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Abstract

I consider an environment in which entrepreneurs can costlessly generate information
about the quality of their projects prior to contracting with investors to fund the projects.
The investors face a moral hazard problem, since the entrepreneurs may privately divert
the funding for private consumption. I identify conditions under which the efficient amount
of information about project quality is generated and show how the amount of information
generated changes with project investment costs, the extent of the moral hazard problem,
and the prior beliefs about project quality. When each investor bargains with one en-
trepreneur I find that the efficient amount of information is generated if and only if the
bargaining power of the entrepreneur is high enough. When two or more entrepreneurs
each compete for investor’s funding, the efficient amount of information is generated by an
entrepreneur if and only if the prior beliefs about the quality of his competitors’ projects
are high enough.

1 Introduction

Start-up entrepreneurship financed by venture capital (VC) has been the fuel of economic
innovations for several decades, most notably boosting the growth of innovations in computer
hardware and software1. Besides its role in helping to develop modern technology2, VC has
grown at an impressive rate from $610 mln in 1980 to more than $84 bln in 20173.

Because of its importance, VC has received a lot of attention in the economics litera-
ture. Various aspects of the VC market have been studied, including separation of cash flow
rights, board rights, liquidation and other control rights in VC contracts4; specialization of
VC investors in different timing of investment: angel and/or seed investments; series A, B;
acquisition or buying out the start-ups 5; importance of networking effects6. Contracts with
VC investors are complex and account for numerous contingencies and outcomes7.

Projects funded by VC are typically very risky, and much of the capital invested is ul-
timately lost. This issue is universal across all investment types and stages, and across all

1Apple, Microsoft, and Google (Kaplan and Lerner (2010))
2Kortum and Lerner (2001) show that VC-backed firms are approximately three times more efficient in

generating innovation than corporate research.
3https://pitchbook.com/news/articles/the-state-of-the-us-venture-industry-in-15-charts
4Kaplan and Strömberg (2003)
5https://www.edupristine.com/blog/venture-capital
6Hochberg et al. (2007)
7Kaplan and Strömberg (2003)
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industries that VC investors provide fund8. And this is what makes VC special: unlike VC
investors, banks will not lend money to start-ups.

There are, however, ways for entrepreneurs to decrease the degree of uncertainty before
contracting with the investors. For instance, a firm can order a marketing research by a rating
or a consulting agency. Depending on what agency was chosen, with a reputation for precise
reports or without it, different flows of new information can be generated. Developers of mobile
and computer software can work on alpha- and beta-versions of their applications, which can
include more or less features from the intended final version. In this case the realization of new
information is the reception of the application by the public, more specifically, by the beta-
testers. Start-ups, which develop new technological items, like smart watch or electronic-paper
notebooks, can design prototypes of their future goods. Precision of informativeness in that
case would be how detailed the execution of future characteristics is.

A growing number of startups have recently been working on artificial intelligence/machine
learning helpers and applications. Consider a human voice recognition program. An essential
stage of developing such programs is the training stage, during which pieces of human voice are
input and texts, produced by the AI programs are output, with outputs matching the input
being success and not matching - failure. Varying the size of the set, on which an AI program
is trained, the creators of such program can influence the perception of how useful and usable
this program will be for the whole population of future users.

Another example, which I will refer to throughout the paper, is a crowdfunding campaign.
Crowdfunding campaign is a form of collecting money from a large group of people for a purpose
of starting a production of a project. I provide a detailed explanation at the end of this section.

This paper investigates the quality of information generated about the quality of a project
prior to contracting. To focus on the strategic incentives of the entrepreneur, I assume that the
entrepreneur can choose among all possible ways of generating information, that he can publicly
commit to his choice, and that information generation is costless. I assume that after contracting
with the investor the entrepreneur can secretly divert the funds. This moral hazard problem
may distort the entrepreneur’s information generation choice. My main interest is under what
conditions the entrepreneur will choose to generate the efficient amount of information, which
maximizes the joint surplus.

Less information generated by the entrepreneurs results in a larger number of projects
that fail. Failing projects in turn lead to money being wasted and diverted away from other
projects, which might have not failed. Understanding differences between the environments
where the entrepreneurs generate efficient and inefficient amounts of information allows for
understanding whether the performance of the start-up industry is close to or far from the
technological constraint. In other words, whether it is the technological fundamentals behind
the flow of new ideas that are mainly responsible for high or low performance of start-up
industry or is it the institutional aspects of agents’ interaction that preclude the industry from
performing on the frontier.

8Da Rin et al. (2013)
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One of my main results is that when each entrepreneur bargains with a single investor the
efficient amount of information is generated only if the entrepreneur’s bargaining power is high
enough. In the environment with direct competition of several entrepreneurs for the funds of
the single investor I find that the efficient amount of information is achieved if the quality of
competitors’ projects is high enough. If the bargaining power is low or if the expected quality of
competitors’ projects is low the levels of informativeness is sub-optimal. This happens despite
the fact information provision is costless for the entrepreneur.

These findings allow to make several implications. Bargaining power of the entrepreneur
can be associated with the tightness of the investors’ side of the market. Thus, my model
predicts that concentration of the investment funds within the hands of several large VC in-
vestors might lead to worse outcomes, in terms of projects’ performance and failures, than if
the same amount of money is controlled by a large number of smaller independent investors.
So, a country, where a start-up industry is only at the developing stage, may benefit more from
indirectly stimulating investors’ activity rather than being the direct investor into start-ups
itself. In a different setting, corporations with VC-subsidiaries might play dominant roles in
regional start-up markets9. Such entities might find it beneficial to split investing operations
between multiple independently managed funds, since that might result in increased start-ups’
incentives to generate more information.

Entrepreneur’s bargaining power can also be thought of as a measure inversely related to
how “expensive” the investment money currently is. Then, during bust phases of the business
cycle, when it is harder to get money, those projects that actually manage to secure financing
are more likely to provide less information, therefore reducing the success rate and slowing
down the recovery. This may contribute to the vicious circle of the bust phase.

Another dimension of the environment which might bring to the vicious circle is the low
quality of competition. In the settings with low expected quality of competitors even those
entrepreneurs who on average come up with better ideas will not generate information efficiently.
As a result, not only does the economy suffer from lower average quality of ideas (technological
factor), it also suffers from the fact that projects undertaken are more likely to fail because
little is known about them (institutional factor).

To understand the result when a single entrepreneur bargains with an investor, suppose
first that the investor has all the bargaining power and makes a take-it-or-leave-it offer to the
entrepreneur. The offer is made after the piece of new information had been observed and the
beliefs about the perspectives of the project have been updated. If the investor is willing to
make any offer to the entrepreneur, all the entrepreneur cares about is that given the terms of
the contract the entrepreneur would use the funds productively and not divert them secretly.
Since the entrepreneur’s payoff from shirking is constant across all the beliefs about the quality
of the project, the investor will offer the entrepreneur a contract that gives the entrepreneur
the same payoff across all beliefs. In such situation, the entrepreneur only cares about the
likelihood of getting financed. If the prior beliefs about the project quality are high enough for

9for example, Samsung Ventures
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the investor to offer the contract, the entrepreneur does not have strong incentives to generate
high-quality information about the project’s quality. If given the prior belief on the project
quality the investor will not want to fund the project, some information will be generated.
However, this information is not perfect: inducing more optimistic beliefs about the quality of
the project comes at the cost of lower probability of these optimistic beliefs. The entrepreneur
does not need the investor to hold the most optimistic beliefs; he needs beliefs that would
make the investor just willing to fund the project. Such beliefs can be generated with a higher
probability than the most optimistic beliefs, but they are less efficient because they lead to
low-quality projects being funded.

When the entrepreneur competes for the investor’s money with another entrepreneur, only
one investment project can be funded. The investor chooses to fund the project that is more
likely to be successful. The entrepreneur with higher prior belief about the quality of his project
can more easily induce higher posterior beliefs, which makes his competitor choose a "higher
risk" strategy of providing more precise information about his project quality. The higher the
competitor’s prior, the more precise the information generated by the entrepreneur with the
ex-ante worse project, and above some threshold, this entrepreneur chooses to generate the
efficient amount of information.

Crowdfunding as a way to generate information Crowdfunding platforms, such as Kick-
starter and Indiegogo, provide ways for creators of art, new products, movies, music, and so
on, to raise money for their endeavors. The process is usually organized as follows. The creator
of the project announces the target amount of money, the campaign length in days, possible
categories of pledges, and information about the project. Rewards for pledges are often items
of the crowdfunded product. Certain categories of pledges can be limited in amount and/or
time. Earlier and limited categories regularly allow for a cheaper order than the unlimited
pledge categories. If the target amount is reached, the money is transfered to the entrepreneur
and he starts full-scale development and production, with a promise of delivery of pre-ordered
goods in a timely manner. If the target amount is not reached within the pre-specified period,
the money is returned to those who pledged it.

Crowdfunding is a means of collecting money for entrepreneurial needs, but it is also as
a way to learn about the project’s quality. When the entrepreneur is uncertain about the
demand for the proposed product, the amount of money contributed to the campaign generates
information about market demand. If the crowdfunding campaign is successful and a lot of
money is collected, we can conclude that the product will be well received in the market.

Adjusting the characteristics of the campaign, such as its length, monetary goal, or the
structure of pledges, can lead to different levels of informativeness. For example, if we see that
a project fails to achieve the goal of $50,000 in five days, we learn less about the project’s
quality than if we see the same project failing to achieve the same goal in a year.

Further evidence to the informativeness of crowdfunding campaigns is that entrepreneurs
have been approached by the venture capitalists after successful crowdfunding campaigns. A
notable example is the case of Pebble watch. Its creators had an idea for smart watch with
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electronic ink display but failed to attract external funding. After running a Kickstarter cam-
paign and dramatically exceeding the funding goal, they were funded by the VC investors, who
were impressed by the project’s performance on the Kickstarter.

Related literature This work is largely related to the field of information design, particularly
to the settings where the uninformed sender chooses the structure of signals (Kamenica and
Gentzkow, 2011; Gentzkow and Kamenica, 2016; Bergemann and Morris, 2016). Gentzkow and
Kamenica (2017) introduce competition among senders and Li and Norman (2018) elaborate
on the importance of the assumptions the former paper makes. These two papers are related
to the case of multiple entrepreneurs competing for investment through design of information
in the current work. Also related to that literature are (Perez-Richet, 2014; Hedlund, 2017)
which relax the assumption of the uninformed sender; Kolotilin et al. (2017) which relax the
uninformed receiver assumption; Wang (2013) which introduces multiple receivers; Alonso and
Câmara (2016) which relaxes the common prior assumption. Ely et al. (2015) and Ely (2017)
look at the dynamic version.

Since this paper studies the combination of information design and the choice of contract,
relevant also is Bergemann and Välimäki (2002). A major difference, however, is that in this
work information is public, and also the difference is due to contract choice vs. mechanism
design that follows the information acquisition stage. Boleslavsky and Kim (2018) also combine
moral hazard and information design.

Inducing any information structure is costless throughout the paper. A branch of the lit-
erature which deals with costly information acquisition is sometimes referred to as “the rational
inattention”. Sims (2003),Sims (2006),Denti (2015) are among representatives of that literature.

Generating information through the choice of experiment, or information structure, is
one particular model of information transition. Other topics of information transmission are,
for example, cheap talk (Crawford and Sobel, 1982; Battaglini, 2002; Kartik, 2009) and hard
evidence (Dye, 1985; Milgrom and Roberts, 1986). Hörner and Skrzypacz (2016) provide the
survey of relatively recent advances in the economics of information. Bergemann and Morris
(2017) provide a global view at the information design.

Moral hazard and hidden action problems are modeled extensively in the theory of opti-
mal contracts and in the theory of corporate finance. Mirrlees (1999), Mirrlees (1976),Hölm-
strom (1979),Holmström (1999),Grossman and Hart (1983) are among the classic papers on
this subject matter. Bergemann and Hege (1998) and Bergemann and Hege (2005) study
entrepreneurial incentives in presence of moral hazard in the dynamic setting.

An alternative approach to the version of the model with competing entrepreneurs is to
model competition in research and development through the contests (Che and Gale, 2003;
Siegel, 2009, 2010).

In this work the degree of moral hazard problem is related to lack of trust in the economic
environment. Bottazzi et al. (2016) provides empirical evidence of importance of trust for the
performance of Venture Capital.

Since the paper studies information design in the VC and corporate finance setting, in-
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stitutional background provided in Kortum and Lerner (2001); Kaplan and Strömberg (2003);
Hochberg et al. (2007); Kaplan and Lerner (2010); Da Rin et al. (2013); Gompers et al. (2016)
is useful.

In a separate paper10 I investigate the role of crowdfunding campaigns as informative
experiments. I identify the characteristics of the campaign that the VC investors perceive as
measures of informativeness. I also identify the individual characteristics of the project creators
and of the environment that influence the choice of those informativeness measures.

The remainder of the paper is organized as follows. The version of the model with the
one-on-one interaction of the entrepreneur and the investor is introduced in section 2, where
in the subsection 2.2.1 the entrepreneur has all the bargaining power, in the subsection 2.2.2
the investor has all the bargaining power, and in the subsection 2.2.3 the bargaining power is
intermediate. Section 3 introduces the second entrepreneur as the competitor for the funds of
the investor. Section 4 concludes. The appendices A through E include proofs and technical
details.

2 One Entrepreneur and One Investor

2.1 General description

Consider the following game. There is an entrepreneur with an idea of a project. The
project can either be of good or bad quality. The true quality of the project is unknown to the
entrepreneur. A good project yields a return of one with certainty, but only if an amount c is
invested into it, otherwise it yields zero. A bad projects always returns a zero. The entrepreneur
does not have any money of his own to invest into the project. To get the development of this
project started he approaches the investor, who has the investment capital. Together they
negotiate the terms of financing. The investor also does not know the true quality of the
project. Both the entrepreneur and the the investor share a common prior belief that nature
chooses the project to be of a good quality with probability α0. The investor always has an
option of saying “no” to the entrepreneur and stepping out of the negotiations of the financing
terms.

Given the uncertainty about the quality of the project there is always a chance that even
if the money is invested, the quality might turn out to be bad, leading to the project failure
and ultimate loss of the investment capital c. Had the quality of the project been known to
the agents, it would be possible to implement lossless outcome, by investing into the project if
and only if it is good.

The financing terms, negotiated by the two agents, specify how the possible proceeds
of the project are shared between the two parties. I will be agnostic right now about the
procedure that allows the two agents to jointly determine the terms of contract. I will state the
specific bargaining procedure in each of the three subsections below.If the entrepreneur and the

10(Muratov, 2018)
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investor can reach an agreement on the contract terms, once they do so the investor transfers
the investment money to the entrepreneur.

The interaction of the two agents is affected by the moral hazard problem. It takes the
form of uncontractable action of the entrepreneur. More specifically, after the entrepreneur
receives the investment money he has a choice whether to spend this money on the project, or
to “run away” with it. If the entrepreneur spends the money properly, a good project yields
a unit of return, and a bad projects yields nothing, as described above. If the entrepreneur
chooses to “run away” with the money both the good and the bad projects yield nothing, but
the entrepreneur enjoys the private benefits of size δc, where δ < 1 is an exogenously given
share of “runaway” money that the entrepreneur can recover.

There could be different ways of interpreting δ. For example, δ could be something inversely
related to the transparency of accounting system in the economy. Alternatively, δ could be
inversely related to the level of trust between people in that economy: the higher δ is, the more
the investor is afraid of money being stolen or used inappropriately by the entrepreneur.After
the entrepreneur makes this decision the outcome of the project is observed. If the return is
positive, it is shared between the parties in accordance with the pre-specified contract.

