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Abstract This paper addresses the question of how an estab-
lished firm can successfully defend its market against current
and future competitors. Previous studies on this issue are
surprisingly scarce and typically concentrate on only a single
generic defense strategy. Thus, little is known about the degree
and the manner in which different generic defense strategies,
such as a deterrence strategy (pursued before competitor
market entry) and a shakeout strategy (pursued after compet-
itor market entry), differ in effectiveness and efficiency and
about the corresponding role of product andmarket conditions.
As these strategies tend to be costly, an established firm must
decide which of these strategies to focus its scarce resources
on. Drawing on evolutionary game theory and an empirical
calibration and validation study, this paper seeks to fill these
research gaps. While both strategies turn out to be viable
options for market defense, the authors find that in general, a
shakeout strategy tends to be superior to a deterrence strategy.
However, the authors also identify product and market con-
ditions under which an established firm is better off focusing

on a deterrence strategy. In methodological respects, the paper
contributes to the marketing discipline by introducing evolu-
tionary game theory, which has not been used previously for
analyzing marketing issues, as well as an evolutionary
approach to research on market defense.
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In today’s competitive environment, managers of estab-
lished firms frequently face challenges by companies trying
to enter their market. As new entrants may strongly depress
incumbents’ profits, choosing the most appropriate defense
strategy is of high relevance (Shankar 1999) and today is
“more important than ever” (Hauser and Shugan 2008, p.
85). On a generic level, managers must decide whether to
focus their resources on defensive action in the pre-entry
phase (i.e., before competitors have entered their market) or
in the post-entry phase (i.e., after competitors have entered
their market). In other words, they must choose between
focusing on a deterrence strategy against potential compet-
itors and relying on fighting against competitors after mar-
ket entry has materialized, for example, by means of a
shakeout strategy (Gruca and Sudharshan 1995; Kuester et
al. 1999; Porter 1985).1

However, despite the high relevance of choosing the most
appropriate defense strategy, the literature remains surpris-
ingly silent on this issue in particular and incumbents’ de-
fense strategies in general (Varadarajan and Jayachandran
1999). In support of this view, Roberts (2005, p. 150) states
that compared to “research on marketing as an offensive
tactic, there has been remarkable little [research] on how …

1 The need to focus on one of these strategies mainly arises due to
established firms’ resource constraints. However, theoretically, these
strategies could also be used consecutively and thus are not entirely
mutually exclusive.
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incumbents can use marketing [as a defense tactic] to re-
spond to new or anticipated threats.”

In addition, the relatively small number of existing stud-
ies typically focus on only a single generic defense strategy.
Specifically, previous game-theoretic work (e.g., Bain 1956;
Eliashberg and Jeuland 1986) mostly focuses on competitor
deterrence (for a review, see Gruca and Sudharshan 1995),
whereas previous empirical work (e.g., Bowman and
Gatignon 1995; Steenkamp et al. 2005) typically concen-
trates on competitor shakeout (for a review, see Kuester et
al. 1999). Thus, little is known about the degree and the
manner in which generic defense strategies differ in terms of
effectiveness and efficiency. In this context, prior research
has also failed to examine the conditions (e.g., product and
market characteristics) under which an established firm
should focus on a particular generic defense strategy (e.g.,
a deterrence strategy) at the expense of another generic
defense strategy (e.g., a shakeout strategy).

To fill these research gaps, thereby contributing to the
marketing literature in general and academic understanding
of defense strategies in particular, we seek to answer the
following research questions: (1) How and to what extent do
different generic defense strategies—a deterrence strategy
(pursued before competitor market entry) and a shakeout
strategy (pursued after competitor market entry)—differ in
terms of effectiveness and efficiency, both in general and
depending on specific conditions? (2) For market defense
purposes, under what conditions should an established firm
focus on a deterrence strategy, and when should it focus on a
shakeout strategy?

Therefore, unlike previous studies, we do not limit our
analysis to a single generic defense strategy, but we exam-
ine and compare multiple generic defense strategies a firm
can pursue in different phases of the competitor market
entry process (pre-entry vs. post-entry phase). This ap-
proach takes into account established firms’ option of
choosing between different generic defense strategies and
addresses a corresponding claim by Cubbin and Domberger
(1988). Besides examining and comparing a deterrence
strategy and a shakeout strategy in terms of effectiveness,
efficiency, and superiority, we also analyze the corresponding
role of important contingency factors, such as the length of the
product lifecycle.

To examine these issues, we draw on a discrete time
susceptible-infected-recovered (SIR) epidemic model from
theoretical biology that uses techniques of evolutionary
game theory (van Boven and Weissing 2004). This approach
is supported by studies confirming the economic validity of
the assumptions of evolutionary game theory (e.g., Friedman
1991), answers calls for a more frequent application of the
evolutionary concept in marketing (e.g., Palmer 2000), and is
in line with an increasing acceptance of this concept in mar-
keting (e.g., Holak and Tang 1990). Moreover, using this

approach offers several benefits important to the investigation
of defense strategies.

First, the SIR epidemic model from theoretical biology
properly fits the issue of incumbents’ defense strategies.
Specifically, according to this model, a subject can adopt
three different states: First, it can be susceptible to infec-
tions. Second, it may be infected by pathogens. Third, after
being infected, the subject can either recover completely or
try to continue living with the infection (thereby risking
succumbing to the infection in the long run) (van Boven
and Weissing 2004). Similar logic can be applied to the
scenario of an established firm trying to defend its market
against competitors. The first state in the SIR epidemic
model represents a situation in which the firm is potentially
jeopardized by competitor market entry. The second state
reflects a situation in which the incumbent fails to deter
competitors from entering the market. The third state repre-
sents a situation in which the incumbent may either achieve
a successful competitor shakeout or try to coexist with the
entrants through competitor influencing.

Second, evolutionary game theory “brings game theory
closer to economics” (Samuelson 2002, p. 48) and explicitly
incorporates dynamic considerations by focusing on “the
robustness of [a] strategy … with respect to evolutionary
forces in games played repeatedly” (Weibull 1998, p. 641)
in a large population (Sugden 2001). Hence, unlike tradi-
tional game theory that allows only a single or specific
number of contests to identify the optimal defense reaction
against a limited set of clearly defined competitors, evolu-
tionary game theory permits numerous contests in the pres-
ence of both current and future competitors. Consistent with
an incumbent’s ultimate goal of long-term survival (e.g.,
Hannan and Freeman 1977), this benefit ensures that our
study is able to identify the optimal defense reaction for
maximizing the probability of surviving invasion attempts
by both current and future competitors, and thus of main-
taining “long-term existence of the firm under competition”
(Parayre and Hurry 2001, p. 284).

Third, in contrast with traditional game theory that rests
on the unrealistic assumption of perfectly rational and thus
fully informed decision makers (e.g., Tirole 1988), evolu-
tionary game theory assumes actors to be only partially
knowledgeable, making it more appropriate for modeling
individual decision making (e.g., Parayre and Hurry 2001;
Samuelson 2002). Accordingly, models of incumbents’ de-
fense strategies that are based on evolutionary game theory
require a significantly smaller amount of information about
specific current and future competitors, such as the number
of competitors and the extent of barriers to their entry or exit
(e.g., Han et al. 2001; Karakaya and Stahl 1992). This
benefit accounts for the scarcity of such information in
business practice (e.g., Montgomery et al. 2005) and the
corresponding incomplete information for individual decision
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makers when assessing their firm’s competitive situation and
choosing the most appropriate defense strategy (Gruca and
Sudharshan 1995).

This paper proceeds as follows: We begin by introducing
the content and structure of our model. On the basis of an
empirical calibration and validation study, we then present
applications of our model. We conclude with a discussion of
how our study contributes to the marketing literature and of
how it provides guidance for managers on effectively pro-
tecting their firm’s markets against competitors.

Overview of model content and structure

Introduction of generic defense strategies

According to Porter’s (1985) theory of defense strategies,
managers of established firms may take action in either the
pre-entry phase (“deterrence”) or the post-entry phase (“re-
sponse”). In contrast to “deterrence, or preventing a chal-
lenger from initiating a move in the first place, response is
one in which the firm reacts to challenges as they occur.
Response seeks to lower the challenger’s objectives for a
move once begun [i.e., influencing] or lead the challenger to
rescind it altogether [i.e., shakeout]” (Porter 1985, p. 504).
In our study, we have labeled these three generic defense
strategies according to their primary goal—that is, compet-
itor deterrence, influencing, and shakeout, respectively.

In the pre-entry phase (i.e., before competitors have
entered their market), firm managers can apply a deterrence
strategy. This strategy refers to the firm’s activities of erect-
ing barriers to prevent potential competitors from market
entry (Gruca and Sudharshan 1995; Porter 1985). These
activities discourage potential competitors by reducing an-
ticipated benefits or increasing expected costs of market
entry, for example through limit pricing, preannouncements
of innovations, raising customer switching costs, or block-
ing access to suppliers and sales channels (Burnham et al.
2003; Lam et al. 2004; Robinson and Fornell 1985). We
denote the probability that the firm fails to prevent compet-
itor market entry as η. Consequently, (1 – η) refers to the
probability of successful competitor deterrence.

In the post-entry phase (i.e., after competitors have
entered their market), firm managers can, for instance,
pursue a shakeout strategy. This strategy refers to the firm’s
retaliatory activities aimed at squeezing actual competitors
out of the market (Kuester et al. 1999; Porter 1985). These
activities discourage competitors by reducing their benefits
or raising their costs of staying in the market. They include,
for example, comparative advertising, predatory pricing, or
enticing customers away from competitors (Guiltinan and
Gundlach 1996; Hauser and Shugan 1983; Wang et al.
2009). We denote the probability of a successful competitor

shakeout resulting in a regained monopoly as ρ, which
is, for example, negatively related to the number of
competitors.

