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Information Disclosure in Innovation Contests

Thomas Rieck*

September 14, 2010

Abstract

In innovation contests, the progress of the competing firms in the innovation process
is usually their private information. We analyze an innovation contest in which
research firms have a stochastic technology to develop innovations at a fixed cost,
but their progress is publicly announced. We make a comparison with the case of no
information revelation: if the progress is disclosed, the expected profit of the firms
is higher, but the expected profit of the sponsor is lower. Additionally, we show that

firms may voluntarily reveal their information.

JEL: 032, D82, D72

Keywords: contest; innovation; information revelation

1 Introduction

Contests have been used to stimulate research in a variety of contexts: from refrigerators
over computer programs to aerospace research. To win the contest, only the best final
innovation of all competitors matters. Nevertheless, if the progress of the participating
firms is publicly known, intermediate stages of the research process already reveal interim
leaders. This knowledge influences future research efforts. It is thus important to identify
the impact of intermediate information revelation both from the participants’ and from
the contest designer’s viewpoint. Intuitively, information disclosure has two major op-
posing effects on research effort. On the one hand, the publication can serve as a kind of
positive coordination device for the participants, prohibiting excessive research: a firm will
decrease research effort due to the observation of a very valuable or a worthless innovation
made by her opponent. On the other hand, the additional information can also expand
research effort: if the competitor of a firm turns out to unexpectedly have a slightly better

innovation, a firm might discover the need for an improvement.

*Bonn Graduate School of Economics (BGSE), Kaiserstrale 1, 53113 Bonn, Germany, -+49-
228-7362173, rieck@uni-bonn.de. I thank Daniel Krihmer, Matthias Krikel, Alex Gershkov, Benny
Moldovanu, Anja Schéttner, Christian Seel, seminar audiences in Bonn and Dortmund, and conference

audiences in Barcelona, Istanbul and Maastricht for valuable comments and discussions.



Information Disclosure in Innovation Contests 2

From the firms’ perspective, the disclosure policy leading to lower research costs is prefer-
able. In contrast, the contest designer cares about the value of the best innovation. In this
paper, we use a contest model with multiple stochastic research opportunities to compare
two settings: obligatory intermediate information revelation by the firms opposed to keep-
ing their progress secret. Both the firms’ and the contest designer’s view are analyzed.
Furthermore, we study the possibility of endogenous information revelation.

Examples for information disclosure in contests occur in different areas. When a new
drug needs to be developed, different pharmaceutical firms conduct research. To test the
effectiveness of a new drug — and thus its chances of beating the rivals’ developments —
firms conduct clinical trials. These trials can be publicly registered in a trial registry like
clinicaltrials.gov, giving also the opportunity to post a short result summary. Specifically,
for drugs, biologics and medical devices regulated by the US Food and Drug Administra-
tion, U.S. Public Law forces sponsors of clinical trials to post results on their effectiveness
in such a trial registryE]. Additionally, some voluntary disclosure of research results takes
place in the trial registries and peer-reviewed journals. Similarly, the performance of par-
ticipants in the Netflix Prize (www.netflixprize.com) can be seen on a public leaderboard.
Netflix, a popular video renting company, pays a prize of $1,000,000 for a new algorithm
to predict the movie preferences of a user based on the past ratings he submitted. The
accuracy of an algorithm is measured by a single number, which can only be ascertained
by submitting the algorithm to the website. Interestingly, the website publishes the best
result of each contestant automatically.

To capture the influence of intermediate information revelation on the participants’ in-
centives to innovate, we compare two settings in the framework of an innovation contest,
which only differ in the treatment of intermediate information. We model an innovation
contest in the spirit of Taylor (1995): two firms have the possibility to make stochastic
innovations at a fixed cost. Firms can develop up to two independent innovations. They
decide sequentially whether they innovate or not. As it is common in contests, only the
best of all innovations wins a fixed prize. The main decision problem of a firm appears
after the first innovation is made: how good are the chances to beat the other firm with
the current innovation? Should a second one be developed? Of course, information on the
quality of the opponent’s innovation has significant impact on the firm’s decision. Hence,
we compare two different versions of the model: in the benchmark setting, following Tay-
lor (1995), no information about the first innovations is revealed. In our basic setting,
intermediate information disclosure is mandatory. We extend it to include the possibility
of voluntary information revelation, the main focus of this paper.

In most of the paper, a key assumption is the independence of innovations. It is moti-
vated by interpreting different innovations as substantially different ideas that have to
be explored independently. Specifically, we treat one innovation as fully developed and

neglect small improvements due to extended research on an already completed innova-

see e.g. (Groves (2008)
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tion?] Consequently, in case of information revelation, the model does not leave room for
spillovers between the firms. In a sense, spillovers are assumed to be smaller than the
difference between firms’ innovation values and would thus have no effect on the contest
winner anyway. This is also in line with the revelation policy in both examples. There,
only simple summary statistics of the contestants’ performances are publicly available.
Hence, competitors know how good their opponents are — but they do not know how
they did it, so no direct spillovers are possible. Furthermore, in an extension of the basic
model, we use a different interpretation of a multi-round innovation contest and model
the innovation process as an improvement of a single idea over several stages.

Surprisingly, only very mild assumptions on the distribution of innovation values are
needed for the analysis of the basic model, which has two firms and two periods. In fact,
the results essentially turn out to hold true independent of the specific functional form
of the distribution of innovation values. Instead, the relative size of the final prize to the
cost of developing an innovation is the most important parameter for the firms’ incentives.
The analysis of the basic model with mandatory information disclosure shows that both
firms innovate in the first period in case the prize is not too low compared to the costs
of developing an innovation. Then, second-period equilibrium behavior depends on the
value of the first-period innovation according to two cutoffs: if one firm has an innovation
value in the high range, the leading firm is confident to win, while the probability for
the following firm to develop something better is too low compared to the costs. Hence,
both stop innovating. Similarly, if the highest innovation is in the intermediate range,
only the follower continues to innovate — and if both innovations are below the lower
cutoff, both firms continue. We show that the total number of innovations — and thus
the research costs — is lower in this equilibrium compared to the equilibrium with secret
innovation values. Thus, there is a coordination effect which is favorable for the firms:
a contest with information disclosure leads to lower expected research costs and thus a
higher expected payoff for the firms. Yet, this does not necessarily mean that the prize
sponsor prefers the setting without information disclosure: he cares about the expected
value of the highest innovation, which is different from the total number of innovations.
As firms stop innovating when they observe a high innovation value, the coordination
effect could be strong enough to compensate for the lower total number of innovations.
We show that this is not the case if the prize/cost-ratio is sufficiently high. Consequently,
the prize sponsor gets a higher expected innovation in the setting without information
disclosure. If a prize sponsor is able to enforce this secrecy, he should thus do so. However,
if he does not do so, firms might be willing to voluntarily reveal their first-period value.
We pursue this question by modeling voluntary disclosure in two different ways: in the
first version, the firms decide in an ex ante-game whether they are going to reveal after

the first period or not. In the second version, the decision to disclose is delayed until firms

2 Another way to think about independent innovations is the proof of a theorem: one approach might

fail and its a completely different one that will lead to a success.
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learn their first-period innovation value. In both cases, it turns out that there is essentially
a unique equilibrium in which both firms disclose. Continuing this train of thought, the
voluntary revelation has consequences for the contest designer: if he chooses the size of
the prize optimally, he should choose it with respect to the setting where information is
revealed in case he does not prevent voluntary disclosure. We also prove the existence of
an equilibrium with voluntary revelation in case there are n firms or m periods.

In the extension with improving innovations, given mandatory information revelation the
decision whether to continue research in the second period does not only depend on the
leader’s value, but also on the value of the runner-up. The cutoffs identified for the basic
model still exist qualitatively but change in their quantitative value. Particularly, the
incentives to continue research increase for the firms, as it becomes more likely that the
runner-up can produce a better second-period innovation. Nevertheless, the main result of
this paper carries over to this setting with improving innovations: there is an equilibrium
where firms voluntary reveal their own value.

This paper extends the analysis of research tournaments by Taylor (1995). In his model
with a secret innovation process, there is a unique symmetric equilibrium in which firms
continue to innovate if their best innovation value does not exceed a certain threshold.
Due to the information disclosure, which we introduce in our version of the model, a
second cutoff value arises — the contestants are able to coordinate. Of course, the approach
followed by Taylor (1995)| is not the only one to model research contests. For example,
Che and Gale (2003) find the optimal contest to be an auction given a deterministic
research technology, Schoettner (2008)| builds on the famous model by [Lazear and Rosen
(1981)| to show that given a stochastic innovation technology, fixed-prize contests may in
fact be superior to a first-price auction. Also building on Taylor (1995), Fullerton et al.
(2002)| study auction-style research tournaments. Finally, Baye and Hoppe (2003)| show
that there is a strategic equivalence between different models of rent-seeking, patent races
and innovation contests.

The idea of intermediate revelation of research results is also studied by |Gill (2008) in
the context of patent contests with exogenously given leader and follower. In his model,
research is a two-stage process where both steps are necessary to develop a single in-
novation. We use value distributions similar to his distributions in our extension with
improving innovations. In Gill’s model, the leader decides whether or not to disclose his
performance after the first stage. Then, the follower may choose to drop out after the first
stage. Whether or not the leader discloses depends on the research costs. By contrast,
in our model leader and follower are endogenously determined, as multiple innovations
can be developed. Furthermore, in |Gill (2008) the patent winner is determined randomly,
while in our model the best innovation wins for sure. In|Aoyagi (2010)| all information on
intermediate performance is controlled by the contest designer. Related to our model, per-
formance is stochastic. Furthermore, it is additive over the two rounds, while we mostly

consider multiple independent innovations. The optimal feedback policy to the partici-
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pants regarding this information is derived — it depends on the shape of the cost function
whether a no-feedback or a full-feedback policy is optimal. In a related paper, Gershkov
and Perry (2009) study the design of midterm reviews. Given a fixed prize, it is always
optimal to have such a review, if the results of intermediate and final review are optimally
aggregated.

