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Disruption Versus Discontinuity: Definition and
Research Perspective From Behavioral Economics
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Abstract—This paper promotes a new academic research per-
spective for the analysis of industrial innovation and technological
development. Specifically, it aims to apply the prescriptions of be-
havioral economics to conjecture, which can be the result of the
battle between the firms established in a mainstream market and
their disruptive or discontinuous attackers. Sometimes, differen-
tiating between disruption and discontinuity can be misleading.
Therefore, the paper proposes a definition of disruptive technology
that clearly sets its necessary and sufficient conditions. This defini-
tion expands Christensen’s—the pioneer and the driver behind the
concept of disruptive technology—opening it to include additional
casuistry. It also causes the elaboration of an additional graphic
representation. This paper contributes to the academic field in sev-
eral ways. First, it facilitates the understanding of a very confusing
concept that results from an inconsistent use of the term in the
literature. Second, it proposes a new research perspective that, in
addition to explain the existing and sometimes surprising empirical
evidence, also opens novel and numerous future research avenues.
The contributions for business practice are the recommendations
that managers can derive to improve their decision making pro-
cesses related to the potential attacks of emerging technologies,
differentiating between disruptive and discontinuous technologies.

Index Terms—Engineering management, business management,
research and development management, technology management.

I. INTRODUCTION

N THE past two decades, the study of discontinuous and
disruptive technologies has occupied a privileged space in
the literature [1], [2], [3], [4]. Both technologies are radical
product innovations that attack the dominant technologies in
their mainstream markets. The difference lies in the fact that
discontinuous technologies get started in the mainstream mar-
ket, while disruptive technologies get started in an emerging or
insignificant market. In both cases, there is a breach in the trajec-
tory of the dominant technology. This occurs because both the
dominant technology and the emergent one (either disruptive or
discontinuous) are leveraged by different knowledge bases [5].
There is a large unanimous agreement about what discontin-
uous technologies are [6], [7], while disruptive technologies are
characterized by a lack of understanding that leads to multiple
interpretations, thus creating difficulties to define them [1], [2],
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[8]-[15]. Therefore, one of the objectives of this paper is to clar-
ify what is meant by disruptive technology. Toward that end, we
propose a definition that clearly delimits the necessary and suffi-
cient conditions to consider a technology as disruptive. This def-
inition should be seen as an extension of Christensen’s approach,
who initially coined the term disruptive technology in his semi-
nal works [16]-[18], and of other scholars’ proposals [11], [13],
[19]. Besides enlarging the casuistry of prior research on disrup-
tion, our perspective conduces to a novel and additional graphic
representation of disruptiveness that complements Christensen’s
and becomes another contribution of the paper.

Additionally, extensive evidence shows that established com-
panies do not respond the same way to the attacks of disruptive
and discontinuous technologies. While they are successful in
their response to the attacks of discontinuous pioneers, they are
usually incapable to react successfully to the attack of disruptive
pioneers [16]-[18]. The reason for this evidence is still an unre-
solved matter, which this paper also attempts to settle. To do so,
the tenets of behavioral economics are taken into consideration
[20], [21], developing a novel research approach in the fields of
industrial innovation and technology development. Therefore,
another contribution of the paper is the new research approach
built applying the rules of behavioral economics to the study of
technology.

To fulfill the proposed objectives, the paper is structured as
follows. First, we present the theoretical background on disrup-
tion and discontinuity, delimitating them. Second, we propose
a definition of disruption that clearly specifies its necessary and
sufficient conditions and its casuistry. Third, our proposed con-
jecture to explain the success of disruptive pioneers and the
failure of discontinuous pioneers is supported. Fourth, the con-
tributions and implications of the paper are presented, ending
up with the limitations and future research proposals.

II. DISCONTINUITY VERSUS DISRUPTION: GENERAL
OVERVIEW

Although it is part of the general appreciation of technol-
ogy to be the application of scientific—or other organized—
knowledge to practical tasks, in this paper, we assume a more
restricted approach identifying technology only as a Schumpete-
rian combination (a platform or an architecture); that is, as a new
assembled product made up of several components. Therefore,
independently of the functional area where they are developed,
we do not consider nonassembled product innovations, such as
chemicals or pharmaceuticals, productive processes, or other
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radical innovations [22]. Business model innovations are not
considered at all. We use the term “emerging technology” to
describe a new combination regardless of whether it is being
introduced in a niche or directly into the mainstream market. If
the technology has triumphed in the market, we refer to it as
“dominant technology.” Should the core product need a com-
plementary product in order to be used, we will also include it
in our concept of technology. Finally, we also consider that, in
order to meet the needs of the market, a technology might have
to provide several dimensions of performance (or performance
metrics). To simplify matters, in this paper, we summarize these
dimensions in just two dimensions: a primary and a secondary
(or ancillary) technological dimension. The primary dimension
represents the technological provision that main customers care
about and which incites them to buy a certain product. The sec-
ondary dimensions refer to other technological features of the
product also expected by the customers. They do not contribute
to improve the competitiveness of the company; though, if these
basic technological requirements are not present in the product
or are present at unsatisfactory levels, they lead to a competitive
disadvantage. From now on, in order to simplify the arguments,
we will mention just one secondary dimension (which would
encompass all of them).