There can be different interpretations of the entrepreneur’s decision whether to spend the
investment money on the project or not. Rather than in the direct “runaway” interpretation,
the entrepreneur could choose between exerting costly investment effort on the one hand or, on
the other, assuming a more “laid back” approach, enjoying the perks of working at a start-up,
but resulting in the investment money being wasted. Sometimes hidden action can take the
form of outright fraud, as in the infamous case of Theranos company 11.

As it will be shown, the moral hazard problem plays a crucial role for the results of
this paper. The game described above is relatively familiar12. Consider now the following
modification to the otherwise usual setting. Suppose that before the two agents meet the
entrepreneur can design an experiment. The outcome of this experiment is publicly observed
before the negotiations start. Suppose the experiment has only two outcomes - high and low,
and the entrepreneur chooses the probabilities of each outcome conditional on the the true
project quality. Denote the probability of the high outcome conditionally on the good quality
of the project as x; and that conditionally on the bad quality of the project as y. The following
matrix summarizes the conditional probabilities of each outcome:

PPPPPPPPPPP
outcome

state
Good Bad

High x y

Low 1− x 1− y

Note that by choosing x = 1 and y = 0 entrepreneur makes the quality of the project a
public knowledge before the start of negotiations. Upon observing the high outcome it is clear

11https://www.nytimes.com/2018/06/15/health/theranos-elizabeth-holmes-fraud.html
12in particular, a dynamic repeated version of such environment is studied for example in Bergemann and

Hege (1998)
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that the project is good, and upon observing the low outcome - that the project is bad. This
way all the good projects can be invested into, all the bad ones can be discarded. Thus the
economy will be lossless and performing at its maximal capacity.

Another extreme design of the experiment is by setting x = y ∈ (0, 1). For such experiment
observing any outcome is not informative: the updated beliefs are equal to the prior beliefs.
Call such experiment “the noisy experiment”.

For an arbitrary choice of x and y the updated beliefs after observing the high outcome is

P{"good"|"high"} =
α0 × x

α0 × x+ (1− α0)× y
,

and that after observing the low outcome -

P{"good"|"low"} =
α0 × (1− x)

α0 × (1− x) + (1− α0)× (1− y)
.

The beliefs that the two negotiating parties hold affect the results of negotiations. Hence,
the funding terms depend on the structure of the experiment and what the realized outcome
of experiment is.

Entrepreneur’s preferences are not perfectly aligned with that of the society. Not only does
the entrepreneur want to invest the money into the good project, he also wants the contract
to be signed as often as possible. This is due to entrepreneur’s payoff being bound below by
the payoff from shirking, once the contract is signed, whereas if the contract is not signed, the
entrepreneur’s payoff is zero.

Since it is the entrepreneur who controls the structure of the experiment, a natural ques-
tions arises: will he choose the precise experiment? And if he does not, how informative will
the preferred experiment be?

In the following two sub-section we will look at the cases of one of the two parties making
a take-it-or-leave-it offer, thus effectively having the absolute bargaining power. We will see
that the identity of the agent who has the bargaining power ,the entrepreneur or the investor,
will have qualitative consequences for the experiment choice by the entrepreneur. In case of
the entrepreneur being the proposer he prefers the precise signal. In case of the investor being
the proposer the precise signal is suboptimal.

2.2 Take-It-Or-Leave-It Offers

2.2.1 Entrepreneur makes a take-it-or-leave-it offer

Setup The state of the world is ω ∈ Ω = {bad, good}, corresponding to the quality of the
project. Nature chooses ω = good with probability α0.

There are two players, the entrepreneur and the investor.
The Players’ actions are:

– For the entrepreneur:
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– the choice of conditional probabilities of observing high signal in good and bad states,
x and y, respectively.

– sE ∈ [0, 1], the proposed share of the gross return from the project that go the the
entrepreneur in the event of success (with 1− sE going to the investor);

– i ∈ {0, 1}: whether he spends the money on the project (i = 1) or hides it (i = 0);

– For the investor:

– aI ∈ {0, 1}, whether he accepts or declines the entrepreneur’s offer;

If the investor accepts the entrepreneur’s offer the payoffs are:

– For E: V E(ω, a, i) =


sE, if project is invested into and is good

0, if project is invested into but is bad

δc, if E hides the money

– For I: V I(ω, a, i) =

1− sE − c, if project is invested into and is good

−c, if E hides the money, or the project is bad

Payoffs are zeros otherwise, that is if the proposed contract is declined.
The interpretation of payoffs is the following: if the contract sE has been accepted and

the money has been transfered, the entrepreneur gets the agreed upon share of the project sE

if the project is of high quality and has been invested into. If, instead, the entrepreneur has
decided to hide the money transfered to him, he gets δc. The investor gets a share (1− sE) of
the proceeds only in case that the project is of high quality, has been invested into, the money
has been transfered, and the agreement has been reached. The investor always has to bear the
cost of investment, if he signs the contract.

The timeline is:

1. Nature chooses the quality of the project, good, or bad, with probabilities α0 and 1−α0,
respectively; the quality is observed by none

2. E chooses conditional probabilities of signals

3. Nature chooses the signal realization, in accordance with the state of the world and chosen
conditional probabilities

4. The entrepreneur chooses the terms of contract to offer to the investor

5. The investor accepts or declines the offer

• Game continues if the investor accepts the offer

6. E can either hide a share δ of the sum c transfered to him or spend the whole amount on
the project

9



7. Players observe whether the project is successful or not

• If it is, they share the revenue in proportions (sE, 1− sE)

Analysis This is a dynamic game of symmetric information. A natural concept to use for
finding the equilibria in this game is the Subgame Perfect Nash Equilibrium13 The backward
induction can be applied in order to solve for the SPNE in the game with the alternative
timeline. Players’ behavioral strategies are naturally mappings from the current histories into
current actions. In what follows, let α̂ denote the posterior belief that the project is of good
quality. It is computed as

α̂ =
α0 × x

α0 × x+ (1− α0)× y
× I{signal is high} +

α0 × (1− x)

α0 × (1− x) + (1− α0)× (1− y)
× I{signal is low}.

Starting with step 6 and going back to step 2, the equilibrium decisions are:
Step 6. Given the posterior α̂ and the share sE to which the investor has agreed, the

entrepreneur’s expected payoff from spending the money on the project is sEα̂, and that from
running away with the money is δc. Whenever sEα̂ > δc, the entrepreneur is willing to spend
the money on the project, and whenever sEα̂ < δc he is willing to run away with the money. In
case of sα̂ = δc it can be shown using a standard argument that it cannot hold in equilibrium
that entrepreneur chooses to run away with positive probability. Thus given α̂ and sE, the
entrepreneur will choose to spend the transfered money on the project if and only if sEα̂ > δc.

Step 5. Consider two cases, sEα̂ < δc and sEα̂ > δc. In the former case the investor
anticipates the entrepreneur to run away with the money if he receives it. That will lead to
payoffs of −c to the investor. If, however, the investor declines the offer, he gets his reservation
value of 0. In all equilibria of such subgames the investor declines the offer with probability
one. In the case of sEα̂ > δc the investor expects the entrepreneur to spend the money on
the project in the instance of receiving it. Two subcases can be distinguished: (1 − sE)α̂ < c

and (1 − sE)α̂ > c. In the first one the expected return from the investment is less that the
investment cost. The investor would decline such offers. In the second subcase the expected
return is at least as large as the investment cost. Using standard arguments again it can be
shown that the investor will choose to accept the offer if he is indifferent between accepting and
declining. Summarizing, the investor will accept the offer if and only if the offer is such that
sEα̂ > δc and (1− sE)α̂ > c.

Step 4 - take-it-or-leave-it offer. The entrepreneur prefers to leave on the table for
the investor as little as possible as long as the latter still accepts the offer. So, he chooses
the largest sE such that (1 − sE)α̂ > c, or sE = 1 − c/α̂. This in turn means that only for
the realizations of posterior above the cutoff (1 + δ)c is it possible for the two parties to sign
the contract, since in order for entrepreneur’s investment incentives to be satisfied, sEα̂ > δc,
it should be that sEα̂ = α̂ − c > δc. For the realizations below the threshold (1 + δ)c the
investor will also decline any offer by the entrepreneur. This is because would be impossible to

13Please refer to appendix for the discussion on proper subgames and an alternative timelineA
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simultaneously both recoup the investment cost in expectation and to provide the entrepreneur
with enough incentives to properly spend the money.

Step 2. Entrepreneur correctly anticipates that for realizations of the posterior α̂ < (1+δ)c

the investor will decline any offer. This will result in zero payoffs for the both parties. For
the posterior realizations in the range [(1 + δ)c, 1], entrepreneur anticipates to make an offer
sE = 1−c/α̂ which will be accepted. He therefore can compute the expected payoff conditional
on the possible realization of the posterior on the subsequent equilibrium path:

V E(α̂) = sEα̂× I{α̂∈[(1+δ)c,1]} = (α̂− c)× I{α̂∈[(1+δ)c,1]}

Consider the graph of the entrepreneur’s payoff as a function of the posterior belief that the
project is of good quality: 1. It can be seen that the payoff is a two-piece linear function with

α̂
0

Payoff

1− c

1

δc

(1 + δ)c

Payoff V E(α̂)

Figure 1: Entrepreneur’s payoff

the function running flat for values of α̂ below (1 + δ)c and an increasing part for α̂ > (1 + δ)c

with the slope of 1. Does this picture give us any insight about what the optimal choice of x
and y is?

Call the payoff of the entrepreneur from the realized posterior the ex-post payoff, and the
payoff from the exact design of the experiment the ex-ante payoff. The following can be shown:
choosing different values of x and y corresponds to choosing a pair of values of posteriors, α̂h

and α̂l, one above the prior α0, and the other - below. Evaluating the ex-post payoff at those
posteriors and weighting them proportionally to α0−α̂l

α̂h−α̂l and
α̂h−α0

α̂h−α̂l would give the entrepreneur’s
ex-ante payoff.

Consider the case of the entrepreneur choosing the precise signal, i.e. x = 1 and y = 0.
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Then, the high outcome will happen with probability α0, and lead to entrepreneur’s continuation
payoff of 1 − c, and the low - with probability 1 − α0, leading to the continuation payoff of 0.
Hence, the ex-ante expected payoff of the entrepreneur from the precise signal is α0(1− c). It
is easy to see that such experiment is an improvement for the entrepreneur, as compared to
generating no new information, or using the “noisy” experiment, both of which lead to the value
of the posterior, α̂ being equal to the prior, α0. Note, that this is an improvement regardless of
what the value of the prior, α0, is. So, it is safe to state that the entrepreneur at least prefers
the most informative, precise experiment, to generating no new information. In fact, a stronger
statement can be made: this two-outcome precise experiment is optimal from the point of view
of the entrepreneur, even if a richer class of experiments, than the two-outcome, is considered.

Proposition 2.1. If the entrepreneur makes a take-it-or-leave-it offer to the investor, he will
choose the two-outcome precise experiment (x = 1, y = 0).

The proof with the reference to the results of Kamenica and Gentzkow (2011) are in the
appendixB.1.

2.2.2 Investor makes a take-it-or-leave-it offer

Let us now look at the case of the investor having the absolute bargaining power in nego-
tiating the terms of the contract. In this version the investor decides whether to make an offer
to the entrepreneur or not, and which offer to make.

Setup Below only actions and timeline are described. Every other element of the game stays
the same with a proper re-labeling.

The players’ actions are:

– For the entrepreneur:

– the choice of x, and y;

– aE ∈ {0, 1}, whether he accepts the investor’s proposed share contract;

– i ∈ {0, 1}: whether he spends the money on the project (i = 1) or hides it (i = 0);

– For the investor:

– “make an offer” ∈ {0, 1}, whether he decides to make an offer to the entrepreneur,
or not;

– sI ∈ [0, 1], share contract offered to the entrepreneur;

Timeline14:

1. Nature chooses the type of the project

2. The entrepreneur chooses x and y
14please refer to A for the alternative timeline in this case
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3. Nature chooses signal realization, observed by all

4. The investor chooses whether to make an offer or not, the game continues if he does

5. The investor chooses the share contract to propose

6. The entrepreneur accepts or declines the offer

• Game continues if the entrepreneur accepts the offer

7. E can either hide a share δ of the sum c transfered to him or spend the whole amount on
the project

8. Players observed whether the project is successful or not

• If it is, they share the revenue in proportions (sI , 1− sI).

Analysis As before, denote by α̂ the posterior belief. This is a function of the realized
experiment outcome and the pair (x, y). Backward induction:

Step 7. Similarly to the step 6 in the previous subsection, entrepreneur spends the money
on the project if and only if sI α̂ > δc.

Step 6. It is strictly dominant for the entrepreneur to accept any offer, since if he does
his expected payoff is bound from below by δc, whereas if he declines he gets 0 with certainty.

Step 5 - take-it-or-leave-it offer. The investor prefers to leave on the table for the
entrepreneur as little as possible as long as the latter still prefers to not hide the money. So,
he chooses the smallest sI such that sI α̂ > δc, or sI = δc/α̂.

Step 4 Investor foresees what offer he will have to make in order to incentivize the en-
trepreneur to act properly. Thus, he understands that his own expected payoff from deciding
to propose will be (1 − sI)α̂ − c = α̂ − (1 + δ)c. The reserve payoff from not proposing is 0.
Thus, for realizations of α̂ ∈ [0, (1 + δ)c) the investor decides not to make an offer and for
α̂ ∈ [(1 + δ)c, 1] - to make an offer.

Step 2. Entrepreneur anticipates that the payoff as a function of posterior is

V E(α̂) = sI α̂× I{α̂∈[(1+δ)c,1]} = δc× I{α̂∈[(1+δ)c,1]}

Let us plot the above function at 2.
Consider the payoff from the precise experiment. In this setting this value is α0 × δc.

For entrepreneurs who can attract financing without new information15 it is easy to see that
choosing the precise signal is suboptimal. For instance, providing no information16 gives the
entrepreneur the payoff of δc.

It can also be shown that for the entrepreneur who cannot get financed without new
information 17 the precise experiment is also suboptimal. Consider the following experiment

15Which happens if α0 > (1 + δ)c
16or, alternatively, inducing the noisy experiment
17α0 < (1 + δ)c
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α̂
0

Payoff

δc

(1 + δ)c 1

Payoff from α̂

Figure 2: Investor makes a take-it-or-leave-it offer

structure: x = 1, y = α0

1−α0

(
1

(1+δ)c
− 1
)
. For this experiment after observing the low outcome

agents are certain that the project is bad. After observing the high outcome the agents believe
that the project is good with probability (1+δ)c. The former outcome happens with frequency
1− α0

(1+δ)c
, and the latter - with frequency α0

(1+δ)c
. This allows the entrepreneur to enjoy the ex-

ante payoff of α0

(1+δ)c
× δc, because all the times the high outcome realizes, the investor is willing

to offer a contract. Since (1 + δ)c < 1 the entrepreneur prefers this experiment structure to the
precise experiment. In fact, choosing such experiment design is optimal for the entrepreneur.

Proposition 2.2. If the investor makes a take-it-or-leave-it offer,

• in case the entrepreneur cannot attract financing without an informative experiment (α0 <

(1 + δ)c), an experiment with two outcomes and conditional probabilities x = 1, y =
α0

1−α0

(
1

(1+δ)c
− 1
)
is optimal

• in case the entrepreneur can attract financing without an informative experiment (α0 >

(1 + δ)c), he does not have strong incentives to choose any informative signal

Please, refer to the appendix B.2 where the results of Bayesian Persuasion literature are
referred to.

