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Endogenous Observability of Private Precautions
Against Crime When Property Value is Private
Information
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Abstract

This paper analyzes a contest in which defenders move first, have private information
about the value of the objects they are trying to protect, and determine the observ-
ability of their defense efforts. The equilibrium consistent with the intuitive criterion
depends on the distribution of defender types, the magnitude of the difference between
defender types, and the asymmetry between defender and aggressor regarding the val-
uation of the objects at stake in the contest. Our setting captures key characteristics
of the interaction between households and thieves, focusing on the classic distinction
between observable and unobservable private precautions against crime. An analysis of
welfare implications determines that a setting in which information about the value of
the protected objects is private results in a better outcome than a complete-information
scenario.
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1 Introduction

1.1 Motivation and main results

In many circumstances in which parties struggle over resources, defenders determine their
defense efforts before aggressors decide on their appropriation efforts. There are numerous
examples of this timing, including the creation of firewalls to protect business secrets. There
is often evidence of the so-called “first-mover advantage”, which suggests that it is beneficial
for defenders to make their defense efforts known to aggressors (Yildirim 2005). However,
this preference for leading in the contest may no longer apply when the value of the objects
defenders are trying to protect varies across defenders and is private information. In this
case, defense effort could signal information about the object value to aggressors, such that
higher defense effort might invite higher rather than lower appropriation effort. As a result,
in complex settings, defenders must trade off the pros and cons of making their defense
efforts observable; they may ultimately prefer to hide their defense efforts in an attempt to
discourage assumptions about the value of the protected objects on the part of aggressors.
These trade-offs are analyzed in the present contribution, which takes the context of
private precautions against crime as a prime example at hand. In the real world, households
invest in safety measures, and this investment can be made observable or not. For instance,
some alarm systems utilize easily detectable cameras, while others do not. Similarly, there
are often substitutable ways to protect property that differ with respect to observability. For
example, a safe can lower the probability of a thief obtaining a valuable object, as can iron
bars on the windows preventing entry into the building. The presence of a safe inside the
home cannot be known by the thief prior to the commission of the burglary, and therefore
this constitutes an ex-ante unobservable precaution measure. The opposite holds for the

barred windows, which represent an observable investment in precautionE] When thieves

! Another example is a fire-arm for defensive use: Such a weapon can be concealed (unobservable precau-



observe high defense efforts, they may be discouraged from investing heavily in appropri-
ation effort. However, it is conceivable that defense expenditures may in fact encourage
thieves when there is asymmetric information on the valuables in the house. In view of the
important classic distinction between observable precautions against crime and unobservable
measures, we develop an analysis that yields the defender’s choice between the two options
as an endogenous outcome. This represents a radical divergence from the literature, as pre-
vious contributions have exogenously imposed the observability of safety investments and
then developed results contingent upon this assumption (see Ben-Shahar and Harel 1995,
Clotfelter 1977, 1978, Hylton 1996, Hotte and van Ypersele 2008, Shavell 1991). Without a
doubt, private precautions against crime are a key determinant of the prevalence of crime
in equilibrium (e.g., Ehrlich 1996). Thus, it comes as no surprise that private precautions
against crime are extremely important in practice. For instance, Shavell (1991) estimates
that private precaution expenditures are at least of the same order of magnitude as pub-
lic expenditures. Despite its significance in terms of magnitude and crime control, private
protection has received much less scholarly attention than public law enforcement measures
(Cook and MacDonald 2010).

Our paper analyzes a contest in which the defender moves first, has private information
about the “contest prize”, and chooses whether or not to make the defense effort observable to
the aggressor. In other terms, the game we consider is a correlated-values game characterized
by incomplete information, since the aggressor cannot observe the contest prize (i.e., the
defender’s type). There will be imperfect information if the defender decides to make her
defense effort unobservable to the aggressor, which implies that the aggressor will choose
contest effort based on a conjecture about the defense effort rather than an observation of
it. The strategic interaction between the defender and the aggressor can be characterized

as a Cournot-Nash play when the defense effort is unobservable, and as a Stackelberg play

tion) or worn openly (observable precaution).



in the case of observable contest effort by the defender. Accordingly, the defender’s choice
between unobservable and observable defense effort is strategically equivalent to the defender
choosing between a contest with simultaneous effort investments by both players and a
sequential contest structure (e.g., Gibbons 1992). Based on this equivalence, the decision
between observable and unobservable defense effort will be captured in our model by the
defender’s choice to invest at stage 1 or stage 2, where aggressors observe decisions made
in stage 1 and always determine their own effort in stage 2. In other words, the decision
regarding observability is represented by the defender’s decision concerning the timing of the
game — that is, the choice between a sequential-move game and a simultaneous-move game.
Moreover, we assume that each attacker is randomly assigned to one defender (as in Lacroix
and Marceau 1995) and that attackers observe the effort decisions made in stage 1 by all
defenders (i.e., attackers observe whether there are any defenders who invested in stage 1 as
well as the amount invested) ]

We establish that defenders always make their defense efforts observable when there
is complete information about the defender’s type (allowing aggressors to determine their
efforts based on the observation of defender efforts); however, asymmetric information about
the defender’s type can induce other configurations in equilibrium, such as the opposite
scenario in which all defender types decide to make their defense efforts unobservable to the
aggressors. More generally, we establish that the choices made by different defender types
with respect to the level and the observability of defense efforts in equilibrium depend in
a very intuitive way on the distribution of defender types, the magnitude of the difference
between defender types, and the asymmetry between defender and aggressor regarding the

valuation of the protected objects. For example, when the asymmetry in the valuation of the

2The random assignment allows us to focus on informational issues, abstracting from the possibility of
diverting crime (as in, e.g., Lacroix and Marceau 1995). In a related paper, Baumann and Friehe (2013),
we instead focus on the effects on the privately optimal investment in private precaution against crime that
arise due to the possibility of diversion.



contest prize increases, defenders will be more likely to make their defense efforts observable,
because the advantage of leading in Stackelberg play relative to engaging in simultaneous
Cournot-Nash play increases with the difference in the respective valuations of winning the
contest.

In addition to the positive description of decision-making, we also consider welfare im-
plications. In many scenarios, welfare-maximizing policy-makers seek to remove information
asymmetries, but face difficulties in doing so. In our model, the goal of removing asymmetric
information would likewise prove unattainable in most cases. However, when we compare
the decentralized equilibrium when there is incomplete information to the equilibrium under
complete information, we arrive at the conclusion that incomplete information actually im-
proves welfare by lowering societal costs (defined as either the sum of contest efforts or the
sum of both contest efforts and the expected loss in value due to the potential transfer of the
contested object to the attacker)ﬂ Turning to the competing parties, it is obviously the case
that some parties may gain from asymmetric information, while others lose. For example,
for defenders with the most valuable objects to protect, complete information represents the

worst possible scenario.

1.2 Relation to the literature

In our study, we analyze the defender’s choice between unobservable and observable defense
effort by means of its strategic equivalence to the decision of whether or not to move first in a
contest. The setting considered is particularly interesting due to the presence of asymmetric
information between contestants. The practical application of this model is the classic dis-
tinction between unobservable and observable precautions against crime. Accordingly, our

paper is related to contributions on timing and sequential choice in contest-like situations

3Note that minimizing the sum of both contest efforts and the expected loss in value due to the potential
transfer of the contested object to the attacker is equivalent to maximizing the sum of expected payoffs.



and to research addressing private protection against crime.

With respect to the former line of inquiry, this paper has ties to Baik (1994), Baik
and Shogren (1992), Fu (2006), Hoffmann and Rota-Graziosi (2012), Konrad and Leininger
(2007), Leininger (1993), Morgan (2003), and Nitzan (1994), all of whom study endogenous
timing in contests. Baik and Shogren (1992) and Leininger (1993) establish that the equi-
librium sequence is such that the so-called underdog moves first and the so-called favorite
moves second when both parties decide about timing. This terminology dates back to Dixit
(1987), who defines the favorite (underdog) as the party in a two-player contest with an equi-
librium winning probability of more (less) than one-half in the simultaneous-move contest.
Our complete-information benchmark diverges from this timing prediction, as our attacker
cannot move ﬁrst.F_f] Morgan (2003) analyzes a scenario in which the timing decision must be
made before the valuation of winning the contest is realized, finding that a sequential struc-
ture emerges in equilibrium despite participants being homogenous ex ante. In contrast, Fu
(2006) allows only one competing party to learn the value of the contest prize before deter-
mining effort but after deciding on timing, finding that the uninformed party moves first in
sequential-move equilibria. This outcome is ruled out in our analysis, since we are interested
in the scenario in which defenders (who are naturally better-informed) cannot choose con-
tingent on attacker effort. Whereas we focus on the emergence of sequential or simultaneous
moves, Powell (2007) studies the case in which a defender always chooses observable effort
first but must protect two different objects, the values of which are the private information
of the defender. He establishes that the defender will in many scenarios pool resources so
as to not signal any information about the respective contest prizes to the attacker. In our

analysis, different defender types interact non-cooperatively, which rules out pooling under

4Yildirim (2005) qualifies the results obtained by Baik and Shogren (1992) and Leininger (1993) by
showing that the underdog only investing effort early in the game and the favorite only investing late in the
game can never be the equilibrium outcome in a contest setting in which both contestants can invest both
early and late.



the intuitive criterion[]

Our model analyzes potential victims’ private protection investments when property val-
ues differ between potential victims and these values are private information. In this regard,
we contribute by establishing conditions for having either observable or unobservable pri-
vate precautions against crime. This stands in sharp contrast to the literature, in which the
observability of private protection is exogenously imposed as a general rule (see, e.g., the
recent contribution by Hotte and van Ypersele 2008). In this literature, research has often
centered on the question of whether or not private investment in precautions against crime
is socially excessive (see, e.g., Ben-Shahar and Harel 1995, Hui-Wen and Png 1994, Hylton
1996, Shavell 1991). Reasons for the discrepancies between private and social incentives with
respect to investments in private protection against crime include the diversion effect (due
to thieves observing high levels of precaution at one household and consequently moving
to an alternative target) and the possibility that society regards criminals’ benefits from
crime as social benefits. Hotte and van Ypersele (2008) is related to our study in that the
authors discuss heterogeneous defenders and consider a contest-like structure to represent
the household/thief interaction. However, they presume that the property value is perfectly
observable, ruling out the informational effects that take center stage in the present contribu-
tion. The novelty of our paper is the finding that the informative value of private protection
for potential offenders co-determines the privately optimal observability of precautions.