A mainstream market is a very profitable market. It is charac-
terized by the existence of a dominant technology that supports
assembled products with clearly defined dimensions of perfor-
mance, so the differences between competing brands are less
relevant than their similarities. However, in order to not be over-
taken and lose market share, established firms strive to continue
improving the performance dimensions and the effectiveness of
the dominant technology. The requirements of the mainstream
market in the primary dimension of performance increase over
time. Therefore, established companies must improve the per-
formance of the product in that dimension. Competition among
companies is fierce because there is a fear that if a competitor
manages to offer a higher value in this primary dimension, it
will attract the customers from those established companies that
have not improved it [23].

The mainstream market can be attacked by a discontinuous
technology (or radical sustaining technology as termed by Chris-
tensen [18]). When an emerging technology consists in radical
improvements in the primary technological dimension and the
emerging technology attacks directly the mainstream market, a
discontinuity occurs. If a technological trajectory is represented
by an S curve [24], [25] that relates in the x-axis (abscissa),
the time elapsed (rather the investments or effort made over
time to improve the product), and in the y-axis (ordinate), the
technological development (or dimension of performance), a
discontinuous technology would be represented by a pair of
intersecting S curves in the first quadrant of a Cartesian coor-
dinate system. In fact, the gap between both curves represents
the technological discontinuity: a nonevolutionary change [6].
When the discontinuous technology is introduced to the main-
stream market, the dominant technology shows better perfor-
mance metrics in the primary dimension, though it has a minor
potential for future improvements. The discontinuous technol-
ogy also has an intrinsic superior technical limit [26]. At some

point in time, the performance of the discontinuous technol-
ogy in the primary technological dimension will exceed that
of the dominant technology making the customers shift to the
discontinuous technology [6], [27], [28].

As it has been pointed out, discontinuous technologies attack
the mainstream market directly. They do so by using a new
technology on a small scale, which occurred when the manu-
facturers of artificial ice attacked the natural ice collectors, who
had hoarded until then the entire ice market [28]. They can also
attack the market on a large scale and abruptly, such as when
IBM attacked the manual typewriter market with the electric
machine [29]. In both cases, the attacking technology had no
previous application in a niche or in a related market and repre-
sented a technological discontinuity: a great leap forward, and
not an evolution of the technology in use [7].

The mainstream market can also be attacked by a disruptive
technology, which is a widely confusing term. Among other rea-
sons, this confusion is due to the fact that many authors currently
apply the qualifier “disruptive” to a product technology—as it
was in its origins, but also use it as a synonym of radicalness [30]
for different business functions and fields of application [31],
including business models [12], [32]. In fact, as Thiel and Mas-
ters pointed out, the disruption has recently transmogrified into a
self-congratulatory buzzword for anything posing as trendy and
new [33]. As aresult, some scholars consider Uber’s technology
as disruptive [34] and others as nondisruptive [35].

Disruptive technology was a concept initially conceived to
refer to any new technology that, relatively to the dominant one,
is more performant in the secondary dimension and less per-
formant in the primary one. Since its primary dimension does
not satisfy the needs of the mainstream market, the established
firms reject their use. However, the set of performance attributes
provided can fully satisfy the needs of another segment, the one
at the low end of the market (low-end disruption) [16], [18] or
of a new market segment (new market disruption) [32]. Over
time, the emerging technology (also conceptualized here poten-
tially disruptive technology as Sood and Tellis named it [13])
will improve in this segment all its dimensions of performance,
including the primary one. Once the technological advances
drive improvements in the primary technological dimension be-
yond the baseline satisfactory levels required by the mainstream
customers, the potentially disruptive technology will invade the
mainstream market (becoming at that moment a disruptive tech-
nology). In other words, to be viable in the mainstream market,
the emerging technology must surpass the functionality thresh-
old that the existing customers in this market require for the
primary technological dimension. When that occurs, the poten-
tially disruptive technology becomes a disruptive technology.