Why do the two bargaining protocols above lead to such different qualitative results? In
case of no bargaining power the contract that the investor offers to the entrepreneur compensates
only for exerting spending efforts (or, equivalently incentivizes to not hide) in expectation.
Regardless of the exact belief value, as long as the two agents are able to sign the contract, the
entrepreneur expects to earn the same amount of money. The investor, in this case acting as
the residual claimant would like to leave to the entrepreneur as little as possible, as long as the
former would still prefer to exert the spending efforts. The more optimistic agents are about
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the perspectives of the project, the less monetary motivation is needed for the entrepreneur’s
proper action to be induced. Thus, bigger optimism does not result in larger returns for
the entrepreneur. Thus the entrepreneur who can fund his project without generating new
information does not need to provide any additional information. The entrepreneur with initial
belief about the project quality outside the feasibility region on the other hand does need to
provide some information. This information takes the form of two reports: high and low. The
level of optimism in case of a high report makes the investor exactly indifferent: higher levels
of optimism are more costly in terms of lower probabilities with which they occur. The level
of optimism in case of low report cannot be above the initial optimism, hence it needs to be
as low as possible: lower optimism in case of low report increases the frequency of high report,
other things equal.

The entrepreneur also cares about the likelihood of being financed when he has all the
bargaining power. But conditionally on getting financed he would like the level of optimism
to be as large as possible. This is because he now acts as the residual claimant. In other
words, the contract the two agents sign can be considered as the debt contract. For every value
of the posterior belief the entrepreneur promises to return in expectation exactly the cost of
investment, keeping the rest to himself. The lower the belief, the larger the riskiness of the
project. The entrepreneur needs to promise the investor higher return to compensate for the
higher risk in case of lower optimism. The entrepreneur therefore prefers higher values of the
posterior to lower ones within the region, in which he is able to convince the investor to sign
the contract. In the region of posterior beliefs where the entrepreneur is unable to attract
financing he is indifferent between what the exact value of the belief is: his payoff will be 0

regardless. The entrepreneur would like the highest possible level of optimism to occur as often
as possible. To achieve higher frequency of high optimism, the entrepreneur chooses the lowest
level of optimism in cases the low report happens.

The implication of the above results is that information about the project is efficiently
learned and revealed only if the bargaining power of the entrepreneur is high enough. If the
bargaining power of the entrepreneur is low the following form of inefficiency takes place: the
project which can secure financing without providing any additional information are likely to
remain as risky as they are ex-ante; project which cannot attract financing without new pieces
of information will learn and reveal just enough information to get them financed, which is,
however, not the full information. This particular information structure “merges” together good
projects and some of the bad projects. This leads to projects financed being inefficiently risky.

The bargaining power can be interpreted in several ways. At a micro-level, it is usually
assumed that more experienced entrepreneurs have a larger say when the terms of the contract
are negotiated. This means that more experienced entrepreneurs are more likely to learn and
reveal as much information about their projects as it is efficiently required. Less experienced
entrepreneurs are more likely to learn less information and try to finance more risky projects.
Which can form a vicious circle at a micro level: less experienced entrepreneurs will start risky
projects, enjoy success less often, and in the future will have less evidence of success to back
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up their claims of experience, which will again result in more risky projects undertaken.
Another documented source of increased bargaining power is project being at a later stage

of development18.
At a more macro level bargaining power is usually inversely associated with the market

tightness. For example, there is more competition in the IT-industry than there is in healthcare
startups 19. Or, alternatively. higher bargaining power of the entrepreneurs, players on one
side of the aisle, can be associated with a larger number of investors, players on the opposite
side of the aisle.

What the results of this version of model say is that in the environments rich with in-
vestment money and numerous VC-investors projects that are proved to be good are only
implemented. On the other hand, in the environments with little money, or, with small number
of investors, it is likely that a lot of projects implemented are going to be risky because of being
understudied. Without an explicit modeling, the following vicious circle could be imagined.
Suppose there a small number of VC-investors control the majority of the investment money
in the economy. They are likely to have a lot of bargaining power. Therefore, they will only
be able to invest in the risky projects. More money, than necessary, will be lost, because of
failures of some of the projects. Some of the VC-firms may have to go out of business due to
this losses resulting in even fewer investors absorbing even more bargaining power.

The two regions, which could be contraposed to each other in terms of the number of players
controlling the investment money are, for examples, the Silicon Valley and South Korea. In
the former there are numerous independent investment funds, in the latter VC investments
are controlled by the respective branches of the industrial giants, like Samsung Ventures, and
Samsung NEXT.

2.2.3 Intermediate bargaining powers

Observing how qualitative conclusions depend on the identity of the agent who has the
bargaining power it is interesting to look at the case of intermediate bargaining powers. There
are different bargaining protocols which allow for intermediate bargaining power. Among them
is Nash Bargaining Solution. Though being of a reduced form it can be thought of as an
embodiment of several other bargaining protocols.

Recall that the terms of contract are determined after observing the outcome of the ex-
periment. Therefore, ex-post expected surplus from the project is going to be divided in the
following sense: after observing the outcome of the experiment both agents belief the project
to be of high quality with probability α̂. The latter is a function of experiment structure and
the experiment outcome. Hence they negotiate the splitting of α̂− c. Let us continue thinking
in terms of the updated beliefs.

When the share is sought for as a solution for Nash Bargaining Problem several considera-
tions are worth mentioning. For example, it is impossible to achieve a pair of expected payoffs

18cite Gompers, Gornall, Kaplan, Strebulayev
19Gompers, Gornall Kaplan, Strebulayev
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(0, α̂− c) for the entrepreneur and the investor, respectively. Indeed, if a contract is signed, the
money is transfered, but the entrepreneur expects a zero payoff, he would rather prefer to steal
the money and secure a payoff of δc. This would in turn drive down the investor’s payoff to −c.
In fact, any pair of payoffs with entrepreneur’s expected payoff being strictly below δc cannot
be achieved, since for all such contracts the entrepreneur is better off stealing the money.

Besides that, it is also impossible to achieve pairs of expected payoffs for which the in-
vestor’s part is strictly below zero. Investor will not be willing to provide the financing if he
does not expect to at least recoup the investment cost.

Hence, the space of contracts among which the Nash Bargaining Solution will search for
the optimal contract is s ∈ [δc/α̂, 1− c/α̂]. The lower bound for the possible share comes from
the fact that the entrepreneur’s incentives to not steal the money must be satisfied, the upper
bound - from investor’s willingness to invest. The solution to the problem can be called the
Nash Bargaining Solution on the space of incentives compatible payoffs 20, or constrained Nash
Bargaining Solution.

Note that the space of contracts is a non-empty set for α̂ > (1 + δ)c. For α̂ < (1 + δ)c no
incentives-compatible mutually profitable contract can be signed, hence parties’ payoffs will be
their reservation payoffs, zeros.

Let β denote the entrepreneur’s bargaining power. Write down the problem formally:

s(α̂) = arg max
δc
α̂
6x61− c

α̂

{
(α̂x)β(α̂(1− x)− c)1−β}

Call the objective function N.B.S.. Find first the solution of the problem not taking into account
the constraints. Using the first-order condition:

∂N.B.S.(s)
∂s

= β(sα̂)β−1α̂((1− s)α̂− c)1−β − (1− β)α̂(sα̂)β((1− s)α̂− c)−β = 0

s(α̂) = β
(

1− c

α̂

)
.

It is straightforward to check that the function is concave in s.
Take now the constraints into account. Note that the upper constraint is always satisfied,

since β 6 1. The value of the derivative of the objective function at the lower constraint s = δc
α̂

is

∂N.B.S.(s)
∂s

∣∣
s= δc

α̂

= α̂(δc)β−1(α̂− (1 + δ)c)−β(β(α̂− c)− δc)).

This expression is (weakly) negative for values of α̂ ∈ [(1 + δ)c, (1 + δ/β)c] and strictly positive
for values of α̂ > (1 + δ/β)c.

Note also that as s grows larger, the investor’s surplus becomes zero at s = 1−c/α̂. Hence,
the optimum share can either be at the lower constraint, or at such value that the derivative
of the objective function is zero.

20Term coined by Phil Reny
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Summarizing, the Nash Bargaining problem is not defined for α̂ ∈ [0, (1 + δ)c). The
optimal share is s = δc

α̂
for values of α̂ ∈ [(1 + δ)c, (1 + δ/β)c) and is s = β(1− c/α̂) for values

of α∈̂[(1 + δ/β)c, 1]. A shorter way to write the above statement is

s(α̂) = max

{
δc

α̂
, β
(

1− c

α̂

)}
I{α̂∈[(1+δ)c,1]}.

Having this expression we can now write down the entrepreneur’s payoff as a function of pos-
terior belief:

V E(α̂) = α̂× s(α̂)× I{α̂∈[(1+δ)c,1]} = max {δc, β(α̂− c)} × I{α̂∈[(1+δ)c,1]} =

=


0, if α̂ < (1 + δ/β)c

δc, if (1 + δ)c 6 α̂ < (1 + δ/β)c

β(α̂− c), if (1 + δ/β)c 6 α̂.

The picture 3 provides the graphic depiction of the entrepreneur’s payoff from the posterior.

α̂, α0
0

Payoff

β(1− c)

1

δc

(1 + δ)c

(1 + δ
β )c

Payoff from α̂

Figure 3: Intermediate bargaining power

The three regions for values of posterior beliefs can be distinguished, with respect to the
behavior of entrepreneur’s ex-post payoff in those regions. For low values of the posterior the
two agents are unable to sign the financing contract: investor understands, that he will not
be able to simultaneously incentivize the proper action by the investor and recoup the cost of
investment in expectation. This leads to entrepreneur’s ex-post payoff of 0.

For the medium values of the posterior beliefs the size of the “pie” for the agents to share is
positive and investor is able to both recoup the cost of financing and to provide enough stimulus
for the entrepreneur to not shirk. However, agents understand that entrepreneur’s “share of the
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pie” should be at least the size of his shirking payoff, or else investor will not sign the contract.
So, if the entrepreneur’s “share of pie” determined by bargaining powers is less than δc. the
former replaces the latter for a given value of posterior belief. Hence, for a region of values of
posterior beliefs where that happens, the entrepreneur’s payoff is constant (somewhat similarly
to the case of the investor making a take-it-or-leave-it offer).

Since the total size of “a pie” is increasing in the belief about the quality of the project, so is
the entrepreneur’s “share of the pie” determined by bargaining power, at some point exceeding
the payoff from shirking. This is where the entrepreneur’s payoff is increasing with respect to
the posterior belief.

Note that the shape of the payoff function depends on the value of the entrepreneur’s
bargaining power, β. The larger entrepreneur’s bargaining power is, the more he values it when
the posterior belief is equal to one: he gets a larger piece of deterministic “pie”. Also, a higher
bargaining power means that the region, for which the entrepreneur gets the expected payoff
equal to his “shirking” payoff, the incentivisation amount, is “thinner”: payoff from bargaining
power-determined share exceeds the incentivisation faster, for smaller values of posterior belief.

As it turns out, the region in which the value of β lies will have qualitative consequences
for the design of the experiment that the entrepreneur prefers. Following a similar procedure
as before, let us plot this function for different values of the entrepreneur’s bargaining and see
how different experiment designs can induce different ex-ante payoffs.

Three modes are distinguishable, depending on the value of β. For high values of β the
precise signal is optimal, similarly to the case of the entrepreneur having all the bargaining
power. The case of low values of β is qualitatively similar to the case of the investor making a
take-it-or-leave-it offer: the region of posteriors in which the entrepreneur’s payoff is flat is too
wide.

For some values of the bargaining power in the midrange, however, a new conclusion
emerges: while entrepreneurs who cannot attract investors without new information have the
same incentives as in the case of no bargaining power, choosing therefore the same experiment
structure, entrepreneurs who can secure financing without new information begin to have strong
incentives to learn and reveal information by means of an experiment. This is because condi-
tionally on being financed they want the beliefs about the project to be more optimistic: this
will result in a larger “pie”. They do not want, however, risk to lose the fact of being financed:
this fact brings positive payoff of size δc. So they want the low outcome of the experiment to
still result in contract being signed. Together with the fact that they want the higher belief
to be 1 and want this to happen as often as possible, in order to maximize the probability of
high experiment outcome, they want the level of optimism in the low outcome of experiment
to make investor indifferent.

A different way to look at it is to see that within the region of posteriors [(1 + δ)c, 1] the
entrepreneur becomes risk-loving on the lotteries on posterior realizations. He therefore prefers
the lottery on [(1 + δ)c, 1] with the largest variance and with the property that the expected
value is equal to α0. It is achieved by a two-point lottery with support {(1 + δ)c, 1}.
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Which experiment structure allows to achieve such lottery on posteriors? In order to have
the belief being equal to 1 in case of high outcomes, and to (1 + δ)c in the low outcomes, the
conditional probabilities need to be x = α0−(1+δ)c

α0(1−(1+δ)c)
and y = 0. So that after observing the

high experiment outcome the agents are certain that there can be no bad projects. And after
observing a low experiment outcome the agents are unsure: they understand that there is a
mixture of good and bad projects.

These findings can be summarized as follows:

Proposition 2.3. Depending on the value of entrepreneur’s bargaining power, he prefers the
following structure of experiment:

• The case of low entrepreneur’s bargaining power (β < δc
(1−c)) is equivalent to the investor

making a take-it-or-leave-it offer

• In case of medium bargaining power ( δc
(1−c) 6 β < δ

(1+δ)(1−c)) the structure of optimal
entrepreneur’s experiment depends on the prior belief about the quality of the project. For
α0 < (1 + δ)c the preferred conditional probabilities are x = 1,y = α0

1−α0

(
1

(1+δ)c
− 1
)
. For

α0 > (1 + δ)c - x = α0−(1+δ)c
α0(1−(1+δ)c)

, y = 0.

• The case of high entrepreneur’s bargaining power (β > δ
(1+δ)(1−c)) is equivalent to the

entrepreneur making a take-it-or-leave-it offer

The proof again uses techniques of Bayesian Persuasion literature and is in the appendixB.3.
Note that for medium and low bargaining powers the entrepreneur who cannot get financed

without new information (α0 < (1 + δ)c) prefers such experiment structure that results in the
posterior belief being equal to (1 + δ)c in case of high outcomes and 0 in case of low outcomes.
Note also that for medium bargaining powers the high prior entrepreneurs (α0 > (1 + δ)c) the
preferred experiment structure results in the posterior belief equal to (1 + δ)c, this time in case
of low experiment outcome, and 1 in case of high experiment outcomes. I will hereafter refer
to the experiment, which results in possible posteriors being equal to 0 and 1 as the precise
experiment, and to the experiments, which result in posteriors being equal to (1 + δ)c and an
extreme belief (0 or 1) as the shaded experiment. More specifically, call the experiment leading
to posteriors {0, (1+δ)c} the lower shaded experiment, and to posteriors {(1+δ)c, 1} the higher
shaded experiment.

Consider the following heuristic approach to measure the informativeness of shaded exper-
iments. Ideally, the society would prefer the precise experiment, which is characterized by the
conditional probabilities x = 1, y = 0. The shaded experiments are characterized by either pair
of conditional probabilities x = 1, y = α0

1−α0

(
1

(1+δ)c
− 1
)
or x = α0−(1+δ)c

α0(1−(1+δ)c)
, y = 0. For each of

the higher or lower shaded experiment, only one conditional probability is different from those
in the precise experiment. Thus, a plausible way to compare informativeness of an experiment
is to measure how far the one different number is from the correspondent value for the case of
the precise signal. For example, for the lower shaded signal probabilities of high outcomes in
case of good state of the world coincide, however probabilities of high outcome in case of bad
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state of the world are different by α0

1−α0

(
1

(1+δ)c
− 1
)
. This difference, however, disappears as the

value of (1 + δ)c approaches 1. This can be viewed as the informativeness of the lower shaded
signal being increasing in δ and c. Somewhat opposite holds for the higher shaded experiment,
if compared to the precise experiment: probabilities of high outcomes in case of bad state of
the world coincide, whereas probabilities of high outcomes in case of good state of the world
differ by α0−(1+δ)c

α0(1−(1+δ)c)
.