In the post-entry phase, firm managers can also apply an
influencing strategy. This strategy refers to the firm’s activ-
ities aimed at coexisting more or less peacefully with actual
competitors by causing them to pursue less threatening
goals that do not endanger the incumbent’s long-term sur-
vival in the market (Porter 1985; Robinson 1988; Scherer
and Ross 1992). Through activities such as advertising or
litigation (Cubbin and Domberger 1988; Hauser and
Wernerfelt 1989; Olazábal et al. 2006), actual competitors
can be influenced, for example, to focus solely on market
segments or niches that are of merely minor interest to the
incumbent. This strategy is consistent with the approach of
“strategic resource diversion” aimed to “divert competitors’
resource allocations … without precipitating a destructive
all-out war” (McGrath et al. 1998, p. 724). We denote the
probability of a successful influencing strategy as σ. In the
case of an unsuccessful influencing strategy, where the
incumbent faces dominant competitors that cannot be
influenced to pursue goals that do not endanger its
long-term survival in the market, the firm is likely to
exit the market in the long run.2

Our study considers all three generic defense strategies.
Specifically, we analyze and compare a deterrence strategy
with a shakeout strategy based on effectiveness, efficiency,
and superiority, and we examine how the effectiveness,
efficiency, and superiority of these two strategies are con-
tingent on the probability of a successful influencing strat-
egy (as well as the length of the product lifecycle). In the
following, we present the model required for these analyses.

Short-term basic structure of the model

In the previous section, we introduced the probabilities of
successful use of deterrence (1 – η), shakeout (ρ), and
influencing (σ) strategies. Several studies stress the impor-
tance of considering the lifespan (and thus the attractive-
ness) of a product market in strategic decision making
(Bordley 2003; Krider and Weinberg 1998). As this criterion
also plays an important role in deciding the most appropriate
defense strategy, our model incorporates the length of the
product lifecycle (PLC), which refers to the expected dura-
tion of time the product (at the category level) will exist in

2 This assumption is a reasonable premise, because in this case, the
incumbent lacks sufficient strength to withstand competitive forces
and thus to ensure its survival in the long run (Gatignon et al. 1997;
Porter 1985). For such a situation, research in economics and indus-
trial organization (Agrarwal and Gort 1996), in organization theory
(Madsen and Walker 2007), as well as in marketing and strategic
management (Aaker 1988; Karakaya 2000) predicts or recommends
an established firm’s market exit in the long run.
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the market. The definition of the PLC at the category level
allows us to account for extensions of the lifecycle caused
by incremental innovations or slight shifts in customer
needs. Accordingly, we assume the lifecycle ends only in
the case of radical innovations or fundamental shifts in
customer needs. In our model, the expected length of the
PLC is derived by 1/(1 – P), where the parameter P repre-
sents the probability that the lifecycle of the product (at the
category level) continues from one period to the next. Thus,
the complementary probability (1 – P) denotes the proba-
bility that the lifecycle of the product (at the category level)
ends, and as a consequence, the product market drops out of
the industry.3

Drawing on these parameters and starting from an arbi-
trary initial situation (at time t) in which the incumbent
operates in N markets, we now examine how the firm’s
market structure nt ¼ ntM ; n

t
O; n

t
RM

� �
, characterized by the

number of the incumbent’s monopoly ntM
� �

, oligopoly ntO
� �

,4

and regained monopoly ntRM
� �

markets, evolves over time.
We arrive at this by means of the following equation:

ntþ1 ¼ Ant; t 2 N; ð1Þ
where ntþ1 ¼ ðntþ1

M ; ntþ1
O ; ntþ1

RM Þ represents the number of the

incumbent’s monopolyðntþ1
M Þ, oligopolyðntþ1

O Þ, and regained

monopolyðntþ1
RM Þmarkets at time t+1, which depends on nt and

on the following matrix:

A ¼
Pð1� ηÞ þ zFM zFO zFRM

Pη Pσð1� ρÞ 0
0 Pσρ P

0
@

1
A: ð2Þ

Matrix A encompasses the proportion of markets in which
the incumbent manages to protect its monopoly (i.e., suc-
cessfully deters competitors from entry) with the probabil-
ity (1 – η), loses its monopoly (i.e., fails to deter
competitors from entry) with the probability η, and regains
its monopoly (i.e., successfully squeezes competitors out

of the market) with the probability ρ.5 Matrix A also
includes the proportion of oligopoly markets in which the
firm fails to squeeze competitors out of the market with
the probability (1 – ρ) but successfully influences compet-
itors with the probability σ. By including P, we consider a
reduction of the firm’s total number of markets caused by
the end of the PLC. On the other hand, by reinvesting its
generated short-term profits—for example, in R&D—the
incumbent may develop new product markets, thus in-
creasing its total number of markets. To account for this
issue, we introduce FM, FO, and FRM, which describe the
growth of the incumbent’s number of new markets gener-
ated by short-term profits from monopoly, oligopoly, and
regained monopoly markets, respectively (from t to the sub-
sequent period t+1). Finally, ζ denotes a normalization factor
(see Appendix A).

Long-term basic structure of the model

Thus far, we have analyzed how, in the short term, the
incumbent’s market structure changes from t to t+1. How-
ever, consistent with resource dependence theory (Pfeffer
and Salancik 1978) and the theory of organizational ecology
(Hannan and Freeman 1977), our study concentrates on the
incumbent’s long-term survival. Accordingly, we now ex-
amine how the market structure evolves in the long run.
Consequently, Eq. 1 converges to:

lu ¼ Au: ð3Þ
The parameter λ reflects the long-term growth rate of the

incumbent’s total number of markets and accounts for the
long-term impact of the success probabilities of different
defense strategies, the length of the PLC, and the possibility
of developing new product markets. Moreover, the parame-
ter u ¼ ðuM ; uO; uRM Þ denotes the proportion of the incum-
bent’s monopoly (uM), oligopoly (uO), and regained
monopoly (uRM) markets in the long run (for details, see
Appendix A and Caswell 2001).

In correspondence with its multi-phase and long-term
perspective, our model also accounts for inter-temporal
effects between the pre-entry and post-entry phase. Specif-
ically, a firm’s successful competitor shakeout in the post-
entry phase is likely to enhance its reputation for retaliation

5 These probabilities also account for differences in firm-level capa-
bilities between the incumbent and (current and future) competitors
(Ramaswami et al. 2009). Specifically, higher levels of incumbent
capabilities are associated with a lower probability of failed competitor
deterrence η and a higher probability of successful competitor shake-
out ρ and of successful competitor influencing σ (Jayachandran and
Varadarajan 2006) Analogous, higher levels of competitor capabilities
go along with a higher probability of failed competitor deterrence η
and a lower probability of successful competitor shakeout ρ and of
successful competitor influencing σ.

3 In the long run (i.e., when considering multiple periods), the proba-
bility that the product still exists after n periods is described by the
probability distribution of the number n of Bernoulli trials (with (1 – P)
as “success” probability). The convolution of n independent Bernoulli
trials is given by the geometric distribution, which reflects the proba-
bility distribution of the number b of Bernoulli trials required to get one
“success” (in our study: the end of the PLC). Overall, the expected
value of a geometrically distributed variable b (in our study: the
expected length of the PLC) is 1 divided by the corresponding ‘suc-
cess’ probability (1 – P) (for mathematical details, see Freedman et al.
1998).
4 It is worth mentioning that unlike “monopoly markets” (markets
without competitors), our study’s notion of “oligopoly markets” refers
to markets with competitors. As this distinction does not account for
the specific number of competitors, our use of “oligopoly markets”
somewhat differs from the common understanding of this term as
markets with only few competitors.
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and thus discourages potential competitors in the pre-entry
phase from stepping into one of its markets in the future.
This effect is supported by work in marketing (Clark and
Montgomery 1998; Prabhu and Stewart 2001), economics
(Kreps and Wilson 1982; Milgrom and Roberts 1982),
and strategic management (Basdeo et al. 2006; Porter
1985). For example, Porter (1985, p. 497) notes that “a
firm affects its image for retaliation … through its be-
havior in response to threatening challengers …. A very
vigorous response to one challenger sends a [discourag-
ing] message to others.” Clark and Montgomery (1998,
p. 81–82) similarly find that “an incumbent’s reputation
for aggressiveness … makes a market less attractive and
more risky to a potential entrant … [and thus] can deter
market entry.”

For potential entrants, the proportion of an incumbent’s
oligopoly markets is a good indicator of whether the firm is
willing and able to fight for its markets. While a small
proportion increases potential entrants’ perceived threat of
retaliation (and thereby reduces the probability of competi-
tor market entry), a high proportion is likely to be inter-
preted as a sign of the incumbent’s reluctance or weakness
with respect to market defense (thus increasing the proba-
bility of competitor market entry). Accordingly, in our mod-
el, the proportion of oligopoly markets (uO) is negatively
associated with the firm’s reputation for retaliation and thus
positively associated with the probability η of competitor
market entry. Hence, the probability η of competitor market
entry can be decomposed into the proportion of oligopoly
markets (uO) and the residual probability g of competitor
market entry:

η ¼ uO � g ð4Þ

Positive and negative consequences of defense
investments

So far, the probabilities of successful defense strategies have
been considered as fixed. Henceforth, consistent with
Gatignon et al. (1997), who find evidence for a positive
impact of marketing expenditures on defense success, we
suppose these probabilities depend on the amount of defense
investment x.

Specifically, deterrence investments are likely to reduce
the residual probability g of competitor market entry (i.e., of
failed competitor deterrence). For example, investments in
brand image and loyalty raise customer costs of switching to
brands offered by later market entrants (Burnham et al.
2003; Homburg and Fürst 2005). This reduces potential
competitors’ anticipated benefits (as they would win fewer
customers) and increases their expected costs (as they would
also have to invest heavily in brand equity), thus averting

their market entry. Also, investments in exclusivity contracts
(Dutta et al. 1994), brand-specific assets (Stump and
Heide 1996), and spatial pre-emption of retailer shelf
space (Robinson and Fornell 1985) serve to control
access to critical suppliers and sales channels. In turn,
lack of access seriously handicaps potential competitors
if they decide to step into the market, reducing their
probability of market entry.

Moreover, shakeout investments are likely to enhance
the probability ρ of successful competitor shakeout. For
example, an incumbent’s investment in advertising reduces
entrants’ benefits (as they will lose customers or have to
lower prices) and raises their costs of staying in the
market (as they will also have to invest heavily in adver-
tising) (Aaker 1988; Calantone and di Benedetto 1990).
Reduced benefits and increased costs in turn encourage
entrants to, sooner or later, exit the market. Investing in
predatory pricing through significant price cuts can also
considerably weaken competitors and eventually force
them to withdraw from the market (Guiltinan and Gundlach
1996; Karakaya 2000).