This paper also connects to the literature on multiple-round contests. In [Konrad and
Kovenock (2009), contestants have to win several component contests, modeled as all-pay
auctions, to win the overall prize. Contrary to our model, the follower is not fully dis-
couraged from continuing the contest even if he is far behind. Moldovanu and Sela (2006 )
investigate how to split contestants over sub-contests where only the winners continue
to compete. In Yildirim (2005), building on work by Dixit (1987), heterogeneous partici-
pants can split their effort over two rounds with observable first-round effort. Similar to
one result in this paper, information disclosure can be endogenized by an ex ante game:
agents can choose between non-observable effort (which equals one-shot play there) or
two-round effort with intermediate revelation. In equilibrium they decide to reveal effort.
In our model, we also get voluntary revelation — however, it is revelation of (stochastic) in-
novation values and not of effort. Furthermore, our model does not boil down to one-shot
play in case of secret intermediate results.

Finally, an experimental study of information disclosure is provided by |[Ludwig and Lu-
enser (2008). They compare two settings with and without intermediate information re-
lease, where equilibrium play is not affected by the information structure. Nevertheless,
subjects in the experiments behave differently if they observe their opponent’s effort.
The paper is organized as follows: the basic model and equilibrium behavior with informa-
tion disclosure is presented in Section 2] We compare it to the benchmark case without
disclosure in Section [3] In Section ] we endogenize information revelation. Extensions
with a second innovation that improves the first one and with n firms and m periods are
considered in Section [5] Finally, we conclude in Section [6] Proofs can be found in the

Appendix.

2 The Model and Equilibrium Derivation

We consider two risk-neutral research firms, ¢ = 1,2. They compete in an innovation
contest to win a fixed prize p > 0. Firms are assumed to know the prize sponsor’s utility
function over research outcomes. Both firms have an innovation technology similar to|Tay-
lor (1995): research is modeled as drawing an innovation x out of a probability distribution
F with strictly positive density f. F'is defined on [0, b] with b < co. Each innovation draw
is associated with a cost of ¢ > 0 for each firm. Firms are not capital constrained. There
are two periods ¢t = 1,2 in which firms may innovate. Innovation values z! are independent
across periods and firms. For each firm, only the best draw (max{z},z7}) is relevant for

the contest. The firm with the highest draw wins the contest and the prize of p. Ties
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are randomly broken. We assume that innovations that do not win have a value of zero
outside the contest, so that loosing innovations cannot be sold afterwards. In contrast to
Taylor (1995), in the basic version of our model we assume in the spirit of [Yildirim (2005)
that first-period innovations become common knowledge after both firms have made their
decision whether to conduct research or not, and have taken their draw.

We first analyze equilibrium behavior of the two firms. We look for subgame perfect Nash
equilibria by backward induction and thus start with the second period. First note that for
p < ¢ both firms would make a loss from conducting research. Thus, both do not conduct
any research (neither in the first nor in the second period). Consequently, we focus on the
case ¢ < p. Additionally, we will narrow the reasonable prize/cost combinations further

down later.

2.1 Second Period

Suppose at least one firm has taken a draw in the first period, such that one of the two
firms has taken the lead, z}; > z} > 0. H stands for the firm with the higher first round
innovation (the leader) and L for the firm with the lower innovation (the follower). We
calculate best responses:

If the follower does not continue to innovate, it is a best response for the leading firm to
stop innovating as well — she will win in any case.

So suppose now the firm with the higher value does not draw again. Then, the firm with

the lower value wants to continue if the following condition holds:
c

P(x%>x}{)p—020 — (I—F(x}{))p—CZO — F(x}{) <I-—-.
p
This inequality defines a threshold z* indicating an innovation high enough to make all
firms stop research. z* solves the following equation:

F)=1-. (1)

Then, if some z > z* is drawn by any of the two firms, the contest stops immediately and
no new research will be conducted in the second round: the follower has no incentive to
draw again if the leader has already drawn such a high innovation. Then, the leader will
obviously not draw again as well.
Now consider the case z}; < z*, such that the firm with the lower value wants to draw
again if the leader does not. What is the best response of the leader against the drawing
follower? The firm with the higher value wants to draw again as well if the following
condition holds:
[P(.T%{>.T% >x11q)+P(w}{>x%)]p—czP(@"}{>az%)p
1

5(1—1’(5’0}1))2?—020

!

Fah) <1- 25.

!
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This inequality defines a threshold ¥ making both firms innovate again if there is no

F(f):l—\/% 2)

and note that z < x*. What is the best response of the follower against a leader drawing

innovation above it. T solves

again for 2}, < z? Drawing again is a best response according to the following condition:

P($2L>x}{,:c§{)p—020

= |0 F @)+ (0 F (@) (F )| e @)

We know that .
5(1—F(x}{))2p—020
because x3; < 7. Hence, is fulfilled. Consequently, the follower wants to draw again in
the second round as well. This is intuitive: the leader already has an advantage after the
first round, so incentives for the follower to draw again are even higher.

We summarize our findings in the following proposition:

Proposition 1 Given first-period innovations x};, > xt, there are the following second-

pertod equilibrium strategies:

o If x> x* both firms stop their research effort and the contest ends after the first

period.
o Ifx* > x> T only the follower conducts research in the second period.

e If T > x}; both firms conduct research in the second period.

Note that for small prize values p < 2¢ we get £ < 0, thus, the leader will never draw
again in the second period. Furthermore, the proposition implies that there are no mixed

equilibria:

Corollary 2 Given first-period innovations xt, > xl there is no second-period equilibrium
in which players mix at values other than r and x*. Thus, the equilibrium in Proposition

s almost everywhere unique.

It follows immediately from Proposition [1| that a leading firm with z}; > Z does not
do any research irrespective of the following firm’s behavior and is thus playing a pure
strategy. Similarly, a follower with z} < T will always do research. Thus, neglecting the
cutoff values, there is always at least one firm playing a pure strategy, with a pure best
reply by the other firm according to Proposition [I}

Let us now consider the case that both firms did not innovate in the first period, which

is important for the calculation of first-period equilibrium behavior.
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Proposition 3 Suppose both firms did not innovate in the first period. Then, there are

the following second-period equilibrium strategies:

o [fp < 2c¢, there is an equilibrium where both firms do not conduct any research in

the second period.

o [fp > 2c there is an equilibrium where both firms conduct research in the second

period.

The proof is given in the Appendix. Note that if at least one firm takes a draw in the
first period, a tie appears with zero probability, and thus second-period equilibrium play
is almost everywhere unique in the sense of Corollary [2| for almost all possible first-period
realizations. For this reason, we can safely skip the calculation of equilibria in case z} = wi:
this case will appear with zero probability given any first-period play and we will thus

not need it in future calculations.

2.2 First Period

The first-period pure-strategy equilibria can be now derived, taking into account second-
period equilibrium play. As the main focus of this paper is on information revelation after
the first period, we are especially interested in the conditions under which both firms
start innovating in the first period. If they do not innovate in the first period, information
revelation is only of minor interest. It turns out that the size of the prize compared to
the innovation costs is the crucial parameter for first-period innovation to take place. We

make use of the following short notations: r := 190 and s := /2r.

Proposition 4 Let v* be the solution of the following equation:

1 2 1
i v+ gv*v%* B () == (v)* =0

Then, v* < % and in the first period, we get the following pure-strateqy equilibrium behavior

with firms continuing in the second period as described in Proposition [1:
e Forr > % both firms do not conduct any research in the first period.
o For 0 <r <v* both firms conduct research in the first period.

o [or % > r > 0" equilibrium behavior is asymmetric — one firm conducts research,

the other does not.
Proof See Appendix. 0

Numerically, v* is given by v* /& 0.2428 and by Proposition [4| both firms conduct research
if fo = r < 0.2428. This means that a prize value of p &~ 4c is high enough to ensure the

maximum amount of research in the first period.
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The proposition shows that if the prize is too low compared to the costs, both firms
will invest neither in the first nor in the second period. Additionally, there are two pure-
strategy equilibria if  takes intermediate values. Furthermore, there is a more prominent
symmetric mixed strategy equilibrium in this case as well, which we do not calculate here
because we focus on r < v* in the following: we are interested in information revelation
with firms in fact doing research in the first period. This problem has no meaning if the
setting is such that firms do not have full incentives to invest in the first period — and
these incentives are already given at a very reasonable prize level. There is thus no need

to consider the mixed equilibrium here.

3 Comparison with No Information Release

In this section, we compare the setting with information release after the first period,
which we just analyzed, with the setting known from the literature (Taylor 1995) where
information is kept secret after the first period. We want to find the preferred setting
for both the firms and the contest designer. First, we compare the settings from the

perspective of the firms, then we turn to the contest designer.

3.1 Firms’ Perspective

To analyze the firms’ perspective, we compare the expected number of innovation draws in
the setting with information revelation to no information revelation after the first period
— firms prefer the setting with lower research costs, which means less innovation draws
in this context. The first step is to calculate the expected number of draws dg(r) in the

equilibrium with information release, given that both firms do research in the first period.

Proposition 5 Given r < v* the expected number of draws in equilibrium fulfills dg(r) =
4 — 25+ 12

Proof See Appendix. O

We now come back to the setting of [Taylor (1995), where no information is released. He
shows that there is a unique equilibrium in which firms play a stopping strategy with
stop value z: they take draws as long as they do not have an innovation that exceeds z
and stop as soon as an innovation exceeds z. However, Taylor does not calculate the z
explicitly but characterizes it implicitly. We rewrite his implicit characterization to make
it suitable for our purposes. According to Proposition 2 in [Taylor (1995), z is the solution
of the following equation:

b ) — z
0= p/ |:F2(Z) + (1 - F*(2)) F(lz—Fg)) — F?(2)| dF(x) — c.
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Calculating the integral, this can be rewritten as follows:

o:p(1+F<Z)>[/:F< Vf(2)dz — F /f dx}—c

1

—p(L+FE) [ (- F0) - FE) - FR)| -

S (14 F(2) (1 - F(z)) — c

— 0=(1+F(2)(1=F(2))*—=2r (4)

=P

The first line follows by factoring out 14 F'(z) and changing the notation of the integration.
The second line uses integration by parts. Unfortunately, the explicit solution of this

equation is quite messy. The following lemma gives a feeling of the size of z.

Lemma 6 For p > 2c the stop value in the setting without information release is between

the two thresholds of the setting with information release, T < z < x*.