This difference goes down to zero as the value of (1 + δ)c goes down to zero.

Corollary 1. For the case of medium (low) bargaining power, for low prior entrepreneurs,
α0 < (1 + δ)c the informativeness of their preferred experiment is increasing with respect to the
investment cost, c, and severity of the moral hazard problem, δ. For high prior entrepreneurs,
α0 > (1 + δ)c, the informativeness of their preferred experiments is decreasing (non-increasing)
with respect to the above mentioned parameters.B.3

Relation to the trust Bottazzi et al. (2016) show with the use of data that level of trust
between people in the same country and across the borders influences the performance of
venture capital projects. They show that lower trust leads to on average worse performance
of VC industry: less projects are invested into. They show also that conditionally on being
financed projects perform better in the areas with lower trust.

These results are in line with the results of this paper for the cases of medium and low
bargaining powers. An increase in δ (decrease in trust) leads to projects needing to exhibit
higher posterior belief to attract financing. This in turn leads to projects, which manage to
get funding, performing better. An increase in δ also means that lower amount of projects get
financing, as it decreases the probability of high experiment outcome for entrepreneurs, who
cannot get financing without new information (α0 < (1 + δ)c).

Although Bottazzi et al. (2016) do not speak directly about informational concerns, the
current model can provide an explanation for the real economy importance of trust.

2.3 Extensions

2.3.1 Asymmetric information about probability of good quality

A natural extension to think about is the following. Suppose there are two types of
entrepreneurs, with a high prior, αh and with a low prior, αl. Suppose the entrepreneur’s bar-
gaining power is such that, absent of asymmetries, a shaded signal is preferred, (β < δ

(1+δ)(1−c)).
Can it be supported in an equilibrium that the two types of entrepreneurs separate by the type
of the experiment they choose?

It can be shown that it is sufficient to consider the case of both type of entrepreneurs
choosing between the two-outcome experiments.

In a setting like that it can be that the outcome of the experiment is interpreted differently
by the entrepreneur and by the investor. For example, consider the high type entrepreneur
choosing a particular pair of conditional probabilities, characterizing the experiment. Suppose
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this choice of conditional probabilities is observed by the investor. However, if the investor
believes that only a low type chooses that particular experiment, upon observing the outcome
of the experiment (high or low) the two agents, entrepreneur and investor, will have different
beliefs about the true quality of the project (as long as it is not the precise experiment).

For example, suppose the entrepreneur is of high type and would like to achieve through
the choice of the experiment the following distribution over posteriors:

α̂ =

 ˆ̃α, with probability αh− ˇ̃α
ˆ̃α− ˇ̃α

ˇ̃α, with probability ˆ̃α−αh
ˆ̃α− ˇ̃α

.

Such distribution is achieved by the following structure of experiment:

x = P{s = h|ω = h} =
ˆ̃α

αh

αh − ˇ̃α

ˆ̃α− ˇ̃α

y = P{s = h|ω = l} =
1− ˆ̃α

1− αh
αh − ˇ̃α

ˆ̃α− ˇ̃α

1− x = P{s = l|ω = h} =
ˇ̃α

αh

1− ˆ̃α

ˆ̃α− ˇ̃α

1− y = P{s = l|ω = l} =
1− ˇ̃α

1− αh
1− ˆ̃α

ˆ̃α− ˇ̃α
.

However, since the investor believes it is the low type, who is choosing such signal, posterior
beliefs, as perceived by the investor, are the following:

P{ω = h|s = h} =
ˆ̃α αl
αh

ˆ̃α αl
αh

+ (1− ˆ̃α) 1−αl
1−αh

P{ω = h|s = l} =
ˇ̃α αl
αh

ˇ̃α αl
αh

+ (1− ˇ̃α) 1−αl
1−αh

.

Hence, he perceives the posteriors in a distorted way.
Let as before, α̂ denote the posterior, as perceived by the entrepreneur, which is the true

posterior. Let α̂I denote the posterior, as perceived by the investor, which might be different
from the truth. It can be shown in general that if the type of the entrepreneur is j ∈ {h, l} and
the investor believes he is facing type k ∈ {h, l} then

α̂I =
α̂αk
αj

α̂αk
αj

+ (1− α̂)1−αk
1−αj

.

We can write down the payoff of the high type entrepreneur as a function of a realized true
posterior, α̂:

V E(α̂) = I{(1+δ)c 6 α̂I < (1+δ/β)c}×max{δc; α̂ δc
α̂I
}+I{α̂I > (1+δ/β)c}×max{δc; α̂β

(
1− c

α̂I

)
}.
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Similar can be show for the low type of the entrepreneur.
It can be shown that for any belief that the investor might hold, at least one of the types

of the entrepreneur is always better off emulating the other type of the entrepreneur by the
choice of the experiment.

Hence, with the asymmetric information about prior beliefs and if the precise experiment
is not preferred, there are no separating equilibria at the stage of choosing the experiment.

2.3.2 Three states of the world

Consider a case such that the quality of the entrepreneur’s project may be one of three
types: high, medium, and low. As before, if the project is of high quality it yields a return of
1 in case it is invested into; and if the project is of low quality it always yields 0. Additionally,
if the project is of medium quality it yields m ∈ (0, 1) when it is invested into. A project of
any quality yields 0 if it is not invested into.

Both the entrepreneur and the investor believe that the project is of high, medium, and low
quality with probabilities α0, ω0, and 1− α0 − ω0, respectively. This way the ex-ante expected
profit from the project on which the money is spent is α0 + ω0 ×m− c.

The analysis is carried out in the appendixC. The following observation is interesting: with
the three states of the world, as the bargaining power of the entrepreneur decreases, there can
be up to two downward jumps in the informativeness of the experiment that he prefers. This
is opposed to just one downward jump in the informativeness in case of a binary state of the
project. The following can be conjectured: in case of K ∈ N states of the project, there can
be up to K − 1 downward jumps in the informativeness with the decrease of entrepreneur’s
bargaining power.

3 Two Entrepreneurs and One Investor

Consider adding a second entrepreneurs. Let each entrepreneur have an idea of a project,
both of which can be good or bad, and independent of each other. Denote the state of the
world by the a pair (ω1, ω2) ∈ {{0}, {1}}2, where 0 and 1 means that the correspondent project
is of bad or good quality, respectively. Denote P{ωi = 1} .= αi,0 ∈ (0, 1).

Both projects require investment in the amount of c. Neither of the entrepreneurs has
the money to invest. The funding can be provided by the single investor. He only has enough
money to invest into one project. Projects are non-divisible. Hence the investor will have to
choose to finance at most one entrepreneur.

Any entrepreneur can run away with the investment money if he has it, instead of spending
it on the project. The two entrepreneurs are symmetric in their hiding abilities. That is, for
both of them the private benefit from running away with the money is δc.

Allow the entrepreneurs to choose any Bayes Plausible distribution over posteriors and let
us carry out the analysis in those terms directly, instead of doing in in terms of experiment
design, as in the previous section. Assume that the entrepreneurs choose the distributions
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simultaneously. Assume that the realization of the entrepreneur j’s posterior is observed by
that entrepreneur and by the investor.

Let the investor be the one who offers a take-it-or-leave offer to the entrepreneur of his
choice. He may also choose not to make any offer. This offer specifies the way to split the gross
returns of the successful project between the two parties. Denote the offer s. If the entrepreneur
rejects the offer the game ends.

A more formal description follows:

Actions An entrepreneur j chooses:

– Bayes-plausible distribution of posteriors, Gj ∈ ∆(∆({ωj = 0}, {ωj = 1})),∫ 1

0
α̂dGj(α̂) = αj,0

– aj ∈ {0, 1}: whether to accept invstor’s offer (aj = 1), if any;

– ij ∈ {0, 1}: whether to spend the received money on the project (ij = 1), or hide it;

The investor chooses:

– j ∈ {∅, 1, 2}: which entrepreneur to propose a contract to, if any;

– s ∈ [0, 1]: what share contract to offer to the chosen entrepreneur (where s is again the
part of the successful project returns that the entrepreneur gets);

Payoffs Entrepreneur j’s payoff is:

– if he has been offered a contract s and has accepted it:s, if he spends on project and project is good

δc, if he hides the money.

– In all the other cases the entreprenuer’s payoff is 0 (for example, if the investor has not
proposed a contract to him; or if he had been chosen, had spent the money on the project,
but the project has been of bad quality).

Investor’s payoff is:

– if he offered a contract s to the entrepreneur j ∈ {1, 2}1− s− c, if j does not hide the money and his project is good

−c, if j hides the money, and/or if j’s project is bad,

– in all the other cases the investor’s payoff is 0.
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Timing

1. Nature chooses the state of the world (ω1, ω2) according to P{ωj = 1} = αj,0.

2. The entrepreneurs simultaneously choose Bayes-plausible distributions of posteriorsG1,G2.

3. Nature chooses realizations over posteriors, α̂1 according to G1, and α̂2 according to G2.
Each realized posterior is observed by the investor and the correspondent entrepreneur.

4. The investor chooses which entrepreneur to offer the contract to, if any. The game ends,
if he chooses to work with nobody.

5. The investor makes a take-it-or-leave-it contract offer to the chosen entrepreneur. The
offer is the share offer s of how to split the future proceeds of the project, if any.

6. The entrepreneur, who is offered the contract, accepts or declines it. If he declines, the
game ends.

7. The investor transfers the investment sum c to the chosen Entrepreneur.

8. The entrepreneur chooses to spend the given money on the project or run away with it.

9. Players observe whether the project is successful or not. If it is, the split the revenue in
accordance with the contract.

Analysis With the timeline specified this way there is again a problem of absent proper
subgames. A transformation of the timeline, similar to the one described in the previous
section, can be applied. More specifically, let nature choose the state of the world after the
moves of players have been done, and let this choice be in accordance with the posteriors
realized before. This way backward induction can be applied.

Denote α̂j, j ∈ {1, 2} to be the realized posterior belief that the project of entrepreneur j
is good. Then:

• Consider the entrepreneur j who had been chosen by the investor and has agreed to the
offer s. Given the belief that this entrepreneur’s project is good, α̂j, and the share s, the
entrepreneur’s expected payoff from spending the money on the project is sα̂j. On the
other hand the payoff from running away with the money is δc. Whenever sα̂j > δc, the
entrepreneur is willing to spend the money on the project, and whenever sα̂j < δc he is
willing to run away with the money. In case of sα̂j = δc it can be shown using a standard
argument that it cannot hold in equilibrium that entrepreneur chooses to run away with
positive probability. Thus the entrepreneur j will choose to spend the transferred money
on the project if and only if sα̂j > δc.

• It is strictly dominant for the entrepreneur to whom the investor has made an offer s to
accept the offer, since the former can at least make δc > 0 from running away with the
money.
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• Suppose the investor has chosen to make an offer to the entrepreneur j. If the investor
makes an offer s < δc

α̂j
the entrepreneur will run away with the money which will result in

investor’s payoff −c. If the investor makes an offer s > δc
α̂j

the entrepreneur will spend the
money on the project and the investor’s expected payoff is (1− s)α̂j − c. Thus, investor’s
payoff from an offer s is I{s>δc/α̂j)}(1− s)α̂j − c, which is maximized at s = δc/α̂j.

• Investor, understanding that by choosing to work with the entrepreneur j, he will have a
payoff α̂j− (1+δ)c, compares α̂1− (1+δ)c with α̂2− (1+δ)c with zero. If max{α̂1, α̂2} <
(1 + δ)c the investor chooses not to invest into any project. Otherwise he chooses to
make an offer to the entrepreneur with a greater realized posterior, j = arg max{α̂1, α̂2}.
Assume throughout the rest of this part that in case of a tie between the entrepreneurs
the investor randomizes between the two with equal probabilities, if he wants to make an
offer at all.

For the analysis of the step at which the entrepreneurs choose the distributions of poste-
riors, let’s look at one of them, j. Fix entrepreneur j’s realized posterior α̂j. Then, given his
opponent k’s posterior distribution function Gk, j’s payoff can be written as:

V E
j (α̂j,Gk) = I{α̂j>(1+δ)c}

(
δcP{α̂k < α̂j|α̂j}+

1

2
δcP{α̂k = α̂j|α̂j}

)
,

where the probability is taken with respect to measure Gk, and conditional on j’s posterior
being equal to α̂j. The payoff cab be interpreted the following way. The entrepreneur can only
possibly get a positive payoff if belief about his project is greater than the threshold (1 + δ)c.
Every time he does get a positive payoff, that is, he is chosen by the investor, the expected
value of it is δc. Conditional on posterior being above the threshold the probability that j is
offered the contract is the probability that the opponent’s posterior is strictly smaller plus half
the probability that the posteriors are exactly the same.

With this in mind we can write down the entrepreneur j’s problem at the time he is choos-
ing the distribution of posteriors. Suppose he believes that k’s posteriors will be distributed
according to dGk. Then,

G∗j = arg max
Gj∈∆(∆{0;1})

∫ 1

0

V E
j (α̂j,Gk)dGj(α̂j)

s.t.∫ 1

0

α̂dGj(α̂) = α0.

The following two lemmas characterize the equilibrium choice of posterior distributions
by the two entrepreneurs. For the ease of exposition two sets of cases are distinguished: the
symmetric priors (α1,0 = α2,0), and heterogeneous priors (α1,0 > α2,0,W.L.O.G.).

Lemma 3.1. Suppose α1,0 = α2,0 = α0, and the investor breaks ties with equal probabilities.
Use for shorthand v = α0 +

√
α2

0 + (1 + δ)2c2. The equilibrium posterior distribution functions
are
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• for α0 ∈ (0, 1−(1+δ)2c2

2
),

Gα̂(x) =


(1+δ)c
v

, if x ∈ [0, (1 + δ)c)

x
v
, if x ∈ [(1 + δ)c, v)

1, if x > v

• for α0 ∈ [1−(1+δ)2c2

2
, 2−2(1+δ)c

2−(1+δ)c
),

Gα̂(x) =



(1+δ)c
v

, if x ∈ [0, (1 + δ)c)

x
v
, if x ∈ [(1 + δ)c, 2− v)

2−v
v
, if x ∈ [2− v, 1)

1, if x > 1

• for α0 ∈ [2−2(1+δ)c
2−(1+δ)c

, 1],

Gα̂(x) =

1− α0, if x < 1

1, if x > 1,

that is, the perfectly informative signal is chosen.

This proposition states the following. If the priors are in the “low” region, the distributions
of posteriors are going to have an atom at zero, no mass in the region (0, (1 + δ)c) (“not feasible
projects” region), and then, there is a region, at which the mass of posteriors is distributed
uniformly, until all mass is “used”.

If the priors are in “middle” region, the distributions are such that there are atoms at zero
and unit posteriors, and also there is a “uniform” part, which stretches from minimum feasible
level, (1+δ)c to some upper bound for this uniform part, α = 2−v = 2−α0−

√
α2

0 + (1 + δ)2c2.
This upper bound and 1 are distinct points, except for the case of v = α0+

√
α2

0 + (1 + δ)2c2 = 1.
Finally, if priors are “high” enough, the perfectly informative signals will be chosen.
It is relatively quick to check that the specified distributions contribute equilibria, when

chosen by both entrepreneurs. Two conditions need to be checked: that when distributed with
respect to the specified CDFs, expected values of posteriors are equal to the prior α0; and
that an entrepreneur can do no better, when the choice of his opponent is as described in the
proposition.