However, beyond these positive consequences, an
established firm must also take into account that defense
investments are costly and thus associated with a decrease
in short-term profits from its monopoly, oligopoly, and
regained monopoly markets. As these short-term profits
provide the resources needed for new market development
activities, such as R&D or the establishment of a distri-
bution network (Chandy and Tellis 2000; Karakaya and
Stahl 1989), defense investments indirectly reduce FM,
FO, and FRM (i.e., the growth rate of the firm’s number
of new markets generated by short-term profits from
monopoly, oligopoly, and regained monopoly markets,
respectively).

Hence, in making defense investments, a firm has to
balance the trade-off between the positive consequences
(i.e., the increase in the probability of successful market
defense and thus of long-term survival) and the negative
consequences (i.e., the reduction of short-term profits and
thus of resources available for new market development,
leading to a decreased probability of long-term survival).
In support of this, Porter (1985, p. 487) notes that
“defense tactics are costly and reduce short-term profit-
ability in order to raise the longer-term sustainability of a
firm’s position.”

Optimal amount of defense investment

In our model, λ (i.e., the long-term growth rate of the total
number of markets) accounts for both the impact of the
probability of successful market defense (which is in-
creased by defense investments x) and the possibility of
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developing new markets (which is reduced by defense
investments x). Thus, λ can be used to resolve the trade-
off between positive and negative consequences of defense
investments and thus to identify the firm’s optimal amount
of defense investment x*.

Evolutionary game theory’s concept of evolutionary sta-
ble strategies (ESS) represents the theoretical basis for these
analyses. It provides “a population-level analytical construct
that offers a meaningful rubric for firm-level optimization”
(Parayre and Hurry 2001, p. 281) and focuses on a large
population in which repeated (pairwise) contests occur in
the presence of evolutionary forces. Its objective function
serves to identify the optimal amount of defense invest-
ment in the case of numerous contests, rather than for
one specific contest, thus maximizing the probability of
long-term survival (i.e., of successfully withstanding
attacks from all current and future competitors) (Samuelson
2002). For this purpose, we repeatedly compare pairs of
different alternative amounts of investment by means of the
parameter λ.6 The optimal amount of investment x* is
characterized by the fact that no alternative amount of in-
vestment y leads to a higher λ when competing with x*.
Following this idea, we derive the condition for x* (for
details, see Appendix B):

P v�O � v�M
� �

u�M
@η
@y y¼x� þ v�Ou

�
O

@σ
@y y¼x� þ v�RM � v�O

� �
u�O

@σρ
@y y¼x�

�����
���

h i

¼ �z�v�M u�M
@FM
@y y¼x� þ u�O

@FO
@y y¼x� þ u�RM

@FRM
@y y¼x�

�����
���

h i

ð5Þ

The parameter v ¼ ðvM ; vO; vRM Þ denotes the left eigen-
vector (see Eq. B.4 in Appendix B). The notations indicate
that all components are evaluated at the optimal amount of
investment x*. The equation represents the trade-off between
the positive consequences of defense investments (i.e., an
increased probability of competitor deterrence, shakeout, and
influencing; see left-hand side) and the negative consequences
of defense investments (i.e., reduced number of newly
developed markets; see right-hand side). The optimal
amount of investment x* satisfies this equation (i.e., bal-
ances both sides of the equation) and thus solves the
corresponding trade-off.

Data generation for model calibration and validation

We conducted an empirical study for two purposes. First, we
aimed to validate whether the theoretical model provides
useful practical recommendations. Second, we strived to
calibrate the model parameters to derive realistic values,
which is in line with other marketing studies using game-
theoretic models (Ailawadi et al. 2005; Bohlmann et al.
2002) and with Day and Montgomery (1999, p. 11), who
“propose that academic marketing give increasing attention
to issues of calibration.”

With respect to model calibration, there is an important
tradition in marketing of incorporating managerially esti-
mated parameter values into models of strategic decision
making (Leeflang and Wittink 2000). The validity of such
parameter values, as well as the efficacy of judgment-based
models for improving managerial decision making, are
supported by a large number of studies (e.g., Blattberg and
Hoch 1990; Gupta 1994). Following this tradition, we
obtained the estimates of model parameters by drawing on
decision calculus (Little 1970, 2004), an approach that is well
established and frequently used for this purpose (Blattberg
and Deighton 1996; Dong et al. 2007; Shang et al. 2009).
“In the absence of objective information on probabilities”
(O'Shaughnessy 1992, p. 94), such as in our study, this
approach captures “useful information from managers’ rich
knowledge of the marketing environment” (Little and
Lodish 1981, p. 28) and thus allows the “estimation of
otherwise unavailable data” (McIntyre 1982, p. 17) for
marketing models. Specifically, it provides a survey-based
method for obtaining values of model parameters through
managerial judgments.

Drawing on this method, we conducted a large-scale
survey. Through pre-study interviews with 20 executives
and five academics, we pre-tested and improved a draft of
the questionnaire with respect to understandability, rele-
vance to managers’ experience, clarity of terminology, and
appropriateness of response formats. Appendix C contains a

6 This approach is similar to approaches of a significant number of
studies in the fields of population ecology and population genetics (e.g.,
Caswell 2001; Cushing et al. 1996; Ginzburg 1986; Henson 1998;
Parayre and Hurry 2001; van Boven and Weissing 2004), analyzing
the conditions under which organisms emerge, grow, and die. In the
context of incumbents’ defense strategies, the long-term growth rate of
a firm’s total number of markets λ is a suitable parameter for identifying
the optimal amount of investment (which maximizes the probability of
long-term survival), as it is a good indicator for the firm’s ability to
defend its markets against current and future competitors (i.e., for the
firm’s environmental fitness). Also, this rate is closely and inherently
associated with a firm’s long-term survival (i.e., the higher the long-
term growth rate, the more likely is a firm to survive in the long run). In
this context, it needs to be mentioned that in our model, by means of the
normalization factor ζ, the long-term growth rate λ equals 1 (in case of
the optimal amount of investment) and is otherwise less than 1 (in case
of a suboptimal amount of investment) (for details, see Appendix A).
Hence, the optimal amount of investment enables the firm to defend its
markets against current and future competitors, thus preventing the
firm’s number of markets from decreasing in the long run and thus
securing long-term survival. By contrast, in case of a suboptimal
amount of investment, the firm is not able to defend its markets against
current and future competitors, which results in a reduction of the firm’s
number of markets in the long run and thus in a serious threat to long-
term survival.
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list of items used for model calibration and validation.
Subsequently, we identified 1,091 firms in manufacturing/
processing industries (machinery, metal works, electronic,
automotive) with at least 200 employees and annual reve-
nues of not less than $50 million. For 1,020 firms, we were
able to identify an executive with marketing, sales, and/or
general management responsibility. We contacted these indi-
viduals by telephone and conducted 358 interviews (with an
average duration of 16 min), resulting in a response rate of
35.1%.

To obtain the values for calibrating the model parameters,
we asked respondents to assess with one question each the
probabilities of successful competitor deterrence and shake-
out (in the case of zero investment and maximal investment)
and of successful competitor influencing (in the case of the
current amount of investment). Also, with one item each,
respondents indicated the expected length in years of the
PLC as well as the functional relationship between the
amount of defense investment and corresponding returns.
A transformation of these responses yielded values that are
subsequently used for P and q. To validate the model’s
appropriateness for providing practical recommendations,
we also asked respondents to rate their firm’s actual amount
of investment in different generic defense strategies (two
items) and their firm’s respective market defense success
(two items).

In addition to pre-testing and improving our question-
naire, we took several further measures to ensure the validity
of responses. For example, at the end of the interviews, we
asked respondents to rate the questions in terms of under-
standability, relevance to managers’ experience, clarity of
terminology, and appropriateness of response formats.
Moreover, we asked respondents to indicate how competent
they felt to answer the questions, how strongly they were
personally involved in market defense activities, and how
much experience they had gained in this regard. Results
further enhanced our confidence in the appropriateness of
the survey.

To further ensure the validity of responses, we dis-
carded all questionnaires in which at least one of the
questions related to competence, involvement, and ex-
perience, respectively, was answered with a value lower
than 4 (on a 5-point scale). As a result, our final sample
included 315 cases. Compared to the original sample,
we found no differences with respect to respondent
position, firm industry membership, and firm size, pro-
viding no evidence for non-response bias. Respondents
were mostly general managers (54%) or sales managers
(39%). The firms in the final sample were mostly from
the electronic industry (36%), followed by the machin-
ery (26%), metal works (21%), and automotive (17%)
industries. The average firm size was 752 employees,

with average annual revenues of $411 million. Tests
showed that information bias and common method bias
were not a problem with these data.7,8

Finally, we randomly partitioned the final sample into
an estimation (n0210) and a holdout sample (n0105)
(Blattberg et al. 2008). The estimation sample was used
to obtain parameter values for the applications of the
model, whereas the holdout sample was applied for some
of our robustness tests.

Applications of the model

To analyze and compare a deterrence strategy with a shake-
out strategy, we drew on two corresponding scenarios. In
Scenario I, the firm invests in a deterrence strategy, thereby
affecting the probability of successful competitor deterrence
1� g ¼ 1� η=uO (see Eq. 4). To simplify the notation, we
used the complementary probability g (of failed competitor
deterrence). In Scenario II, the firm invests in a shakeout
strategy, thereby affecting the probability of successful

8 To validate our model’s appropriateness for providing managerial
recommendations, we asked managers in our survey to rate their firm’s
actual amount of investment in different generic defense strategies and
their firm’s respective market defense success. As responses on both
amount of investment and success were obtained from the same source
(the same manager), these responses may be subject to common-
method variance. Although this issue affects only our empirical vali-
dation of model appropriateness, not our empirical calibration of model
parameters and resulting findings with respect to our research ques-
tions, we nevertheless performed a corresponding test. For this pur-
pose, we again performed the empirical validation procedure, this time
also drawing on the responses of the secondary informant. Specifically,
in a first step, we carried out the procedure using the responses on
amount of investment of the secondary informant and the responses on
success of the primary informant. In a second step, we carried out the
procedure using the responses on amount of investment of the primary
informant and the responses on success of the second informant. In
both cases, the findings closely parallel the findings reported in Table 2,
indicating that common-method bias is not a notable problem in our
study.