Proof See Appendix. 0

We make a comparison between the setting of |Taylor (1995)| and our setting. As the
expected number of innovations a firm makes represents her cost, we compare the number
of draws the firms take in expectation in each setting. For our case with information
revelation we already calculated the expected number of draws (dg(r), Proposition [f]).
For the setting without information revelation, the expected number of draws can be
written as dygr(r) = 2(1 + F(z)) (a firm is drawing again if and only if the first period
value did not exceed z, this happens with probability F(z)). z is implicitly defined by

for a given r.

Proposition 7 Considering 0 < r < v*, the expected number of draws dyg(r) in case no
information is revealed after the first period is larger then the expected number of draws

dr(r) in case information is revealed, dygr(r) > dg(r).
Proof See Appendix. 0

We immediately get the following corollary, as both players win in expectation %p in
equilibrium in both settings, but have lower costs in the setting with information disclosure

because they take less draws:

Corollary 8 For 0 < r < v*, both research firms prefer the setting with information

disclosure over the setting without information disclosure.

Note that r < v* is exactly the range of r-values guaranteeing research draws by both
firms in the first period. This is the range we focus on as revelation decisions after the

first period are only interesting if firms do innovate in the first period.
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3.2 Designer’s Perspective

From the prize sponsor’s perspective, a higher number of innovation draws is in principle
favorable, as more draws suggest a higher expected final prize. However, it is not obvious
that this relationship really holds in this context: draws are taken conditional on already
realized innovations. Thus, if a draw is not taken, a good innovation has already been
made. But the equilibrium decision rules whether another draw is taken differ between
the two settings. Thus, a higher number of draws is an indicator for a higher expected
final innovation, but does not allow a sure conclusion.

The key to the comparison from the designer’s perspective is the highest expected inno-
vation generated by the two different settings. The designer prefers the setting yielding
the higher one.

To calculate the highest expected innovation for the two settings, we need the respective
distribution functions of the highest innovation. In the setting without information release,
the two firms are innovating independently. Let ® be the distribution of the highest
innovation for a single firm. Then, the joint distribution is given by ®2. Using the result
by [Taylor (1995) regarding ®, we get

Fi(z) ifr <z
(F(z)— F(2) + F(2)F(2))? ifx >z
For the setting with information revelation, the two firms do not innovate independently.

The distribution ¥ of the joint highest innovation has the following structure, given the

equilibrium play of the two firms — they both draw in the first period as we assume r < v*:

Fiz) fz<z
U(x)=<¢ A ifz<az<uz*
B ifo* <z
Denote the highest innovation in period j by 37%1) Then, A and B are given according to
A:P(a:%) )P((1)< )—I—P(f x%l) x)P(a:%l)<x)
= F*(2)F*(z) + F(x) (F(2)* - F(2)*)
B:P(x(l) <:E)P(3:(1 <$)+P(JE<$1 )P(a:%l) <z)+P(z* <a:%1))
= F(2)’F(1)* = F(2)F(2)* + F(2)F(2")* + F(2*) — F(a")?
Given these distribution functions, we can calculate which setting provides the higher
expected innovation — no information revelation is preferred if the following condition

holds:
/ | — ®2(z)dz 2/ |- U(a)de e / B2(z) — U (x)dz < 0. (5)

Note that, different to the results from the firms’ perspective, it depends on F' whether

condition is fulfilled or not. This is because the designer cares about the absolute value



Information Disclosure in Innovation Contests 12

of the innovations, while the firms care about their relative ranking. Additionally, the size
of r is crucial for the profitability of the settings. We provide a bound on r such that
is fulfilled independent of F'. This bound is called v’:

Theorem 9 The expected value of the highest innovation is larger in the setting without

information revelation if r < v' holds. Then, this setting is preferred by the prize sponsor.

The derivation of v" can be found in the Appendix. It basically uses a stochastic dominance
argument: the integrand of the integral on the left-hand side of (5]) is shown to be negative
on the whole interval [0,b] when r < v/ = 0.1647. However, this bound is in general not
binding, as the solution to (with equality) differs for each F'. For example, for F' being
the uniform distribution on [0, 1], a calculation of shows that the designer prefers the

setting without information revelation for all relecant r-values (r < v*).

4 Endogenous Information Release

We have seen in the previous section that firms prefer the setting with information dis-
closure after the first draw to the setting without information disclosure. However, the
contest designer has opposite preferences, and he is the one to choose the setup. This
raises the question whether firms could play the information revelation setting by volun-
tary revelation of their first-period innovation valueE] We take two approaches to model
this: first, we extend our model by adding a stage zero where firms can ex ante decide
whether to disclose the level of their innovation after the first draw or not. This is an
extension in the spirit of the analysis in |Yildirim (2005), Second, we consider an inter-
mediate decision, where the firms only decide whether they disclose the information after

having observed the value of the first-period innovation.

4.1 Ex Ante Decision

We add an initial stage zero in which the firms simultaneously decide whether to reveal
their information (action R) or whether they do not reveal (action N). The decision is
observable. It is our goal to identify equilibria of this simultaneous-move game to find out
whether the analysis in the previous sections can be supported by endogenous information
revelation. This would be the case if (R, R) is an equilibrium of this game. In case both
firms play R, the contest following afterwards is the same as the one described in the
previous sections. Hence, we already know the corresponding equilibrium strategies. The
same holds true in case both firms play N. Then, we are back in the setting of [Taylor
(1995). To derive the best responses in this initial stage, we need to deduce the equilibrium

strategies in the case of asymmetric information revelation. In the resulting contest, one

3We implicitly assume that the contest designer either does not set rules to prevent voluntary revelation
or is not able to enforce such rules.
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firm reveals her first draw, the other one does not. We will analyze equilibria by backward
induction. To provide incentives for research, we focus on the main case p > 2c¢ in the
following, and assume thus r < 0.5.

For the second-period equilibrium, we take the first draw as given. One firm has played R
in the initial stage, we denote her draw by x} and call her firm R. The draw of the firm

playing N (short: firm N) is denoted by z}.

Proposition 10 In the setting with asymmetric information release, given first-period

innovations xk and xk;, there are the following second-period equilibrium strategies:
e Firm R takes a second draw iff x}, < z.
o Firm N takes a second draw iff v}y < xp < x* or T > xj > xk.

In case firm N does not take a draw in the first period, it is the best reply for firm R to
take a second draw iff T > x},. Firm N takes a draw in the second period if x}, < x*.
In case firm R does not take a draw in the first period, it is the best reply for firm N to

take a second draw iff T > xk. Firm R always takes a draw in the second period.
Proof See Appendix. O

Roughly speaking, firm R thus behaves as in the setting with no information release,
while firm NV plays the same strategy as with full information release. If both firms do not
innovate in the first period, they both take a draw in the second period, as we assumed
p > 2c. Note that Proposition [10] w.l.o.g. ignores the case z} = x} for values larger than
zero, as it appears with zero probability — it is thus not payoff relevant and we can safely
omit it here.

The first-period equilibrium behavior can be summarized as follows (again, we do not
calculate possible mixed equilibria, as we later on focus on r-values inducing an equilibrium

with research in the first period):

Proposition 11 Let v be the solution to the following equation:

1 1 1 1 1 1

—— — P4 ZF(2) = F(2)? = F ()P} + -F()' - F(2)0 =
o= 30 S F() = F = 2+ F() — F(2)0 =0
where F(z) is determined by with = 0.
Furthermore, let v be the solution to
1 1 1 1
6—2@—552—6@3+2 200 — 5 200° = 0.

Then, in the first period of the contest with asymmetric information disclosure we get the
following pure-strategy equilibrium behavior with firms continuing in the second period as
described in Proposition [10:

o Forr < v there is an equilibrium where both firms draw in the first period.
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e For 0.5 > r > v there is an equilibrium where firm R draws in the first period and
firm N does not.

e For 0.5 > r > v there is an equilibrium where firm N draws in the first period and
firm R does not.

The proof is given in the Appendix. Numerically, we can approximate v &~ 0.2623 and
v =~ 0.1722. Note that firm R plays different strategies in the two equilibria involving a
draw by firm R: as Proposition 10| shows, firm R will continue to innovate in less cases
if firm N does not innovate in the first period. Consequently, the best reply of firm N is
affected by the change in strategy, yielding two different equilibria involving a draw by
firm R in the range v < r < 0. We focus in our analysis on the symmetric equilibrium
involving draws by both firms. It is also unique for small r-values.

With this characterization of pure-strategy equilibria we are ready to address the main
question of this section: are the two firms willing to ex ante commit to revealing their

information after the first draw or not? The answer is given by the following theorem:

Theorem 12 Let U solve

where F(z) is determined by with r = 0.
Forr < v there is a subgame perfect Nash equilibrium in which both firms ex ante commit

to revealing their information after the first period. For r < v it is unique.

The proof is given in the Appendix. A numerical approximation gives v ~ 0.2325. Hence,
we have shown that the disclosure of information can be endogenized — the firms are

voluntarily agreeing to it ex ante.

4.2 Intermediate Decision

So far, we modeled the revelation decision as taking place before any research is done
by the firms. In that setup, firms need to be able to commit to their decision. In the
following, we drop the assumption that ex ante commitment is possible — the revelation
decision is postponed after the first period, when firms are able to observe their first
innovation. As the revelation decision works as a kind of signaling device, a firm holds a
belief on the value of the other firm’s innovation. We thus refine our equilibrium concept
to Perfect Bayesian equilibrium. Nevertheless, firms reveal the information voluntarily, as

the following theorem shows:

Theorem 13 If firms i = 1,2 can make their revelation decision simultaneously after
learning their first-period innovation value x;, in a Perfect Bayesian equilibrium both

firms reveal their value if x; # x*. If x; = x* firm i is indifferent between revealing or
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not. The revelation decision in a Perfect Bayesian equilibrium is thus unique up to firms’
behavior for value x*. Off the equilibrium path, in case one firm does not reveal, the other

firm believes the deviating firm has value x* with probability 1 and reacts accordingly.