Our central result with regard to welfare is that is that in our model, incomplete informa-
tion improves on the complete-information outcome. This finding is in line with contributions
on industrial organization that have established that asymmetric information may in many
cases be welfare-superior to complete information (e.g., Barros 1997, Baumann and Friehe

2010, Kessler 1998). In the present paper, the driving force is that asymmetric information

5For a recent survey on contributions in the contest literature dealing with imperfect and incomplete
information, see Wérneryd (2012).



softens competition between contestants. Denter et al. (2011) come to a similar conclusion,
albeit via a different setup: In examining the implications of mandatory transparency in
lobbying contests with private values, they show that mandating transparency is often detri-
mental to society. Our study finds that a similar result applies in situations with correlated
values and endogenous observability of effort.

The structure of the paper is as follows: Section 2 describes the model. Section 3 de-
termines the equilibrium outcome as a function of the model parameters. In Section 4,
we briefly address the welfare repercussions of asymmetric information in comparison to

symmetric information, and Section 5 concludes the study.

2 The model

We consider a setting in which risk-neutral attackers are randomly matched with an equal
number of risk-neutral defenders. In each pair of individuals, the defender D; and the
attacker A compete for an object in a contest by investing effort (d; and a, respectively,
where j = L, H). The defender population can be divided into two types, based on the
value of the objects being defended (denoted J, J = L, H). This value may be either low or
high, L < AL = H, X € (1, 4)ﬂ A share ¢ of defenders defend objects of value L, and the
remaining share of 1 — ¢ defend objects of value H. The attacker values the object less than
the defender, (1 —p)J, p € (0,1/2). In the application of our model to real-world theft, this
asymmetry can be explained as representing the personal significance of objects for their
owners or the difficulty thieves face in fencing stolen property, for example[]

The defender succeeds in defending the object with probability p, which is determined

6The upper bounds for A and p (to follow) will ensure interior solutions for parties’ effort levels.
"See, for example, the literature on the endowment effect, such as the seminal paper by Kahneman et al.
(1990) or Gintis (2007), which makes use of a contest setting.



by the parties’ respective efforts in the following way:

d.;
Plad) =7
J

(1)
for strictly positive effortﬁ Since we restrict our analysis to risk-neutral individuals, the level
of p may just as well be interpreted as the share of the value that stays with the defender.
With regard to the so-called contest-success function, we consider what has become known

as the Tullock contest Pl

The parties’ expected payoffs are given by

TD; :pJ — dj (2)

ma=(1—p)J(1—p)—a. (3)

Defenders and attackers thus share the same marginal effort cost equal to one, focusing the
asymmetry on the term p.

The timing of the game we analyze is as follows: At stage 0, there is the random assign-
ment of one attacker to each defender. In stage 1, all defenders simultaneously choose their
level of defense effort and whether or not they want to make their effort investment observ-
able to the attacker. Attackers observe decisions made by all defenders in stage 1; that is,
they observe the level of defense effort when a defender has opted for observability, but they
cannot observe the effort level exerted when a defender has chosen to make it unobservable.
In the real-world application, this would correspond to the ability of thieves to detect observ-
able precautions: They can determine which houses have made observable investments, but
they must also take into account the existence of measures that are unobservable ex-ante.
In stage 2, attackers choose their effort level. The game concludes with a move by nature,

determining the outcome of the contest according to and the competing parties’ payoffs.

8We focus on interior solutions only, because this is the more interesting case. See, for instance, Leininger
(1993) for a discussion of boundary solutions in sequential contests.
9This is the most widely applied contest-success function; see, e.g., Konrad (2009).
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3 The analysis

In this section, we will first examine the complete-information scenario as our benchmark
and then present the solution to the game under incomplete information. We start with a
description of the outcomes for the different decisions regarding the observability of effort,
discussing the equilibrium emerging from each decision. The scenario of interest here in-
volves one party defending something of value against another party. In such settings, the
attacker usually chooses effort after the defender. As explained above, the strategic interac-
tion between the defender and the aggressor can be characterized as a Cournot-Nash play
when the defender decides to make defense effort unobservable, and as a Stackelberg play
in the case of observable contest effort on the part of the defender. There are four feasible
combinations: (1,1) all Dy, and all Dy make their efforts observable, (2,2) all Dy, and all Dy
make their effort investments unobservable, (1,2) all D, make efforts observable and all Dy
hide their effort investments, and (2,1) all Dy, hide their effort investments and all Dy make
their efforts observable. In addition, there is the possibility of a mixed-strategy equilibrium.
In such a case, it will be assumed that all defenders of a given type behave in the same way

in all contingencies.

3.1 Complete information

We now briefly establish defender and attacker decisions when both contestants know the
object value J. First, we will determine the effort and payoff levels for given effort observ-
ability decisions, and then the defenders’ decisions of whether or not to make their defense
efforts observable will be considered. We will proceed in the same fashion in the next section,
in which incomplete information about the value of the resources at stake will be examined.

The attacker seeks to maximize his expected payoff for a given or conjectured level of



defender effort d;,
max s = (1= pla.d)J(1 - p) ~ a, W

and will choose to respond to defense effort d; with

When the defender has decided to make effort unobservable, the privately optimal defense
effort level should

MAX 7, = pla,d;)J —d;j, (6)

which will be true for

d; =VJa —a. (7)

The case in which defense effort is unobservable (hereafter indicated by U) thus leads to the

following equilibrium effort and expected payoff levels:

V= .
dU :(1 _p)‘] — aU (9)

T2=p?  1-p

ng :% (10)
™D, G —Jp)2' (11)

Our consideration of the fact that an object appropriated from someone else carries a some-
what lower value (i.e., our assumption p > 0) implies that the defender is the favorite in
Dixit’s (1987) terminology, as the defender wins with a probability greater than one-half
(because df > a).

Instead, if the defender makes defense effort observable, this implies that she selects a
locus somewhere on the aggressor’s reaction function. That is, the best response of the

attacker will be anticipated by the defender, who accordingly seeks to

10



/d
max Tp, = ————.J — d;. (12)
d; (1—p)J

The contest with observable defense effort (hereafter indicated by O) entails the following

equilibrium effort and expected payoff levels:

(1 =2p)J
STy "
o J _ a 14)
7oAl =p) 1-2p (
T _% (15)
ng :ﬁ. (16)

In strategic terms, defenders can choose between the Stackelberg play and the Cournot-
Nash play by choosing between observable and unobservable defense efforts. We find that
the contest with observable defense effort always results because

J J
79, =

T A(l=p) 2= p)

In other terms, the asymmetry between defender and attacker due to p > 0 makes the

=7p, <= p* > 0. (17)

sequential structure preferable for the defender. The defender has a first-mover incentive
that comes at the detriment of the attacker (i.e., 78 > 7Y and 79 < 74 ). Given that
J J J J
we do not permit the underdog (i.e., the attacker) to commit to effort ex-ante, we obtain
in equilibrium that the favorite prefers to move first rather than simultaneously. When the
favorite moves first, he overcommits effort relative to the simultaneous-move scenario in order
to induce lower equilibrium effort by the underdog (see, e.g., Baik and Shogren 1992); this is
evident in d? > dg and a® < aV. The total contest effort is lower in the simultaneous-move
contest than in the sequential game in which the defender (i.e., the favorite) moves first; this
follows from
(I=p) J _ —pJ

aj +dj — (a7 +d7) 2—p 2 2(2—p)<0 (18)
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Thus, in our setting, the decentralized decision-making concerning effort observability is
not in accordance with efficiency concerns in terms of effort expenditures. This stands in
contrast to the standard setting with endogenous moves, in which the underdog moves first
in equilibrium (see, e.g., Leininger 1993). At the end of the paper, we will return to welfare

considerations in greater detail.

3.2 Incomplete information: Analysis for given observability

As argued above, there are four feasible combinations of defender observability decisions:
(1,1) all Dy and all Dy make defense efforts observable, (2,2) all Dy and all Dy make
defense efforts unobservable, (1,2) all Dy, choose observable efforts while all Dy make their
efforts unobservable, and (2,1) all Dy, choose to conceal their effort levels while all Dy make
their efforts observable. Note that ‘1’ (‘2’) denotes the case in which a given defender type
makes effort (un-)observable, given that the scenarios with observable and unobservable
effort is analytically equivalent to settings with sequential and simultaneous moves, respec-
tively. In this section, we follow Dixit (1987) in analyzing the outcomes of various exogenous
arrangements with respect to the observability of defense effort; we establish observability

decisions in equilibrium in the following section.
3.2.1 Both defender types make defense efforts observable

In Combination (1,1), all defender types select observable defense efforts. As a result, the
observability decision itself does not convey type information to the attacker. However, it
may be the case that the effort level will reveal information about a defender’s type.