Christensen’s approach to the disruptive concept can be sum-
marized in three determining characteristics [11], [19], [35].
The first characteristic refers to the technological development
itself. In its initial stage, the emerging technology (potentially
disruptive) is inferior to the dominant technology on accepted
performance dimensions; therefore, it is simpler and cheaper
than the dominant one. This technology also shows an uncertain
future and lower profitability. The mainstream market rejects it
because this technology does not provide a satisfactory perfor-
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mance in the primary technological dimension. The established
companies consider this technology to be adequate only for
limited applications that their current customers do not require,
appreciate or value. Additionally, its potential for future im-
provement is unclear. Thus, the technology may disappear in
the medium-term before any significant achievements can oc-
cur and without having had the chance to be implemented in the
mainstream market. Sometimes, the emerging technology does
not transcend beyond the niche it supplies, remaining discon-
nected and isolated from the other products in the mainstream
market (in an island of application) [36].

The second characteristic refers to the fact that those firms that
challenge established large companies are small and migrate to
the mainstream market from low-end or new market footholds
[35].

The third and most distinctive characteristic refers to the vari-
ations on the basis of competition by changing the performance
metrics along which firms compete [9]. When the disruptive
technology emerges, the users start to value the provision of
the secondary technological dimension in the products already
being offered in the mainstream market. Relative to a disrup-
tive technology, the dominant technology can provide, neither
at that moment nor in the near future, the same performance
level for the secondary dimension. As a result, the secondary di-
mension becomes an insurmountable competitive disadvantage.
Consequently, the secondary technological dimension becomes
acompetitive advantage for the new entrants into the mainstream
market and a competitive disadvantage for the established com-
panies. Competition displaces to the secondary dimension of
performance.

Therefore, relative to a disruptive technology, the dominant
technology maintains a superior performance in the primary
technological dimension, sometimes leading to a performance
oversupply for which customers are not willing to pay [18]. In
this dimension, the disruptive technology improves at a paral-
lel pace, though below the dominant technology, so that their
technological trajectories do not intercept. Therefore, it is not
necessary to wait for the intersection of the primary dimension
of the two technologies, but to determine and foresee if the tech-
nological needs of the market are going to change, resulting in
the primary dimension being displaced by the secondary dimen-
sion as the main technological priority. This change will occur
when the primary dimension of the potentially disruptive tech-
nology advances along a trajectory that drives improvements
above and beyond the needs of the mainstream market. The
graphic representation of Christensen’s model in a Cartesian
coordinate system (see Fig. 1) implies the existence of 1) two
curves of technological development. In order to simplify the
graph, Christensen depicts them as two positive sloped and par-
allel straight lines representing in the x-axis (abscissa) the time
elapsed, T, and in the y-axis (ordinate) the primary technological
dimension, P—. 2) One straight line that represents the evolution
of the technological demand of the mainstream market, M.

As seen in Fig. 1, the line representing the evolution of the
technological demand of the market, M, initially has a lower
slope than the line representing the disruptive technology, A, so
it evolves always below the line representing the evolution of

T

Fig. 1. Technological disruption originating in the low end of the market or
in a new market [18].

the dominant technology, D, and above the line representing the
potentially disruptive technology. In its origins, the disruptive
technology is introduced in a niche market, N, and evolves in it
until a matching point, 0, when the potentially disruptive tech-
nological curve reaches performance metrics above and beyond
those required by the technological demand of the mainstream
market. Thus, it becomes a disruptive technology.

In short, the discontinuous technology attacks the dominant
technology, significantly improving the performance of the pri-
mary technological dimension by a 10 X factor as proposed by
Grove [37]; that is to say, multiplying by 10 the actual perfor-
mance level of the dominant technology. The disruptive technol-
ogy attacks the dominant technology being less performant in
the primary dimension, though exceeding the needs of the main-
stream market. Once the mainstream market customers have sat-
isfied their needs in relation to the primary dimension, they will
start valuing the performance provided by the secondary dimen-
sion. The secondary dimension becomes the new technological
priority while the primary dimension becomes a constraint to
compete. The preferences for the technological dimensions are
displaced. Then, a technological disruption occurs.

III. PROPOSAL OF A DEFINITION OF DISRUPTIVE TECHNOLOGY
AND CASUISTRY

According to the original concept of disruptive technology,
as pointed out by Danneels [9], it seems clear that a disruptive
technology is a technology that changes the bases of competi-
tion by modifying the performance metrics along which firms
compete. The displacement in the performance metrics is a nec-
essary condition for a disruptive technology to emerge, but it is
not an entirely sufficient predictor because a technology could
displace the metrics without being disruptive. An example was
IBM’s introduction of the electric typewriter (which we con-
sider a discontinuous technology) in the mechanical machines
market (the dominant technology at the time).