The intuition for the proof is as follows: no firm has an incentive to hide her value — then,
she would be treated as a firm with value x*, which is no improvement no matter what
the true value of the firm is. Revelation in combination with this punishment thus forms
an equilibrium. To show the uniqueness, one has to consider the fact that a firm wants to
show that she has a high type (and discourage lower types from continuing to innovate)
or a low type (and make intermediate types stop innovating). For intermediate types, one
can show that if a firm keeps the information secret, she does so for an interval of values.
However, for the lowest of these values a firm has an incentive to reveal — she does not
want to pool with higher values against which the other firm would more often like to

continue innovating. The details of the proof are given in the Appendix.

5 Extensions

5.1 Second Innovation as Improvement

So far, we modeled the two innovations in the two periods as substantially different ideas:
the resulting innovation values do not depend on each other and represent fully devel-
oped innovations. A different way of thinking about a multi-period contest is to interpret
the second-period innovation not as a new idea, but as an extension of the first-period
innovation that improves the innovation value. As a consequence, the distributions of the
innovation values in the two periods are not the same (as they have been in our model so
far), but the second-period distribution depends on the value of the first-period innova-
tion. In this section, we adapt our model to this interpretation and show that voluntary
revelation also appears when the second-period innovation builds on the first-period in-
novation.

Notation and assumptions stay the same except for the distribution functions: for tractabil-
ity reasons we assume in this section that F' is a uniform distribution on [0,1] with
F(z) = x. Furthermore, in the second period, firm i can improve her innovation by taking
a draw from the distribution Fj(z|r}) at costs c. We assume that F} is derived from F

and fitted to the interval [z}, 1] according to

1

_ ol _ Al
Fiala) :=F($ x;)—‘” Z

1—2)  1-a!

We start our analysis by identifying the equilibrium behavior of the two firms in the
second period in case information is revealed after the first period. Again, we assume
that the prize is high enough compared to the costs such that both firms innovate in the
first period, which surely guarantees r < % The leading firm, with the higher first-period
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innovation value, is once more denoted by H, the following firm with the lower innovation
value by L. Thus, we have x};, > z} again omitting the equality case as it appears with

zero probability and is thus not payoff relevant.

Proposition 14 Given first-period innovations x}, > x1 there are the following second-

period equilibrium strategies:

o Ifxl, > 1—(1—ab)r both firms stop innovating and the contest ends after the first

period.
o If1—(1—xa})2r <al <1—(1—2a})r only firm L innovates in the second period.
o Ifzk <1—(1—x})2r both firms innovate in the second period.

Proof See Appendix. 0

Compared to the equilibrium with independent innovations, the continuation decision
does not depend only on the leader’s value, but also on the value of the runner-up. This
leads to an increased amount of research. Particularly, as in the independent case, the
runner-up will always continue to innovate if the leader’s value is below 1 — r = x* — but
additionally, he will also continue to innovate for higher values of firm H if his own first-
period value, x} is not too far behind. Similarly, the leading firm will always innovate if
her own value is smaller than 1 — 2r > 1 — v/2r = Z, which is already a larger set than in
the case with independent values (where firm H only continues for z}; < z). Furthermore,
the leading firm will also continue if the runner-up is only close behind. This is a major
strategic difference to the case with independent values: two innovations of approximately
the same size are worth almost the same. It is much less important which firm has the
lead.

What is the effect of this strategic difference on voluntary revelation? If the revelation
decision is made after the first period, the equilibrium in Theorem uses a maximum
punishment idea: if firm ¢ does not reveal its value firm j believes firm ¢ has value z*,
making firm j continue to innovate for the largest possible set of values — which is a bad
thing for the hiding firm ¢. On the contrary, if the second innovation builds on the first
one, firm ¢ with a first-period innovation value above z* can in fact profit from keeping
the value secret for some values of firm j in the top range: if firm j believes to face a firm
¢ with value z*, hiding goes along with an underestimation of i’s value by firm j, making
J stop innovating for these values. However, at the same time a firm j with a value at the
lower end will continue to innovate although she would stop if she knew the true value of
7. We thus have two opposing effects. In the following theorem we show that the latter
effect is the dominating one and voluntary revelation extends to this model of improving

innovations.

Theorem 15 If firms i = 1,2 can make their revelation decision simultaneously after

learning their first-period innovation value x} and the second innovation always improves
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the first innovation, there is a Perfect Bayesian equilibrium in which both firms reveal their
value. Off the equilibrium path, in case one firm does not reveal, the other firm believes

the deviating firm has value x* with probability 1 and reacts accordingly.
Proof See Appendix. 0

Note that there will be no equilibrium in which both firms always hide their value: there
is always an interval at the lower end of possible values for which it is beneficial to reveal,
showing the opponent that the own value is much lower than he expected. Compared to
no revelation, this makes the opponent stop innovating for some medium values and is

thus profitable for a firm with a low value realization.

5.2 n Firms and m Periods

Voluntary revelation of intermediate research results is not limited to the case of two firms
and two periods we have studied in detail until now. In this section, we extend the main
result with independent research draws and an intermediate revelation decision to n firms

(and two periods) and m periods (and two firms).

We start with the case of n firms and two periods, otherwise the setting is the same as
with two firms. Again, we assume that the prize is large enough compared to the cost
to make all firms innovate in the first period. Particularly, all participating firms should

make nonnegative profit as they would not innovate at all otherwise. We thus assume that

p>nc <= r< %
In second-period equilibrium play with information disclosure, compared to the case with
only two firms, incentives to innovate are lower if more competing firms are present.
Particularly, if firm ¢ has a first-period innovation better than x*, no other firm will try
to beat firm ¢ in the second period. Furthermore, as long as no other firm is continuing to
innovate, the incentives for firm j # ¢ to draw in the second period are the same as in the
case with only the two firms ¢ and j. Hence, some research is going on in period two if the
highest value of the first period, zk;, is smaller than z*. In a pure strategy equilibrium,
only one firm will continue to innovate for values slightly below z*, and there will be
additional thresholds at lower values of the leading firm for which more firms continue to
innovate. As this type of equilibrium is asymmetric, it comes along with a coordination
problem. We will thus focus on a symmetric equilibrium which is in mixed strategies: for
values slightly lower than x*, all firms will continue to innovate with a positive probability

depending on x};, q (x};). This probability is obviously fixed by making all firms that are
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not in the lead indifferent between drawing or not. The largest value of z}; for which all

other firms draw with probability one is denoted by z:
& = max{r}|q (;z:}{) =1}

By definition, all firms who are not in the lead make zero profit if z}, = #. Thus, as all
these firms draw with probability one in this case, we can conclude that each of these firms
wins the contest with probability r = 1%, as p - g — ¢ = 0. Consequently, the remaining
winning probability is with the leading firm, who wins with probability 1 — (n — 1)r
and does not draw herself, as due to the current leadership the incentives to draw are
strictly lower for this firm. Thus, the leading firm wins exactly if all drawing firms have a

second-period value lower than 2, and we can conclude that
F@)" ' '=1-(n-1)r < F(i)= "V1—(n—1)r

We summarize these results in the following propositionﬁ

Proposition 16 Given the largest first-period innovation xk,, in the symmetric second-

period equilibrium strategies
e no firm draws if x}, > x*,

e non-leading firms draw with probability q (zk) if & < zk < x*, with q (x}) € (0,1)

8

for & <zl < ¥,
e non-leading firms draw if & > x};,
e the leading firm does not draw if & < x};.

As in the previous sections, we endogenize the information disclosure by letting firms de-
cide whether they reveal or not after learning their first-period value. Again, the equilib-
rium we derive builds on maximum punishment: if a firm hides her first-period innovation
value, the other firms believe that a hiding firm has value z, as stated in the following

theorem:

Theorem 17 If firms i = 1,2,...,n can make their revelation decision simultaneously
after learning their first-period innovation value x}, there is a Perfect Bayesian equilibrium
in which all firms reveal their value. Off the equilibrium path, in case one firm does not
reveal, the other firms believe the deviating firm has value & with probability 1 and reacts

accordingly.

Proof See Appendix. O

4Note that Proposition [L6|is not a full equilibrium characterization but contains only the parts nec-

essary for our purposes.
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If all other firms have a value smaller than z, they will all continue to innovate and the
punishment is maximal. However, contrary to the case with two firms, there is potentially
some room for benefiting from these beliefs about a hiding firm. Suppose the second high-
est value is z}, and the values are ordered as follows: z* > z}; > z} > #. If firm H hides
her value, the remaining firms will believe that firm L is in fact the leading firm. Partic-
ularly, this will make firm L stop innovating in the second period — this is in the interest
of firm H. Hence, as this constellation of values only happens with some probability, the
main part of proving the effectiveness of the punishment is thus to show that the expected

loss from the other value constellations outweighs this potential gain.

Next, we consider m periods and two firms. The prize is assumed to be large enough
compared to the costs such that both firms innovate in the first period. Suppose first
that revelation is mandatory. Then, if one firm has an innovation with a value above
x*, incentives to continue innovating are similar to the second period of the two period
case and it is never beneficial to continue innovating. The following corollary is a direct

consequence of the corresponding argument in Proposition [1}

Corollary 18 Consider an innovation contest with two firms, m periods and mandatory
information revelation. Suppose firm i made an innovation in period t with xt > x*. Then,

i any following period both firms do not innovate. In case the firm i made the highest

~+

innovation in period t and x; = x*, firm j # i is indifferent between innovating or not in

~ =

any following period where x; = x* s still the highest innovation.

<

Now suppose the revelation decision of the firms is voluntary and they can decide after
each period whether to reveal or not. As a consequence of Corollary [18] it is immediate
to see that the threat of Theorem [13| has bite with m periods as well:

Corollary 19 Suppose firms i,7 = 1,2 can make a revelation decision simultaneously
after learning their innovation value of each period t = 1,...,m — 1. Then, there is
a Perfect Bayesian equilibrium in which both firms always reveal their value. Off the
equilitbrium path, in case firm i does not reveal, firm j believes the deviating firm i has
value x* with probability 1. Then, firm j continues to innovate until she has an innovation

better than x* or firm i reveals such an innovation.

For firm i, hiding the own value will lead to the maximum punishment, firm j innovates
in the next period for all values smaller than x*. This is always worse for firm ¢ then
revealing, as there is no potential future advantage of an additional innovation of firm j

for firm 7.