If we denote the probability that the attacker assigns to facing a defender of type Dy,
with u, we can state that the attacker will seek to maximize her expected payoff by choosing

effort according to
max 7y = (1 =p(a,d))(1 = p){pl + (1 - p)H} - a, (19)
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and will choose to respond with

a=/(1—=p{pL+ (1 —p)H}d—d (20)
to defender effort d. The best response of the attacker is intuitively decreasing in p.

If both defender types choose defense efforts that are tailored to their type and effort
investments are observable (i.e., d¢ and d9), then the attacker can deduce the value of
the object the defender is trying to protect. In this case, we would obtain p(d?) = 1 and
u(d%) = 0. The associated expected payoffs for defenders would be given by 7r8j. However,
this cannot be an equilibrium outcome, because defender Dy would be tempted to imitate
defender Dy, in order to compete with a less aggressive attacker. Indeed, choosing d¢ when

w(d?) = 1 promises a payoff of
TDy = % > ng = ﬁ (21)
for defender Dy, where H = AL.

Once the attacker acknowledges these mimicking incentives and pools the two defender
types (i.e., chooses u(d?) = ¢), this is naturally detrimental for defender L, since the at-
tacker will be more aggressive towards him. In order to rule out mimicking by a defender
Dy, defender type Dy may choose to distort defense effort downwards in order to distance
themselves from defender type Dpy. This distorted effort d that enables the separation of
the two defender types follows from

d
where the left-hand side represents the expected payoff for defender Dy, should she choose
to imitate d and be rewarded by the most favorable belief of the attacker (i.e., u(d) = 1), and
the right-hand side gives the payoff from choosing dg (which implies ,u(dg) = 0). Solving

, we obtain
J— AL[2(A —4\(/1)\_();)— 1)) —1] < dO. (23)

13




Very intuitively, the difference between defender types drives the extent of the distortion
required for separation, such that d decreases with . Naturally, the larger the difference in
property values, the more attractive it is for a defender Dy to be mistaken for a defender Dy,
(as this implies lower aggressor effort). For instance, when A — 1, we obtain the undistorted
defense effort of defender type Dy, df.

When the attacker observes J, he expects u(ci) = 1, because he knows that such low
defense effort is a dominated strategy for defenders of type Dy (since they can secure the
payoff represented on the right-hand side of by behaving according to their type in a
complete-information setup). Consequently, the aggressor chooses an appropriation effort of

a=1/(1-p) Ld — d. The implied level of expected payoffs for defenders of type Dy, is given
by

(M1—2Q—WKMA—DH+2¢M%A—\KA—lﬂ)—H)L
Fp, = : (24)
41— p)

This is greater than the level of expected payoffs that results when defender type Dj, chooses

a defense effort above d when this induces ;1 = 0, where this payoff is given by L/(4\(1— p))
(since the term in parentheses in (24) exceeds 1/X for A > 1).

The preceding argumentation permits the conclusion that the following beliefs are con-
sistent with the intuitive criterion (Cho and Kreps 1987):

0 ifd>d
M@_{l.ﬁdg& (25)

These conditions will be referenced throughout the remainder of the paper. Observing a
defense effort less than or equal to d will therefore convince the attacker that the defender
is trying to protect an object of value L.

For Combination (1,1), this completes the establishment of the Perfect Bayesian Nash

Equilibrium that relies on the intuitive criterion with respect to the attacker’s beliefs.

Lemma 1 Assume that both defender types make their effort levels observable, and that

14



aggressors hold the beliefs specified in (25). Then, defender type Dy selects d, faces a, and

earns Tp, . Defender type Dy chooses d%, faces a5, and earns 7§.

In this combination, defender Dy, is worse off than in the complete-information scenario.
The distortion benefits the attacker when she is competing with a defender of type Dy.

Defender Dy is not adversely affected by the presence of asymmetric information.
3.2.2 Both defender types make defense efforts unobservable

In Combination (2,2), all defenders choose unobservable defense efforts. In this scenario,
neither the observability decision nor the effort level can be informative for the attacker,
who must therefore use ¢ = ¢ and conjectured effort levels. In other words, the attacker
chooses effort against the distribution of the defender types, who choose their defense effort
levels d; given the attacker effort, as in (7)) (see Wérneryd 2000). The equilibrium defense
effort levels will differ from those derived for the case of complete information due to this
variation in the behavior of the attacker.

The emergent equilibrium effort levels are given by

22 L(1 - p)z(\/X(l —q) + C])2

- 2= op 20)
2 L0 p)(VAL = q) +4)(2 (—2@ ;)éwm U ) o)
P G PV —q) + Q()Q(\ixp()lj (1—p)a) — (1= p)a) (28)

and imply expected payoffs for defender types as follows:
ﬁ?:L(Q_ (P(l—Q)‘i‘Q‘i‘(l—Q)\/X(l—P))) 2

(2—p)?

o (VA +a(t=p) = (1= p)) "
e 2= op ' 30

We can summarize decision-making in this combination as follows:
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Lemma 2 Assume that both defender types make their efforts unobservable. Then, defender

2 and earns 7TJ2-2.

type D; selects d?Q, faces a

Very intuitively, it holds that the defender Dy gains from the incomplete information in
the present setting, in comparison to the outcome that results under complete and imperfect
information (i.e., 7% > 7% ). This results because the attacker is relatively less aggressive

towards defender Dpy. The contrary is true for defender Dy (ie., 72 < 7Y

), since the
attacker is relatively more aggressive towards defender Dy, than in the complete but imperfect
information scenario. However, with complete information, both defender types would choose
observable effort, such that we would find perfect information in equilibrium. In comparison
to this outcome, defenders of type Dy may be better or worse off in Combination (2,2). On
the one hand, they gain from pooling with defenders of type Dy ; on the other hand, they
lose from forfeiting their first-mover advantage. Defenders of type Dy are definitely worse

off than with complete and perfect information: They suffer from being pooled with type

Dy defenders and from not being able to take advantage of moving first.
3.2.3 Defender type D; (Dy) makes efforts observable (unobservable)

In Combination (1,2), defender type Dy (Dpg) chooses (un-)observable defense effort. Ag-
gressors note the observability decisions of all defender types, but only effort levels for de-
fenders of type Dy, are visible. Importantly, the observability of defender Dj’s effort conveys
informative value for all attacker-defender pairs, as we will explain in the following analysis.

The defender type D acknowledges the mimicking incentives of the defender type Dy,
given that any observable effort exertion will be evaluated by the attacker according to
the beliefs . This means that effort set at the privately optimal level for defender Dy,
under complete information (i.e., d?) will convince the attacker that the defender has highly
valued objects to protect. In order to ensure that the attacker understands that defender

Dy, is protecting only value L, he selects d. In this case, defenders who make their defense
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efforts unobservable will be recognized as a defender of type Dg. Consequently, attackers
who observe that some defenders have chosen d but who themselves are playing against a

defender whose effort is unobservable will choose aY.

Lemma 3 Assume that defender type Dy (Dy) makes defense effort observable (unobserv-
able) and that aggressors hold the beliefs specified in . Then, defender type Dy, selects d,

aces a, and earns Tp, . Defender type Dy selects d¥;, faces a¥;, and earns 7Y .
’ L H» H> H

This combination implies that the defender D is worse off relative to the complete-
information case, since defense effort is distorted downwards. The defender Dy is adversely
affected to the extent that she selects unobservable defense effort, as she prefers observable

effort investments under complete information.
3.2.4 Defender type D; (Dy) makes effort unobservable (observable)

In Combination (2,1), defender type Dy (Dy) chooses (un-)observable defense effort. The
defender type Dy must take attackers’ beliefs (as specified in ([25])) into account. The attacker
will mistake a defender of type Dy for a defender of type D only when the defender invests
d < d. However, as argued above, the distortion in the defense effort is sufficient to exhaust
all benefits from mimicking for defender Dy. Consequently, the defender Dy chooses d9,
which completely eliminates type uncertainty for attackers. In turn, attackers know that

any defender who chooses to conceal effort will be of type Dy.

Lemma 4 Assume that defender type Dy, (Dy) makes defense efforts unobservable (obseruv-
able) and that aggressors hold the beliefs specified in (25). Then, defender type Dy selects

d¥, faces a¥, and earns 7. Defender type Dy selects d$,, faces a9, and earns 7).

This timing combination implies that the defender Dy, is worse off relative to the complete-
information case, because his efforts have been made unobservable. In contrast, defender

type Dy is just as well off as in the scenario with complete information.
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3.3 Incomplete information: Equilibrium including observability
choice

The analysis up to this point has yielded that, for exogenous combinations of defense effort
observability, defenders of type Dy, (Dy) choose d (d9) when they decide to make their effort
investments observable. When a defender conceals defense efforts, they use the common
knowledge of first-stage behavior to assess whether de or d§2 is called for. These issues are
incorporated in Table (I} in which the first (second) entry shows the expected payoffs for

defenders of type Dy, (type Dg).

Dy \ Dy H Efforts observable ‘ Efforts unobservable
Efforts observable D, TG T, To
Efforts unobservable Wg, 772 W%Q, 77?{2

Table 1: Expected payoffs based on the observability of defense efforts.