As the sufficient condition, we propose that before attacking
the mainstream market, the potentially disruptive technology
must have already been commercialized in another segment.
This delimitation allows for broadening the field of application
of the original concept of disruptive technology. On one hand,
relative to the dominant technology, the disruptive technology at
its beginning as a potentially disruptive technology may provide
a low end or high end value and, therefore, might lead to lower
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or higher prices. On the other hand, there are no restrictions to
the fact that the disruptive technology may be introduced by
any kind of company: small or large, national or foreign, new
or established in the main market. In fact, alternative works to
Christensen’s have extended the origin of the disruptive tech-
nology to the high end of the market (with higher performance
features and prices) [11], [13], [19], thus considering that the
large firms established in the mainstream market could introduce
a disruptive technology as well as the small companies. Like-
wise, other studies consider that reverse technologies, which
originate in the subsidiaries of multinational companies, can
also be the origin of a disruptive technology [38].

Consequently, in this paper, we consider, and thus propose it
as a definition, that a disruptive technology is a technology that
attacks the mainstream market from a niche or market (national
or international) where it has been developed, with the results of
displacing the technological performance metrics along which
established firms compete.

Our consideration of a disruptive technology does not con-
tradict Christensen’s original proposal. Instead, it broadens it,
clarifying which are the necessary and sufficient conditions to
consider a technology as disruptive. The definition provided
helps to differentiate disruptive technologies from discontinu-
ous technologies. In addition, it enlarges its application from
small firms in a niche to cover all the casuistry of a disrup-
tive attack, large or small firms and attacks originating in the
high or low end of the market, or even in the mainstream mar-
ket itself. The sufficient condition proposed also constitutes
an ideal starting point to conjecture on Christensen’s finding
of why established companies are incapable to react success-
fully to the attack of a disruptive technology while they are
successful in their response to the attacks of discontinuous
technologies.

Before building this conjecture in the following section, we
will conclude this section presenting evidence of disruptive tech-
nologies that evince some of the mentioned casuistry, especially
that uncovered by Christensen’s approach. So, as an example,
the evolution of insulin in the emergence of modern recombi-
nant DNA biotechnology provides us with a salient example to
describe a disruptive technology introduced in the mainstream
market by an established company that was losing the battle.
Historically, insulin was obtained from animal sources: the pan-
creas of cows and pigs. Most innovations during the 20th century
were intended to increase the purity of insulin (primary techno-
logical dimension). Eli Lilly, the leading manufacturer of insulin
in the world, was the main contributor to reduce the impurity
levels from 50.000 parts per million (ppm) in 1925 to only
10 ppm in 1980 [39].

Despite the purity levels, which Eli Lilly had been able to
achieve, animal insulin still differed somewhat in effectiveness
from human insulin due to insulin structure varying slightly be-
tween species. Therefore, Eli Lilly cooperated with Genentech
to produce human insulin in large quantities by recombinant
DNA techniques. After investing almost $1 billion in the effort,
Eli Lilly obtained a product, which was superior to other insulin
products in the mainstream market. It marketed its innovation
under the Humulin trademark. However, sales growth was dis-

appointingly slow. Most insulin patients were not willing to pay
more for insulin that, despite being technically superior, did not
have a major impact on the conditions of their treatment.

Meanwhile, a small Danish insulin manufacturer, Novo
Nordisk, identified a new dimension of performance for the
mainstream market: comfort (secondary technology dimen-
sion). The company created a dispenser or insulin injection pen,
which simplified the application of insulin for diabetic patients.
Traditionally, diabetic patients had to carry a syringe with them,
load the precise amount of insulin from a small blister, hold the
needle, and squeeze the syringe several times to remove any
remaining air bubbles. They usually had to repeat this process
to load a second type of insulin from a different blister.

Novo Nordisk’s injection pen greatly simplified the process. It
had a cartridge that contained a mixture of two types of insulin
and the users only had to turn a small dial to determine the
amount of insulin they needed to inject, place the injection pen
on the skin, and press a button. Diabetic patients, who used
insulin every day or even several times a day, considered this
improvement in efficiency an important advance. Novo Nordisk
was able to increase its selling price per unit of insulin by
30%. The success of the insulin injection pen and the prefilled
cartridges helped the company increase its global market share
substantially and profitably. Both Eli Lilly and Novo Nordisk
had met the needs of the main market in terms of insulin purity
(primary technological dimension). The regulators had ensured
the reliability of their products. Once the consumer’s need for
purity had been satisfied, the key competitive aspect shifted to
comfort (secondary technological dimension), and the company
that had provided a more practical product, easier to use while
still being safe, benefited.