6 Conclusion

We show that in a basic innovation contest with multiple rounds, firms and contest de-

signer have opposing interests regarding the revelation policy of intermediate research
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results. Although the contest designer prefers firms to keep intermediate information se-
cret, they are able to establish voluntary revelation of their research progress. For most
of our analysis of the basic model — which has two firms, two periods and independent
innovations — only mild assumptions on the research technology are needed. Furthermore,
our main result of voluntary revelation turns out to be very robust: we consider extensions
to n firms, m periods and improving innovations. The possibility of voluntary revelation
has an impact on the prize setting by the contest designer. Suppose he wants to set his
prize optimally, uses a setting without information disclosure (which he prefers) and does
not prevent voluntary revelation. Then, if the firms decide to disclose on their own, using
the optimal prize with respect to secret information can lead to a lower payoff for the
designer than the optimal prize with respect to mandatory information disclosure. Con-
sequently, the contest designer should then choose his prize as if information disclosure
was mandatory.

Considering further extensions of the model, the most prominent one would be a joint
examination of n firms, m periods and improving innovations. The existing results suggest
that voluntary revelation would extend to this setting as well. Furthermore, we did not
fully characterize the equilibrium research behavior for multiple firms and periods in the
setting with mandatory information disclosure. Particularly, we simply assumed that the
prize is large enough compared to the costs such that all firms start innovating in the first
period. From a quantitative perspective, it would be possible to explicitly calculate the
respective critical prize/cost ratios, although it has no impact on the qualitative nature
of the results. Furthermore, our extension with improving innovations only considers a
uniform distribution — it would be interesting to see the impact of a change in distribution.
A completely different extension could be made by considering heterogeneous firms with
different research costs or different research technologies. As long as the heterogeneity
is only mild, we do not expect qualitative effects on the results, although quantitatively

heterogeneity will lead to different cutoffs for the firms.
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A Appendix: Proofs

Proof of Proposition
Suppose firm ¢ decides not to draw again. Then, not drawing again is a best response for

firm j # 4 in case

1 1 1
P(x?Zml)p—cg §p — (1—F(m1))p—c§ Ep — §—E SF(ZL‘I) (7)
p
Thus, we get that both firms not drawing again is an equilibrium if holds.
Here, we can directly see that both firms do not want to draw in the second period in
case p < 2c¢. Even if both firms did not invest in the first period, and a firm could win for

sure by conducting research, expected profit is higher if no research is done.
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Let us get to the best response in case firm ¢ decides to draw in the second period. Then,
drawing is a best response for firm j # ¢ according to the following condition:
1 1

1 _ 2 ¢ 1) L 1 1 _9¢ !
5P cZP(xin)2p<:>2p cZF(x)2p<:)1 ZPZF(x) (8)

Hence, both firms drawing again is an equilibrium if is fulfilled, which is obviously
the case for p > 2c¢. Again, we can see that a firm does not want to draw again in case

p < 2c. O

Proof of Proposition

To derive first-period equilibrium play, first consider the case p < 2c. As we have seen,
both firms will not invest in the second period in case no research is done in the first
period. If research is conducted by at least one firm, only the lower firm might invest
again, because z < 0 if p < 2¢. By backward induction, we can conclude that both firms
will not draw in the first period: we have seen in the analysis of the second period that
a single draw is too expensive for a firm even when it wins for sure. In the first period,
incentives for conducting research are even lower. An investing firm will not win for sure,
as the other firm might decide to invest in the second period. Hence, both firms will not
invest in the first period if the prize is too low. This is no problem for the firms, as they
make a positive expected profit of %p. It is a problem of the prize sponsor, who will get
no research done but has to pay the prize anyway.

So let us consider the case p > 2¢. What is the best response against an opponent not

taking a draw in the first period? Note that we know the following:

P(ZL‘?>ZE*):1—F(ZL‘*):£:T
P‘<2<*:F*_F—:QE_E:_
(<t <a) = F@)-F@) = S-S =y

P(r;<z)=F()=1- 2]3:1—5

We can thus write down the condition for player i taking a draw in the first round
against a player j # 7 not taking a draw in the first round, bearing in mind second-period

equilibrium behavior:
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We thus have to show now that @ holds. To check this, we calculate the minimum of the
left side in @ with the help of the substitution ¢ := y/r. The FOC with respect to r is

—14+V2r2 47 =0
= 24+V2A—-1=0

1 3 V3-1
- =3y Vi
Only the positi;/e solution matters here, as t = /1 is restricted to be positive. Hence, we
get r = @ ~ 0.2679, leading to an expected gain from drawing compared to not
drawing of approximately 0.0654 > 0, which is clearly a minimum on [0;0.5] (r < 0.5
holds as p > 2¢). Hence, it is always a best response to draw in the first period if the
opponent does not take a draw.
Finally, we get to the best response of firm 7 in case the other agent j # i takes a draw
in the first period. We compare the expected profit of drawing as well (and thus playing
the same strategy and sharing the prize) with the expected profit of not drawing in the
first period. Note that we just calculated above the expected share of the prize a firm
gets when taking a draw in the first period against a firm not taking a draw in the first
period. We can thus subtract this share from the whole prize to get the share of the firm

not drawing against a drawing firm.
1

ép—c—{P(m}Sa:)P(xl§:17*)+%P(x<x-1§x*)P(z<x;§x*)]c

Computing the probabilities yields

1 1

%p—c— {(1—3)(1—7«)%(3—7«)(3—@}cz {§+§TS—%T2]]J—(1—T)C
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1 1, 11 1,
= ép—c—[l—s—i-ér}cz{g—kgrs—ér]p—(l—r)c
<~ {1—17“8-1—17“2} [1—s+r+1r2]r>0
6 3 2 2
1 2 13
= 6—r+3r5—27’ 5" >0 (11)

We can see that the left side of is decreasing by checking the first derivative, bearing
in mind that r € [0, 0.5]:

3
—-1+v2 ?"—7"—2r< —22<0

Numerically, we get that the left side of equals zero for r ~ 0.2428 — we call this
boundary value v*. Hence, drawing as well is a best response for all r < v* = 0.2428. For

larger r values, firm ¢ does not want to draw in the first period if firm j takes a draw. 0

Proof of Proposition
Both firms take a draw in the first period. At least one additional draw is taken in case

no innovation has a value above x*:
P(z; <a*)P(x) <a*) = (1—-r)%
A second additional draw is taken in case both values are below Z:
P(z; <T)P(z; <) =(1—s5)°
This gives us a total number of
dp(r) =2+ 1 -7+ (1 —s)?=4+7r*—2s
concluding the proof. O

Proof of Lemma [6 First, we show that the right-hand side of is decreasing in F'(z).
Using F'(z) < 1 and the substitution y = F'(z) we can write the first derivative as follows:

diy((l+y)(1—y)2—2r) 32—y —1<0. (12)
To get * > z, we plug into the right-hand side of , yielding
A+ F@)1—-F@))?—2r=2—-r)r*—2r=2r(r—1)—r* <0,

which holds as r < % We thus can conclude that

1+ F@)(1—F@*)? —2r<0=(1+F(2))(1 - F(2)*-2r
and consequently F'(z*) > F(z) by (12 . As F' is increasing, this shows z* > z.
Similarly, for & < z we use ({2)):

1+ F@)(1—-F@)*—2r=(2-3s)2r—2r=2r(1—-s) >0,

which holds as s = v/2r < 1 by r < % Consequently, * < z follows as above. 0
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Proof of Proposition
First note that

dyp(r) > dp(r) <= 2(14+ F(2)) >4 —2V2r +1* < F(z)>1—-V2r + %72,

where F'(z) depends on r. To show the proposition, it is thus sufficient to prove F(z) >
1 —Vor + %7’2. In the proof of Lemma @ we showed that the right-hand side of
is decreasing in F(z). Hence, it is sufficient to plug 1 — /21 + %72 into the right-hand
side of and show that the resulting expression is greater than 0. As a consequence,
F(z) > 1—v/2r+1r? directly follows as F(z) solves ({]) (and thus yields a lower right-hand
side than 1 — v/2r + %Tz).

Plugging 1 — v/2r + %rQ into the right-hand side of we get

(1+<1—\/§+%r2>> (1— <1—\/§+%r2))2—2r

; 1 3 1
=2 — 2/2r% — 2/2r% + 313 + §7°4 — Z\/Qr% + grﬁ
3 3 1 3\ 2 1
>2r—2'1r—2'1r2+3r3+§r4— (z_l) 7’4—|—§r6
1 3 1 1 .
=5 57"2 + 33 — —167“4 + grf’
1 3 1 1
>§7’ — g?“ + 37“3 — a?”g + gTG

>0.

The third line follows by 7 < v* < 0.25 and thus —v/2r > —3. Similarly, the fifth line
follows by —r > —i and the last line by r > 0. 0

Proof of Theorem [9]
We derive a condition on r making fob ®?(x) — ¥(z)dr < 0 in a rather coarse way by
looking for a non-positive integrand on the whole interval [0,b]. We proceed in several

steps, cutting the interval into different parts:
i) [0, 7]
In this case, it is easy to see that foj P2 (x) — U(z)dr = fof Odx = 0 holds.
i) (z, 2]

Here, we get

[ 02 a) — U(2)da — / (P = F(2)) (F@)* - F@)?) do < 0,

iii) (z,z*]
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First, we rewrite

* *

/m ®*(z) — V(x)dr = /96 F(2)* + F(z) (F(2)* — 2F(z) — 2F(2)?)

+F(2)* (14 2F(2) + F(2)* = F(2)*) — F(z)*dx

. 7

=:h(x)

We now show that the integrand h(x) is negative by analyzing its first derivative,
which is given as follows:

W(z)=F ()’ = 2F(z) — 2F(2)? + 2F (z) (1 4+ 2F (2) + F(2)* — F(2)?) — 3F (z)?