In the following analysis, we delineate which of these different combinations could actually
arise in equilibrium. In principle, both defender types prefer making efforts observable, as
this allows them to choose an effort combination on the aggressor’s best response function
(as described in Section 3.1). However, informational aspects — which are of key importance
to the present analysis — may change the preferences of defender types. In our analysis, we
maintain the beliefs of the aggressor u(d) as specified in (25)), in combination with u = ¢
for the case in which both defender types make efforts unobservable. Should no defender
choose observable defense efforts, the aggressor will expect a distribution of defender types
that each chooses the privately optimal response to a given aggressor effort. A defender who
opts for observable defense effort will be perceived as a defender Dy, only when the level of
the defense effort is low enough to allow signaling.

To obtain Combination (1,1) (i.e., the scenario in which both defender types choose
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observable effort investments) as an equilibrium, the following conditions are necessary:
Fp, >m) (31)

79 >7nY. (32)

The second condition is always fulfilled, since defenders of type Dy prefer to choose a point on
the aggressor’s reaction function (i.e., playing Stackelberg game) when their type is revealed.
However, this does not automatically follow for a defender of type Dy, due to the necessary

distortion in effort when effort is made observable. The first condition can be reduced to

)2
P Sl
~ 4(1 —2p) + 3p?

(33)

Finding an upper boundary for the level of A while trying to ensure that #p, > 7% is very
intuitive. The distortion of d away from what the defender D; would choose in the case
of complete information is increasing in the level of A (to discourage enhanced mimicking
incentives for defenders of type Dy). This naturally diminishes the attractiveness of Com-
bination (1,1) from defender Dy ’s perspective. At the same time, the alternative payoff, 7
is not influenced by the level of A, since defender type is completely revealed to attackers.
The threshold for X is increasing in the level of asymmetry between defenders and attackers
(i.e., the level of p). This results because the first-mover advantage is more significant in
more asymmetric strategic interactions. The threshold value of A is continuously increasing
from 1 (when p — 0) to 4/3 (when p — 1/2). It should also be noted that condition (33) is
not influenced by the share of defenders of type Dy, since neither payoff in is affected
by ¢ (because there type revelation in each scenario).

To obtain Combination (2,2) (i.e., the scenario in which both defender types choose

unobservable defense efforts) as an equilibrium, the following conditions are necessary:

T2 >7p, (34)
2 >719. (35)
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Defender Dy, could make defense efforts observable and thereby ensure an expected private
payoff of 7p, instead of being pooled with defenders of type Dy. However, the restriction
regarding defender Dy will often be the stricter one, because the alternative of making
defense efforts observable promises the relatively high payoff from the sequential contest
with complete information. Condition holds when
4¢°(1 — p)’°

(2q(1 = p)32 +2(VT=p—1) +p)*
Since condition cannot be reduced as easily as and , we will consider an example

A > (36)

below.

In the previous section, we detailed the effort levels that result when defender Dy, chooses
observable defense effort and defender Dy chooses unobservable defense effort, that is, Com-
bination (1,2). With regard to defender Dy, it is clear that making defense efforts observable
when defender D, does so is preferable, because 7§ > 7%. This rules out Combination (1,2)
as a possible pure-strategy equilibrium.

To obtain Combination (2,1) (i.e., defender type Dy (Dy) chooses to make defense effort

(un-)observable) as an equilibrium, the following conditions are necessary:

¥ >#p, (37)
9 >n2, (38)

The first condition is obviously fulfilled when does not hold, that is, when the asym-
metry between defenders is sufficiently large (such that is violated). Defenders of type
Dy, would rather forfeit the first-mover advantage than distort effort markedly downwards.
The more pronounced the difference between defender types, and the smaller the difference
between defenders and attackers with respect to the valuation of the contest prize, the more
likely this is to be the case. For defenders of type Dy, condition requires the advan-

tage of pooling with type Dj defenders to be insufficient to compensate for the first-mover
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advantage gained by making effort observable.

We now formally summarize the above analysis:

Proposition 1 With aggressors’ beliefs specified as in when a defender type chooses
observable effort and by = q otherwise, we obtain:

(i) When holds: Defender type Dj selects observable effort amounting to d and faces
attacker effort a. Defender type Dy chooses observable effort amounting to d and faces
attacker effort a$).

(i) When and hold simultaneously: Defender type Dy, selects unobservable effort
amounting to d3* and faces attacker effort a**. Defender type Dy selects unobservable effort

amounting to d% and faces attacker effort a*2.

(iii) When neither nor 15 fulfilled: Defender type Dy selects unobservable effort
amounting to dY and faces attacker effort a¥. Defender type Dy selects observable effort

amounting to d% and faces attacker effort a%.

Up to this point, we have considered the requirements for the respective combinations as
pure-strategy equilibria. Next, we will discuss the possibility of obtaining equilibria in mixed
strategies in which all defenders of a given type make the same decision. More concretely,
this implies that the mixing probabilities are the same for all defenders of type D;, and that
all defenders of type D; apply the same strategy after the randomness is resolved. To obtain

a mixed-strategy equilibrium, it is necessary to guarantee that , , and
Tp, > T (39)

hold. This last condition is fulfilled when does not hold. The additional requirement
for the defender Dy, 79 > 7Y, is always true. Denoting the probability that defenders
of type Dy, will make their efforts observable and choose d by (1 — a) and that defenders

Dy will make their efforts observable and choose dg by (1 — (), the expected payoffs in a
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mixed-strategy equilibrium are given by

Enp =a" (B2 + (1= B)r) + (1 — a*)7p, (40)
B =5 (a2 + (1 - a")nl) + (1 — 579, (1)
where in equilibrium

o U

« g —Tg
O = U (42)

H H
6* _ﬂ-g B 7?DL (43)

N Ty — 22’

When the specified conditions hold as inequalities, we obtain mixing probabilities a* € (0, 1)
and g* € (0,1).

We now formally summarize the above analysis:

Proposition 2 With aggressors’ beliefs specified as in when a defender type chooses
observable effort and by p = q otherwise, we obtain:

When neither nor is fulfilled, but holds: Defender type Dy, selects unobserv-
able effort amounting to dY with probability o*(1 — 3*) (against a¥ ), unobservable effort
amounting to d¥ with probability o*3* (against a®2), and observable effort amounting to d
with probability (1—a*) (against a). Defender type Dy selects unobservable effort amounting
to d% with probability (1 — o*)B* (against a%;), unobservable effort amounting to d% with
probability o* 3* (against a®*), and observable effort amounting to d, with probability (1— 3*)

(against a%)).

Note that there is a unique equilibrium independent of the parameter values. The enu-
meration of conditions is such that the fulfillment of one set of conditions precludes another
set of conditions from holding at the same time (see Table [2)).

The above analysis establishes that the presence of incomplete information may induce

Cournot-Nash play. This stands in sharp contrast to the result obtained under complete
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Payofts L

Payofts H

‘ Equilibrium

Tp, = Wg > W%Q

0 22 U
T 2Ty 2 Th

(1,1)

Tp, = Wg > ’R’%Z

22 ) U
TH 2 Tg 2 Th

(1,1)

~ 22
7 > fp, > 7

(0] 22 U
T 2> T = Th

(2,1)

U< =~ 22
T} 2 TDy, = Tp

22 [0) U
Ty 2 Mg 2 Ty

mixed, mixed

Wg > 71'22 >17p, Wé% > W%éz > W% (2,1)
;> T > Tp, | T > T > Ty (2,2)

Table 2: Possible equilibria for different payoff rankings.

information. In addition, we also demonstrate the possibility of an asymmetric outcome
in which only defenders of type Dy choose observable defense effort. The intuition is that
defender Dy must distort defense efforts downwards when type information should be sig-
naled to the attacker. The kind of equilibrium that results is critically determined by the
distribution of defender types (summarized by ¢), the magnitude of the difference between
defender types (summarized by ), and the asymmetry between defender and offender with
regard to the valuation of the objects being protected (summarized by p). This dependence
stems from the influence of these factors on the conditions detailed in Proposition 1. We
illustrate this dependence and the respective equilibria in Figure 1 for the case in which the
population of defenders is equally split into types Dy and Dy (i.e., for ¢ = 1/2) and L = 1.

Combination (1,1) is possible when the asymmetry between defender types is not too
large. Otherwise, defender D prefers not to choose the distorted effort d associated with
making effort observable to the attacker. Higher levels of the asymmetry between the de-
fender and the attacker regarding the valuation (i.e., levels of p) create more opportunities
to obtain Combination (1,1) because they enhance the first-mover advantage obtained from
making effort observable. In contrast, Combination (2,2) cannot arise when the level of p is
high, precisely because of the importance of the first-mover advantage. In Combination (2,1),
defender Dy makes effort observable and enjoys the first-mover advantage, while defender

Dy, prefers to be the only defender type with unobservable defense effort (since making efforts
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Figure 1: Equilibria for p € (0,1/2), A € (1,2), and ¢ = 1/2.

observable is associated with the distorted level of defense effort). The scenario in which
the asymmetry between defender types is considerable yields a mixed-strategy equilibrium.
High levels of A make choosing observable effort d relatively unattractive when the alterna-
tive of being the only defender type with unobservable defense effort is available. However,
when defender Dy conceals effort, Combination (2,2) is similarly unattractive, because the
attacker will play relatively aggressively for high levels of \. Defender Dpy, on the other
hand, very much prefers Combination (2,2) to the option of making her own effort known
with d%, because the attacker’s aggression will be somewhat more moderate in the former
case. Overall, this implies that there is only an equilibrium in mixed strategies for large
levels of .

