core to an innovation economy. New
products, services, and knowledge provide a means of creating value,
solving problems, and increasing the quality of life. At the same time,
new technologies are quickly replaced in the race for innovation. Bower
and Christensen asserted that disruptive technologies are those that
cause an upheaval in the existing market structure and dominant firms
(Christensen and Bower, 1996). Initially these technologies operate at
the margins, but eventually they displace the conventional technolo-
gies. Frequently, the disruptive technology is cheaper, simpler, more
convenient, and more reliable than the dominant one and includes
features that current customers do not really care about (Christensen,
1997). Therefore, luxury and niche products, services, and technologies
are not necessarily disruptive, even if they are innovative or revolu-
tionary.

Disruptions can occur in other ways too, however. Disruptive
technologies can be classified as disruptive when they overthrow the
existing (or widely-accepted) scientific paradigms, ideas, or methods
(Kuhn, 1962). This is a disruption in knowledge. There can also be
disruptions from new services or new processes. There can also be
disruptions to the regulatory and legal environments, evidenced by the
recent changes in immigration policies in the United States (Qiu, 2017)
or President Trump's announcement of reviewing (and possibly elim-
inating) the CAFE standards put in by President Obama to aggressively
increase fuel efficiency, thereby decreasing emissions from automobiles
(Plumer, 2017). Disruptions can also occur when relationships or social
interactions are transformed. The disruption of emerging technologies
may not come so much from the disruption to the marketplace or ex-
isting technological paradigms, but rather from the disruption to the
existing model of capitalism, organizational structures, or social inter-
action. These are much larger disruptions. Predicting the type of dis-
ruption can often be quite difficult in a complex system—such as the
innovation system— because the feedbacks and effects are not linear
(Beinhocker, 2006).

By Christensen's definition, disruptive technologies are essentially
commercial disruptions in an existing marketplace, where a new pro-
duct or service (a technology) is introduced into that market. As
Christensen has refined and expounded his explanations of disruptive
technologies and disruptive innovations, he has noted that three the-
ories are at the heart of disruptive innovations (Christensen et al.,
2004). The first is the Disruptive Innovation Theory, in which new
organizations use “simple, convenient low-cost innovations to create
growth and triumph over powerful incumbents (p. xv). The second
theory is the Resources, Processes, and Values (RPV) Theory, which
explains that these three components collectively establish a firm's
strengths and weaknesses. The Value Chain Evolution Theory is the
third theory that underlies Christensen's work. It espouses that a firm
needs to directly control its value chain and solve the problems that
would otherwise prevent that firm from capturing value from its ac-
tivities.

More recent scholarship has tried to expand Christensen's definition
of disruptive innovations. Govindarajan and Kopalle (2006) broaden
Christensen's definition to include both high-end and low-end disrup-
tions. Yu and Hang (2010) distinguish between disruptive innovation
and destructive innovation. They note that disruptive innovation does
not always come from new entrants into the market or from start-ups.
Christensen, however, has kept fairly tight to his original con-
ceptualization (Christensen et al., 2008; Christensen and Euchner,
2011; Gobble, 2015).

This creates the difficulty of defining, or at least accepting a defi-
nition, of disruptive technology. The difficulty is that there are actually
several levels of disruptive technologies. A first order disruption is a
localized change, within a market or industry. This type of disruption
accepts Christensen's conceptualization of disruptive technology, but is
not limited by it. A first order disruptive technology can come from a

start-up, new entrant to a market, or an existing firm. It is the disruption
to an existing market that establishes a technology as a first order
disruptive technology, not where the disruption comes from. This first
order level is the type of disruption that are the focus of much of the
business literature on innovation and disruption.

An example of a current first order disruptive technology is the
Keurig K-cup single-serve coffee machine (González, 2014). John
Sylvan original invented the K-Cup (the single serve plastic coffee pod)
in the 1990s for use in offices. It was not until Keurig Green Mountain
purchased the technology and started marketing it to individual con-
sumers for home use that the product really took off (Hamblin, 2015).
In 2014, 9.8 billion individual coffee pods were sold, which would
circle the equator 10.5 times placed end-to-end (Hamblin, 2015). While
it has certainly disrupted the consumer coffee market, whether the
single-serve coffee machine and the coffee pods will have a larger im-
pact on the food and beverage industry is not certain. It is possible that
the concept of the single serving machine will be coupled at some future
date with ICTs and 3D Printing to create on-demand meals. This kind of
wider scale disruption would make the underlying technology a second
order disruption.

A second order disruption has much larger influences, affecting
many industries and substantially changing societal norms and in-
stitutions. The second order disruptions are technological disruptions,
where the disruptions ripple through society, creating large scale
change. That is, these technologies disrupt social interactions and re-
lationships, organizational structures, institutions, public policies, and
(sometimes) the physical environment. Thus, this framework of two
orders of technological disruption builds on the theories of disruptive
technologies by Christensen (i.e., micro-level disruptions) and Long
Waves, named after economist Nikolai Kondratieff,1 but expounded on
by Joseph Schumpeter (i.e., macro-level disruptions).

Kondratieff identified a cyclical pattern in capitalist economies in
1926 (Kondratieff, 1979 [1926]). Schumpeter took up the investigation
of these long waves in his volumes on Business Cycles (Schumpeter,
1939a, 1939b). Schumpeter considered innovation as a primary factor
in the development of these long waves of business prosperity. These
cycles are linear and sequential, and they come to dominate and drive
economic activities. For instance, electricity is an essential component
of most modern-day business operations, whether it is to power
equipment, machinery, or computers, or just provide the lighting and
heat for workers and customers. However, there was a time when
electricity was not particularly critical.

The Long Waves are created by technological disruptions
(Schumpeter, 1939a, 1939b; Freeman et al., 1982; Perez, 2002). These
large scale disruptions have been identified as: the industrial revolu-
tion; steam engines; steel era; mass production; and information and
communication technologies (ICTs) (Perez, 2002). Alternatively, they
have been identified as: water power; steam power; electrification;
motorization; and computerization (Freeman and Louçã, 2001). At the
heart of each long wave is a single dominant technology. For instance,
the Carnegie Bessemer steel plant opened in Pittsburgh in 1875, the
Model T was introduced by Ford in 1908, and the microprocessor was
introduced in 1971 (Perez, 2002). Long waves are caused by techno-
logical revolutions, dominated by a particular technology, such as ICTs,
where applications and opportunities grow and determine the capital
structure, technological opportunities, and institutional organization.

Second order disruptions, while further-reaching than first order
disruptions, are not long waves because they are still smaller than long
waves. They are caused by the interaction of multiple first order dis-
ruptive technologies within a complex innovation ecosystem. For ex-
ample, ICTs are driving the current long wave (Perez, 2002). ICTs came
from the multiple technical developments: hardware (e.g., solid state
electronics, transistors, microprocessors, silicon chips); software (e.g.,

1 also spelled Kondratiev
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