At z, ' is positive:

W(z) = (F(2)* = F@)*) 2F(:) - 1)

>0 >0 for F(z)>

1
2

As F(z) is implicitly given by ([4) we get
F()>1 = <1 5 (] 2—01875
7 "Sa9a\g) T

and consequently h'(z) is positive in this case. Additionally, a numerical check shows
that h'(z*) is positive as well (for all z € [0,b]). Furthermore, ' is a quadratic
function which has a maximum (this follows from A" (x) = —6). Taking these facts
together, we get that A’ is positive on [z, z*] given r < 0.1875. Hence, h is increasing
on [z,x*]. A numerical check shows that h(z*) < 0 for r < 0.1647 — thus, for these

r-values h is negative on the whole interval (as it is largest at x*).

iv) (a*, 0]

In this case, we get the following:

/b B2 (z) — U(x)da

As [(z*) = h(2*), we know that [(z*) is negative for r < 0.1647. Furthermore, [ is a
quadratic function having a minimum (as I”(z) = 2 (2F(2) + F(2)? — F(z)?) > 0).

Hence, as [(b) = 0, [ is negative on (z*,b].

Thus, we can conclude that the integrand (and thus the whole integral) is negative if
r < 0.1647 = v’ holds. 0
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Proof of Proposition

First, we know from Proposition [1| that no firm will draw again in case she knows that an
innovation larger than z* has been drawn. The conclusion of this proposition applies to
asymmetric information release as well: in the situation of Proposition [1| a firm does not
want to draw again even if she knows that she is behind. If a firm with such a high draw
does not know the opponent’s draw, incentives for drawing again are even lower.
Additionally, Proposition [1| implies that firm N will not draw again if z§ > 7 and z}, >
x3,. We first consider the following case: both firms have taken a draw in the first round.
Firm R has a draw Z < 2, < z* and faces the decision whether to draw again or not.
For the moment we assume that firm N behaves according to Proposition [I] and thus
draws again if she is behind (the case of equality of draws can be ignored from firm R’s
perspective as it is a zero probability event). It is beneficial for firm R to draw again if

the following condition holds:
{P (le\, < x}z) <P (m?\, < ZL‘}%) + %P (m?\, > :L‘}:i) P (:L‘QR > x}z))
1
+§P(x}v >x}%)P(a:2R>x}3)]p—czP(:E}V <I}%)P(ZE?\[ <$}%>p

This yields the following probabilities:

7 (ah) (F (k) 5 (0= F @))7) + 5 0= F @) = F (eh)
= (14 F (21)) (1—F(x}q))2—2§zo (13)

Note that has the same structure as . Hence, firm R will draw again exactly in
case her first draw is smaller than z, which solves both (4) and (13). We denote F(z) =: w
in the following.

For the calculation above, we assumed that firm N follows the strategy described in
Proposition [T} but it is not clear that this strategy is a best reply. Obviously, it is a best
reply in case firm N is leading, as 2}, > 7. Not drawing is then profitable even against an
opponent who draws. However, it could be profitable for firm N to stop drawing in case
she is behind and firm R has a draw < 2}, < z with 2 > ). In this case, firm R will
draw again as well — she would not do so if she knew that she is in front, as it is the case
in the situation of Proposition [I} We check whether it is anyway profitable to draw again
for firm N:

P (2% > zp) (P (2% < zp) + %P (x> x}%))p—c

(1= F (o)) (F () + 5 (0= F (ah)) ) e
>2 (L4 F (o) (1 - F (k) p—c
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The strict inequality holds by direct comparison (and 0 < F (z}) < 1). The last inequality
holds as zk < z in this case and applies. Hence, it is in fact a best reply for firm N
to follow the strategy derived in Proposition [I}

If the draw of firm R fulfills 2}, < Z, the incentives to draw again are the same for firm
N as in Proposition |1l Hence, firm N behaves similarly here. For firm R, we consider an
estimate of her profit from drawing again, looking only at the largest terms:

[p (e < ) (p (% <h) + 2P (o} > oh) P (s > xg))

+=P(zy >Z>ap) P}, >T>ag)|p—c

N | —

= {F (zx) (F €39) +%(1 —F(x}z)f) et _F(j))z' boe

F(x}%)F(x}%)%—%(l— (1— 25))2 p—c

— PR F ()

The latter is the expected profit of firm R without a second draw. Hence, drawing again
is beneficial for firm R.

What happens if one of the firms plays a strategy where she does not take a draw in
the first period? If firm N faces a firm R taking no draw, the second period behavior is
similar to playing against a firm with a draw of zero. For firm R, things change: if she
faces a firm not drawing in the first period, her best reply is similar as in the situation
of full information release. Thus, if she believes with probability one that she faces a
not-drawing firm, she plays the same strategy as firm N in that case: she will only draw

again if 2}, < Z. O

Proof of Proposition

In the first period, both firms have to compare the expected profits of taking a draw with
the expected profits of waiting one period. Consider first the case of firm R not drawing
in the first round. What is the best reply of firm N7 This is basically the same exercise
as deriving inequality @D, with one slight difference: firm N is not able to discourage
firm R from taking a draw in case z}, > z*. This slightly reduces the probability of
winning the prize for firm N compared to the setting of full revelation: it is now possible
that firm R beats firm N with a draw 2% > z}, > z*. This is the case with probability
1(1— F(2%))* = Lr%. We can include this probability change into (J) by subtracting 11?2,
which gives us the following condition for a profitable draw in the first round:

1 2
C 4+ 2V2r >0 (14)
6 3
The analysis of the first order condition shows that the left side of has a minimum
at r = % For r = %, equality holds in . Hence, taking a draw is profitable for firm N

in the first period in this case.
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What is the best reply for firm R against this strategy of firm N7 We first calculate the
probability for firm R to win the prize if she is taking a draw in the first period (and

following the equilibrium strategy of the second period afterwards).
P@E>ﬂ)%@%<xﬂ+%P@k>ﬂﬂ
+p@<xg<ﬁ)%p@<x;<xw(§P@<x§<f)+p@§<@)
+p@;<@(p@§<@+3p@<x§<f)]

+P (T <ap<2z) %P(m}v > 2*) P (2%, > %)

+ P (z<zy <z (P(m%>x*)+%P(z<x%<x*))

+P(z<zy<2z) (%(P(m%>z)+%P(w<x%<z)

+%{P(a:%>z) (%P(x?v>z)+P(x?\,<z)

—%P@<x%<@(P@%<@+%P@<xN<@

+p@;<@(p@§>@(p@%<@+

)
)
)
+P@%<@(P@%<@+§P@<x%<@”)
)
)

+p@;<@(p@g>@(p@%<@+%p@g>@)

n %p(ﬁ% <) P (2% <73))}

Using the short notations P(z > z) = s, P(x < z) = w and P(z > x*) = r, simplifying
and subtracting the costs, this reduces to the following expected profit:

71, 1, 1 1., 1, 1,
Lol B S — tw? = B - el 1
(24 3 TS tpw s gt gw Hgwt | p (14+w)e (15)

Furthermore, we have to calculate the expected profit of firm R when she is waiting for
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the second period without taking a draw (and faces a drawing firm N):
1 1
{gp(m}v S 2) P (e > 7) + P (2h < 7) <§p(mg <2) P (% < 2)

P (e > ) (p(aﬁv <)+ 5P (e >w)>)]p_c

1 1

— [§ + 683} p—c (16)

Drawing in the first period is thus profitable if the value of is larger than the value
of . Comparing these two terms, we get

7 1 1 1 1 1 1 1 1
<———r3+—s3+—w——w2——w3+—w4>p—(1+w)cz |:——|——s3:|p—c

24 3 6 2 4 6 8 3 6
— 1 13+1 1 5, 1 3_|_1 4 >0
51 3 TaW T W TgW tgw Jp-we2
1 1 1 1 1
— —— o —w— cw? — —w? St —wr >0

A numerical analysis shows that the left-hand side equals zero for r &~ 0.2623 — we call
this critical value 0. For larger r values firm R prefers to wait for the second period to
take her draw. In this case, we showed that there is an asymmetric equilibrium with firm
N drawing in the first and firm R drawing in the second period. Firm N then follows her
second-period equilibrium strategy.

For smaller r values, firm R takes a draw in the first period as well. To confirm that this
constellation is consistent with an equilibrium behavior, we have to check the incentives

of firm N to take a draw in this case. If she does not take a draw, her expected profit is
1 * 2 * 1 2 *
[P(z<xR<x) (P(:UN>ZB)+§P(Z<$N<$))
1
+P (x}{ < z) <§P (:U?V < z) P (2% < z)

L P ) (p(xg<z)+

11 1
w 2 1 3 1
2 2 2 6 2

We compare this with the expected profit of taking a draw. As part of , we already
calculated the probability that firm R wins the contest in case both firms take a draw
in the first round. Consequently, this number and the probability that firm /N wins this
contest add up to one. Hence, firm N makes an expected profit according to the following
expression:

17 14, 14 1 1 1,

LA L T T B p— 2— s+ 22 (18)
243 6 2 4 6 8 2 )
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Comparing with , we get the following condition for a profitable draw in the first
period:

+ -1t — =5 — —w+ —w' + -w ——w4]p—(2—s+—7‘2)c

{1713131 1, 14 1 1
2

5) 1 1 1 1 1 1
<:>ﬂ—ér3+§w3—Zw2—§w4—653—§7’2—7‘+7”520-

Again, a numerical analysis shows that the left hand side equals zero for r &~ 0.2939. For
smaller r values, the inequality is fulfilled and drawing in the first period is profitable for
firm N — we found an equilibrium in that case. For larger r values, firm N’s best reply is
not to draw in the first round. We thus have to check how firm R’s best reply against a
waiting firm N looks like (with respect to correct beliefs). Note that firm R will only draw
again in the second-period equilibrium if 2%, < 7. Hence, incentives to draw are similar
to the case of full information release and result in condition @D The analysis of that
condition showed that it is thus profitable for firm R to draw against a waiting firm N.

Finally, we have to analyze the incentives of the waiting firm N — is it profitable to draw
against a drawing firm R who believes to face a firm N that does not draw? The expected

profit of drawing can be calculated as follows:

BP (2h > a) P (2 > a*) + P (2 < aly < 2*) (P (ah > *)
P (<ol <) (%+% (p(gﬁv > at) 1P (< < x))))

P (ah < 7) (%P(x}v<x)+P(x}V>x) (%p(xgm) +p(xg<x))>]p

2 +12
- 12— —r°|c
5Ty

1 1 2 1 1 1
:|:§—582+§83+§7“3—§7’28:|p— <2—s+§7"2) c.