Checking the first condition is a matter of going through the algebra21.
The second condition is satisfied because of the following logic. Consider the “low” priors

case. If the opponent’s (k’s) posteriors are distributed with respect to Gα̂, “my” (j′s) payoff,
as a function of “my” posterior realization, α̂, is

21“Low” priors case:
∫ 1

0
xdGα̂ = 0× P{α̂ = 0}+

∫ v
(1+δ)c

x 1
vdx = 1

2

x2|v(1+δ)c
v = 1

2
v2−(1+δ)2c2

v = 1
2
2α0v
v = α0.

“Medium” priors case:
∫ 1

0
xdGα̂ = 0×P{α̂ = 0}+

∫ 2−v
(1+δ)c

x 1
vdx+1× 2v−2

v = 1
2

x2|2−v
(1+δ)c

+4v−4
v = 1

2
v2−(1+δ)2c2

v = α0
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V E
j (α̂j,G) =


0, if α̂j < (1 + δ)c

δc
α̂j
v
, if α̂j ∈ [(1 + δ)c, v]

δc, if α̂j > v.

It can be seen that on the subset {0}∪ [(1+δ)c, v] = {0}∪ [(1+δ)c, α0 +
√
α2

0 + (1 + δ)2c2]

the payoff is linear with respect to “my” realized posterior. Also, the highest value of payoff is
attained at α̂j = v = α0 +

√
α2

0 + (1 + δ)2c2, and the payoff does not increase after that. Hence,
entrepreneur j is indifferent between all the Bayes-plausible distributions of posteriors with the
support which is a subset of {0} ∪ [(1 + δ)c, v]. The distribution specified as an equilibrium
distribution is among such distributions: is Bayes-plausible, and has all the mass distributed
in {0} ∪ [(1 + δ)c, v].

Entrepreneur j choosing himself the distribution specified above in turn makes entrepreneur
k also indifferent between all Bayes-plausible distributions with a support being a subset of
{0} ∪ [(1 + δ)c, v]. Hence, a pair of such distributions constitute an equilibrium.

For the “medium” posteriors case, similar logic holds. One can write down entrepreneur
j’s payoff from an arbitrary realized posterior when his opponent, entrepreneur k, chose the
distribution specified in the proposition above:

V E
j (α̂j,G) =



0, if α̂j < (1 + δ)c

δc
α̂j
v
, if α̂j ∈ [(1 + δ)c, 2− v)

δc2−v
v
, if α̂j ∈ [2− v, 1)

δc 1
v
, if α̂j = 1,

where, when computing the payoff for the case α̂j = 1, one would need to take into account
that since it is a mass point, there is a positive probability that the investor will randomize his
choice of entrepreneur. It again can be noticed that in the subset {0} ∪ [(1 + δ)c, 2− v] ∪ {1}
j’s payoff is linear with respect to α̂j. The payoff in the interval (2− v, 1) is not greater than
the payoff evaluated at the lower bound of this interval. Hence, entrepreneur j is indifferent
between Bayes-plausible distributions with a support ⊆ {0}∪ [(1 + δ)c, 2− v]∪{1}. This leads
to the distribution specified in the proposition statement being an equilibrium one.

Figures 4 and 5 below are illustrative of the arguments above:
As for the “high” priors case, since the proposition states that the “precise” signal is an

equilibrium, entrepreneur j’s payoff when k is employing the “precise” signal is

V E
j (α̂,G) =


0, if α̂ < (1 + δ)c

δc(1− α0), if α̂ ∈ [(1 + δ)c, 1)

δc(1− α0/2), if α̂ = 1.
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α̂
0

Gα̂,V Ej × δc

Gα̂

V Ej × δc

concavification

v(1 + δ)c α0

(1+δ)c
v

1

Figure 4: Posterior Distribution and Payoff, “low” priors

α̂
0

Gα̂,V Ej × δc

Gα̂

V Ej × δc

v(1 + δ)c α0

(1+δ)c
v

1

Figure 5: Posterior Distribution and Payoff, “medium” priors

29



One can check that for the range of priors specified as “high” in the proposition statement, the
point ((1 + δ)c, δc(1 − α0)) lies beneath the straight line which connects the points (0, 0) and
(1, δc(1− α0/2)). Hence, choosing the precise signal is optimal.

Consider now the case of asymmetric priors, α1,0 6= α2,0. Without loss of generality, assume
α1,0 > α2,0. Use also the shorthand r .

= (1 + δ)c.
In order to make the statement of the proposition below more comprehensible, divide the

triangle {(α1,0, α2,0) ∈ (0, 1]2|α1,0 > α2,0} into the six regions as follows:

• A : α1,0 ∈ (α2,0,
√
α2

2,0 + r2], α2,0 ∈ (0, 1−r2
2

]

• B : α1,0 ∈ (α2,0,
√
α2

2,0 + r2], α2,0 ∈ (1−r2
2
, 2−2r

2−r ]

• C : α1,0 ∈ (
√
α2

2,0 + r2, 1+r2

2
], α2,0 ∈ (0, 1−r2

2
]

• D : α1,0 ∈ (max{1+r2

2
,
√
α2

2,0 + r2}, 2−2r+r2

2−r ], α2,0 ∈ (0, 2−2r
2−r ]

• E : α1,0 ∈ (2−2r+r2

2−r , 1], α2,0 ∈ (0, 2−2r
2−r ]

• F : α1,0 ∈ (α2,0, 1], α2,0 ∈ [2−2r
2−r , 1].

Refer to figure 6 for graphic depiction of the regions.
Use also the following notation: V = α2,0 +

√
α2,0 + r2, V2 = α1,0 +

√
α2

1,0 − r2 , V1 =

0
0

1−r2
2

2−2r
2−r

1
0

√
α2

2,0 + r2

1+r2

2

2−2r+r2

2−r

1

A

BC

D

E F

α2,0

α1,0

Figure 6: Division of regions of priors

α1,0

α2,0
V2 − r2

α2,0
.

Lemma 3.2. Suppose α1,0 > α2,0. Then, depending on the region, the equilibrium distributions
of posteriors are:
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• In A:

G2(x) =


r
V
, if x ∈ [0, r)

x
V
, if x ∈ [r, V )

1, if x > V

G1(x) =


r
V
− α1,0−α2,0

r
, if x ∈ [0, r)

x
V
, if x ∈ [r, V )

1, if x > V

• In B:

G2(x) =



r
V
, if x ∈ [0, r)

x
V
, if x ∈ [r, 2− V )

2−V
V
, if x ∈ [2− V, 1)

1, if x = 1

G1(x) =



r
V
− α1,0−α2,0

r
, if x ∈ [0, r)

x
V
, if x ∈ [r, 2− V )

2−V
V
, if x ∈ [2− V, 1)

1, if x = 1

• In C:

G2(x) =


r+V1−V2

V1
, if x ∈ [0, r)

x+V1−V2
V1

, if x ∈ [r, V2)

1, if x > V2

G1(x) =


0, if x ∈ [0, r)

x
V2
, if x ∈ [r, V2)

1, if x > V2

• In D:

G2(x) =



r+V1−V2
V1

, if x ∈ [0, r)

x+V1−V2
V1

, if x ∈ [r, 2− V2)

2−V1−2V2
V1

if x ∈ [2− V2, 1)

1, if x = 1

G1(x) =



0, if x ∈ [0, r)

x
V2
, if x ∈ [r, 2− V2)

2−V2
V2

, if x ∈ [2− V2, 1)

1, if x = 1

• In E: Entrepreneur 1 will split all the mass between the points r and 1 (“shaded” signal
from section 1), and Entrepreneur 2 will choose the precise signal

• In F: Both Entrepreneurs will choose the precise signal

From this lemma follows that the only region with multiple equilibria is on the borders of
E and F, and B and F; that is where α2,0 = 2−2r

2−r , and α1,0 ∈ [2−2r
2−r , 1].

In order to see how these equilibria were found, and why this is a complete characterization,
an analogy can be made between the original subgame on one side, in which the entrepreneurs
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choose distribution of posteriors, fixing further equilibrium behavior of the investor and en-
trepreneurs, and an all-pay auction with a reserve price and bid cap. This approach is similar
to the one used by Sahuguet and Persico (2006). For the analysis of all-pay auctions with bid
caps please refer to Che and Gale (1998).Siegel (2014) provides the analysis for the case of
all-pay auctions with the reserve price.

The analysis is carried out in D.
Important take away from the characterization of equilibrium distributions over posteriors

is the following:

Proposition 3.1. Assume α1,0 > α2,0. There exists equilibrium where the both entrepreneurs
choose the precise experiment if and only if the lower entrepreneur’s prior quality is high enough:
α2,0 >

2−2(1+δ)c
2−(1+δ)c

. Moreover, if the inequality is strict such equilibrium is unique.
If α2,0 < 2−2(1+δ)c

2−(1+δ)c
, only the second entrepreneur may prefer the precise experiment in equi-

librium. This happens only if and only if first entrepreneur’s quality is high enough: α1,0 >
2−2(1+δ)c+(1+δ)2c2

2−(1+δ)c

Other interesting take aways from the two lemmas above concern comparative statics of
informativeness measures in response to changes in prior beliefs. The first of them might seem
more intuitive:

Corollary 2. Each entrepreneur’s distribution over posteriors is increasing in the FOSD22

sense with respect to this entrepreneur’s own prior.

Since entrepreneur’s own prior belief about the quality of the project is exactly the expected
value of the distribution over posteriors, it would be natural to anticipate that as the expectation
increases, the distribution itself becomes more “rewarding”. However a strong result as FOSD
would not be guaranteed. To see that the statement is true notice that for symmetric priors case
the term α0 enters the expressions for the CDF either with a positive sign in the denominator,
or with a positive sign in the denominator and a negative sign in the numerator. The same
applies to α1,0 and the expressions for G1, and to α2,0 and G2 in the zones A and B.

Another result can seem less anticipated:

Corollary 3. Each entrepreneur’s distribution over posteriors is becoming Blackwell more in-
formative with respect to increasing prior of the competitor.

This result once again stresses the importance of both the presence of competition, and
high level of competition, for the high informativeness, which in turn implies higher profitability
and less investment capital wasted.

To see why the result is true it is first worth to note that as αj,0 is increasing, Gk,0, k 6= j

is decreasing in the SOCD-sense23. This means that the amount of “information” that the
distribution over posteriors carries is more spread around the same mean24. To see why the
SOSD result is true, note that either expression for “own” CDF does not depend directly on

22First Order Stochastic Dominance
23the distribution Gk,0 for a higher value αj,0 is Second Order Stochastically dominated by that distribution

for a lower value of αj,0
24or, in other words, SOSD and Blackwell more informativeness are inversely related
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the value of the prior of the other player (G2 in zones A,B,E,F; G1 in zones C,D,E,F), or that
prior enters the expression as an increasing term in the numerator and a decreasing term in
the denominator , or both (G2 in zones C,D;G1 in A,B), for values of argument below some
threshold. This means that for low values of argument the CDF increases, implying, through
single crossing, that

∫ t
0
G“new′′
j (t)dt >

∫ t
0
G“old′′
j (t)dt,∀t ∈ [0, 1], as desired.

As for the extent of moral hazard problem, and the investment cost, represented by δ, and
c, respectively, the informativeness is not monotone in response to changes in those parameters.
This can be seen, for example, by the fact that the lower threshold for the value of α1,0 in order
for the second only entrepreneur to choose the precise experiment, is not monotone in those
parameters: 2−2r+r2

2−r = 2−2(1+δ)c+((1+δ)c)2

2−(1+δ)c
. However, definite conclusion can be stated for the

symmetric case α1,0 = α2,0 = α0:

Corollary 4. Suppose the entrepreneurs are ex-ante symmetric: α1,0 = α2,0 = α0. Then the
individual distribution over posteriors is becoming Blackwell more informative with respect to
the increasing cost of investment and/or extent of the moral hazard problem.

The following observations allow to make this conclusion. For the cases that not the precise
experiment is chosen in equilibrium25 the mass at zero, (1+δ)c

α0+
√
α2
0+(1+δ)2c2

, is increasing in either

δ and/or c26. So, the distribution for higher values of either of δ and/or c is dominated by that
for lower values. And as the δ and c parameters increase, α0 has to cross smaller thresholds for
there to appear an atom at 1, and for the precise experiment to be the equilibrium.

Plots of CDFs 7 and 8 provide graphic visualization of distribution changes in response to
the change in cost of investment, c.

Results interpretation Overall, the analysis for the competing entrepreneurs tells us that
the presence of some good projects in the economy might not be enough for the efficient
investments to take place. The good projects need also to face serious competitors in order to
generate more information. The economy with rare extremely good ideas (unicorns) may be
subject to inefficient amounts of project failures due to lack of information.

Another way to look at the version of the model with competing entrepreneurs is to
draw parallels to start-up accelerators, like Y-Combinator. In start-up accelerators batches
of entrepreneurs work on their project with financial aid from the accelerator organizers for a
fixed term, usually the length of semester. The semester concludes with the presentation day,
where the most impressive projects are usually picked by the investors. The model tells us how
important it is to have a competitive environment in settings like start-up accelerators for the
entrepreneurs’ performance throughout the semester to be somewhat impressive.

25α0 <
2−2(1+δ)c
2−(1+δ)c

26The derivatives are α0c

α0(α0+
√
α2

0+(1+δ)2c2)+(1+δ)2c2
, and α0(1+δ)

α0(α0+
√
α2

0+(1+δ)2c2)+(1+δ)2c2
, respectively.
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Gα̂, “old” c

Gα̂, “new” c

v(1 + δ)c α0

(1+δ)c
v

1

Figure 7: Distribution over posteriors, “low” symmetric priors, increase of c
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Figure 8: Distribution over posteriors, “medium” symmetric priors, increase of c
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Equilibrium distributions: discussion

Let us first look at the symmetric case (α1,0 = α2,0 = α0). In the “low” priors region27,
the distribution is characterized by an atom at zero, no mass in (0, (1 + δ)c), and continuously
uniformly distributed mass in [(1+δ)c, α0 +

√
α2

0 + (1 + δ)2c2]28. The fact that there is no mass
between 0 and (1 + δ)c has a simple reasoning. Recall that (1 + δ)c is the minimal level of a
priori quality of the project for it to be feasible to get financed. Hence, allowing for posteriors
below (1 + δ)c would be wasteful as long as they implicitly “cost” something to the information
designer, here - the entrepreneur. This implicit cost of non-zero posteriors is the opportunity
cost of the probability mass, which could have been spent on higher posteriors. Absence of
mass in the interior of (0, (1 + δ)c) is universal for all equilibrium posterior distributions. Note
also how in this region the upper bound of the support is increasing in the value of the prior
α0. This happens until the upper bound of the support hits the value of 1. This is where
α0 = 1−(1+δ)2c2

2
= 1−r2

2
, which give the bounds for “low” prior region. After α0 passes this value,

there appears an atom at 1 and a gap between the “uniform” part of the distribution and 1. The
expression for the upper bound of “uniform” part becomes 2− v = 2− α0 −

√
α2

0 + (1 + δ)2c2

for the “medium” priors region. Now, in the “medium” priors region the “uniform” part shrinks
in the value of prior α0.