As argued above, the range of parameters allowing Combination (1,1) is not dependent
on the share of defenders of type L in the population of defenders. In contrast, the other

conditions are influenced by the level of q. This fact is illustrated in Figure 2, in which
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Figure 2: Equilibria for p € (0,1/2), A € (1,2), and ¢ = 3/10 (¢ = 7/10) in the left (right)
panel.

we depict respective equilibria when ¢ is either higher (¢ = 7/10) or lower (¢ = 3/10). The
outcome in which both defender types choose unobservable defense effort is much more likely
to result when the level of ¢ is high. This is a very intuitive finding, since the attractiveness
of attackers pooling the two types is higher from the defenders’ standpoint when the share
of low values is high. The same reasoning explains why Combination (2,1) is less likely when
the level of ¢ is high. In this arrangement, defender Dy must prefer making defense efforts
known to the attackers, thereby losing the benefits from pooling. The opposite holds for a
lower level of ¢; see the left panel of Figure 2.

Turning explicitly to the application of our model in the context of private precautions
against crime, our analysis contributes to an explanation of why some households prefer
observable safety measures but others do not. Based on our analysis, we would expect
households to rely on observable measures when the population of households is relatively

homogenous and the protected valuables are not easily transformed into money by thieves
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(i.e., in scenarios in which A is low while p is high). In contrast, when households vary
widely with respect to the value of the property inside, they will try to outsmart each other
in terms of the observability of defense efforts, which will lead to a mixed-strategy equilibrium
and permit all discussed combinations. The possibility that contradicts expectations that
rely on the complete-information intuition — that is, all defenders choosing unobservable
precautions — is particularly probable in areas in which only a few households have objects
of considerable value (i.e., in scenarios in which ¢ is high). For instance, when a top-earning
household moves into a medium-earner neighborhood, it is unlikely that this household will
opt for observable private precautions. This endogenous determination of the most preferable
kind of private precaution for a given household represents a break from prior literature, in

which the selection of such precautions has been treated as a given.

4 Welfare

In this section, we will briefly refer to the potential welfare implications of the presence of
incomplete information in our contest. One measure that is often used in this regard is the
sum of contest efforts, given that these can be considered waste (see, e.g., Konrad 2009).
We will also discuss the repercussions of taking into account the expected loss in value due
to the transfer of the valuable objects to the attacker when p > 0.

We can specify expected social costs for the case of complete information in which de-
fenders always make defense efforts observable (i.e., they opt for Stackelberg play), indexed
here by an ‘C’ for complete information, as follows:

O

dO

O

0 —a| phgm +af +at| + 1= 0) | et 4] @)

where 7 is an indicator variable that is equal to one (zero) when the expected loss of value

is (not) counted. The general formulation of expected social costs for the scenario with
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incomplete information, indexed by an ‘I’ for incomplete information, is given by

a22 a22
L H

+(1—a)B (q [ﬁan +d+ d} -9 LZMGU

+a(1—6)( {dUa

+(1—a)(1—ﬁ)(q{#an+d+a] { Oan+d0+aHD
(45)

Uan—FdH—i-aH])

U
Uan—i—dU—i—aL} { Oan—l—dO—i-aH])

where o and [ must be adjusted according to the decisions regarding effort observability
that result for given parameter values. For example, a = 0 and g = 0 represents the case in
which both defender types make their defense efforts observable.

In our discussion, we first turn to the standard welfare measure, that is, the sum of
contest efforts. When 1 = 0, the comparison of social costs is clearly in favor of incomplete
information in Combination (1,1), in which defender D, distorts defense efforts downwards
(since the adjustment in the attacker’s effort is not dominating). In other words, we find

that

_ L L
d+a= \/)\ VA —1)] — 1)<§:d§+a€, (46)

because the term \//\(2[)\ — VA(A—1)] = 1) is less than one for A > 1. There is no change

in effort costs for defender Dy in Combination (1,1). In addition, this implies that the sum
of effort costs under incomplete information is also lower than under complete information
should Combination (1,2) or (2,1) arise (in comparison to Combination (1,1), which always
results for complete information). In both Combinations (1,2) and (2,1), the defender’s type
is revealed. The defender type that chooses unobservable defense efforts chooses de; the
attacker chooses ag-] when playing against this defender type. As already established, in
this case, the sum of contest efforts is lower than the sum of contest efforts in the event of

complete information and observable effort choices. At the same time, also for the defender
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type that chooses observable defense efforts, the sum of defender and attacker efforts is not
higher than in the complete-information scenario.

In contrast, in Combination (2,2), both defenders make effort unobservable, and attackers
choose effort against an averaged defender. In order to evaluate this outcome, we first
consider the counterfactual scenario in which both contestants know the contest prize and
choose their efforts simultaneously and independently. We find that the expected efforts of

the attacker and the defender would amount to

_ ([1=p)p? L A=p? . (A=p)? B

Ea —q(2_p)2L+(1 q) (Z_p)QH— 2= ) [¢L + (1 —q)H] (47)
_ (1-p o A=p) . (A-p) B ,

Ed —q(2_p)2L+ (1-4q) (Q_p)QH 2= ) [qL + (1 — q)H]; (48)

as, for example, the value will be L with probability ¢, in which case the attacker (defender)
will choose L x (1 — p)?/(2 — p)® (L x (1 — p)/(2 — p)?). In the section analyzing the
complete-information scenario, we established that the equilibrium outcome will in fact be
a sequential contest with even higher expected efforts, such that comparing the outcome
under incomplete information to this benchmark implies a bias against the repercussions of
incomplete information. We now turn to the case in which the attacker is uninformed about
the actual value and chooses effort at the same time as the defender. From the attacker’s

first-order condition,

dL dH
(1—p) {QWLJF (1- Q)mH} -1=0,

in combination with the best response of defender j, d; = vV aJ —a, we find that the attacker

effort will be

Ea = 8:2;2 [Q\/Z%—(l—q)\/ﬁr. (49)

This can be used to determine the expected defender effort, given that the defender L is

represented with share ¢; we obtain

Ed:% [q\/f+(1—q)@r. (50)
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The concavity of the root function yields the result that the sum of contest efforts under
incomplete information will be lower than in the complete-information scenario (see —
in comparison to (47)-(48))). This argumentation follows the analysis by Warneryd (2003).
Accordingly, the sum of effort will also be lower in the incomplete-information setup for
every mixed-strategy equilibrium.

In summary, we find:

Proposition 3 In a contest setting in which one party can decide whether its defense efforts
will be observable or unobservable, the presence of incomplete information lowers the sum of

contest efforts.

Proof. Follows from the preceding argumentation. m

Turning to the case in which n = 1, we must take into account the possibility that
incomplete information may result in a higher probability that the attacker will be successful
and therefore that additional social losses will occur (due to the lower valuation of the object
by the attacker in comparison to the defender). Starting with Combination (1,1), we assert
that the downward distortion in the defense efforts of defender type Dy implies that the
loss in value due to the transfer to the attacker will materialize more often. This increases
the social costs of Combination (1,1) under incomplete information. The critical question is
thus whether the advantage that stems from the difference in total contest effort dominates

this disadvantage. This is indeed the case, as

%pL—i—do-{—aL szt 1 ﬂ
(2(— 2p)L (1_¢A O] - )) > 0. (51)

In Combination (2,1), the defender D chooses unobservable defense effort, thereby en-
tering into a simultaneous-move contest. This again implies that the probability of society

losing share p of the value of the object at stake will be higher when there is incomplete
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information about the defender type. However, it once again holds that the effect stemming
from the difference in contest effort dominates this adverse effect, since

(@] U

L o) o ar, U U

_L L 4d B P YN S

oLl AR A b e
p(1—2p)L

= > 0. 52
00— 72— p) (52)

In Combination (1,2), the welfare-superiority of incomplete information can be estab-
lished by reference to for defenders of type Dy and to for defenders of type Dy
(where we substitute H for L in (52))). Finally, as established in the Appendix, it can be
shown that the social costs are lower under asymmetric information in Combination (2,2) as
well.

In summary, we find:

Proposition 4 The presence of incomplete information lowers the sum of contest efforts

and expected losses in value.

Proof. The proof for Combinations (1,1), (2,1), and (1,2) follows from the above argumen-

tation. The arguments for Combination (2,2) can be found in the Appendix. m

5 Conclusion

In a struggle over resources akin to a contest, defenders often have both private informa-
tion about the value of the resource and the possibility to decide whether or not to make
their defense efforts observable. This paper analyzes such a scenario involving endogenous
observability and the level of contest efforts in equilibrium. We find that widely varying
arrangements may arise in equilibrium, including scenarios that are the diametric opposite
of the outcome that results under complete information. For instance, defenders may choose

unobservable defense effort, forfeiting their presumed first-mover advantage. The intuition
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is that attackers rely on defender behavior when updating their beliefs about defender type
(i.e., the value of the protected resources). For defenders, this means that making defense
efforts known to aggressors may actually be detrimental. In addition to the positive analysis
of this relevant setting, we show that the presence of incomplete information improves the
outcome by softening the competition between defenders and attackers for resources and
reducing wasteful effort expenditures.

The analysis presented here can be applied to the setting in which households determine
their private precautions against crime. Whereas the literature has treated observable pri-
vate precautions and unobservable safety measures as distinct cases, we allow households to
choose between either observable or unobservable precautions against crime. Since the level
of precaution signals information about the valuables present in the house, it may be the
case that households will prefer to conceal their safety investments. Although incomplete in-
formation introduces a mimicking incentive that can harm less well-off households, it implies

that less will be spent in total in the contest over households’ property.