If firm N does not draw in the first period, she is in the same situation as in the right
hand side of . We compare the expected profits of drawing and not drawing:
1 1 2 1 1 1 1 1 1
{5—5524—553—1—57‘3—57“23}]9— <2—s+§7’2) c> |:§+§TS—§T2:|]9—(1—T)C.
Simplifying and using s = /27, we get that drawing is profitable in case
1 1

1 1
6—27’—57“2—67”3—1—237"—551”220.

This condition holds for » < 0.1722, as a numerical analysis shows. We call this critical
value 0. Given this condition, we are back in the situation where both want to draw (and
our previous analysis showed that this is an equilibrium for this range of r-values). For
r > 0.1722, firm N does not want to draw and we are hence in an equilibrium as well —

the best reply for firm R against a firm /N that does not draw is to draw. 0
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Proof of Theorem [12| We focus our analysis on the first equilibrium identified in Propo-
sition In this equilibrium, both firms take a draw in the first period and it is unique for
r < v. In the initial stage zero, where firms choose whether to reveal or not, we now have
to identify the best responses of the two firms. What is the best response of a firm, if the
other firm chooses to play R? If she plays R as well, they share the prize in expectation
and 2— s+ %rQ research draws are taken by each of the firms. If a firm deviates to play N,
the expected costs of drawing do not change (as she still gets the same information and
plays the same strategy). However, it may happen that she receives in expectation less

than half of the prize after the deviation, as given by the following condition (w = F(z)):

;—Z—i—%r?’—és:&—%w—k%uﬂ—i—éw?’—%wﬂp— <2—s+%7’2) c= %p, (19)
The left-hand side of states the profit for the firm deviating to N, as derived in .
A r-value of ¥ ~ 0.2325 solves (which is equivalent to (6))), and for r < ¥ a firm
playing N against R receives in expectation less than half the share of the total prize.
Combined with the fact that research costs do not change, it is the best response against
a firm playing R to play R as well for these values.

What is the best response against a firm playing N7 Playing N as well gives in expectation
half of the prize while taking 1+ w draws. As we have just seen, a firm playing R receives
in expectation more than half the prize against a firm playing N for r < ©. Additionally,
she has to take the same number of draws in expectation. Hence, it is profitable to play
R against a firm playing N.

A firm will thus always play reveal in the initial stage, no matter whether the other firm

plays reveal as well or not. 0

Proof of Theorem We first show that it is in fact an equilibrium. Note that the
point of revealing (or not revealing) is to make the other firm stop researching in as many
cases as possible. Suppose firm ¢ deviates and does not reveal her value. This deviation
cannot be beneficial: if firm j has a value z; > 2*, the reaction of this firm does not
change — she always stops researching in this case. Additionally, if z; < z*, firm j will
continue to do research, and thus goes on in the maximum number of cases. Revealing a
value z; < z* would have made a firm with value x; € (x;, 2*) stop researching, increasing
the chances of firm ¢ to win.

To show the uniqueness, suppose there is another equilibrium in which at least one firm
hides a value different from z*. Consider the strategy of firm ¢, and first assume that
this firm always keeps the information secret in case x; € X; C («*,b] (and reveals her
value for x; ¢ X;). Thus, in equilibrium, if firm j observes that firm i does not reveal any
information, she correctly believes that x; > x*. Consequently, firm j stops innovating, no
matter what value her first-period innovation has. This provides firm ¢ with an incentive to
always keep her information secret, as this will make firm j stop. Hence, in any equilibrium

where information is kept secret for values in X7, this has to be done also for some values
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z; € Xy C [0,2*]. Furthermore, X5 has to be large enough such that firm j continues
to innovate for some values z; when receiving no information by firm ¢ (and believing
correctly that x; € Xy U Xy). However, if z; € Xj, firm ¢ has a profitable deviation by
simply revealing her value and making firm j stop innovating in any case. Thus, there
cannot be an equilibrium in which firm ¢ with value x; € (z*, b] keeps this value secret.
A similar reasoning applies in case we assume that information is kept secret only for
values z; € X3 C [0,z — firm j with any x; € (Z,2*) would stop innovating, and firm 4
with z; € (Z,2*) had an incentive to keep her information secret and make firm j stop for
these x;. Additionally, consider the case of a set Xy C (Z,2*) for which values are kept
secret on top of X3 (making some z; € (Z,x*) continue to innovate): then, it is profitable
for x; € X3 to reveal and make firm j stop innovating for all z; € (Z,z*). Thus, there
cannot be an equilibrium in which firm ¢ with value x; € [0, Z] keeps this value secret.
Finally, consider the case where information is kept secret by firm ¢ for values x; € X5 C
(Z,x*). Then, firm j will continue to innovate for all z; < inf X if she does not observe
any information by firm ¢. As a firm ¢ with a value x; € X5 decides to keep her information
secret, firm 4 in equilibrium cannot be better off by revealing (and making firm j continue
for all x; < z;). Thus, there can be no set Xy with z; € X continuing to innovate in
equilibrium and XN (inf X5, *) having a positive mass. Otherwise, there would be some
v € Xg N (inf X5, 2*) dividing this set in two parts with a positive mass. Consequently,
some x; € X5 N (inf X5, 2) would exist for which firm i had a profitable deviation by
revealing her type (and making firm j stop innovating in the part above x’;). This shows
that in equilibrium firm j does not continue to innovate for all z; € (inf X5, 2*), if she
does not observe information by firm 7. Keeping this in mind, we can conclude that X5
is in fact an interval of the form (inf X5, z*) (possibly including the end points, which
we ignore for notational purpose). Suppose this were not the case. Then, there is some
z; € (inf X5, 2*) for which firm ¢ would reveal her value. However, she could do strictly
better for that value by keeping the information secret and making firm j stop innovating
for all z; € (inf X5, z;).

So suppose firm ¢ keeps the information secret for such an interval, (z}, z*) # (). Then, as
we just showed, firm j does not continue to innovate for values z; € (z}, «*) if she does not
observe any information. Consider some z € (2}, 2*). From the equilibrium derivation in
case of full information revelation we know that any x; € («}, 2}) makes a positive profit
against z/ by continuing to innovate. We denote the average expected profit of drawing
for firm j against values in (2}, 2*) by 0 (it is independent of the size of z;, as long as
x; < x¥). Against all values in (x;,2}), the expected profit is even larger than J. Now
consider some fixed z; < z; for which the probability that firm j is in the lead if she
does not receive any information is less or equal to . If firm j would deviate for z; and
continue to innovate, this would have two effects: on the one hand, she would make an
expected profit of at least § against firm ¢ having a higher valuation (up to z*). On the

other hand, she could maximally waste the cost of drawing c if she faces a firm ¢ with



Information Disclosure in Innovation Contests 34

a value in (2}, z;), as the one-sided deviation of an additional draw cannot make firm j
loose more often. This only happens with probability . Thus, innovating is profitable for

firm j with value z; € (2}, z), if the following condition holds:

(1—¢e)d—ec>0

As this condition is fulfilled for € small enough, firm j has the profitable deviation to
continue innovating. Thus our initial assumption is not true and we cannot have an
equilibrium where any firm keeps the information secret for values other than x*. In case
their first-period value is z*, firms are indifferent between revealing or not — but this event

has zero probability. 0

Proof of Proposition
Suppose first the leading firm H does not innovate in the second period. Then, it is

(weakly) beneficial for firm L to innovate again iff
P(z] >ap)p—c>0 <= (1—Fp (zylzy))p—c>0 <= Fp (zylzy) < -
p

= o <1—(1—-ap)r

For firm H, there is only a possible need of continuing to innovate if the other firm is also

innovating (otherwise, firm H would win for sure anyway). Thus, firm H will do so iff

[P(m%>x%>x}{)+P(x}{>x%)}p—02P(1‘}q>x%)p
1

5(1—FL (:EH:L%))p—CEO

Fy (ahylo)) <1 2}59

vy <1—(1—2})2r

[

The second line follows as firm H will always improve her first period innovation and beats
a firm L that also improves upon z}; in exactly half of the cases because we assumed a
uniform distribution.

Finally, we have to check that firm L has no incentives to refrain from innovating in the

second period in the range of values where firm H innovates as well:

Pz} >a})p—c>0 < %(1—FL(x}I|x1L))p—czO

which is the same condition as for firm H — both firms continuing to innovate is thus an

equilibrium if this condition is fulfilled. O

Proof of Theorem
We check whether firm 7 has an incentive to deviate for a value z}. Suppose first that
x; < x* = 1 —r. Then, hiding the value makes firm j continue to innovate for a strictly

larger set of first-period values: Proposition [I4]shows that firm j makes a second innovation



Information Disclosure in Innovation Contests 35

for zj € [0,1 — (1 — 2*)2r], which is a superset of the set of values for which firm j would
draw if she knew =}, [0,1 — (1 — x})2r]. Firm 4 has thus no incentive to hide the value.

The more interesting case is given by z} > x*. We first pin down the expected profit of
firm ¢ with given value z} when both firms reveal their true value. Applying Proposition
to determine the ranges for which the two firms continue to innovate and the resulting

winning probabilities, the expected profit amounts to

1— 2! 1—2x 1 — 2!
{P(m <1- x)+P(1— <:1: <1——m’/\x§<x}>
r 2r

<£L‘ < x; /\(a:§<le\/xll<a:§<xf))

+ P (z] < x; <1—(1—x)27‘/\x > z7)
P(1- (1—:c)27°<33j<1—(1—:ci)7’/\:cf>le-)}p

1—2
—P(l 5 <x <1—(1—ZL‘Z-1)T)C
1

r

1
1—.1‘1-

— ) B 1.1 1 1
=|F(1- +/1_1z1 Fy (wilzj) f (x5) da

o (F (wila) +5 (1= F (xﬂx;-))) f(2t) dz!
17(2;7211)27' 1 - 1 1

+/ 2(1_E(xj|xi))f(«rj) dz;
1-(1— zl)r

+/ — F; (jlz)) f (23) dx}] P
1

[F( (1—:(:)7»)—F<1—1;T‘”i1)]c

If firm ¢ hides her own value, firm j believes that firm ¢ has value z* and acts accordingly.