Contrasting with the minority disruptive attacker, there are the
disruptive majority attackers. These companies are established
in a consolidated, adjacent, and related market and they exploit
the transversal properties of the technologies they operate with
in order to invade the mainstream market of a dominant technol-
ogy. A clear example is that of Wilkinson. In 1962, Wilkinson
applied its knowledge of stainless steel technologies, which was
currently being used to manufacture swords and household ap-
pliances, to start producing razor blades. Wilkinson overtook
Gillette, which, although it knew about this novel technology, it
did not want to cannibalize its very profitable carbon steel blades
market. In this case, the established company was not defeated,
but Gillette suffered a significant fall in its market share from 72
to 50% [40]. Furthermore, Wilkinson entered the razor market
and remained there. This disruptive majority attacker developed
and successfully applied its technology into a related market.
When Wilkinson observed that an already tested and experi-
enced technology could easily be applied to the mainstream
market, it quickly moved into it with the aim of conquering it.

Another interesting situation arises when the disruptive ma-
jority attacker is already operating in an emerging country. There
it develops the technology for an unserved market segment and
finally attacks the main market. For example, at the end of
the 1950’s, Honda entered the United States with one of its
great Japanese sales successes, the 50cc Super Cub motorcycle.
Unexpectedly, Honda could only serve a market niche, which
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had not aimed for: those Americans who had never owned a
motorcycle and wanted one for short journeys within the city.
This was considered an unprofitable segment and had remained
unserved by the large firms in the sector, which were focused
on the very competitive and profitable market of motorbikes for
young gang members who used them for very long journeys
[41].

On other occasions, a multinational develops a reverse tech-
nology for an emerging country and, once it is successful, it
is commercialized back into its country of origin, even finding
new applications. This would be the case of General Electric,
which designed low cost and portable electrocardiogram and
ultrasound machines for the rural Asian market. The priorities
were price and portability. Subsequently, General Electric ended
up selling these items in the United States for those market seg-
ments for which portability is important, such as emergency
teams that provide assistance in traffic accidents [42]. Little by
little, they have been taking over the mainstream market.

A disruptive technology can also be introduced from the high
end of the market by a company already established in the
mainstream market, though in the future, it may cannibalize
the dominant technology. Initially, Nespresso commercialized
espresso coffee as a gourmet product, targeting 35—45 years old,
high-income professionals. Finally, it entered the main market
of consumer households [43]. Handheld electronic scientific
calculators are also a good example of a disruptive technology
initially characterized by high technological features though
very expensive to buy. However, in a very short period of time,
price reductions made slide rules obsolete, relegating this most
common used calculation method tool to pieces of collection in
museums [11], [28]. The latter examples refer to technologies
that are more expensive and complex than the dominant one,
and thus, have higher selling prices.

When the attack originates in the high end of the market, as it
occurred in the above-mentioned examples, relative to the domi-
nant technology, the disruptive technology provides competitive
parity for the primary technological dimension and excelling
superiority for the secondary one. However, the cost/price ra-
tio is very high for the mainstream market, which rejects it. At
some point in time, the improvements in the potentially disrup-
tive technology (which tend to affect the process) reduce the
cost/price ratio to acceptable levels for the main market. Then,
the disruptive technology can successfully invade the main-
stream market, thus displacing the technological performance
metrics. Relative to the dominant technology, the offer of the
disruptive technology for the mainstream market is not only
superior and distinctive for the secondary technological dimen-
sion, but also reasonably priced and at acceptable levels for the
mainstream market.

If, analogically to Christensen’s graphic for disruptions orig-
inating in the low end of the market (presented in Fig. 1), we
represent graphically this situation for disruptions originating
in the high end of the market, we get Fig. 2.

Relative to the dominant technology, the graph in Fig. 2
shows that the disruptive technology presents a higher cost/price
ratio until moment of time O, (in this case, P, measures the
cost/price ratio of the secondary technological dimension). From

Fig. 2. Technological disruption originating in the high end of the market.
the moment of time 0 onwards, the cost/price ratio becomes at
reasonable levels for the mainstream market, though it is still
superior to the cost/price ratio of the dominant technology. How-
ever, at this point of time, the market starts valuing the perfor-
mance of the disruptive technology, which will finally displace
the dominant technology.

Figs. 1 and 2 complement each other to explain the evolution
of disruptive technologies.

IV. SUCCESS OF DISRUPTIVE PIONEERS VERSUS FAILURE OF
DISCONTINUOUS PIONEERS: A CONJECTURE BASED ON
BEHAVIORAL ECONOMICS

There is empirical evidence that sustains that most estab-
lished firms are pushed out of their market when a disruptive
technology is introduced by new companies [18] although es-
tablished firms continue to outperform the new entrants when it
comes to discontinuous technologies [18], [44]. This surprising
evidence can be explained through the lens and prescriptions of
behavioral economics.