7 Although we believed that collecting data from one carefully selected
key informant per firm would be sufficient, we performed a test for
possible informant bias. For this purpose, we asked each respondent to
name another executive within their firm who is also strongly involved
in market defense activities. 213 managers agreed to provide the
requested information. Subsequently, we contacted the potential sec-
ondary informants by telephone and asked them to participate in an
interview (to complete a shortened version of the questionnaire). This
resulted in a total of 115 responses of secondary informants. After
discarding 11 questionnaires of inappropriate respondents (Kumar et
al. 1993), we compared the responses of the primary and secondary
informant of each firm on a subset of 11 items of our original ques-
tionnaire. Inter-informant correlations range between 0.62 and 0.74
and are all highly significant (p<0.01). This result provides further
confidence in using the primary responses and that respondents had a
similar interpretation of the key terms in mind when answering the
questionnaire.
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competitor shakeout ρ. Specifically, g and ρ are positively
influenced by defense investments x 2 [0; 1] as follows:

Scenario I : Deterrence Strategy gðxÞ ¼ g0 þ ðg1 � g0Þxq;
g0 > g1; q 2 ð0; 1Þ

ð6Þ

Scenario II : Shakeout Strategy ρðxÞ ¼ ρ0 þ ðρ1 � ρ0Þxq;
ρ1 > ρ0; q 2 ð0; 1Þ

ð7Þ
The parameters g0 and g1 reflect the probability of failed

competitor deterrence with zero (x00) and maximal (x01)
investment, respectively. Our empirical study yielded a
value of 4.44 for zero investment and 2.60 for maximal
investment (on a 5-point scale with 1 0 very low and 5 0 very
high). These values correspond to g0 0 0.86, with a standard
error (SE) of 0.015, and g1 0 0.40 (SE 0 0.023), as 1 0 very
low equals a probability of 0, and 5 0 very high a probability
of 1. It is worth mentioning that g0 is less than 1 because of
structural barriers to entry, such as capital requirements or lack
of distribution access (Han et al. 2001), and that g1 is greater
than 0 because even large investments in deterrence cannot
completely rule out competitor market entry (Porter 1985).

The parameters ρ0 and ρ1 denote the probability of suc-
cessful competitor shakeout in the case of zero (x00) and
maximal (x01) investment, respectively. Our empirical
study yielded a value of 1.20 for zero investment and of
1.55 for maximal investment (on a 5-point scale with 1 0

very low and 5 0 very high). Applying the previous logic,
these values correspond to ρ000.05 (SE00.007) and ρ10
0.14 (SE00.011). The parameter ρ0 is greater than 0 because
an entrant may leave the market even if the incumbent does
not invest in shakeout due to factors not caused by the
incumbent, such as a shift in customer needs (Porter
1985), and ρ1 is less than 1 owing to structural barriers to
exit, such as specific investments or contractual agreements
(Karakaya 2000).

The parameter q determines the shape of g(x) and ρ(x)—
that is, the functional relationship between defense invest-
ments and corresponding returns (success probabilities g
and ρ). In our survey, managers stated that additional de-
fense investments of their firm typically result in decreasing
returns (4.09 on a 5-point scale with 1 0 strongly increasing,
3 0 proportional, and 5 0 strongly decreasing). Thus, we
assume q00.50 (SE00.028),9 which is also in line with
other marketing studies that assume decreasing marginal
returns of defense investments (Gatignon et al. 1989; Hauser

and Shugan 1983). Moreover, for the expected length of the
PLC, which is reflected by 1/(1 - P), we obtained a value of
29.6 years. Inserting into PLC ¼ 1= 1� Pð Þ and solving for
P results in P00.97 (SE00.001). Finally, for the probability
of successful competitor influencing, our survey yielded a
value of 4.36 (on a 5-point scale with 1 0 very low and 5 0

very high), resulting in σ00.84 (SE00.012).
On the basis of the theoretical model and the empirically

calibrated model parameters, we now subsequently address
our research questions on the effectiveness (Step 1), effi-
ciency (Step 2), and superiority (Step 3) of a deterrence
strategy and a shakeout strategy (see Fig. 1).

Effectiveness of deterrence strategy and shakeout strategy
(Step 1)

In this subsection, we analyze how and to what extent a
deterrence strategy (Scenario I) and a shakeout strategy
(Scenario II) differ in terms of effectiveness. In the context
of our study, effectiveness relates to the incumbent’s market
defense success in the long run, which is reflected by the
firm’s long-term market structure, especially by its long-
term proportion of monopoly (uM) and regained monopoly
(uRM) markets, as opposed to its long-term proportion of
oligopoly (uO) markets.

Deterrence strategy (Scenario I) To examine the influence
of investments in a deterrence strategy (xD) on a firm’s long-
term proportion of monopoly (uM), regained monopoly
(uRM), and oligopoly (uO) markets, we draw on the calibrat-
ed model parameters presented above. Consequently, we
obtain ρ00.05, σ00.84, P00.97, and the function (6) g�
ðxDÞ ¼ 0:86þ ð0:40� 0:86ÞxD1=2 (i.e., q00.50, g000.86,
and g100.40). The equations describing uM, uRM, and uO
are presented in Appendix A (see Eq. A.7). Results are
shown on the left side of Fig. 2.

With no investments in deterrence, an incumbent’s pro-
portion of monopoly markets reaches a minimum. An in-
crease in investments enhances the probability of deterrence
and thus raises the proportion of monopoly markets and
decreases the proportion of oligopoly markets. A diminish-
ing proportion of oligopoly markets, in turn, reduces the
number of possible competitor shakeouts and thus decreases
the proportion of markets in which the incumbent can regain
its monopoly.

Shakeout strategy (Scenario II) To analyze how investments
in a shakeout strategy (xS) affect the firm’s market structure in
the long run, we again draw on the calibrated model param-
eters. Thus, we receive g00.86, σ00.84, P00.97, and the
function (7) ρðxSÞ ¼ 0:05þ ð0:14� 0:05ÞxS1=2 (i.e., q0
0.50, ρ000.05, and ρ100.14). Results are presented on the
right side of Fig. 2.

9 This is based on the fact that a value of 3 (proportional) corresponds
to q01 and of 5 (strongly decreasing) to q≈0 (in a positive range).
Hence, 4.09 corresponds to q≈0.50 (rounded to ensure the solvability
of the model).
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If no investments are made in a shakeout, the proportion
of oligopoly markets reaches a maximum. The direct impact
of increasing shakeout investments is reflected in a decrease
in the proportion of oligopoly markets and an increase in the
proportion of regained monopoly markets. The indirect im-
pact of higher shakeout investments is represented by an
increase in the proportion of monopoly markets. As dis-
cussed, a shakeout of rivals and the resulting low proportion
of oligopoly markets indicate to potential entrants that the
firm is a fierce competitor, creating reputational effects
which deter competitor market entry. Interestingly, the slope
reflecting the rise of the proportion of regained monopoly
markets is relatively flat. This result is mainly due to reputa-
tional effects; as these effects promote competitor deterrence,
they simultaneously reduce the proportion of oligopolymarkets

and thus the proportion of markets in which an incumbent may
actually regain its monopoly.

Efficiency of deterrence strategy and shakeout strategy
(Step 2)

Subsequently, we examine to what extent and how a deter-
rence strategy (Scenario I) and a shakeout strategy (Scenario
II) differ in terms of efficiency. In the context of our study,
efficiency refers to the incumbent’s amount of investment
required to maximize the firm’s market success and proba-
bility of long-term survival. This optimal amount of defense
investment takes into consideration that a firm has limited
available resources and accounts for the fact that defense
investments also have negative consequences, as they

η: Probability of failed deterrence

ρ: Probability of shakeout

: Probability of competitor influencing

P: Length of product lifecycle

Empirical Calibration
of Model Parameters

Applications of the Model

Step 1: Examination and comparison of 
deterrence vs. shakeout strategy 
in terms of effectiveness 

Step 2: Examination and comparison of 
deterrence vs. shakeout strategy 
in terms of efficiency

Step 3: Examination and comparison of 
deterrence vs. shakeout strategy 
in terms of superiority

Decision Support
for Managers

Deterrence Strategy
(Pre-entry Phase)

Shakeout Strategy
(Post-entry Phase)

σ

Fig. 1 Overview of applications of the model

Fig. 2 Effectiveness of
deterrence strategy and
shakeout strategy
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reduce short-term profits and thus resources available for
new market development, leading to a decrease in the
growth rates of the number of new markets.

Consequently, to derive the optimal amount of invest-
ment, our model needs to also consider this inverse relation-
ship between defense investments and growth rates of the
number of new markets generated by short-term profits from
monopoly (FM), oligopoly (FO), and regained monopoly
(FRM) markets, respectively. For Scenario I, in which the
firm pursues a deterrence strategy to prevent competitor
market entry, we assume that defense investments only
decrease FM. This assumption rests on the fact that monop-
oly markets are characterized by a particularly high need to
prevent competitor market entry and thus investments in
deterrence are prototypical for such markets. Consequently,
we assume that deterrence investments reduce the short-
term profits only from monopoly markets, leading to a
decrease in the corresponding growth rate FM. Analogously,
for Scenario II, in which the firm invests in a shakeout
strategy to squeeze competitors out of the market, we as-
sume that defense investments diminish only FO. This as-
sumption is reasonable because investments in shakeout are
only made in oligopoly markets. Thus, we assume these
investments exclusively reduce the short-term profits from
oligopoly markets and in turn the corresponding growth
rate FO.

To model the trade-off between defense investments and
growth rates (and thus account for a firm’s resource con-
straints), we parameterize the amount of defense invest-
ment x such that it corresponds to the proportion of growth
rates FM (for Scenario I) and FO (for Scenario II) lost
owing to defense investments. F1, F2, and F3 denote the
maximum achievable growth rates (generated by short-term
profits from monopoly, oligopoly, and regained monopoly
markets, respectively) that are obtained if no defense
investments are made. Overall, we propose the following
relationships:

Scenario I : Deterrence Strategy FM ðxDÞ ¼ ð1� xDÞF1;FOðxDÞ ¼ F2;
FRM ðxDÞ ¼ F3

ð8Þ

Scenario II : Shakeout Strategy FM ðxSÞ ¼ F1;FOðxSÞ ¼ ð1� xSÞF2;
FRM ðxSÞ ¼ F3

ð9Þ

Deterrence strategy (Scenario I) In this scenario, the firm’s
investments affect the probability g (see Eq. 4). Given
Eq. 8, Eq. 5 thus simplifies to:

@g

@y y¼xD�
�� ¼ z�F1v�M

Pðv�O � v�M ÞuO
ð10Þ

After inserting ζ* (derived from Eq. A.5 calculated in
Appendix A) as well as v (see Appendix B.4) and u (see
Appendix A.4), we obtain in terms of the basic parameters:

@g

@y y¼xD�
�� ¼ F1g�Pð�1þ g þ σÞð1þ Pð�1þ ρÞσÞ

½xD þ Pð�1þ ð1þxDð�1þ ρÞÞσÞ�½�1þ Pðg� þ σ� ρσÞ�
ð11Þ

Inserting Function 6 in Eq. 11 and solving for xD deter-
mines the optimal amount of deterrence investment xD*.
Given the calibrated model parameters P00.97, ρ 0 0.05,
σ00.84, q00.50, g000.86, and g100.40, we find xD*00.79.
By investing this amount, the incumbent achieves a propor-
tion of monopoly markets of uM00.52, a proportion of
oligopoly markets of uO00.20, and a proportion of regained
monopoly markets of uRM00.28. Therefore, the firm has a
total proportion of successfully defended markets uDM of
0.80 (i.e., uM+uRM).