Appendix: Welfare considerations for Combination (2,2)

In order to establish that the level of social costs for Combination (2,2) in the setting of
incomplete information falls below the level in the complete-information scenario, we first
evaluate how the difference is affected by variations in the level of A and then turn to the
level of social costs at A = 1. The derivative of the difference in social costs resulting from
the outcome of Combination (2,2) and the outcome under complete information with respect

to A is given by

oc’—coy (-0 ((1 —20)pVA+2(1 = p)*(1+ p) (\/X - 1) q) L . -
T 22 )1 VA o
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Furthermore, we know that the difference between social costs in Combination (2,2) and

social costs under complete information evaluated at A = 1 is

p(1 —2p)L
2(2=p)(1=p)

Accordingly, the cost difference C? — C¢ is negative for all feasible levels of \.

(CT = C9)|rzy = — < 0. (54)

References

Baik, K.H., 1994. Effort Levels in Contests with Two Asymmetric Players. Southern Eco-
nomic Journal 61, 367-378.

Baik, K.H., and J.F. Shogren, 1992. Strategic Behavior in Contests: Comment. American
Economic Review 82, 359-362.

Barros, F., 1997. Asymmetric Information as a Commitment in Oligopoly. European Eco-
nomic Review 41, 207-225.

Baumann, F., and T. Friehe, 2010. Product Liability and the Virtues of Asymmetric Infor-
mation. Journal of Economics 100, 19-32.

Baumann, F., and T. Friehe, 2013. Private Protection Against Crime When Property Value
is Private Information. International Review of Law and Economics 35, 73-79.

Ben-Shahar, O., and A. Harel, 1995. Blaming the Victim: Optimal Incentives for Private
Precautions against Crime. Journal of Law, Economics, & Organization 11, 434-455.

Cho, LK., and D.M. Kreps, 1987. Signaling Games and Stable Equilibria. Quarterly Journal
of Economics 102, 179-221.

Clotfelter, C.T., 1977. Public Services, Private Substitutes, and the Demand for Protection
against Crime. American Economic Review 67, 867-877.

Clotfelter, C.T., 1978. Private Security and Public Safety. Journal of Urban Economics 5,
388-402.

Cook, P.J., and J. MacDonald, 2010. Public Safety Through Private Action: An Economic

32



Assessment of BIDs, Locks, and Citizen Cooperation. NBER Working Paper 15877.
Denter, P., Morgan, J., and D. Sisak, 2011. “Where Ignorance is bliss, ’tis folly to be wise”:
Transparency in Contests. University of St. Gallen Working Paper 1128.

Dixit, A., 1987. Strategic Behavior in Contests. American Economic Review 77, 891-898.
Ehrlich, 1., 1996. Crime, Punishment, and the Market for Offenses. Journal of Economic
Perspectives 10, 43-67.

Fu, Q., 2006. Endogenous Timing of Contest with Asymmetric Information. Public Choice
129, 1-23.

Gibbons, R., 1992. A Primer in Game Theory. Essex: Pearson.

Gintis, H., 2007. The Evolution of Private Property. Journal of Economic Behavior & Or-
ganization 64, 1-16.

Hoffmann, M., and G. Rota-Graziosi, 2012. Endogenous Timing in General Rent-Seeking
and Conflict Models. Games and Economic Behavior 75, 168-184.

Hotte, L., and T. van Ypersele, 2008. Individual Protection Against Property Crime: Decom-
posing the Effects of Protection Observability. Canadian Journal of Economics 41, 537-563.
Hui-Wen, K., and I.P.L. Png, 1994. Private Security: Deterrent or Diversion? International
Review of Law & Economics 14, 87-101.

Hylton, K.N.; 1996. Optimal Law Enforcement and Victim Precaution. Rand Journal of
Economics 27, 197-206.

Kahneman, D., Knetsch, J., and R. Thaler, 1990. Experimental Tests of the Endowment
Effect and the Coase Theorem. Journal of Political Economy 98, 1325-1348.

Kessler, A.S.,; 1998. The Value of Ignorance. Rand Journal of Economics 29, 339-354.
Konrad, K.A., 2009. Strategy and Dynamics in Contests. Oxford: Oxford University Press.
Konrad, K.A., and W. Leininger, 2007. The Generalized Stackelberg Equilibrium of the

All-Pay Auction with Complete Information. Review of Economic Design 11, 165-174.

33



Lacroix, G., and N. Marceau, 1995. Private Protection Against Crime. Journal of Urban
Economics 37, 72-87.

Leininger, W., 1993. More Efficient Rent-Seeking - A Miinchhausen Solution. Public Choice
75, 43-62.

Morgan, J., 2003. Sequential Contests. Public Choice 116, 1-18.

Nitzan, S., 1994. More on Efficient Rent Seeking and Strategic Behavior in Contests: Com-
ment. Public Choice 79, 355-356.

Powell, R., 2007. Allocating Defensive Resources with Private Information about Vulnera-
bility. American Political Science Review 101, 799-8009.

Shavell, S., 1991. Individual Precautions to Prevent Theft: Private Versus Socially Optimal
Behavior. International Review of Law & Economics 11, 123-132.

Warneryd, K., 2000. Information in Conflicts. Journal of Economic Theory 110, 121-136.
Wiérneryd, K., 2012. Informational Aspects in Conflicts. In: Garfinkel, M.R., Skaperdas,
S. (Eds.). The Oxford Handbook of the Economics of Peace and Conflict. Oxford: Oxford
University Press.

Yildirim, H., 2005. Contests with Multiple Rounds. Games and Economic Behavior 51,
213-227.

34



PREVIOUS DISCUSSION PAPERS

115

114

113

112

111

110

109

108

107

106

105

104

103

102

101

Baumann, Florian, Denter, Philipp and Friehe Tim, Hide or Show? Endogenous
Observability of Private Precautions Against Crime When Property Value is Private
Information, November 2013.

Fan, Ying, Kuihn, Kai-Uwe and Lafontaine, Francine, Financial Constraints and Moral
Hazard: The Case of Franchising, November 2013.

Aguzzoni, Luca, Argentesi, Elena, Buccirossi, Paolo, Ciari, Lorenzo, Duso, Tomaso,
Tognoni, Massimo and Vitale, Cristiana, They Played the Merger Game:
A Retrospective Analysis in the UK Videogames Market, October 2013.

Myrseth, Kristian Ove R., Riener, Gerhard and Wollbrant, Conny, Tangible
Temptation in the Social Dilemma: Cash, Cooperation, and Self-Control,
October 2013.

Hasnas, Irina, Lambertini, Luca and Palestini, Arsen, Open Innovation in a Dynamic
Cournot Duopoly, October 2013.

Baumann, Florian and Friehe, Tim, Competitive Pressure and Corporate Crime,
September 2013.

Bdckers, Veit, Haucap, Justus and Heimeshoff, Ulrich, Benefits of an Integrated
European Electricity Market, September 2013.

Normann, Hans-Theo and Tan, Elaine S., Effects of Different Cartel Policies:
Evidence from the German Power-Cable Industry, September 2013.
Forthcoming in: Industrial and Corporate Change.

Haucap, Justus, Heimeshoff, Ulrich, Klein, Gordon J., Rickert, Dennis and Wey,
Christian, Bargaining Power in Manufacturer-Retailer Relationships, September 2013.

Baumann, Florian and Friehe, Tim, Design Standards and Technology Adoption:
Welfare Effects of Increasing Environmental Fines when the Number of Firms is
Endogenous, September 2013.

Jeitschko, Thomas D., NYSE Changing Hands: Antitrust and Attempted Acquisitions
of an Erstwhile Monopoly, August 2013.

Bdckers, Veit, Giessing, Leonie and Rdsch, Jurgen, The Green Game Changer: An
Empirical Assessment of the Effects of Wind and Solar Power on the Merit Order,
August 2013.

Haucap, Justus and Muck, Johannes, What Drives the Relevance and Reputation of
Economics Journals? An Update from a Survey among Economists, August 2013.

Jovanovic, Dragan and Wey, Christian, Passive Partial Ownership, Sneaky
Takeovers, and Merger Control, August 2013.

Haucap, Justus, Heimeshoff, Ulrich, Klein, Gordon J., Rickert, Dennis and Wey,
Christian, Inter-Format Competition Among Retailers — The Role of Private Label
Products in Market Delineation, August 2013.



100

99

98

97

96

95

94

93

92

91

90

89

88
87

86

85

84

Normann, Hans-Theo, Requate, Till and Waichman, Israel, Do Short-Term Laboratory
Experiments Provide Valid Descriptions of Long-Term Economic Interactions? A
Study of Cournot Markets, July 2013.

Forthcoming in: Experimental Economics.

Dertwinkel-Kalt, Markus, Haucap, Justus and Wey, Christian, Input Price
Discrimination (Bans), Entry and Welfare, June 2013.

Aguzzoni, Luca, Argentesi, Elena, Ciari, Lorenzo, Duso, Tomaso and Tognoni,
Massimo, Ex-post Merger Evaluation in the UK Retail Market for Books, June 2013.

Caprice, Stéphane and von Schlippenbach, Vanessa, One-Stop Shopping as a
Cause of Slotting Fees: A Rent-Shifting Mechanism, May 2012.
Published in: Journal of Economics and Management Strategy, 22 (2013), pp. 468-487.

Wenzel, Tobias, Independent Service Operators in ATM Markets, June 2013.
Forthcoming in: Scottish Journal of Political Economy.

Coublucq, Daniel, Econometric Analysis of Productivity with Measurement Error:
Empirical Application to the US Railroad Industry, June 2013.