However, as we want to look at the one-sided deviation of firm 4, firm j still reveals her
value. Depending on the size of z}, the decision whether to innovate in the second period
or not changes. To write down the expected profit of firm ¢ when hiding her value, we
thus have to make a case distinction.
First case. We start with the case z; < 1 — (1 —2*)2r = 1 — 272, such that firm 7 will
make the following expected profit:

[P(O<x}<1—1; /\x <x>

r

1
— T
g <x;<x3A(I§<x3w3<x§<x3))

wr(1-
—i—P(:z:}<a:1»<1—(1—.:t*)27‘/\x2>x2)

o

(1—2z%) 2r<x}<1—(1—x)r/\x > )] p

<x <1—(1—x%)r>c
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1

1=+ o 1
-\ T B a [T (Bl 508 ) ) £ @) dn
0 1— i

2r

72,,«.2

1-2r2 4 1—(1—zl)r
e =R ) @) a s (1= F («}]}) £ (1) das;-] p

—{é@—{l—ﬂﬁ)—F(l—1%ﬁ>}c

It is thus not profitable to hide the own value, iff

1_%1 1=(1-z})2r | L ) L
F1-— +/1 5(1—E(xj|“7z’))f(fj) dz;

727’-2
1_1‘:%1 1—(1—z})2r
1.1 1 1 1.1 1 1
- B ) a - [ (= Rl) £ @) e[ 5> 0
Ll (b g ol gl T
= 1- : —(1- 21— dl—/ ——C L )
T /1—2r2 2( 1_%1) K 0 1ol 77

First note that ; > x} on [1 —2r? 1 — (1 — ;)2r]. Hence, we can estimate

A I sty |
J ? 1 1 _ 1
/12T2 2 <1_ 1 — 2! ) dxj </1 5(11‘] _T(T_(l_xi))

i —2r2

1 1
x; —x

Furthermore, 4— is decreasing in :1:}, thus
J

1 1
179c1- 1—x;

1—l=m g 1 JR— 1
T AP LS RS L/ 1
J A AT B

J

As x} > 1 —r, the condition is thus fulfilled if

1 x; 1 1 2
——r——=)(r—1-2;)) >0 <= a; <1—7r~
r r
This is true, as by assumption z; < 1 —2r? < 1 — r?. We can conclude that firm ¢ does
not want to deviate and hide her value for z; < 1 — 272

Second case. The next case is 1 —4r3 > z! > 1 — 2r%. The condition stems from requiring

11— 1;511 < 1 — 2r2. Furthermore, the relationship 1 — 4r3 > 1 — 2r? is always fulfilled as
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r < % If firm ¢ hides her value, she makes the following expected profit:

1— ! 9 1
- N <

P(0<x}<l—

r

1—a!
+p(1_ = <x;<1_2r2A(x§<x;wg<x§<x§)>

+P (=2 <aj <aj) + P(z; <a; <1—(L—a))r Aaj>aj)]p
1

r

1— g
—[P(l— 2% <:U]1-<1—2r2)+P(x}<x}<1—(1—x%)r)}c

7

I 1-2r2 1
| T B e a e [ (B )+ 0= @) £ ) o

T 2r

1-(1—z})r

+F(x11)—F(1—2r2)+/1 (1—Fi (a:;]xll))f(x]l) dx}]p

T;

_ [F(1 (=2 )y) = Fa) + F1—2?) — F (1 ! ;f%)] ¢

Thus, hiding is not profitable iff

l—xl
1 — ! 1- rlxll—xl. x; gjil—xl, 1 1—2!
1— %—/ fdx}+/ L4+ ) daj
r 0 11— 1—22 \ 1 =25 2 1—u;

J

I=(1—z})2r 1 1 _ g1l
1 2 J 3.1 1 2

(2

>0

By calculating the integrals and simplifying, the condition boils down to

11 1 ,
2T—é_ﬁln(Q(l_wi))+Z(1_27) —1_12120

Thus, by using 1 — 2r? < 2} < 1 —4r3 we can get a lower bound of the left hand side and

formulate the following sufficient condition for hiding to be non-profitable:

11 o 1 , 21
1
= 2r — In(2r) + Z(l —2r)?>1

It remains to show that this condition is fulfilled. For r = %, it is obviously fulfilled with

equality. We show that the left hand side is decreasing on (0, %) by looking at its first

derivative with respect to r:

1
2———(1-2r<0 <= 1-r—22>0,
T

which is true for 0 < r < %
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Third case. The remaining case is x; > 1 — 4r3. The expected profit of firm ¢ from hiding

the value amounts to

[P(O<le-<1—27‘2/\x?<x})+P(1—2r2<x;<3:il)

+P(xj<aj<l—(A—al)rna}>z))|p—P(zj <zj<l—(1-a})r)c

= [/ . Ey (zila}) f(z}) dzj + F (z;) — F(1 — 2r?)

0

lf(lf:p})r
+ / (1 — F; (:U]l|xll)) f (le) dx;] p— [F (1 - (1- Z‘ZI)T) —F (le)} c

1
@

It is not profitable to hide the value iff

1 1 )
1_%1 K le_$yl 1 K 1 1_331'1 1 o $z1_$J1 1
r 1w 1 —as e 21— 0 1 —x;

1
r J 1 2r J

1—(1—z})2r 1 1—2t 1 — gl
1 1 2 1 i
—/x 5-1_ledj—F(xi)+F(1—2r)p—[F(xi)—F(l— 5 )}c

Again, we calculate the integrals and simplify, to finally get the condition
3 3 1
3 In(2r) + (1 — 2r) <é_l + 57’) <0.

It is fulfilled for r = % and increasing on (0, %), as we can confirm by looking at the first

derivative:

i—1—27“20 = §—r—2r220,
2r 2

which is true for 0 < r < % The proof is thus complete — it is never profitable for one of

the firms to deviate and hide the own value. 0

Proof of Theorem

We show that firm ¢ with value x} has no incentive to hide her value if all other firms
reveal. This is easy to see in case r; > x*: revealing the value will make all opponents stop
innovating. In case r} < #, there is no point in hiding — no other firm will be discouraged

from drawing if her beliefs of firm i increase to & compared to z}. Quite the contrary,
1
J
although she would have stopped if she knew the true value of firm 3.

for some values it could make a leading firm j with # > z} > z! continue to innovate
Let us now suppose # < z!} < z*, the remaining case to show. If firm 7 is not leading, it
does not make a difference whether she reveals or not as her value has no influence on
the innovation behavior of the other firms. We thus have to check what happens if firm ¢

is in the lead. First note that by Proposition [16| she will not continue to innovate then. If
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she does not hide her value, she thus wins the contest in case no other firm draws or all

drawing firms have a lower value. Hence, her winning probability = can be written as

7= P (maxa? <) - 5 (") G ey ) F

1=0
If the leading firm ¢ hides her value, the other firms believe she has value z. If the second
highest first-period innovation value is lower than Z, and firm ¢ is thus still believed to
be the leading firm, all other firms continue to innovate for sure. If it is higher, drawing
behavior depends on its exact value. The winning probability of a hiding firm 4, 7, is
given by
T, = P (Iglile’? < 91:11)

=F(@)" " F(z)""

)

n—2 n—2—1 l
n—2 l
+ P (% < maxa} < xi) ( ) (1 — <maxx1»>) (maxxl-) F(z}) .
( g7 Y lz:; l T\ T\ (%)

We need to show that m > m;,. To do this, first note that
P(%<maxzl <z} | < P(%<maxa} <z*
j#i 7 j#i )

= F(z*)"' = F(a)"!
=(1-r)"1—(1—(n—-1r).

Furthermore, we have ¢ (max;; x}) > ¢ («}). If the same number of firms draws more

often (with higher probability), this reduces the winning probability of the leading firm.

n2n—2 n—2—1 l .
1— max maxz! | F (z}
(") (- (mest)) o (ment) P

S ("7 0l ) F

=0

Hence,

~

3

and we can conclude that

< (1= (n—1)r)F ()"

()

FO— - ) S (” f 2) (L= ()" a (@) F(a1)

=0

Hence, to get m > m;, it is sufficient to show

7:_1 (n; 1> (L=q () g (@) F (a)) = [< = 1P ()"



Information Disclosure in Innovation Contests 40

We prove this statement by an induction argument, where we keep F (z}) fixed and take
q = q(z}) € [0,1] as variable. This approach does not use all available information, as it
ignores the dependence of ¢ (z}) and F (z}), but it is sufficient for our purposes.

We start with the basis, n = 3. For ¢ = 1 the left-hand side of boils down to

2rF (:1:21)2 —r?F (z}) >0 < 2F (z}) > . (22)

Note that the range of possible z; values in [#,2*] depends on n and r. We thus need to
make sure that the basis holds for all these combinations: is true for r < % and

1 1 1
F(zh) > "{/1— —1—_"</j>—>.
(xz) (n )n n_ n "

For ¢ € [0,1), we show that the left-hand side of is monotone in ¢ by looking at its
first derivative with respect to ¢, which is given by

—2(1—q) + 7"+ F (2]) (2—4q —*) +20F (})°
= (2= 2 (1= F () (F (&) - 1)
< 0.

The last step holds as 2 — 72 — 2¢ (1 — F'(x})) > 2F (z}) — r* > 0, which we already
showed above. Hence, the left-hand side of is decreasing in ¢, and as it is positive for
q = 1, it is positive on the whole range.

We now get to the inductive step. Suppose we know that is true for n firms. By
multiplying with 1 — ¢+ ¢F (z}) (this is the change in m when adding another firm), (21

is equivalent to
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Next, we subtract the left-hand side of this equation from the left-hand side of . with
n + 1 firms, which amounts to

(1= (n=1r)F ()" (1= q+qF («})) = (1 =nr)F ()"
- (1=r"=-QQ=nr)—(1-

)"+ (1= (n—1)r))
S (7 e ety awire

= (1—(n—1)r)F (&))" (1 = g+ qF («}) - F (!

—((l—r)"_l(l—r—l)—r)-nz_i(
=(1=(n=1r)F ( )’”(1 ) (1= F (7)) +rF (2;)"
(A=)t > (” , 1) (1—q (=) q@) F(«)

>0

As the difference is positive, we showed that is fulfilled for n+1 as well. This completes
the inductive step and the proof

|
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