The calculation of the optimal amount of deterrence
investment is based on the probability of failed competitor
deterrence, which is affected by issues such as structural
entry barriers and competitor view of the incumbent (Han et
al. 2001; Prabhu and Stewart 2001). However, when a firm
is deciding on the optimal amount of deterrence investment,
not only incumbent and competitor characteristics can play
an important role, but also contingency factors such as
product and market characteristics. With respect to the latter
category, the expected length of the PLC may be particularly
important, as it represents the lifespan and thus the attrac-
tiveness of product markets. Figure 3 (left side) shows how
the length of the PLC influences the optimal amount of
deterrence investment xD*. In the case of a long PLC, the
firm is more motivated to protect its market to secure future
profits. In contrast, in the case of a short PLC, a low amount
of investment is optimal. Also, Fig. 3 reveals that the opti-
mal amount of deterrence investment rises at a decreasing
rate ½ð@2xD�=@2ð1=1� PÞÞ < 0�. This finding seems intui-
tive, as our calibration study led us to assume a decreasing
return on investment (q00.50). However, as the discussion
of Scenario II will show, it does not hold true for a shakeout
strategy; in this case, we find the optimal amount of invest-
ment to rise at an increasing rate.

In Fig. 4 (left side), we examine the impact of the prob-
ability of competitor influencing σ on the optimal amount of
deterrence investment xD*. It indicates that the more likely
an incumbent is to cause entrants to pursue less threatening
goals and activities after market entry, the lower its motiva-
tion to invest in deterrence before market entry. Also, Fig. 4
depicts how the length of the PLC affects the impact of the
probability of competitor influencing on the optimal amount
of deterrence investment. Findings indicate that, ceteris
paribus, an increasing length of the PLC leads to higher
optimal investments. This finding is intuitively appealing
because the length of the PLC reflects market attractiveness
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and thus an incumbent’s motivation for market defense.
Interestingly, as Fig. 4 shows, the described impact of the
length of the PLC diminishes with increasing values, as the
distance between the curves for PLC010 and PLC030 is
larger than between the curves for PLC030 and PLC050.
This result is in line with our finding that the length of the
PLC has a decreasing positive effect on the optimal amount
of deterrence investment (see Fig. 3).

Shakeout strategy (Scenario II) In this scenario, the firm’s
investments influence the probability ρ. Therefore, and giv-
en Eq. 9, Eq. 5 boils down to:

@ρ
@y y¼xS �

�� ¼ z�F2v�M
Pσðv�RM � v�OÞ

ð12Þ

After inserting ζ* and v, we derive in terms of the basic
parameters:

@ρ
@y y¼xS �

�� ¼ F2ð1� PÞ 1� Pσð1� ρ�Þ½ �
Pσ Pð1� σÞ þ xS�ð1� PÞ½ � ð13Þ

Analogous to Scenario I, we derive the optimal amount
of shakeout investment xS* by calculating the intersection
point of Function 13 and the derivative of Function 7. Given
the calibrated model parameters P00.97, g00.86, σ00.84,
q00.50, ρ000.05, and ρ100.14, we obtain xS*00.56. This
amount of investment leads to a proportion of monopoly
markets of uM00.34, a proportion of oligopoly markets of
uO00.16, and a proportion of regained monopoly markets of
uRM00.50. Hence, the incumbent has a total proportion of
successfully defended markets uDM of 0.84 (i.e., uM+uRM).

By contrasting the optimal amount of shakeout investment
xS*00.56 and its resulting total proportion of successfully
defended markets (i.e., 0.84) with the optimal amount of
deterrence investment xD*00.79 (see Scenario I) and its re-
spective market defense success (i.e., 0.80), we are able to
compare a deterrence strategy with a shakeout strategy in
terms of efficiency. Interestingly, this comparison shows that
in order to gain an approximately equal total proportion of
defended markets, significantly lower investments in compet-
itor shakeout are required than in competitor deterrence. This

Fig. 3 Efficiency of deterrence strategy and shakeout strategy (depending on length of product lifecycle)

Fig. 4 Efficiency of deterrence strategy and shakeout strategy (depending on probability of successful competitor influencing)
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finding also holds true for other values of this proportion and
thus suggests that, in general, a shakeout strategy is more
efficient than a deterrence strategy. This finding is further
supported by additional analyses showing that a given amount
of investment leads to a higher total proportion of successfully
defended markets with a shakeout strategy than with a deter-
rence strategy. More precisely, deterrence investments xD of
0.25, 0.50, 0.75 and 1.00 yield a total proportion of defended
markets uDM of 0.73, 0.76, 0.79, and 0.82, respectively. In
contrast, shakeout investments xS of 0.25, 0.50, 0.75, and 1.00
lead to a total proportion of defended markets uDM of 0.80,
0.84, 0.86, and 0.87, respectively.

With respect to the contingency factors, similar to Scenario I
(see Fig. 3, left side), the length of the PLC also increases the
optimal amount of defense investment in this scenario (see
Fig. 3, right side). However, while the optimal amount of
deterrence investment grows at a decreasing rate, the optimal
amount of shakeout investment rises at an increasing rate
½ð@2xS�=@2ð1=1� PÞÞ > 0�.Obviously, since shakeout invest-
ments contribute to squeezing competitors out of themarket, the
resulting discouraging effect on potential entrants that tends to
last throughout the entire PLC seems to outweigh the effect of a
decreasing return on investment (q00.50).

Next, we examine how the probability of competitor influ-
encing σ affects the optimal amount of shakeout investment
xS*. Results reveal an inverse U-shaped relationship (see
Fig. 4, right side). In this context, two situations are particularly
interesting. In the first situation, the incumbent faces a domi-
nant entrant that cannot be influenced to pursue less threaten-
ing goals and activities (see low values of σ in Fig. 4, right
side). As discussed, the entrant is thus soon likely to endanger
the incumbent’s position, so that the latter may be forced to exit
the market in the long run. In this situation, shakeout invest-
ments have little prospect of success (as with small values of σ,
the incumbent’s risk of being forced to exit the market 1 – σ is
significantly higher than its chance to squeeze the entrant out
of the market ρ). Instead, resources may be saved for short-
term profit maximization (see Porter 1985). In the second
situation, the incumbent is very likely to effectively influence
the entrant’s strategy (see high values of σ in Fig. 4, right side).
In this case, it does not face a strong need for investment in
shakeout, as the entrant poses no significant threat in the future.
Thus, in this situation, too, a relatively small amount of shake-
out investment is optimal.

As in Scenario I (see Fig. 4, left side), the length of the PLC
also raises the optimal amount of defense investment in this
scenario (see Fig. 4, right side). However, this effect now
disproportionally increases with the length of the PLC (i.e.,
the distance between the curves for PLC010 and PLC030 is
smaller than between the curves for PLC030 and PLC050).
This effect is in line with our finding that the length of the PLC
has an increasing positive effect on the optimal amount of
shakeout investment (see Fig. 3, right side).

Superiority of deterrence strategy and shakeout strategy
(Step 3)

In a final step, we examine whether—depending on the two
important contingency factors examined (the length of the
PLC and the probability of competitor influencing)—an
incumbent should either focus on a deterrence strategy or a
shakeout strategy.

Specifically, for different lengths of the PLC (i.e., 50, 30,
and 10), we compared both strategies, thereby assuming that
for each strategy, managers tap the full potential (i.e., use the
optimal amount of investment x*) (see Table 1). Results show
that in terms of market defense success (put in relation to the
amount of investment) uDM/x*, a deterrence strategy is likely
to outperform a shakeout strategy in the case of a rather long
PLC (i.e., 50), whereas a shakeout strategy seems to be
superior in the case of a medium to short PLC (i.e., 30 and 10).

The superiority of a deterrence strategy in the case of a
longer PLC can be explained by the greater leverage of
deterrence investments compared to shakeout investments.
More precisely, from our calibration study we obtained a
range for the probability of failed competitor deterrence of
g000.86 and g100.40. Thus, in each period the probability of
successful competitor deterrence is (1 - g0)00.14 (in the case
of zero investment) and (1 – g1)00.60 (in the case of maximal
investment). In comparison, in each period the probability of
successful competitor shakeout is significantly smaller, i.e.,
ρ000.05 (in the case of zero investment) and ρ100.14 (in the
case of maximal investment). Hence, the larger the number of
periods (i.e., the longer the PLC), the more strongly a deter-
rence strategy benefits from this greater leverage as compared
to a shakeout strategy, resulting in a superior uDM/x* in the
case of PLC050. However, any comparison of these strategies
must also consider the deterring impact of reputational effects
induced by a shakeout strategy and the resulting increase in
the total proportion of defended markets uDM. While this
impact does not completely compensate for the greater lever-
age of deterrence investments in the case of a rather long PLC
(i.e., 50), it yields a higher uDM/x* for a shakeout strategy in
the case of a medium to short PLC (i.e., 30 and 10).

Moreover, for different probabilities of competitor influ-
encing (i.e., 0.99, 0.84, 0.01), we again compared both
strategies (see Table 1). Findings indicate that a shakeout
strategy seems to outperform a deterrence strategy in the
case of high to above average probabilities (i.e., σ00.99 and
σ00.84), while a deterrence strategy is likely to be superior
to a shakeout strategy in the case of a low probability of
competitor influencing (i.e., σ00.01).