Switching to a non-symmetric case of α1,0 > α2,0. Regions A and B are somewhat similar
to “low” and “medium” priors regions of the symmetric case, respectively. The general shape of
posterior distributions is similar for the two entrepreneurs. Both have an atom at zero, a gap,
“uniform” region, and an atom at unit posterior, for higher α2,0. The general shape in regions
A and B is determined by the value of α2,0. Thus, values of both CDFs, G1 and G2, at (1 + δ)c

is equal to (1+δ)c

α2,0+
√
α2
2,0+(1+δ)2c2

. Then, the “uniform” region spans from (1 + δ)c to a minimum of
(1+δ)c

α2,0+
√
α2
2,0+(1+δ)2c2

and 2− (1+δ)c

α2,0+
√
α2
2,0+(1+δ)2c2

for the both distributions. The difference between

the two distributions in the A and B regions is that the higher prior 1st entrepreneur has a
lower mass at the zero atom, which he redistributes to an atom at (1 + δ)c. The probabilities
of a zero and (1 + δ)c posteriors for the first entrepreneur is (1+δ)c

α2
2,0+
√
α2
2+(1+δ)2c2

− α1,0−α2,0

(1+δ)c
and

α1,0−α2,0

(1+δ)c
, respectively. Note, how as the difference α1,0 − α2,0 increases, the probability of zero

posterior decreases and that of (1 + δ)c increases. However, as long as α1,0 is not far enough
from α2,0, that is as long as α1,0 is below the line of

√
α2

2,0 + (1 + δ)2c2, 1st entrepreneur’s
distribution is not different from 2nd entrepreneur’s distribution. Above that line, in regions C
and D, it is α1,0 that determines the general shape for entrepreneur 1 and both priors determine
G2. In C and D, the higher prior entrepreneur has no mass until the “cutoff” feasible posterior
(1 + δ)c, a uniform region, and, in D, the unit atom. The distribution of second entrepreneur
has an atom at zero, instead of an atom at (1+δ)c. The uniform region is common for the both
entrepreneurs. The upper bound for uniform region is increasing in the value of α1,0 until this

27i.e. such that α0 ∈ (0, 1−(1+δ)
2c2

2 ], adjacent to region A on the graph 6
28As before, we will sometimes use the notation V = α0 +

√
α2
0 + (1 + δ)2c2
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bound hits 1, and then it decreases in α1,0
29. Eventually, as the upper bound of the “uniform”

region hits (1 + δ)c, the distributions become dichotomous. If there was an atom at (1 + δ)c

for entrepreneur 1, there remains an atom at this value (as we go from D to E). And if there
was an atom at 0, instead, there remains this atom (as we go from B to F).

The intuition behind the distributions is the following. The atoms (and their sizes) at 0

or (1 + δ)c ensure that opponent’s payoff is linear at 0∪ ((1 + δ)c, (1 + δ)c+ ε). The “uniform”
parts ensure that the opponent’s payoff is linear in this region. Finally, the atoms, and their
sizes, at 1, if any, are to ensure linearity at the “tie”-point.

3.1 Equilibrium payoffs and parameter changes

Given the equilibrium distributions over posteriors it is a matter of computation to derive
the expressions for equilibrium payoffs. The reader can refer to E.3 where the expressions are
provided.

The picture of the investor’s payoff plotted against α1,0 > α2,0 is useful: An interesting

takeaway is the following. In A and B the investor’s payoff is increasing in α0, and locally
constant in α1,0. This is because all the additional “resources” that the first entrepreneur has,
he spends in theses zones on the posterior (1 + δ)c, which brings zero to the investor. However,
in C and D investor’s payoff is increasing in values of both priors.

Note also that in C and D investor’s payoff is increasing in α1,0 faster than in α2,0. So, if
we fix the “gross” quality of the projects, α1,0 + α2,0, and start from the diagonal α1,0 = α2,0 in
the “low” or “medium” priors zone, will move along the diagonal α1,0 = constant − α2,0, first,
investor’s payoff is going to decrease. Then, as when the line α1,0 =

√
α2

2,0 + (1 + δ)2c2 will be
crossed, the investor’s payoff will start increasing. This leads to an interesting phenomenon.
Depending on the value of (1 + δ)c, if it is low enough, it can be that the investor’s payoff from
α1,0 = τ, α2,0 = 0 can be greater than from α1,0 = α2,0 = τ/2.

29the exact expression for the bound is min{α1,0 +
√
α2
1,0 − (1 + δ)2c2, 1− α1,0 +

√
α2
1,0 − (1 + δ)2c2}
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3.2 Multiple symmetric entrepreneurs

Consider the case of there being N ∈ N,> 2 entrepreneurs with symmetric prior proba-
bilities of high-quality projects: αj = αk, i, j ∈ {1, 2, . . . , N}. I am interested in the properties
of symmetric equilibrium, analogous to the one, observed in the case with the two symmetric
entrepreneurs: an atom at 0, continuously distributed mass above (1+δ)c and/or an atom at 1.
For such distributions of posteriors to be part of equilibrium, payoffs of entrepreneurs must be
linear on the support of distribution over posteriors, except 1, and below that linear function
everywhere else.
Denote entrepreneur j’s CDF of distribution over posteriors Gj = G. Denote by G̃j =

P{maxk∈{1,...,N}\{j} α̂k 6 x} =
∏

k 6=j Gk = GN−1. If there is no atom at 1, it must hold
that:

G̃(x) =

γ × (1 + δ)c, if x ∈ [0, (1 + δ)c),

γ × x, if x ∈ [(1 + δ)c, ᾱ]

G(x) = G̃(x)
1

N−1

G(ᾱ) = 1⇒ γ = 1/ᾱ

Eα̂ = α0 ⇒
∫ 1/γ

(1+δ)c

xdG(x) =

∫ 1/γ

(1+δ)c

1

N − 1
γ

1
N−1x

1
N−1dG(x)

=
1

N
γ

1
N−1

(
γ−

N
N−1 − [(1 + δ)c]−

N
N−1

)
= α0

1

γ
− γ

1
N−1 [(1 + δ)c]−

N
N−1 = Nα0

Recall that ᾱ = 1/γ. Notice that the LHS of the last equation above is decreasing in γ. We
are interested in the value of the prior expectation for which there appears an atom at 1. This
happens when α0 = γ = 1, which in turn happens when 1− [(1+ δ)c]

N
N−1 = Nα0. From that we

can conclude that the greater the number of entrepreneur there is, the smaller the prior about
the quality has to be for there to be an atom at the posterior 1.
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If there is an atom at the posterior 1 the following conditions must hold:

G̃(x) =



γ × (1 + δ)c, if x ∈ [0, (1 + δ)c),

γ × x, if x ∈ [(1 + δ)c, ᾱ],

γ × ᾱ, if x ∈ (ᾱ, 1)

1, if x = 1

G(x) = G̃(x)
1

N−1

1− G̃(ᾱ)

N(1− ᾱ)
= γ ⇒ 1− γᾱ

N(1− ᾱ)
= γ ⇒ γ =

1

N − (N − 1)ᾱ

Eα̂ = α0 ⇒
∫ ᾱ

(1+δ)c

xdG(x) + 1× (1− γᾱ) =

∫ ᾱ

(1+δ)c

1

N − 1
γ

1
N−1x

1
N−1dx+ (1− γᾱ)

=
1

N
γ

1
N−1

(
ᾱ

N
N−1 − [(1 + δ)c]

N
N−1

)
+ (1− γᾱ) = α0

It might be of interest to establish the condition for which ᾱ becomes (1 + δ)c so that the
preferred experiments become precise. Using also the expression for γ in terms of ᾱ, γ in this
case is 1

N−(N−1)(1+δ)c
, so:

(
1− (1 + δ)c

N − (N − 1)(1 + δ)c

)
= α0

N(1− (1 + δ)c)1

N − (N − 1)(1 + δ)c
= α0.

In the expression above the LHS is decreasing in N . So, for larger N there is a smaller threshold
that the prior belief about the quality has to cross for there to be the precise information.

4 Conclusion

I have studied the environment in which the uninformed entrepreneur can generate in-
formation about his project. The information generation takes the form of the experiment
revealing the quality of the project with some precision. Generating more information in this
setting is the same as designing a more precise experiment. Experiment outcome is publicly
observed before the negotiations with the investor about financing terms takes place. The post-
contractual interaction of the entrepreneur and investor is subject to moral hazard problem. It
takes the form of the entrepreneur being able to run away with the investment money. I am
interested in incentives of the entrepreneur for choosing more precise experiments. I consider
two settings: the one in which the single entrepreneur negotiates the terms directly with the
only investor; and the one in which the entrepreneur faces the competition for the funding from
a rival entrepreneur.

In a setting of direct one-on-one negotiations the degree of informativeness depends on
the relative forces of the two conflicting interests of the entrepreneur. On the one hand, the
entrepreneur wants to get the project financed as often as possible. On the other hand, he would
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like to make the expected surplus from the project as large as possible whenever the project is
financed. In the extreme case of the entrepreneur being the residual claimant of project returns
the second force prevails: the less there is uncertainty about returns to the investment cost,
the less interest the entrepreneur has to pay to the investor. In the other extreme case of the
investor being the residual claimant, the entrepreneur gets only enough compensation to make
him not run away with the money.Hence, the entrepreneur only wants to generate just enough
information that he would get financed in the events of favorable news about the project.
Generating more information will result in decreasing the frequency of favorable information
without increasing the contingent payoff. In particular, if the entrepreneur’s project is such
that it allows for external financing without any new information, then the entrepreneur might
choose not to generate any information.

At some intermediate level of entrepreneur’s bargaining power the two forces behind en-
trepreneur’s incentives balance each other. In this case the entrepreneur who can get financed
without new information still chooses to generate some information, although not as much as
in the case of being the residual claimant.

In the setting where an entrepreneur faces a direct competition it is natural to assume
the investor, who is on the short side of the market, having all the bargaining power. In
this case the entrepreneur only cares about the probability of getting financed. But now the
probability of getting the funds is being challenged by the mere presence of the competitor.
The presence of competitor forces the entrepreneur to generate some information. This way
the entrepreneur gets the investment money whenever information about his project is more
favorable than the information about the competitor’s one. Therefore, the stronger the threat
from the competitor is, the better the news about the entrepreneur’s project will have to be.
After a certain threshold in the rival’s project quality, the entrepreneur prefers the information
which perfectly reveals the quality of his own project.

The results of the model have straightforward real life implications. The bargaining power
of a party is often associated with the tightness of market on the side, opposite to that party.
Hence, it is natural to think that in the environment with investment money concentrated
within the hands of a few venture capitalists the startup entrepreneurs expect to have a smaller
role during negotiations about the funding terms. Hence, before stepping into the negotiations
they may care less about the quality of their project in the instances it gets financed and more
about the fact of getting financed. This reduces the amount of information they generate. As
a result, more risky projects will be financed, some of which are going to fail. So, the setting
with several dominating venture capitalists are likely to lead to more project failures than the
setting with more numerous and smaller investors.

Another dimension with which the cost of investment money may vary is the business
cycle. During the booms the economies are abundant with money, as are the investors. During
the busts fever investors are looking for new projects. Lack of supply of investment capital can
make entrepreneurs pessimistic about their bargaining power, which will reduce incentives to
generate information. As a result, those few investments which are made are more likely to
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be failures due to insufficient information. This can be the bust phase worse and lead to the
vicious circle dynamics.

A regime of the model in which the entrepreneurs compete directly with each other may also
create vicious circles. Recall that the amount of information is only efficient if the competitors
have better projects in expectation. This way economies with abundance of mediocre startup
ideas are going to suffer for two reasons: not only are the ideas not good enough, those which are
eventually invested into are going to fail more often than in the economies with high competition
quality.

A possible way for future research would be to try to incorporate a richer structure of
the two sides market, entrepreneurs and investors. Allowing for finite or countable number
of agents on both sides possibly with dynamic arrival and exiting could give a foundation for
the bargaining power parameter. Alternatively, with continuous masses of agents on the two
sides, and heterogeneity of agents, directed or undirected search can be introduced. So far, my
attempts to introduce reacher market structure have lead to the loss of tractability of analysis.

Another direction of research is to allow an arbitrary set of possible returns to the project,
not bound by the tree possible returns, as in E.3. Allowing for continuous distributions over
returns conditional on the investment effort level might allow for richer information structures
and their response to changes in parameters.

Finally, it would be interesting to look at how incentives to generate more or less informa-
tion change in the competition version of the model, as the qualities of entrepreneurs’ project
become correlated. On the one hand, for positively correlated projects, bad news for “own”
project also mean bad news for competitor’s project, but on the other, good news for “own”
project may benefit the belief about the competitor’s project. The assumption of correlated
quality is justifiable for start-ups withing the same subcategory when there is some aggregate
uncertainty about the possibility of success for this particular subcategory in general.

A Alternative specification of timeline

The timeline specified in the main body of paper presents the following challenge: with
the nature choosing in the first step the type of the project and with the agents not observing
it there are no proper subgames in this game: at every decision node both agents do not know
what has the nature choicen. Absence of proper subgames precludes from using the backward
induction and solving for Subgame Perfect Nash Equilibria, which is a natural solution concept
given the dynamics of two agents’ interaction and absence of asymmetric information.

An alternative timeline can be stated however. In this timeline let nature choose the real-
ization of the signal before choosing the state of the project. Let also this choice be consistent
with total probabilities of each signal. Then let the nature choose the quality of the project
after the agents have made all their decisions, and let also the probability of nature choosing
the project to be consistent with the probabilities conditional on the realized signal. Though
somewhat artificial at first sight, in a timeline like this and in the original timeline the projects
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will be of high quality with the same frequency. And new timeline allows to use the backward
induction to find the Subgame Perfect Nash Equilibria. The exact timeline is:

1. E chooses the conditional probabilities, (x, y) ∈ [0, 1]2

2. Nature chooses signal realization according to P{“high”} = α0 × x + (1 − α0) × y. The
signal is observed by both players

3. The entrepreneur chooses the terms of contract to offer to the investor

4. The investor accepts or declines the offer

• Game continues if the investor accepts the offer

5. E can either hide a share δ of the sum c transfered to him or spend the whole amount on
the project

6. Nature chooses the type of the project, good or bad, with the respective probabilities
being in line with posterior probabilities conditionally on the realized signal

7. Players observe whether the project is successful or not

• If it is, the share the revenue in proportions (sE, 1− sE).

In the main body of the text the backward induction is actually applied to this alternative
specification of timeline. For the case of the investor making a take-it-or-leave-it offer the
alternative timeline is

1. E chooses x and y

2. Nature chooses signal realization, observed by all

3. The investor chooses whether to make an offer or not, the game continues if he does

4. The investor chooses the share contract to propose

5. The entrepreneur accepts or declines the offer

• Game continues if the entrepreneur accepts the offer

6. E can either hide a share δ of the sum c transfered to him or spend the whole amount on
the project

7. Nature chooses the type of the project, good or bad, with probabilities consistent with
the realized signal

8. Players observed whether the project is successful or not

• If it is, they share the revenue in proportions (sI , 1− sI).
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B Optimal experiments in the one entrepreneur and one

investor model

B.1 Entrepreneur makes a take-it-or-leave-it offer

Suppose that the entrepreneur is facing a reacher than before problem at the stage pre-
ceding contract negotiations. Let him choose a finite space of experiment realizations, S, and
for each state of the world ω ∈ {bad, good} a conditional distribution on the space of experi-
ment realizations: {P{s|ω}}s∈S. Note that in the main body of the text for the case of single
entrepreneur, he is only allowed to choose the two families of conditional distributions for a
fixed realization space, S = {low, high}.

Recall that for each value of the posterior we know what the consequent payoff of the
entrepreneur will be, since the subgame equilibrium outcome is unique. Hence, we can write
it down as a function of the posterior value, denoting it V E(α̂). So the problem that the
entrepreneur faces at the beginning of the game can be writted down as

V E∗(α0) = max
∑
ω

(∑
s∈S

V E

(
P{s|ω} × P{ω}∑
ω′ P{s|ω′} × P{ω′}

)
P{s|ω}

)
P{ω} =

max(1− α0)
∑
s∈S

V E

(
(1− α0)P{s|bad}

α0P{s|good}+ (1− α0)P{s|bad}

)
+ α0

∑
s∈S

V E

(
α0P{s|good}

α0P{s|good}+ (1− α0)P{s|bad}

)
,

where V E∗ is the expected payoff of the entrepreneur from the optimal experiment.
Using the results of Kamenica and Gentzkow (2011), the problem described above is

equaivalent to the one, where the entrepreneur chooses the finite discrete distribution over poste-
rior beliefs,G ∈ ∆(∆(Ω)) which is Bayes-plausible, i.e. such that EGα̂ =

∑
α̂:g(α̂)>0 α̂g(α̂) = α0,

where g is the correspondent probability mass function. The problem can be written down as:

V E∗(α0) = max
{α̂|g(α̂)>0},g

∑
α̂:g(α̂)>0

V E(α̂)g(α̂)

s.t.

g : [0, 1]→ [0, 1] non-decreasing∑
α̂:g(α̂)>0

g(α̂) = 1

∑
α̂:g(α̂)>0

α̂g(α̂) = α0.