According to Gilbert [45], assigning resources to develop a
technology is dependent on it being perceived as a threat or an
opportunity. The conjecture that we propose is that established
companies perceive discontinuous technologies as threats of
losses (a reduction in the revenues due to some customers of the
dominant technology adopting the discontinuous one) while the
same companies perceive potentially disruptive technologies as
opportunities for gains (an increase in the revenues due to getting
new clients in underserved segments). Following Thaler [46],
we consider that, despite the fungible nature of money, firms per-
ceive independently the reduction in revenues of the dominant
technology and the increase in revenues of the potentially dis-
ruptive technology. Additionally, taking into account Kahneman
and Tversky’s works [47], in absolute terms, psychologically
losses are twice as powerful as gains, [48]. Therefore, people pay
more attention to what can be lost than to what can be won [49].
This behavior is related to the endowment effect [50], which
refers to the greater suffering experienced by people when they
lose something they already possess, as opposed to the pleasure
felt when they receive or win that thing. That is to say, people
value more what they already possess than what they do not yet
possess. This is valid even in the case of the expected outcomes
being the perception of areduction in revenues from those clients
moving to the discontinuous technology, relative to the percep-
tion of an increase in revenues from those new clients adopting
the potentially disruptive technology. This overvalued percep-
tion of a potential loss encourages established companies to re-
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act as quickly as possible to face the attacks of a discontinuous
technology. Meanwhile, in the case of a potential disruptive
technology, the lower perception of the value of additional gains
leads them to remain stuck with their status quo.

In short, the loss of some of their clients makes managers
perceive the discontinuous technology as a menace, so they con-
centrate their efforts and resources on the defense of their main-
stream market customers [32]. Therefore, they react quickly to
discontinuous technologies and, since they usually have abun-
dant technological capabilities and possess complementary as-
sets, they can easily outperform new entrants. Although the
established companies have not been the pioneers in the market
with the discontinuous technology, they usually win the battle
[18], [44].

The opposite occurs with the potentially disruptive technolo-
gies. While they are being developed, the established compa-
nies perceive them as an uninteresting opportunity outside their
mainstream market [51]. With their prospects for potential rev-
enues being unclear and, in any case, less attractive than those of
the dominant technology, it is difficult to justify any additional
investments in the disruptive technology under the criterion of
return on investment [28]. The Weber—Fechner psychophysical
law can also explain this behavior as it states that the minimum
perceptible difference is proportional to the original intensity
of the stimulus. Therefore, the more intense the stimulus, the
larger the difference in absolute terms should be to be capable
to perceive something [20]. Any additional revenues of the dis-
ruptive technology are thus perceived as insignificant. On the
other hand, the “certainty effect” also plays a major role be-
cause it prescribes that the relatively safe returns derived from
investing in sustained improvements in a dominant technology
in the mainstream market are more highly valued than the risky
investments in a potentially disruptive technology [52]. There-
fore, established companies prefer to prioritize their existing
customers by concentrating on the dominant technology, which
continues to provide great revenues [51].

Until the potentially disruptive technology enters the main-
stream market and becomes a disruptive technology, the estab-
lished companies do not consider it a menace. What happens
then? Supposedly, when the disruptive technology attacks the
mainstream market, it is in the initial stage of the “specific
phase” of Abernathy and Utterback’s innovation model [53].
In this phase, there are important economies of scale and a
powerful experience effect. That is to say, in its original mar-
ket, the disruptive attacker has developed first a radical inno-
vation in the product and then the subsequent radical innova-
tion in the process. As a result, when it attacks the mainstream
market, its product and process technologies are co-specialized
[54], which favors greater productivity [55] and represents a
devastating competitive force.

The dominant technology is in the final stages of the “specific
phase” with a co-specialized product and process technology
as well. However, the disruptive technology is supported by a
different and incompatible technological trajectory than the ex-
isting dominant one [44]. Being co-specialized, the product and
process technologies are so integrated that any minor change in
the architecture of the product implies undertaking significant

and expensive changes in various elements of the process [53].
The same occurs with any improvements in the process and its
effects on the product. There might also be previous commit-
ments with suppliers or clients, as well as a high dependence
on the technological trajectory [56], [57]. These circumstances
reduce the flexibility of established companies to react to the
attack of a disruptive technology.

In addition, the attack of a disruptive technology is very fast
[58] and the technological priority is abruptly displaced. Es-
tablished companies are also affected by time compression dis-
economies [59]. These make it difficult to efficiently imitate
a technology in a short period in spite of the resources and
investments devoted to its development. Although product in-
novations can be easily replicated in a short period through
reverse engineering [60], this is not the case for radical pro-
cess innovations. Processes are characterized for being more
complex, for being invisible in the market, and for relying par-
tially on tacit knowledge. The combination of these character-
istics makes it more difficult to imitate a radical process than a
product [28].