The superiority of a shakeout strategy in the case of high to
above average probabilities of competitor influencing (i.e., σ0
0.99 and σ00.84) results from the fact that in such situations,
investments in shakeout have a reasonable prospect of success
(as in the case of large values of σ, the incumbent’s
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opportunity to squeeze an entrant out of the market ρ is similar
to or even significantly greater than the incumbent’s risk of
being dropped out of the market 1 – σ). Through this process,
the deterring impact of reputational effects resulting from
competitor shakeout can unfold its potential, leading to a
significant increase in the total proportion of defended mar-
kets uDM. In contrast, in the case of a low probability of
competitor influencing (i.e., σ00.01), a shakeout strategy is
not promising (as in the case of low values of σ, the incum-
bent’s chance of squeezing the entrant out of the market ρ is
significantly lower than the incumbent’s risk of being dropped
out of the market 1 – σ). Instead, in such a situation managers
are well advised to completely prevent competitor market
entry by pursuing a deterrence strategy.

Robustness tests of study findings

We checked the robustness of our findings through a com-
prehensive exploration of parameter space. For this exami-
nation, we calculated the confidence interval (confidence
level 0 99.99%) for each of the calibrated parameters (Triola
2007). As a result, for each of these parameters, we obtained
a relatively broad interval in which the true value of the
respective parameter lies with a confidence of 99.99%.
Using the values that correspond to the lower and/or upper
bounds of these intervals, we then again applied our model
to explore whether and to what extent the findings of Step 1,
Step 2, and Step 3 deviate from those of our previous
analyses, which are based on the calibrated values.

With regard to Step 1, results remain essentially stable:
for both scenarios, the impact of defense investments on the
proportion of monopoly, oligopoly, and regained monopoly
markets, respectively, slightly increases or decreases but
retains the same direction as in Fig. 2. With regard to Step

2, results also remain largely robust: although the optimal
amounts of deterrence investment and of shakeout invest-
ment naturally differ somewhat from our prior results, our
key finding of a generally higher efficiency of a shakeout
strategy is still valid. Also, the slopes of the relationship
between the contingency factors and the optimal amount of
deterrence investment and the optimal amount of shakeout
investment, respectively, slightly deviate from our previous
results. However, the functional form of these relationships
does not significantly differ from the slopes shown in Figs. 3
and 4. With regard to Step 3, results also closely correspond
to those of previous analyses: our key finding remains valid
that in the case of a relatively short PLC and a high prob-
ability of competitor influencing, a shakeout strategy seems
to be superior, whereas in the opposite case, a deterrence
strategy may be preferable.10

We also tested the robustness of our findings by means of
our holdout sample (n0105) (Blattberg et al. 2008). Draw-
ing on this sample, we re-estimated parameters and then
again applied our model. In this case as well, results with
regard to Step 1, Step 2, and Step 3 remain stable.

Empirical validation of the model

As discussed, our empirical study also aims to validate
whether the model does, in fact, provide useful recommenda-
tions for managers. For this purpose, depending on the firms’

Table 1 Superiority of deterrence strategy and shakeout strategy (depending on contingency factors)

Contingency Factors Deterrence Strategy Shakeout Strategy

Effectiveness Efficiency Effectiveness Efficiency

Market Defense
Success
(absolute)a

Optimal Amount
of Defense
Investment

Market Defense
Success
(relative)b

Market Defense
Success
(absolute)a

Optimal Amount
of Defense
Investment

Market Defense
Success
(relative)b

uDM xD* uDM/xD* uDM xS* uDM/xS*

Length of Product
Lifecycle

PLC050 0.84 0.82 1.02 0.91 1.00 0.91

PLC030 0.80 0.79 1.01 0.84 0.56 1.50

PLC010 0.72 0.60 1.20 0.59 0.04 14.75

Probability of Competitor
Influencing

σ00.99 0.68 0.48 1.42 0.71 0.03 23.66

σ00.84 0.80 0.79 1.01 0.84 0.56 1.50

σ00.01 1.00 1.00 1.00 0.00 0.01 0.00

a uDM 0 incumbent’s total proportion of defended markets
b Superior strategy appears in bold.

10 To further check the robustness of our findings, we examined the
interrelation between the probability of deterrence and shakeout. Results
show that with an increasing probability of successful shakeout, the
optimal amount of deterrence investment declines. Analogously, an in-
creasing probability of successful deterrence reduces the optimal amount
of shakeout investment. These results are entirely consistent with those
presented before.
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market defense success, we split our sample into two groups to
obtain one group of “successful incumbents” and one group of
“unsuccessful incumbents.” Subsequently, we compared the
actual amount of defense investment of each group with the
corresponding optimal amount of defense investment recom-
mended by the model. Analogous to our previous approach,
this procedure was carried out for both a deterrence strategy
(Scenario I) and a shakeout strategy (Scenario II).

Accordingly, with regard to Scenario I, we split our sample
into two groups depending on deterrence success. Firms with a
success higher than 3 (on a 5-point scale) were classified as
successful, and those with a success lower than 3 were classified
as unsuccessful. For both groups, on the basis of the model and
the calibrated parameters, we then calculated firms’ optimal
amount of deterrence investment and compared it to firms’ actual
amount of deterrence investment obtained from our survey.
Analogously, with regard to Scenario II, we generated two groups
depending on firms’ shakeout success. Again, for both groups,
we then computed firms’ optimal amount of shakeout investment
and compared it to firms’ actual amount of shakeout investment.

Table 2 indicates that in both scenarios, the group of success-
ful incumbents shows an actual amount of defense investment
that is significantly closer to the optimal amount of defense
investment than does the group of unsuccessful incumbents.
Thus, in both scenarios, the group of successful incumbents
follows the recommendations of the model more closely than
the group of unsuccessful incumbents. This provides support
that the model can also be used to derive normative statements.

Discussion

Research issues

This paper contributes to the marketing literature in both theo-
retical and methodological respects. In theoretical respects,
unlike previous studies, our study does not limit its analysis
to a single generic defense strategy but examines and compares
multiple generic defense strategies a firm can pursue in differ-
ent phases of the competitor market entry process (pre-entry vs.
post-entry phase). Specifically, it advances academic

understanding of defense strategies by analyzing whether and
how a deterrence strategy (pursued before competitor market
entry) and a shakeout strategy (pursued after competitor market
entry) differ in effectiveness and efficiency. Addressing this
research question has yielded a number of interesting findings.

The first interesting finding relates to communalities and
differences of both strategies on their effectiveness (i.e., the
proportion of defended markets uDM0uM + uRM). Results (i.e.,
the two rising slopes of the proportion of monopoly markets
uM,, see Fig. 2) indicate that not only may a deterrence strategy
have a significant discouraging effect on potential entrants but
also a shakeout strategy (which actually focuses on squeezing
competitors out of themarket). This fact arises from reputational
effects, as potential entrants interpret a competitor shakeout by
an incumbent to be a sign of the incumbent’s strength—an
interpretation that decreases entrants’ expectation of successful
market entry and thus their probability of attempting market
entry. With respect to effectiveness, we also find that, compared
to the impact of a deterrence strategy on its primary perfor-
mance indicator (i.e., the proportion of monopoly markets uM,
see left side of Fig. 2), the impact of a shakeout strategy on its
primary performance indicator (i.e., the proportion of regained
monopoly markets uRM, see right side of Fig. 2) is considerably
smaller. At first glance, this differencemay lead to the erroneous
conclusion that shakeout investments are only moderately
effective. However, it is worth emphasizing that to a certain
extent this result arises from the fact that shakeout investments
also discourage competitor market entry, which reduces the
proportion of oligopoly markets uO and thus of markets uRM
in which a firm may actually regain its monopoly.

Another interesting finding is related to our comparison
of a deterrence strategy and a shakeout strategy in terms of
efficiency. Our results indicate that, in general, a shakeout
strategy is more efficient than a deterrence strategy. First, we
find that in order to achieve a similar proportion of defended
markets, the use of a shakeout strategy seems to require a
smaller amount of investment than does the use of a deter-
rence strategy. For example, at their respective optimum,
both strategies yield a similar proportion of defended mar-
kets (uDM (S)00.84 and uDM (D)00.80). However, the opti-
mal amount of investment is significantly smaller with a

Table 2 Results of empirical validation of the model

Deterrence Strategy Shakeout Strategy

Optimal Amount of
Defense Investmenta

xD*

Actual Amount of
Defense Investment
xD

Δ Optimal Amount of
Defense Investmenta

xS*

Actual Amount of
Defense Investment
xS

Δ

Successful Incumbents 0.79 0.72 0.07 0.65 0.47 0.18

Unsuccessful Incumbents 0.77 0.53 0.24 0.59 0.25 0.34

a Differences in optimal amount of defense investment between successful and unsuccessful incumbents is due to different parameter values for
contingency factors (e.g., length of product lifecycle, probability of competitor influencing) in both groups
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shakeout strategy than with a deterrence strategy (xS*00.56
and xD*00.79). The latter also suggests that a shakeout
strategy requires less investment to tap its full potential.
Second, we find that a given amount of investment tends
to result in a higher proportion of defended markets using a
shakeout strategy than when a deterrence strategy is used.
For example, in the case of a shakeout strategy, investments
of 0.25 and 0.75 yield a proportion of defended markets uDM
of 0.80 and 0.86, respectively, whereas in the case of a
deterrence strategy, these investments lead to only a propor-
tion of defended markets uDM of 0.73 and 0.79, respectively.

In terms of efficiency, our study also shows that contingency
factors (i.e., the length of the PLC and the probability of
competitor influencing) differently influence the optimal
amount of investment in the two generic defense strategies.
Specifically, with respect to the length of the PLC, the optimal
amount of deterrence investment rises at a decreasing rate,
whereas the optimal amount of shakeout investment grows at
an increasing rate (see Fig. 3). This difference can be explained
by the fact that reputational effects induced by competitor
shakeout last for the entire length of the PLC. Hence, their
impact (and thus of shakeout investments) increases with the
length of the PLC, outweighing the effect of a decreasing return
on investment (q00.50) (predominating in the case of deter-
rence investments). Our study also reveals that the two strate-
gies differ in how their optimal amount of investment is
affected by the probability of successfully pursuing another
generic defense strategy—a competitor influencing strategy.
More precisely, we find that the optimal amount of deterrence
investment decreases with the probability with which the firm
manages to influence entrants to pursue less threatening goals
and activities. In contrast, we find the optimal amount of
shakeout investment to be high in the case of a medium to
above average probability of competitor influencing and to be
low in the case of both a low and a very high probability of
competitor influencing (see Fig. 4).