Another result from Kamenica and Gentzkow (2011) states the following

V E∗(α0) = sup{x|(x, α0) ∈ co(V E)},
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where co(V E) is the convex closure of the graph of entrepreneur’s payoff from the posterior
belief. In other words, V E∗ is the least concave function, which is weakly greater than V E.
Aumann et al. (1995) call the result of applying such operator to a function its concavification.
So, in order to determine the optimal distribution of posteriors one can first find the value from
this optimal distribution. For that we would need to find the concavification of V E(α̂).

Since the original function is a piecewise linear function, its concavification is also a piece-
wise linear function. In this particular case of the entrepreneur making a take-it-or-leave-it
offer it actually can be seen that the function that we are looking for is the linear function
connecting the two points, (0, 0) and (1, β(1− c)). This function is expressed as

V Linear(α̂) = (1− c)α̂.

Check that this is indeed the lease concave majorant. Being linear, it is concave. The values of
this linear function and of the payoff function coincide at the end-points, at α̂ = 0 and at α̂ = 1.
Thus, any function below this linear function will either fail to be concave, or fail to be weakly
above the payoff function. Figure 9 provides the graphic illustration. A simple intermediate

α̂, α0
0

Payoff

1− c

1

δc

(1 + δ)c

Linear function

Payoff from α̂

Figure 9: Entrepreneur makes a TIOLI-offer: The straight line is the least concave majorant

result can be stated

Lemma B.1. Consider the case of entrepreneur making a take-it-or-leave-it offer and the cor-
respondent entrepreneur’s payoff function from the realized posterior
V E(α̂) = (α̂− c)×I{α̂>(1+δ)c}. Then the concavification of V E(α̂) is a linear function V Linear(α̂) =

α̂(1− c)

Once the concavification of V E(α̂) has been established, the support of the optimal distri-
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bution over posteriors can be deduced. The support of posteriors which allows for the ex-ante
expected value to be on the linear function are the end-points, 0 and 1. Indeed, if only the
two beliefs, 0 and 1, are the possible outcomes after observing the results of the experiment, it
should hold that the posterior α̂ = 1 should occur with frequency α0 and the posterior α̂ = 0

- with frequency 1 − α0, in order for Bayes-plausibility to hold. When the belief is α̂ = 1 the
subgame equilibrium payoff of the entrepreneur is 1− c, when belief is α̂ = 0 the payoff is zero.
On average the entrepreneur gets α0×V E(1)+(1−α0)×V E(0) = α0× (1−c), which is exactly
the value of linear function V Linear(x) = (1− c)× x evaluated at the prior (x = α0).

These observations help to establish the following:

Lemma B.2. If the entrepreneur has the ability to choose arbitrary Bayes-plausible distribution
of posteriors and makes a take-it-or-leave-it offer to the investor, he chooses the distribution of

the posteriors to be

0 with probability 1− α0

1 with probability α0

After establishing this, it is easy to see that the two-outcome precise experiment, i.e.
the one for which the high outcome only happens in the good state of the world and the
low outcome only happens in the bad state of the world leads exactly to the distribution of
posteriors described above. Indeed, setting x = 1 and y = 0, the high outcomes happens with
ex-ante probability α0×x+ (1−α0)× y = α0 and leads to the posterior belief P{good|high} =

α0×x
α0×x+(1−α0)×y = 1, whereas the low outcomes happens with probability α0× (1−x)+(1−α0)×
(1− y) = 1− α0 and results in the posterior belief of P{good|low} = α0×(1−x)

α0×(1−x)+(1−α0)×(1−y)
= 0,

exactly as desired by the entrepreneur in this case.

B.2 Investor makes a take-it-or-leave-it offer

α̂, α0
0

Payoff

δc

(1 + δ)c 1

Value of the precise signal

Value of the shaded signal

Payoff from α̂

Figure 10: Investor makes a take-it-or-leave-it offer
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It can be seen that in case of the investor making a take-it-or-leave-it offer the subgame30

equilibrium entrepreneur’s payoff, is a two-piece linear function, consisting of two “flat” parts.
It takes the value of 0 for α̂ ∈ [0, (1 + δ)c) and the value of δc for α̂ ∈ [(1 + δ)c, 1]. So the
function drawn with the magenta line on the figure is the concavification we are looking for.
The algebraic expression for that function is

V 2-part linear(α̂) =
δ

(1 + δ)
α̂× I{α̂<(1+δ)c} + δc× I{α̂>(1+δ)c}.

Note that for values of the prior belief α0 below (1 + δ)c the entrepreneur would like to choose
a signal inducing beliefs 0 and (1 + δ)c. Such signal would yield an ex-ante expected payoff on
the magenta line.

For values of the prior α0 above the threshold (1 + δ)c the entrepreneur is indifferent
between any bayes-plausible signals, which induce the support of posteriors ⊆ [(1 + δ)c, 1],
since any such signal would result in the expected payoff of δc. Note also that a signal, any
result of which will not reveal any new information, so the support of posteriors for it is just
α0, can also be chosen. So, the entrepreneur does not have strong incentives to reveal any new
information if the prior α0 is high enough.

Call a bayes-plausible signal a shaded signal, if: the induced support of the posterior beliefs
consists of two points, one of the points is always (1 + δ)c and the other points is the extreme
belief (0 for α0 < (1 + δ)c, 1 for α0 > (1 + δ)c).

The following results holds:

Lemma B.3. If the entrepreneur has the ability to choose arbitrary Bayes-plausible distribution
of posteriors and but the investor makes a take-it-or-leave-it offer after they observe the posterior
realization, the entrepreneur with α0 < (1 + δ)c prefers the distribution over posteriors to be

α̂ =

0, with probability 1− α0

(1+δ)c

(1 + δ)c, with probability α0

(1+δ)c
.

The entrepreneur with α0 > (1 + δ)c is indifferent between Bayes-plausible distribution over
posteriors with support ⊆ [(1 + δ)c, 1]. He does not have strong incentives to choose any exact
one of those distributions.

After establishing the entrepreneur’s preferred distribution over posteriors, it is a matter
of straightforward computation to see that for α0 < (1 + δ)c the structure of the two-outcome
experiment proposed in the 2.2, namely, x = 1, y = α0

1−α0

(
1

(1+δ)c
− 1
)

results in the desired
distribution over posteriors, as described above.

B.3 Nash-Bargaining Solution

Consider first the three graphs 11, 12, and 13, which help to characterize the qualitatively
different results, depending on the value of the entrepreneur’s bargaining power, β. Note that

30here a subgame corresponds to each poster
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α̂, α0
0

Payoff

β(1− c)

1

δc

(1 + δ)c
(1 + δ

β )c

Value of the precise signal

Value of the shaded signal

Payoff from α̂

Figure 11: The precise signal is optimal

α̂, α0
0

Payoff

β(1− c)

1

δc

(1 + δ)c

(1 + δ
β )c

Value of the precise signal

Value of the shaded signal

Payoff from α̂

Figure 12: The shaded signal is optimal
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α̂, α0
0

Payoff

δc

(1 + δ)c 1

(1 + δ
β )c

Value of the precise signal

Value of the shaded signal

Payoff from α̂

Figure 13: Case β 6 δc
1−c is outcome equivalent to investor making a take-it-or-leave-it offer

the shape of the entrepreneur’s payoff from the realized posterior varies with the changes of β.
The only two candidates for the concavification are: the linear function, which connects the
points (0, 0) and (1,max{β(1−c), δc}); and the two-part linear, which connects the three points
(0, 0), ((1+δ)c, δc) and (1,max{β(1−c), δc}). For high values of β the former function is weakly
above the payoff from the realized posteriors, which is sufficient for being the concavification;
for low values of β the latter function is concave, which is in turn sufficient for this function to
be the concavification. The switch happens at β = δ

(1+δ)(1−c) . At this value of β the slopes of
both the linear function and the two-part linear function coincide. Also for low enough values
of β the two-part linear function is flat for high values of prior. This is because the kink of the
positive part of the payoff from realized posterior moves to the right of 1. This leads to the
similarity with the case of the investor making a take-it-or-leave-it offer.

Altogether this establishes the following result:

Lemma B.4. • The case of high bargaining power of the entrepreneur, β ∈
[

δ
(1+δ)(1−c) , 1

]
,

is equivalent to the case of entrepreneur making a TIOLI-offer. Hence the optimal distri-

bution over posteriors is

0, with probability 1− α0

1, with probability α0

• For the case of medium bargaining power of the entrepreneur, β ∈
(

δc
1−c ,

δ
(1+δ)(1−c)

)
, the

optimal distribution over posterior is:

– If α0 < (1 + δ)c,

0, with probability 1− α0

(1+δ)c

(1 + δ)c, with probability α0

(1+δ)c
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– If α0 > (1 + δ)c,

(1 + δ)c, with probability 1−α0

1−(1+δ)c

1, with probability α0−(1+δ)c
1−(1+δ)c

• The case of low bargaining power of the entrepreneur, β ∈
[
0, δc

1−c

)
, is equivalent to

the case of the investor making a TIOLI-offer. Hence, for α0 < (1 + δ)c the optimal

distribution over posteriors is

0, with probability 1− α0

(1+δ)c

(1 + δ)c, with probability α0

(1+δ)c

, and for α0 > (1 + δ)c

the entrepreneur is indifferent between Bayes-plausible distributions over posteriors with
a support ⊆ [(1 + δ)c, 1].

Note that the distribution of posteriors in the precise experiment is second order stochasti-
cally dominated by the distribution of posteriors in either case of the shaded experiment. This
implies that the former experiment is more informative in the Blackwell sense, Blackwell and
Girshick (1979), Borgers (2009). Also note that for the lower shaded experiment, as the c and δ
parameters increase, the informativeness of the experiment increases, and for the shaded exper-
iment, as those parameters increase, the informativeness of the experiment decreases, because
of exactly the same reasons.

C Three states of the world

The analysis differs slightly for the following three cases:

• Case A: (1 + δ) c
m
> 1. In this case when the agents are certain that the project is of

medium quality (ω0 = 1), they will be unable to sign a contract. This is because the
expected returns from the prokect, m, will be less than it will cost the investor to invest
into the project and incentivize the entrepreneur not to “hide” the money ((1 + δ)c).

• Case B: (1 + δ
β
) c
m
> 1 > (1 + δ) c

m
. In this case the agents are able to sign the contract

if they are certain that the project is of medium quality, but the shares in this condition
will be determined not by the bargaining powers of the parties, but by the fact that the
Entrepreneur must be given at least the “incentivization” ammount in the expectation
(1×m× s = δc).

• Case C: (1 + δ
β
) c
m
< 1. In this case the agents are able to sign the contract in the

contingency that it is certain that the project is of medium quality, and the shares are
determined by the bargaining powers.

These cases are studied below.

Case A The analysis is different for the four subcases, depending on the range of values
that the bargaining power of the entrepreneur, β, takes:

1. β > δc
1−c

1−m
(1+δ)c−m
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ω̂
0

α̂

(1+δ)c−m
1−m

(1+δ/β)c−m
1−m

1−(1+δ/β)c
1−m

1−(1+δ)c
1−m

α̂
+
ω̂
=
1

1

1

(1 + δ)c α̂+ ω̂m = (1 + δ)c

α̂ + ω̂m = (1 + δ
β )c

(1 + δ
β )c

In this case the precise signal is optimal. That is the one which splits the prior (α0, ω0, 1−
α0 − ω0) into posteriors (1, 0, 0), (0, 1, 0), and (0, 0, 1). To see that note that the payoff
from the precise signal is in the form of a plain through the points (0, 0, 0), (1, 0, 0), and
(0, 1, β(1− c)). In case the priors are (ω0, α0) =

(
1−(1+δ)c

1−m , (1+δ)c−m
1−m

)
the payoff would be

β(1−c) (1+δ)c−m
1−m , which is greater than δc, which is the payoff from the posterior realization

(ω̂, α̂) =
(

1−(1+δ)c
1−m , (1+δ)c−m

1−m

)
. This in turn means that the plain through (1, 0, 0), (0, 1, 0),

(0, 0, 1), which represents the payoff-surface from the precise signal is everywhere (except
the supporting three points) above the payoff-surface from the posteriors. Lower bound
for the bargaining power in this subcase comes from condition that the payoff from the
precise signal and prior belief (ω0, α0) =

(
1−(1+δ)c

1−m , (1+δ)c−m
1−m

)
being equal to δc.

2. δc
1−c

1−m
(1+δ)c−m > β > δ

(1−c)(1+δ)
.

In this case the concavification is the minimum of the two planes: the one through the
points (0, 0, 0), (1, 0, 0),

(
1−(1+δ)c

1−m , (1+δ)c−m
1−m , δc

)
, and the one through the points (0, 0, 0),(

1−(1+δ)c
1−m , (1+δ)c−m

1−m , δc
)
, (1, 0, β(1−c)). The lower bound for the entrepreneur’s bargaining

power in this subcase comes from the condition that countour lines, corresponding to the
latter plane, are parallel to the line α̂ + ω̂m = (1 + δ)c. In this case the payoff from the
optimal signal is equal to δc exactly at that line.

3. δ
(1−c)(1+δ)

> β > δc
1−c .

In this case the concavification is the minimum of the three planes: the one through
the points (0, 0, 0), (1, 0, 0),

(
1−(1+δ)c

1−m , (1+δ)c−m
1−m , δc

)
; the one through the points (0, 0, 0),(

1−(1+δ)c
1−m , (1+δ)c−m

1−m , δc
)
,
(

(1+δ)c−m
1−m , (1+δ)c−m

1−m , δc
)
, (0, (1 + δ)c, δc); and the one through the

points
(

(1+δ)c−m
1−m , (1+δ)c−m

1−m , δc
)
, (0, (1 + δ)c, δc), (0, 1, β(1− c)). The lower bound for the
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bargaining power comes from the condition that if the belief is (ω̂, α̂) = (0, 1), the optimal
contract is such that entrepreneur’s incentives to not steal are satisfied with a slack.

4. δc
1−c > β > 0

The concavification is the minimum of the following three planes: the one through
the points (0, 0, 0), (1, 0, 0),

(
1−(1+δ)c

1−m , (1+δ)c−m
1−m , δc

)
; the one through the points (0, 0, 0),(

1−(1+δ)c
1−m , (1+δ)c−m

1−m , δc
)
,
(

(1+δ)c−m
1−m , (1+δ)c−m

1−m , δc
)
, (0, (1 + δ)c, δc); and the one through the

points
(

(1+δ)c−m
1−m , (1+δ)c−m

1−m , δc
)
, (0, (1 + δ)c, δc), (0, 1, δc).

ω̂
0

α̂

(1+δ/β)c−m
1−m

1−(1+δ/β)c
1−m

(1+δ)c
m

α̂
+
ω̂
=
1

1

1

(1 + δ)c

α̂+ ω̂m
= (1 + δ)c

α̂
+
ω̂m

=
(1 + δ

β )c

(1 + δ
β )c

Case B

1. β > δ
(1−c)(1+δ)

.