The disruptive attacker interconnectedness of technological
and social, tangible and intangible assets also plays against the
established companies [59]. The disruptive attacker enters the
mainstream market with a technology already tested in a market,
therefore knowing the appropriate qualities and costs. During its
development process, it might have relied on external manufac-
turers and suppliers of complementary products and assets and
thus might have been able to establish alliances, joint ventures
or sign exclusive cooperation agreements with the innovation
complementors [54], [61]. When the established companies try
to react to the attack, they may not find any allies or suppliers
for the necessary inputs, products, and complementary assets.
Developing them internally is not an option because it would
require large investments and, above all, a lot of time and a spe-
cialized knowledge base that these companies might not possess.
It must also be borne in mind that customers tend to be loyal
to their first brand and that the pioneer has been able to build
a good reputation that contributes to better lever, establish and
defend its position in the main market [62].

It is worth mentioning that the disruptive attacker assumes
twice the role of a pioneer: initially, when it commercializes
for the first time the potentially disruptive technology and then,
when it introduces the disruptive technology in the main mar-
ket. In the second case, the previous experience of being a first
mover in another market contributes to avoid repeating the same
mistakes again. The chasm has been crossed [25] and satisfying
early adopters’ needs is no longer the objective, with the new
focus being the early majority’s needs. This requires adopting
changes in both the organizational structure and the competi-
tive strategy and, consequently, in the functional strategies [45].
The time interval between both pioneering roles of the disrup-
tive attacker is a blind spot for established firms that reject the
potentially disruptive technology due to its marginal revenue
stream and, above all, because their mainstream customers also
reject it.

All the above-mentioned circumstances are a direct con-
sequence of how pioneers and incumbents make use of the
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time elapsed while the potential disruptive technology was
developed: “lost” time to adjust by the incumbent firms and
“won’ time to experiment by the pioneers. These circumstances
create difficulties for established companies to imitate the po-
tentially disruptive technology soon, in spite of their large re-
sources. That is to say, the sufficient condition for a technology
to be considered as disruptive (be previously commercialized in
an alternative market) also favors its success and vanquish the
established firms, expelling them out of the main market.

V. CONTRIBUTIONS AND IMPLICATIONS

This paper presents two main contributions. First, it improves
our understanding of the concept of disruptive technology. It
contributes to clearly delimitate the sufficient and necessary
conditions for an innovation to be considered a disruption. This
conceptual delineation extends Christensen’s traditional and
seminal definition, enlarging the origins of a disruptive technol-
ogy to other market segments not considered by him, such as
high end of the market customers or reverse technologies. The
proposed definition also allows for inferring that any type of
company, large or small, new or established, national or foreign,
can introduce disruptive technologies. Likewise, it makes it
possible to clearly differentiate a disruptive technology from
a discontinuous one. The paper also provides a novel graphic
representation for the proposed definition, which complements
Christensen’s classical and largely accepted representation.

Second, on the grounds of behavioral economics, this paper
explains how established firms in a mainstream market react to
the frequent attacks of emerging technologies (either discontin-
uous or disruptive). Thus, the second contribution of the paper is
the enlargement of the traditional research perspectives in the lit-
erature on industrial innovation and technological development
with a novel research focus, incorporating the contributions of
behavioral economics.

This perspective leads us to build a conjecture to explain
why established firms in the mainstream market cannot suc-
cessfully confront the attacks of disruptive pioneers, while they
are successful to confront the attacks of discontinuous pioneers.
Applying the principles of behavioral economics leads to the re-
flection that established companies underestimate a potentially
disruptive technology when they discover it, while, on the con-
trary, they react quickly to a discontinuous technology. By not
perceiving the potential disruptive technology as a relevant men-
ace, but as a marginal opportunity, these firms do not react to the
pioneer’s introduction in a market segment or niche away from
the mainstream market. This initial absence of reaction gives
the pioneer time to successfully develop and test its technology.
When this technology finally enters the main market, it does
so with a productive process co-specialized to the disruptive
product, which gives it a competitive advantage that is difficult
for established companies to match. In addition, the pioneer can
exploit the experience and advantages acquired as a first-mover
[62] in another market or niche with the potential disruptive
technology.

This novel perspective of research is not only relevant
for the academic field, but it might be extremely useful for

decision-making processes. Thus, a relevant practical recom-
mendation is that managers of established companies should
search for any potential disruptor in different markets and avoid
falling into the sunk-cost trap. That is to say, managers should
focus their efforts on discovering those technologies with a
secondary dimension of performance that eventually may be-
come attractive for their existing customers in their mainstream
market; despite they might cannibalize in the future any actual
investments [63]. This implies knowing well their customers’
technological needs. This approach is especially relevant for
complex products, which are characterized for having several
performance metrics.