Coublucq, Daniel, Demand Estimation with Selection Bias: A Dynamic Game
Approach with an Application to the US Railroad Industry, June 2013.

Baumann, Florian and Friehe, Tim, Status Concerns as a Motive for Crime?,
April 2013.

Jeitschko, Thomas D. and Zhang, Nanyun, Adverse Effects of Patent Pooling on
Product Development and Commercialization, April 2013.

Baumann, Florian and Friehe, Tim, Private Protection Against Crime when Property
Value is Private Information, April 2013.
Published in: International Review of Law and Economics, 35 (2013), pp. 73-79.

Baumann, Florian and Friehe, Tim, Cheap Talk About the Detection Probability,
April 2013.
Forthcoming in: International Game Theory Review.

Pagel, Beatrice and Wey, Christian, How to Counter Union Power? Equilibrium
Mergers in International Oligopoly, April 2013.

Jovanovic, Dragan, Mergers, Managerial Incentives, and Efficiencies, April 2013.

Heimeshoff, Ulrich and Klein Gordon J., Bargaining Power and Local Heroes,
March 2013.

Bertschek, Irene, Cerquera, Daniel and Klein, Gordon J., More Bits — More Bucks?
Measuring the Impact of Broadband Internet on Firm Performance, February 2013.
Forthcoming in: Information Economics and Policy.

Rasch, Alexander and Wenzel, Tobias, Piracy in a Two-Sided Software Market,
February 2013.
Published in; Journal of Economic Behavior & Organization, 88 (2013), pp. 78-89.

Bataille, Marc and Steinmetz, Alexander, Intermodal Competition on Some Routes in
Transportation Networks: The Case of Inter Urban Buses and Railways,
January 2013.



83

82

81

80

79

78

77

76

75

74

73

72

71

70

69

68
67

Haucap, Justus and Heimeshoff, Ulrich, Google, Facebook, Amazon, eBay: Is the
Internet Driving Competition or Market Monopolization?, January 2013.
Forthcoming in: International Economics and Economic Policy.

Regner, Tobias and Riener, Gerhard, Voluntary Payments, Privacy and Social
Pressure on the Internet: A Natural Field Experiment, December 2012.

Dertwinkel-Kalt, Markus and Wey, Christian, The Effects of Remedies on Merger
Activity in Oligopoly, December 2012.

Baumann, Florian and Friehe, Tim, Optimal Damages Multipliers in Oligopolistic
Markets, December 2012.

Duso, Tomaso, Rdller, Lars-Hendrik and Seldeslachts, Jo, Collusion through Joint
R&D: An Empirical Assessment, December 2012.
Forthcoming in: The Review of Economics and Statistics.

Baumann, Florian and Heine, Klaus, Innovation, Tort Law, and Competition,
December 2012.
Forthcoming in: Journal of Institutional and Theoretical Economics.

Coenen, Michael and Jovanovic, Dragan, Investment Behavior in a Constrained
Dictator Game, November 2012.

Gu, Yiquan and Wenzel, Tobias, Strategic Obfuscation and Consumer Protection
Policy in Financial Markets: Theory and Experimental Evidence, November 2012.
Forthcoming in: Journal of Industrial Economics under the title “Strategic Obfuscation and
Consumer Protection Policy”.

Haucap, Justus, Heimeshoff, Ulrich and Jovanovic, Dragan, Competition in
Germany’s Minute Reserve Power Market: An Econometric Analysis,
November 2012.

Forthcoming in: The Energy Journal.

Normann, Hans-Theo, Rdsch, Jirgen and Schultz, Luis Manuel, Do Buyer Groups
Facilitate Collusion?, November 2012.

Riener, Gerhard and Wiederhold, Simon, Heterogeneous Treatment Effects in
Groups, November 2012.

Berlemann, Michael and Haucap, Justus, Which Factors Drive the Decision to Boycott

and Opt Out of Research Rankings? A Note, November 2012.

Muck, Johannes and Heimeshoff, Ulrich, First Mover Advantages in Mobile
Telecommunications: Evidence from OECD Countries, October 2012.

Karacuka, Mehmet, Catik, A. Nazif and Haucap, Justus, Consumer Choice and Local
Network Effects in Mobile Telecommunications in Turkey, October 2012.
Published in: Telecommunications Policy, 37 (2013), pp. 334-344.

Clemens, Georg and Rau, Holger A., Rebels without a Clue? Experimental Evidence
on Partial Cartels, April 2013 (First Version October 2012).

Regner, Tobias and Riener, Gerhard, Motivational Cherry Picking, September 2012.

Fonseca, Miguel A. and Normann, Hans-Theo, Excess Capacity and Pricing in
Bertrand-Edgeworth Markets: Experimental Evidence, September 2012.
Published in; Journal of Institutional and Theoretical Economics, 169 (2013), pp. 199-228.



66

65

64

63

62

61
60

59

58

57

56

55

54

53

52

51

50

49

Riener, Gerhard and Wiederhold, Simon, Team Building and Hidden Costs of Control,
September 2012.

Fonseca, Miguel A. and Normann, Hans-Theo, Explicit vs. Tacit Collusion — The
Impact of Communication in Oligopoly Experiments, August 2012.
Published in: European Economic Review, 56 (2012), pp. 1759-1772.

Jovanovic, Dragan and Wey, Christian, An Equilibrium Analysis of Efficiency Gains
from Mergers, July 2012.

Dewenter, Ralf, Jaschinski, Thomas and Kuchinke, Bjorn A., Hospital Market
Concentration and Discrimination of Patients, July 2012.

Von Schlippenbach, Vanessa and Teichmann, Isabel, The Strategic Use of Private
Quality Standards in Food Supply Chains, May 2012.
Published in: American Journal of Agricultural Economics, 94 (2012), pp. 1189-1201.

Sapi, Geza, Bargaining, Vertical Mergers and Entry, July 2012.

Jentzsch, Nicola, Sapi, Geza and Suleymanova, Irina, Targeted Pricing and Customer
Data Sharing Among Rivals, July 2012.
Published in: International Journal of Industrial Organization, 31 (2013), pp. 131-144.

Lambarraa, Fatima and Riener, Gerhard, On the Norms of Charitable Giving in Islam:
A Field Experiment, June 2012.

Duso, Tomaso, Gugler, Klaus and Szics, Florian, An Empirical Assessment of the
2004 EU Merger Policy Reform, June 2012.
Forthcoming in: Economic Journal.

Dewenter, Ralf and Heimeshoff, Ulrich, More Ads, More Revs? Is there a Media Bias
in the Likelihood to be Reviewed?, June 2012.

Bockers, Veit, Heimeshoff, Ulrich and Muller Andrea, Pull-Forward Effects in the
German Car Scrappage Scheme: A Time Series Approach, June 2012.

Kellner, Christian and Riener, Gerhard, The Effect of Ambiguity Aversion on Reward
Scheme Choice, June 2012.

De Silva, Dakshina G., Kosmopoulou, Georgia, Pagel, Beatrice and Peeters, Ronald,
The Impact of Timing on Bidding Behavior in Procurement Auctions of Contracts with
Private Costs, June 2012.

Published in: Review of Industrial Organization, 41 (2013), pp.321-343.

Benndorf, Volker and Rau, Holger A., Competition in the Workplace: An Experimental
Investigation, May 2012.

Haucap, Justus and Klein, Gordon J., How Regulation Affects Network and Service
Quiality in Related Markets, May 2012.
Published in; Economics Letters, 117 (2012), pp. 521-524.

Dewenter, Ralf and Heimeshoff, Ulrich, Less Pain at the Pump? The Effects of
Regulatory Interventions in Retail Gasoline Markets, May 2012.

Bdckers, Veit and Heimeshoff, Ulrich, The Extent of European Power Markets,
April 2012.

Barth, Anne-Kathrin and Heimeshoff, Ulrich, How Large is the Magnitude of Fixed-
Mobile Call Substitution? - Empirical Evidence from 16 European Countries,
April 2012.



48

47

46

45

44

43

42

41

40

39

38

37

36

35

34

33

Herr, Annika and Suppliet, Moritz, Pharmaceutical Prices under Regulation: Tiered
Co-payments and Reference Pricing in Germany, April 2012.

Haucap, Justus and Mdller, Hans Christian, The Effects of Gasoline Price
Regulations: Experimental Evidence, April 2012.

Stiihmeier, Torben, Roaming and Investments in the Mobile Internet Market,
March 2012.
Published in: Telecommunications Policy, 36 (2012), pp. 595-607.

Graf, Julia, The Effects of Rebate Contracts on the Health Care System, March 2012,
Forthcoming in: The European Journal of Health Economics.

Pagel, Beatrice and Wey, Christian, Unionization Structures in International Oligopoly,
February 2012.

Published in: Labour: Review of Labour Economics and Industrial Relations, 27 (2013),

pp. 1-17.

Gu, Yiguan and Wenzel, Tobias, Price-Dependent Demand in Spatial Models,
January 2012.
Published in: B. E. Journal of Economic Analysis & Policy, 12 (2012), Article 6.

Barth, Anne-Kathrin and Heimeshoff, Ulrich, Does the Growth of Mobile Markets
Cause the Demise of Fixed Networks? — Evidence from the European Union,
January 2012.

Stihmeier, Torben and Wenzel, Tobias, Regulating Advertising in the Presence of
Public Service Broadcasting, January 2012.
Published in: Review of Network Economics, 11/2 (2012), Article 1.

Madller, Hans Christian, Forecast Errors in Undisclosed Management Sales Forecasts:
The Disappearance of the Overoptimism Bias, December 2011.