Further, our study advances academic understanding of
defense strategies by examining the conditions under which
it is best to focus on either a deterrence strategy (thus acting
before competitor market entry) or a shakeout strategy (thus
acting after competitor market entry). Addressing this re-
search question on the superiority of one of these strategies
has led to interesting additional findings.

On a general level, we find that neither strategy is always
superior to the other. Instead, important product characteristics
(i.e., the length of the PLC) and market characteristics (i.e., the
probability of competitor influencing) determine the superiority
of one or the other of these strategies. Specifically, our study
indicates that a deterrence strategy outperforms a shakeout
strategy in the case of a rather long PLC and a low probability
of competitor influencing. In contrast, a shakeout strategy is
likely to be superior in the case of a medium to short PLC and a
high to above average probability of competitor influencing.

Besides providing these insights, analyzing the impact of these
conditions also helps address the lack of research on the role of
contingency factors in the context of defense strategies.

Our paper also contributes to the marketing literature in
methodological respects. First, we are the first to use an evolu-
tionary approach to study incumbents’ defense strategies. In
contrast to traditional game theory, which allows only a single
or specific number of contests to identify the optimal defense
reaction against only a limited set of clearly defined competitors,
this approach permits numerous contests in the presence of
current and future competitors. Thus, unlike previous research,
we were able to identify the defense reaction that maximizes the
incumbent’s long-term survival. Second, our study introduces
evolutionary game theory to themarketing discipline. To the best
of our knowledge, this theory has not been used previously for
analyzingmarketing issues. This is surprising and unfortunate, as
it is particularly suitable for modeling individual decision
making. Specifically, unlike traditional game theory that rests
on the unrealistic assumption of perfectly rational and thus fully
informed decision makers, evolutionary game theory assumes
actors to be only partly knowledgeable so that corresponding
models require a significantly smaller amount of information.
This benefit accounts for the fact that managers typically have
only incomplete information about the subject of decision.

Limitations and avenues for future research

First, since our model and its findings are based on specific
values of parameters, firms should treat our study conclusions
with some caution. Specifically, several of the model param-
eters are not easily to measure, which may raise concerns
about the validity of their empirically calibrated values. Also,
these values, together with their confidence intervals (see the
“Robustness tests of study findings” section), cover the most
common conditions prevalent in business practice but cannot
account for very specific firm, product, and market conditions.
Finally, parameter valueswere empirically calibrated on the basis
of an industrial goods sample. As our model is also applicable to
a consumer goods setting, future studies could recalibrate model
parameters on the basis of a corresponding sample and examine
which of our findings also hold true in that setting.

Second, to reduce complexity, our model does not explic-
itly include several factors that may be promising avenues for
future research. For example, with respect to firm character-
istics, we only indirectly consider incumbent capabilities to
defend against competitors (see Footnote 5). Our model also
does not account for firm history and culture. Specifically, expe-
riences with the use of a specific type of defense strategy and
organizational values and norms, such as proactiveness, aggres-
siveness, and cautiousness, may influence (in a descriptive, but
not necessarily in a normative sense) the firm’s decision for either
a deterrence strategy or a shakeout strategy. Hence, future studies
that, unlike our study, do not aim to derive normative implications
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for market defense but to explain on a descriptive basis why
incumbents choose a particular strategy for market defense
should certainly consider these factors. Further, when analyzing
defense strategies, our study focuses on the intensity of use (i.e.,
amount of investment) but not on the timing of use. Finally, our
model does not directly account for the number of competitors
and therefore the degree of competition, but it does so indirectly
by means of the probability of successful competitor shakeout
(negatively affected by these factors). Further studies might ex-
plicitly include the number of competitors in the model.

Third, our study analyzes and compares two scenarios in
which a firm is constrained to invest either in deterrence
(Scenario I) or in shakeout (Scenario II). While this ap-
proach keeps model complexity at a reasonable level, it does
not allow for explicit analysis of the combined use of both
strategies. Examination of this issue would require a funda-
mentally different model, e.g., in terms of the objective
function and the type and number of parameters used. How-
ever, it represents a fruitful avenue for future research.

Managerial implications

Our study reveals both interesting differences and some com-
monalities between two fundamental types of defense strate-
gies—a deterrence strategy and a shakeout strategy. These
findings offer a basis for recommendations on how to best
protect a firm’s markets against current and future competitors.

First, in terms of effectiveness, our findings indicate that both
strategies are viable options for market defense. Interestingly,
although a shakeout strategy primarily aims at squeezing actual
entrants out of the market, we find that the use of this type of
defense strategy indicates that the incumbent is a fierce compet-
itor and thus also exerts a significant discouraging effect on
potential entrants. In addition, contrary to the consequences of a
deterrence strategy, such reputational effects develop their impact
on a rather broad number of potential entrants and thus provide a
“high broadcast value” (Henrich and Henrich 2006, p. 238).
Hence, managers should take into account that this positive side
effect of a shakeout strategy can, to some extent, replace or
complement the discouraging effect on potential entrants of a
deterrence strategy. Nevertheless, they should also be aware that
to prevent competitor market entry, a shakeout strategy can only
complement, but not substitute for, a deterrence strategy.

Second, in terms of efficiency, our findings show that a
shakeout strategy is more efficient than a deterrence strategy.
When deciding on the appropriate type of defense strategy,
managers need to consider that a shakeout strategy tends to
require a smaller amount of investment to achieve a similar
market defense success and that a given amount of investment
is likely to result in a larger market defense success with a
shakeout strategy than with a deterrence strategy. Also, a
shakeout strategy seems to require a smaller amount to tap the
full potential of the strategy. Besides reputational effects, the

higher efficiency of a shakeout strategy can also be attributed in
part to its greater accuracy of use, as it is mostly targeted at
specific actual competitors rather than at all actual and possible
competitors, as in the case of a deterrence strategy. Moreover,
managers should also be aware that compared to a deterrence
strategy, a shakeout strategy is usually more easily read by and
is more credible to competitors (Robertson et al. 1995).

However, despite the benefits of a shakeout strategy, man-
agers must also pay attention to a potential rise in competitors’
exit barriers after having entered the market, which may in-
crease the costs of this strategy (Porter 1985). Also, our find-
ings related to the benefits of a shakeout strategy must not lead
to the conclusion that firms should pursue only a shakeout
strategy. Instead, firms are well advised to pursue, to some
extent, both generic defense strategies. Our findings do suggest,
however, that managers may put a somewhat stronger focus on
shakeout in light of prevalent resource constraints. Yet there are
also situations in which more emphasis should be placed on
deterrence (see below).11

Based on our findings, we strongly advise managers to
consider product and market characteristics (i.e., the length
of the PLC and the probability of competitor influence) when
deciding on the amount and type of defense investment. In
terms of the amount of defense investment, as length of the
PLC increases, a firm should devote more resources to
defending its markets against competition. This finding holds
true for both a deterrence strategy and a shakeout strategy. In
terms of the type of defense investment, our study provides
some evidence that with a relatively short PLC, managers may
be better off investing in a shakeout strategy to squeeze

11 To illustrate the use of these two strategies, two examples from busi-
ness practice are provided on the basis of information retrieved from
qualitative interviews with executives from these companies. The first
example relates to a large manufacturer of electronic devices (character-
ized by a short PLC at the category level) that repeatedly faces market
entry of smaller competitors. Although these competitors typically do not
endanger the firm’s long-term survival in the market, they nevertheless
depress its future profits (which are also limited due to the short PLC). For
market defense purposes, the firm relies heavily on competitor shakeout.
Specifically, it invests heavily in retaliatory activities targeted at new
entrants, such as carrying out comparative advertising, initiating price
wars, and otherwise enticing customers away from these new compet-
itors. So far, these activities considerably weakened most entrants, so that
the firm frequently managed to squeeze out these competitors, contribut-
ing to its image as a fierce competitor. The second example refers to a
small mechanical engineering company that produces printing machines
(characterized by a long PLC at the category level) which constantly fears
market entry of competitors that tend to be significantly larger in terms of
number of employees and annual revenues. To secure long-term future
profits and to prevent these powerful entrants from endangering this
company’s long-term survival in the market, the firm concentrates on
competitor deterrence. Specifically, it invests heavily in building and
maintaining competitor barriers to entry, for example, through creating
a strong, favorable brand image, entertaining close business relationships
with the biggest customers in the market, and blocking access to suppliers
of key components bymeans of exclusivity contracts. As a result, the firm
so far successfully discouraged potential competitors from market entry.
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entrants out of the market in order to skim the limited amount
of future profits. In contrast, with a relatively long PLC, they
may be better advised to follow a deterrence strategy by
building barriers to entry to secure long-term future profits.

With respect to the probability of competitor influencing,
managers applying a deterrence strategy may be well advised
to invest a considerably larger amount if the firm is not likely to
provoke entrants to pursue less threatening goals and activities
after market entry. In contrast, managers applying a shakeout
strategy may invest heavily in the case of a medium to above
average probability of competitor influencing. Instead, they are
well advised to forgo large investments in shakeout if the
entrant is very likely be influenced (and thus poses no serious
threat to the incumbent in the future), or may hardly be influ-
enced at all (and thus soon undermines the incumbent’s posi-
tion, which forces the incumbent to, sooner or later, exit the
market). This advice is in line with Porter’s advice that if “a
firm’s position is not ultimately sustainable…, the best defen-
sive strategy is to ‘take themoney and run.’This means that the
firm generates as much cash as possible, knowing that [com-
petitor] entry … will ultimately erode its position” (1985, p.
512). In terms of the type of defense investment, our study
shows that with a low probability of influencing entrants to
pursue less threatening goals and activities, managers may be
well advised to follow a deterrence strategy, whereas with a
high corresponding probability, they may be better off pursuing
a shakeout strategy. In other words, the less likely the firm is to
successfully compete against entrants in an oligopoly market,
the more appropriate is a deterrence strategy in comparison to a
shakeout strategy.

Finally, empirical validation shows that our model can
provide useful recommendations to managers and thus may
serve as the basis for a decision support system. Similar to
our calibration procedure, managers could enter into the
system assessments about both their firm and their firm’s
competitors and products, and in turn derive specific guide-
lines for optimal defense reactions (see Fig. 1). This ap-
proach would enhance the speed and quality of
corresponding decision making and lead to improved mar-
ket defense activities.