In other words, managers should avoid a technological over-
supply in the primary dimension of the dominant technology so
as not to squander investments in technology [10]. And above
all, they should explore which are the ignored and unmet needs
that the mainstream market could prioritize in the near future.
This implies monitoring those segments or related markets in
which potentially disruptive technologies are being developed.
As for example, established steel companies should not lose
sight of the evolution of stainless steel technologies. At present,
due to the high costs of production of stainless steel, they might
not be a real menace for common steel companies but it is still
possible that in the near future stainless steel companies will
find a way to manufacture it at a lower cost. In fact, in China
and Indonesia serious attempts have occurred [64], though so far
have been unsuccessful. If they become successful, the stainless
steel companies will enter some segment of the common steel
market, thus leading to a disruption. Established firms should
be prepared.

According to our definition, a disruptive technology is already
being commercialized as a potentially disruptive technology in
any market. Therefore, as predicted by Porter’s five competitive
forces model [65], the discontinuous pioneer is a competitive
rival, whereas the potentially disruptive pioneer is a threat of
new entrant. According to the nature of the competitive force in
practice, the established firms will implement different strategic
approaches.

In relation to the disruptive technology, the managers of es-
tablished firms, rather than being visionary leaders aiming to
create new markets, should monitor their potential competitors
and focus on the evolution of the needs of the mainstream mar-
ket. As pointed by Gans, the disruption comes from the demand,
or customer, side [15].

VI. LIMITATIONS AND FURTHER RESEARCH

The conjecture outlined in this paper could be a founding
block for the analysis of the different contradictions in the bat-
tle pioneer—follower depicted by the empirical evidence. Some
research signals that established firms win the battle against
pioneers [44], [54], while other research verifies that they are
indefectibly defeated by pioneers [66], [67], [68]. Thus, addi-
tional research is required to verify if these opposed results are
related to the concerned technology. We assume that established
firms react late when they are confronted to a potential disruptive
technology as compared to their faster reaction when confronted
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to a discontinuous one. Thus, it would be necessary to review
the different casuistry presented in order to verify if the pioneer
is successful when the mainstream market is attacked with a
disruptive technology, and losses the battle against the follower
when the mainstream market is attacked with a discontinuous
technology. These realities lead to a reflection that could ex-
plain the outcome of the battle on the fact that the discontinuous
pioneer has similar characteristics as the potential disruptive
pioneer and different to those of the disruptive pioneer.

Other empirical evidence shows that, sometimes, technologi-
cal disruptive newcomers do not oust the established firms [69].
Applying the principles of behavioral economics, the reasoning
would be that, in this case, managers are not settled for their
actual status quo, they can perceive sooner the threat posed by
a potential disruptive technology and, therefore, they can react
faster. However, additional research is needed to confirm this
hypothesis.

For established firms, there are two important aspects of dis-
ruptive threats: detecting the threats and building an organization
that can efficiently manage disruptive innovation. In this sense,
it is worth mentioning that an ideal complement to this paper
would be the analysis of the different tools established firms
could use to defend themselves from disruptive and discontin-
uous attacks. Are they the same? The academic literature has
already signaled the most important ones, such as entrepreneur-
ship, sunk works, ambidextrous organizations, corporate venture
capital, strategic partners’ complementary assets, joint ventures
or acquisitions [10], [15], [18], [69], [70], [71], [72], [73]. A fu-
ture research objective would be to analyze if the effectiveness of
those tools is dependent on the technology being discontinuous
or disruptive.

Finally, other aspects that could be the object of additional
empirical research are related to the managers involved in the
decision-making process to invest in a new technology and their
competences. Are there differences if the corporate board or the
R&D managers make the decision? Do they have an analogous
perspective of the disruptive technology? Are the managerial
competences needed to develop a potentially disruptive technol-
ogy similar to those needed to face up a disruptive technology?

Despite its potential to become the grounds of future works,
this paper is not exempt of limitations. It is a theoretical study,
and the conjecture developed is conducted through a literature
analysis. Thus, the main limitation is the need for its empirical
validation. More casuistry is needed from disruptions arising in
non developed countries or to support reverse technology as a
disruptive technology. Other limitations of this paper are that
products with network externalities are not explicitly consid-
ered, nor the different ways disruptive technologies can attack
the main market. Addressing both aspects would not only enrich
the theoretical analysis, but could also lead to future potential
research. Finally, we have assumed a very restrictive perspec-
tive for the conceptual analysis of a disruption, limiting it to a
product technology. It would be necessary to include process
technologies as well. Many firms (such as Zara) become global
leaders incorporating a disruptive technology to their productive
process.
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