Gu, Yiguan and Wenzel, Tobias, Transparency, Entry, and Productivity,
November 2011.
Published in: Economics Letters, 115 (2012), pp. 7-10.

Christin, Clémence, Entry Deterrence Through Cooperative R&D Over-Investment,
November 2011.
Forthcoming in: Louvain Economic Review.

Haucap, Justus, Herr, Annika and Frank, Bjorn, In Vino Veritas: Theory and Evidence
on Social Drinking, November 2011.
In a modified version forthcoming in: European Journal of Law and Economics.

Barth, Anne-Kathrin and Graf, Julia, Irrationality Rings! — Experimental Evidence on
Mobile Tariff Choices, November 2011.

Jeitschko, Thomas D. and Normann, Hans-Theo, Signaling in Deterministic and
Stochastic Settings, November 2011.
Published in: Journal of Economic Behavior and Organization, 82 (2012), pp.39-55.

Christin, Cémence, Nicolai, Jean-Philippe and Pouyet, Jerome, The Role of
Abatement Technologies for Allocating Free Allowances, October 2011.

Keser, Claudia, Suleymanova, Irina and Wey, Christian, Technology Adoption in
Markets with Network Effects: Theory and Experimental Evidence, October 2011.
Published in: Information Economics and Policy, 24 (2012), pp. 262-276.



32

31

30

29

28

27

26

25

24

23

22

21

20

19

18

Catik, A. Nazif and Karacuka, Mehmet, The Bank Lending Channel in Turkey: Has it
Changed after the Low Inflation Regime?, September 2011.
Published in: Applied Economics Letters, 19 (2012), pp. 1237-1242.

Hauck, Achim, Neyer, Ulrike and Vieten, Thomas, Reestablishing Stability and
Avoiding a Credit Crunch: Comparing Different Bad Bank Schemes, August 2011.

Suleymanova, Irina and Wey, Christian, Bertrand Competition in Markets with
Network Effects and Switching Costs, August 2011.
Published in: B. E. Journal of Economic Analysis & Policy, 11 (2011), Article 56.

Stiihmeier, Torben, Access Regulation with Asymmetric Termination Costs,
July 2011.
Published in: Journal of Regulatory Economics, 43 (2013), pp. 60-89.

Dewenter, Ralf, Haucap, Justus and Wenzel, Tobias, On File Sharing with Indirect
Network Effects Between Concert Ticket Sales and Music Recordings, July 2011.
Published in: Journal of Media Economics, 25 (2012), pp. 168-178.

Von Schlippenbach, Vanessa and Wey, Christian, One-Stop Shopping Behavior,
Buyer Power, and Upstream Merger Incentives, June 2011.

Balsmeier, Benjamin, Buchwald, Achim and Peters, Heiko, Outside Board
Memberships of CEOs: Expertise or Entrenchment?, June 2011.

Clougherty, Joseph A. and Duso, Tomaso, Using Rival Effects to Identify Synergies
and Improve Merger Typologies, June 2011.
Published in: Strategic Organization, 9 (2011), pp. 310-335.

Heinz, Matthias, Juranek, Steffen and Rau, Holger A., Do Women Behave More
Reciprocally than Men? Gender Differences in Real Effort Dictator Games,

June 2011.

Published in: Journal of Economic Behavior and Organization, 83 (2012), pp. 105-110.

Sapi, Geza and Suleymanova, Irina, Technology Licensing by Advertising Supported
Media Platforms: An Application to Internet Search Engines, June 2011.
Published in; B. E. Journal of Economic Analysis & Policy, 11 (2011), Article 37.

Buccirossi, Paolo, Ciari, Lorenzo, Duso, Tomaso, Spagnolo Giancarlo and Vitale,
Cristiana, Competition Policy and Productivity Growth: An Empirical Assessment,
May 2011.

Published in: The Review of Economics and Statistics, 95 (2013), pp. 1324-1336.

Karacuka, Mehmet and Catik, A. Nazif, A Spatial Approach to Measure Productivity
Spillovers of Foreign Affiliated Firms in Turkish Manufacturing Industries, May 2011.
Published in: The Journal of Developing Areas, 46 (2012), pp. 65-83.

Catik, A. Nazif and Karacuka, Mehmet, A Comparative Analysis of Alternative
Univariate Time Series Models in Forecasting Turkish Inflation, May 2011.
Published in: Journal of Business Economics and Management, 13 (2012), pp. 275-293.

Normann, Hans-Theo and Wallace, Brian, The Impact of the Termination Rule on
Cooperation in a Prisoner’s Dilemma Experiment, May 2011.
Published in: International Journal of Game Theory, 41 (2012), pp. 707-718.

Baake, Pio and von Schlippenbach, Vanessa, Distortions in Vertical Relations,
April 2011.
Published in: Journal of Economics, 103 (2011), pp. 149-169.



17

16

15

14

13

12

11

10

09

08

07

06

05

04

Haucap, Justus and Schwalbe, Ulrich, Economic Principles of State Aid Control,
April 2011.

Forthcoming in: F. Montag & F. J. Sécker (eds.), European State Aid Law: Article by Article
Commentary, Beck: Miinchen 2012.

Haucap, Justus and Heimeshoff, Ulrich, Consumer Behavior towards On-net/Off-net
Price Differentiation, January 2011.
Published in: Telecommunication Policy, 35 (2011), pp. 325-332.

Duso, Tomaso, Gugler, Klaus and Yurtoglu, Burcin B., How Effective is European
Merger Control? January 2011.
Published in: European Economic Review, 55 (2011), pp. 980-1006.

Haigner, Stefan D., Jenewein, Stefan, Muller, Hans Christian and Wakolbinger,
Florian, The First shall be Last: Serial Position Effects in the Case Contestants
evaluate Each Other, December 2010.

Published in; Economics Bulletin, 30 (2010), pp. 3170-3176.

Suleymanova, Irina and Wey, Christian, On the Role of Consumer Expectations in
Markets with Network Effects, November 2010.
Published in: Journal of Economics, 105 (2012), pp. 101-127.

Haucap, Justus, Heimeshoff, Ulrich and Karaguka, Mehmet, Competition in the
Turkish Mobile Telecommunications Market: Price Elasticities and Network
Substitution, November 2010.

Published in: Telecommunications Policy, 35 (2011), pp. 202-210.

Dewenter, Ralf, Haucap, Justus and Wenzel, Tobias, Semi-Collusion in Media
Markets, November 2010.
Published in: International Review of Law and Economics, 31 (2011), pp. 92-98.

Dewenter, Ralf and Kruse, J6rn, Calling Party Pays or Receiving Party Pays? The
Diffusion of Mobile Telephony with Endogenous Regulation, October 2010.
Published in: Information Economics and Policy, 23 (2011), pp. 107-117.

Hauck, Achim and Neyer, Ulrike, The Euro Area Interbank Market and the Liquidity
Management of the Eurosystem in the Financial Crisis, September 2010.

Haucap, Justus, Heimeshoff, Ulrich and Schultz, Luis Manuel, Legal and lllegal
Cartels in Germany between 1958 and 2004, September 2010.

Published in: H. J. Ramser & M. Stadler (eds.), Marktmacht. Wirtschaftswissenschaftliches
Seminar Ottobeuren, Volume 39, Mohr Siebeck: Tubingen 2010, pp. 71-94.

Herr, Annika, Quality and Welfare in a Mixed Duopoly with Regulated Prices: The
Case of a Public and a Private Hospital, September 2010.
Published in: German Economic Review, 12 (2011), pp. 422-437.

Blanco, Mariana, Engelmann, Dirk and Normann, Hans-Theo, A Within-Subject
Analysis of Other-Regarding Preferences, September 2010.
Published in: Games and Economic Behavior, 72 (2011), pp. 321-338.

Normann, Hans-Theo, Vertical Mergers, Foreclosure and Raising Rivals’ Costs —
Experimental Evidence, September 2010.
Published in: The Journal of Industrial Economics, 59 (2011), pp. 506-527.

Gu, Yiguan and Wenzel, Tobias, Transparency, Price-Dependent Demand and
Product Variety, September 2010.
Published in: Economics Letters, 110 (2011), pp. 216-219.



03

02

01

Wenzel, Tobias, Deregulation of Shopping Hours: The Impact on Independent
Retailers and Chain Stores, September 2010.
Published in: Scandinavian Journal of Economics, 113 (2011), pp. 145-166.

Stiihmeier, Torben and Wenzel, Tobias, Getting Beer During Commercials: Adverse
Effects of Ad-Avoidance, September 2010.
Published in: Information Economics and Policy, 23 (2011), pp. 98-106.

Inderst, Roman and Wey, Christian, Countervailing Power and Dynamic Efficiency,
September 2010.
Published in: Journal of the European Economic Association, 9 (2011), pp. 702-720.



Heinrich-Heine-University of Diisseldorf

Diisseldorf Institute for
Competition Economics (DICE)

Universitatsstralle 1 _ 40225 Disseldorf
www.dice.hhu.de

ISSN 2190-9938 (online)
ISBN 978-3-86304-114-4




	ZID.pdf
	Introduction
	Motivation and main results
	Relation to the literature

	The model
	The analysis
	Complete information
	Incomplete information: Analysis for given observability
	Both defender types make defense efforts observable
	Both defender types make defense efforts unobservable
	Defender type DL (DH) makes efforts observable (unobservable)
	Defender type DL (DH) makes effort unobservable (observable)

	Incomplete information: Equilibrium including observability choice

	Welfare
	Conclusion