Appendix A

Long-term basic structure of the model

As stated in the main text, the dynamics of the model is
given by the linear recurrence equation

ntþ1 ¼ Ant; t 2 N; ðA:1Þ
with a non-negative matrix A. According to the Perron-
Frobenius theorem for non-negative matrices (Horn and

Johnson 1990), which ensures the existence of eigenvalues
and eigenvectors of a real positive matrix, Eq. A.1 always
converges towards the equation

lu ¼ Au; ðA:2Þ
where u is a right eigenvector with respect to eigenvalue λ
and describes the firm’s long-term market structure u0(uM,
uO, uRM). The condition A.2 corresponds to the system of
equations

luM ¼ Pð1� ηÞuM þ z FMuM þ FOuO þ FRMuRMð Þ;
luO ¼ PηuM þ Pσð1� ρÞuO;
luRM ¼ PσρuO þ PuRM :

The last two equations determine the long-term market
structure u up to a constant factor:

uM : uO : uRM ¼ l� Pσ 1� ρð Þ
Pη

: 1 :
Pσρ
l� P

ðA:4Þ

The dominant eigenvalue λ reflects that once a firm’s
long-term market structure u is reached, the firm’s total
number of markets will grow with a factor λ per period.
This factor is introduced to resolve the trade-off between
positive and negative consequences of defense investments
and thus to identify the optimal amount of defense invest-
ment x*.

Because the firm’s total number of markets cannot infi-
nitely increase (e.g., owing to merely a finite number of
potential markets as well as prohibitively high transaction
and coordination costs in reality), it is reasonable to assume
that λ does not exceed 1. In contrast, λ can be less than 1, as
the firm’s total number of markets may well shrink to zero in
the long run. However, there are two different types of
possible causes of this decrease—defense-related causes
(i.e., whether and how the firm defends its markets against
competitors) and non-defense-related causes (e.g., declin-
ing product lifecycles). Unfortunately, the mixture of the
effects of these two different types of causes does not
allow separate analysis of the effect of defense-related
causes (i.e., of the firm’s amount of defense investment
x) on the firm’s number of markets in the long run and
thus on the firm’s long-term survival (which is, howev-
er, the goal of the model).

Hence, to be able to identify a firm’s optimal amount of
investment x*, it is necessary to assume that (only) in case
of the optimal amount of investment x* (which enables the
firm to successfully defend its markets against current and
future competitors and thereby maximizes the probability
of long-term survival), the firm’s number of markets does
not shrink to zero in the long run (for a similar logic, see
van Boven and Weissing 2004; Caswell 2001). Thus, in

ðA:3Þ
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this case only, we need to normalize λ to 1 by means of the
parameter ζ. In all other cases (i.e., a suboptimal amount of
investment), λ is less than 1. This is also in line with our focus
on the firm’s long-term survival. Specifically, if the firm
defends its markets in a suboptimal way, it will not be able to
withstand competitive forces in the long run. Thus, its market
position will sooner or later erode, which in turn forces the
firm’s market exit (Karakaya 2000; Madsen andWalker 2007).
The requirement on ζ corresponding to the condition λ01
results from inserting Eq. A.4 into the first equation of A.3:

z ¼ 1� P η

ðFM þ Pð1�ηÞ
1�Pσð1�ρÞ ðFO þ Pσρ

1�P FRM ÞÞ
ðA:5Þ

In the following, we normalize the right eigenvector u so
that:

uM þ uO þ uRM ¼ 1 ðA:6Þ

Such a standardization is useful because then uO directly
corresponds to the proportion of the firm’s oligopoly mar-
kets. Using the last two equations of A.3, Eq. A.6, and the
assumption λ01, a straightforward calculation yields the
explicit expressions for uM, uO, and uRM:

uM ¼ ð1þPð�1þρÞσÞ
gP

uO ¼ ð1�PÞfPðgþσð1�ρÞÞ�1g
gPð1�Pð1�σρÞÞ

uRM ¼ ρσð�1þPðgþσ�ρσÞÞ
gð1þPð�1þρσÞÞ

ðA:7Þ

Appendix B

Calculation of the optimal defense investment

To derive the optimal defense investment, i.e., the evolu-
tionary stable strategy (ESS), we compare two alternative
investments x and y competing with each other. It is impor-
tant to recognize that the success of the investment y also
depends on the investment x due to reputational effects.
Thus, according to Eq. 4 in the main text, the probability η
of a market entry attempt is represented by η(y, x)0g(y)
uO(x). Overall, we obtain the following matrix A(y, x) that
describes the dynamics of incumbent’s market structure,
when the incumbent pursues the investment strategy y (van
Boven and Weissing 2004):

Aðy; xÞ ¼
Pð1� ηðy; xÞÞ þ zðxÞFM ðyÞ zðxÞFOðyÞ zðxÞFRM ðyÞ

Pηðy; xÞ PσðyÞð1� ρðyÞÞ 0
0 PσðyÞρðyÞ P

0
@

1
A

ðB:1Þ

The parameter ζ depends on x for technical reasons. λ is
normalized to 1 in the case of an optimal incumbent’s
investment x*. To ensure the comparability to an alternative
investment y, both long-term growth rates have to be nor-
malized by the factor ζ (x*).

As stated in the main text, the optimal investment x* is
characterized by the fact that no alternative investment y
leads to a higher λ when competing with x*, i.e., the invest-
ment x* “is a strict best response to itself” (Samuelson 2002,
p. 49). In other words, the defense investment x* is
optimal (i.e., evolutionary stable), if the following con-
dition holds:

l y; x�ð Þ < l x�; x�ð Þ ¼ 1; for all y 6¼ x� ðB:2Þ

It is worth mentioning that λ(x*, x*)01 owing to the
normalization by the parameter ζ (see Eq. A.5). Thus, x*
is evolutionary stable, if the function λ(y, x*) attains a
maximum in y at y0x*, i.e.,

@lðy; x�Þ
@y y¼x� ¼ 0:

�� ðB:3Þ
By means of the second-order condition

@2lðy; x�Þ
@2y y¼x�

�� < 0 ðB:4Þ

it can be examined whether x* does indeed correspond to a
maximum. The second-order condition

@2lðy; x�Þ
@2y y¼x�

�� þ @2lðy; x�Þ
@x@y x¼y¼x�

�� < 0 ðB:5Þ

is also relevant, because it allows examining whether x* is
convergence stable. Convergence stability ensures that the
evolutionary stable strategy can be attained by a series of
strategy substitution events and thereby provides a dynamic
perspective of the ESS concept (Eshel 1983; Taylor 1996).
To apply Eq. B.3, we need the dominant eigenvalue λ(y, x)
of the Matrix A(y, x), which is, in practice, difficult to
calculate. However, we simplify Eq. B.3 using left eigen-
vectors (Caswell 2001). The left eigenvector v with respect
to eigenvalue λ01 is given by the equation v0vA, and can
be calculated up to a constant factor:

vM : vO : vRM ¼ 1 :
1� Pð1� ηÞ � xFM

Pη
:
xFRM

1� P
ðB:6Þ

The eigenvalue λ0λ (y, x*) of Matrix A0A(y, x*) as well
as its derivative with respect to y can be calculated by means
of right and left eigenvectors u0u(y, x*) and v0v(y, x*):

l ¼ vAu

vu
;
@l
@y

¼ vð@A @y= Þu
vu

ðB:7Þ
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Consequently, because of the conditions B.1 and B.7, x*

can be calculated based on the equation

v�
@Aðy; x�Þ

@y y¼x�
�� u� ¼

X
i;j

v�i u
�
j

@aijðy; x�Þ
@y

¼ 0; ðB:8Þ

where v�i ¼ viðx�Þ and u�i ¼ uiðx�Þ denote the elements of
the left and right eigenvector of the Matrix A(x*, x*),
respectively. Inserting the elements of Matrix B.1 in
Eq. B.8, we derive the ESS condition (see Eq. 5 in the
main text).

The second-order conditions B.4 and B.5 can be
controlled by means of left and right eigenvectors (for

further details, see Caswell 2001, chap. 9.4). By nor-
malizing the left and right eigenvectors so that vu01,
we obtain:

@2lðy;x�Þ
@2y y¼x�

�� ¼ v� @2A
@2y y¼x�

�� u� þ @v
@y y¼x�
�� @A

@y y¼x�
�� u�

þv� @A
@y y¼x�
�� @u

@y y¼x�
��

@2lðy;x�Þ
@x@y y ¼ x�

x ¼ x�

�������
¼ v� @2A

@x@y y ¼ x�

x ¼ x�

�������
u� þ @v

@x x¼x�j @A
@y y¼x�
�� u�

þv� @A
@y y¼x�
�� @u

@x x¼x�j

ðB:9Þ

Table 3 Questions for model calibration and validation

Model Parameters Questionsa Scale

Probability of failed competitor
deterrence

Please rate the probability of competitor market entry in case of … 1 0 “very low”

g0 (x00) … zero investment. 5 0 “very high”
g1 (x01) … maximal investment (available for market-related activities, i.e.,
for defending existing markets & developing new markets).

Probability of successful
competitor shakeout

Please rate the probability of successful competitor shakeout in case of … 1 0 “very low”
ρ0 (x00) … zero investment. 5 0 “very high”
ρ1 (x01) … maximal investment (available for market-related activities, i.e.,
for defending existing markets & developing new markets).

Probability of successful
competitor influencing

Please rate the probability of successful competitor influencing in case of … 1 0 “very low”

5 0 “very high”σ … the current amount of investment.

Length of product lifecycle P Please indicate the expected length of the product lifecycle. in years

Functional relationship between
defense investments and
corresponding returns

q Please indicate the functional relationship between amount of defense investment
and corresponding returns (i.e., the probability of successful market defense).

1 0 “strongly increasing”

3 0 “proportional”

5 0 “strongly decreasing”

Actual amount of defense
investment

Please rate your firm’s actual amount of investment in … 1 0 “very low”
xa(Det) … competitor deterrence (i.e., in activities aimed to prevent competitor
market entry).

5 0 “very high”

xa(Sha) … competitor shakeout (i.e., in activities aimed at squeezing entrants
out of the market).

Actual market defense success Please rate your firm’s actual success in … 1 0 “very low”
sa(Det) … competitor deterrence (i.e., in preventing competitor market entry). 5 0 “very high”
sa(Sha) … competitor shakeout (i.e., in squeezing entrants out of the market).

a To ensure similar interpretation of the corresponding key terms (e.g., competitor market entry, successful competitor shakeout, successful
competitor influencing, length of product lifecycle, or functional relationship between defense investments and corresponding returns), we
proactively provided respondents with standardized explanations of these terms
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