In this case the concavification is the minimum of the two planes: the one through the
points (0, 0, 0),

(
(1+δ)c
m

, 0, δc
)
, (1, 0, β(1−c)); and the one through the points

(
(1+δ)c
m

, 0, δc
)
,

(1, 0, δc), (1, 0, β(1 − c)). The lower bound for this case is from the condition that the
payoff from the optimal signal with the prior (ω0, α0) = (0, (1 + δ)c) equals to δc.

2. δ
(1−c)(1+δ)

> β > δc
1−c .

In this case the concavification is the minimum of the three planes: the one through the
points (0, 0, 0), (0, (1 + δ)c, δc),

(
(1+δ)c
m

, 0, δc
)
; the one through the points (0, (1 + δ)c, δc),(

(1+δ)c
m

, 0, δc
)
, (0, 1, β(1 − c));and the one through the points

(
(1+δ)c
m

, 0, δc
)
, (1, 0, δc),

(1, 0, β(1− c)). The lower bound for the bargaining power comes from the condition that
if the belief is (ω̂, α̂) = (0, 1), the optimal contract is such that entrepreneur’s incentives
to not steal are satisfied with a slack.
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3. δc
1−c > β > 0

The concavification is the minimum of the following two planes: the one through the
points (0, 0, 0), (0, (1 + δ)c, δc),

(
(1+δ)c
m

, 0, δc
)
; and the one through the points (0, (1 + δ)c, δc),(

(1+δ)c
m

, 0, δc
)
, (0, 1, δc).

ω̂
0

α̂

(1+δ)c
m

α̂
+
ω̂
=
1

1

1

(1 + δ)c

α̂+
ω̂m

=
(1 +

δ)c

α̂
+
ω̂m

=
(1

+
δ
β )c

(1 + δ
β )c

Case C

1. β > δ
1+δ

m
m−c

The concavification in this subcase is the plain through the points (0, 0, 0), (1, 0, β(m−c)),
(0, 1, β(1 − c)). The lower bound for this subcase is from the condition that given the
belief (ω̂, α̂) =

(
(1+δ)c
m

, 0
)
the payoff is equal to δc.

2. δ
1+δ

m
m−c > β > max

{
δ

1+δ
1

1−c ,
δc
m−c

}
For this case the concavification is the minimum of the two planes: the one through the
points (0, 0, 0), (0, 1, β(1− c)),

(
(1+δ)c
m

, 0, δc
)
; and the one through the points (0, 1, β(1−

c)),
(

(1+δ)c
m

, 0, δc
)
, (1, 0, β(m− c)). The lower bound for the bargaining power is from the

condition that either the payoff from the belief (ω̂, α̂) = (0, (1 + δ)c) is equal to δc, or the
payoff from the belief (ω̂, α̂) = (1, 0) is equal to δc.

3. max
{

δ
1+δ

1
1−c ,

δc
m−c

}
> β > min

{
δ

1+δ
1

1−c ,
δc
m−c

}
.

If δc
m−c is greater, the concavification is the minimum of the two plains: the one through the

points (0, 0, 0), (0, 1, β(1−c)),
(

(1+δ)c
m

, 0, δc
)
; and the one through the points

(
(1+δ)c
m

, 0, δc
)
,

(1, 0, δc), (0, 1, β(1− c)).
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If δ
1+δ

1
1−c is greater the concavification is the minimum of the three plains: the one through

the points (0, 0, 0), (0, (1+δ)c, δc), ( (1+δ)c
m

, 0, δc); the one through the points (0, (1+δ)c, δc),(
(1+δ)c
m

, 0, δc
)
, (0, 1, β(1−c)); and the one through the points

(
(1+δ)c
m

, 0, δc
)
, (0, 1, β(1−c)),

(1, 0, β(m− c)).

4. min
{

δ
1+δ

1
1−c ,

δc
m−c

}
> β > δc

1−c .

The concavification is the minimum of the following three plains: the one through the
points (0, 0, 0), (0, (1 + δ)c, δc),

(
(1+δ)c
m

, δc
)
; the one through the points (0, (1 + δ)c, δc),(

(1+δ)c
m

, δc
)
,
(

(1+δ)c
m

, 0, δc
)
; and the one through the points

(
(1+δ)c
m

, δc
)
,
(

(1+δ)c
m

, 0, δc
)
,

(1, 0, δc)

5. δc
1−c > β >.

In this case the concavification is the minimum of the two plains: the one through the
points (0, 0, 0), (0, (1 + δ)c, δc),

(
(1+δ)c
m

, 0, δc
)
; and the one through the points (0, (1 +

δ)c, δc),
(

(1+δ)c
m

, 0, δc
)
, (0, 1, δc).

D Persuasion game as All-Pay Auction

Every equilibrium profile (G∗1,G
∗
2) in the original Persuasion game is the solution to the

following system:

G∗1 = arg max
G1

{∫ 1

(1+δ)c

δc× (P{α̂2 < x}+ 0.5P{α̂2 = x})dG1(x)

}
, α̂2 ∼ G∗2

s.t.∫ 1

0

xdG1 = α1,0,∫ 1

0

dG1 = 1,

G1 increasing

G∗2 = arg max
G2

{∫ 1

(1+δ)c

δc× (P{α̂1 < x}+ 0.5P{α̂1 = x})dG2(x)

}
, α̂1 ∼ G∗1

s.t.∫ 1

0

xdG2 = α2,0,∫ 1

0

dG2 = 1,

G2 increasing.
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Each problem can be rewritten in the form of a Lagrangian:

Li =

∫ 1

(1+δ)c

δc× (P{α̂j < x}+ 0.5P{α̂j = x})dGi(x) + λi

[
αi −

∫ 1

0

xdGi

]
=

= λi

∫ 1

0

[
I{x>(1+δ)c}

δc

λi
× (P{α̂j < x}+ 0.5P{α̂j = x})− x

]
dGi(x) + λiαi.

Written in such form the problem corresponds to an All-Pay Auction with a reserve price of
(1 + δ)c, a price cap 1, values of prize given by δc

λi
and the prize being distributed with equal

probabilities between the two contestants in case of a tie.
To every equilibrium profile (G∗1,G

∗
2) of the persuasion game corresponds a pair of Lagrange

multipliers (λ∗1, λ
∗
2). Also, every equilibrium profile in the original Persuasion game constitutes

an equilibrium profile in a reserve price and cap All-Pay Auction with valuations defined by(
δc
λ∗1
, δc
λ∗2

)
, where (λ∗1, λ

∗
2) are from the Lagrangian for the correspondent equilibrium profile.

Note also that in an equilibrium of an All-Pay Auction corresponding to an original Persuasion
game the expected equilibrium expenditures should be equal to α1,0 and α2,0.

Hence, finding all equilibria in All-Pay Auction for different pairs of valuations with a
reserve and a bid cap for which the pair of expenditures, (α1,0, α2,0) is in the unit square (0, 1)2,
will establish the mapping between equilibria of All-Pay Auction and equilibria of the competing
persuasion game. This is done in the following subsection.

All-pay auction equilibria characterization

Consider an All-Pay Auction with 1 prize, 2 players, who have have valuations V1, V2, a
reserve price r ∈ [0, 1], and a price cap 1. Let also the tie-breaking rule give the price to one
of the players with equal probabilities in case of tie above the reserve. Payoff of player j from
bidding xj, given the player k’s bid xk can be written as follows:

uj(Vj, xj, xk; r) = I{xj>r}
(
VjI{xj>xk} +

1

2
VjI{xj=xk}

)
− xj.

Below is the characterization of the equilibria of this game for the case of the lowest of the
valuations being above the reserve price.

Lemma D.1. Suppose V1 > V2 and V2 ∈ [r, 1). There is a unique Nash Equilibrium. In this
equilibrium player 1 randomizes continuously on the interval (r, V2) with a density 1

V2
and bids

r with probability r
V2
. Player 2 randomizes continuously on the interval (r, V2) with a density

1
V1

and bids 0 with probability V1−V2+r
V1

.

Proof. • No mass in (0, r)

No player will ever bid strictly above 0 and strictly below r. It would be costly to do
so, but it would give zero chance of winning the prize. So, that would lead to a negative
payoff. Any player always has an option of not bidding and receiving a zero payoff.

• No mass strictly above V2.

53



Player 2 won’t ever bid strictly above his or her valuation because it would lead to a
negative payoff. Player 1 won’t bid strictly above supremum of the Best Response set of
player 2, hence, the former won’t bid strictly above V2, either.

• No atoms above r.

Suppose player j has an atom at x ∈ (r, V2]. The other player k will not therefore bid
at x (k can do better than that by bidding slightly above the alleged atom), nor will k
ever bid sufficiently close to, but below x (since it can be shown to be less beneficial than
bidding slightly above x). So there will be a gap right before x, and it would be beneficial
for j to replace the mass from the atom x to somewhere strictly below it.

• No two atoms weakly above r.

It follows from the previous bullet point.

• 0 is never in a Best Response set of player 1.

By bidding slightly above V2 player 1 can make sure he gets the prize and has a positive
payoff, whereas bidding 0 always gives him a zero payoff.

• mini∈{1,2}(inf(BRi)) = 0.

Suppose, this minimum is greater than or equal to r. Let player j have such infimum. If
it is strictly above r, j looses with certainty at this bid, but has to pay a positive amount.
So, j is better off bidding 0, instead. If the infimum is equal to r, the only possibility for
the player j to win is if the other player k has an atom at r. But then player j’s payoff
from bidding slightly more than r is greater, leading to j not willing to bid r, which
contradicts that j has an infimum of BR at r.

• player 2 has 0 in the Best Response set.

Follows from the bullet points above. Note that from this fact also follows that player 2’s
equilibrium payoff is 0.

• A strategy profile according to which player 1 bids r with a unit probability is not an
equilibrium

If it was an equilibrium, player 2 would always bid slightly above r outbidding player 1.
However, player 1 can always make sure he has a positive payoff.

• P{bid1 > r} > 0

The probability that player 1 bids strictly above r in equilibrium is positive. Follows from
the bullet point above.

• P{bid2 > r} > 0

The probability that player 2 bids above r in equilibrium is positive. Otherwise, player 1
wouldn’t bid above r.
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• In equilibrium for both players the subset BR ∩ (r, V2) is closed relative to (r, V2).

Consider an equilibrium profile. For all bids x of player j in the subset BRj ∩ (r, V2) it
holds that Vj×P{bidk < x}−x = U , where U is k’s payoff in that equilibrium. U is some
number, hence a point in R, hence a closed set. For x strictly greater than r, P{bidk < x}
is a continuous function due to the absence of atoms, hence Vj × P{bidk < x} − x is
also a continuous function. The preimage of a closed set is a closed set for a continuous
function. This establishes the claim in the above bullet point.

• BRj ∩ (r, V2) is an interval for both players.

Pick a player j. Suppose contrary to the claim above that there is a point x in the interior
of intersection of j’s best response set and (r, V2), which is not a best response. Then
there is an open interval that includes x, such that every point of this interval is also not
j’s best response (by relative closeness of BRi ∩ (r, V2)). Take maximal by length such
interval. Denote it (x, x) ⊂ (r, V2). From absence of bids by j in (x, x) follows that k will
not bid in this interval, either. Player k will also have no atom at x. Then x cannot be
in a best response of j, since it is more costly than x but does not increase j’s chances of
winning. This establishes a contradiction to BRj ∩ (r, V2) being closed.

• Consider an equilibrium. BR1 ∩ (r, V2) = BR2 ∩ (r, V2).

Otherwise there wouldn’t be any mass within (r, V2).

Denote inf(BRi ∩ (r, V2)) = b, and sup(BRi ∩ (r, V2)) = b.

• b = V2.

Suppose that b < V2. Then player 2 can place a bid somewhere between b and V2, win
with probability 1 and have a positive payoff. This contradicts to 0 being in her/his best
response set, which was established above.

• For players 1 and 2 distributions of their best responses on (b, V2) have densities and are
equal to 1

V2
and 1

V1
, respectively.

As it has been already mentioned above, for a bid x ∈ (b, V2) of player j it must hold
that Vj × P{bidk<x} − x = U , where U is player-specific equilibrium payoff. So, for x, x′ :

b 6 x < x′ 6 V2 it holds that Vj × P{bidk<x} − x = Vj × P{bidk<x′} − x′ ⇒ P{bidk<x′} −
P{bidk<x} = (x′− x)/Vj ⇒ limx′→x+0

P{bidk<x′}−P{bidk<x}
x′−x = 1/Vj, which establishes existence

and expression for the right derivative, with similar logic applying to the left derivative.

• Player 1 has an atom at r.

Otherwise, player 1 would not be able to reach a unit value of her/his CDF by V2.

• b = r.

Suppose b > r. Then player 1 would not bid b, since it is more costly than r, but does
not increase chances of winning the prize.

55



• Player 2 has an atom at 0.

In order for him to reach a unit value of CDF by V2.

The sizes of atoms for both players are uniquely pinned down by the above restrictions

Lemma D.2. Suppose V1 > V2 and V2 ∈ [1, 2 − r). There is a unique Nash Equilibrium. In
this equilibrium player 1 randomizes continuously on the interval (r, 2− V2) with a density 1

V2
,

bids r with probability r
V2

and 1 with probability 2(V2−1)
V2

. Player 2 randomizes continuously on
the interval (r, 2− V2) with a density 1

V1
, bids 0 with probability V1−V2+r

V1
and 1 with probability

2(V1−1)
V1

.

Proof. Steps that are similar to those of D.1 will be mentioned without repeating the proof of
them.

• No mass in (0, r)

• No atoms in (r, 1).

• No equilibria such that at least one of the players bids 1 with a unit probability.

If player 1 always bids 1 the only way for player 2 to win the prize is to also bid 1, which
will result in player 2 getting the prize with probability .5. This in turn will lead to player
2’s payoff of .5× V2 − 1 < .5× (2− r)− 1 < 0, whereas players always have an option of
not bidding anything and securing a payoff of 0. Thus player 2 will bid 0 in response to
player 1’s bid of 1, hence player 1 has incentives to lower his bid.

If player 2 always bids 1, depending on player 1’s valuation, he would always bid 0 or 1.
In both cases player 2 would be better of lowering his bid (by a small amount, or down
to 0, respectively).

• No two atoms at r.

If one player has an atom at r the other is better off bidding a slightly higher amount.

• mini∈{1,2}(inf(BRi)) = 0.

• A profile such that both players bid only a 0 and a 1 with some probabilities is not an
equilibrium.

Suppose by contradiction there is such an equilibrium profile. In order for player 2 to
be indifferent between bidding 0 and 1, it must hold that (1 − P{bid1 = 0})1

2
V2 = 1⇒

P{bid1 = 0} = 1− 2/V2, which means that V2 should be greater than 2, contradicting the
conditions of the lemma.

• A profile such that one player bids r and 1 only, and the other bids 0 and 1 only, is not
an equilibrium.
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Suppose by contradiction that there is such an equilibrium profile. Let player j bid r and 1,
only, and let k bid 0 and 1. For the indifference it must hold that (1−P{bidj = r})1

2
Vk = 1

and P{bidk = 0}Vj − r = (1− P{bidk = 0})1
2
Vj − 1 > 0. From the two conditions follows

P{bidj = r} = 1 − 2
Vk
, and P{bidk = 0} =

r+1/2Vj−1

1.5Vj
. The two conditions cannot hold

together because either Vk < 2, or P{bidk = 0}Vj − r = 1
1.5

(.5Vj − 1) < 0.

• In equilibrium, the probability of a bid in (r, 1) is greater than zero.

• BR ∩ (r, 1) is closed relative to (r, 1).

• BRi ∩ (r, 1) is an interval for both players.

Pick player j. Suppose contrary to the claim above that there is a point x in the interior
of intersection of j’s best response set and (r, 1), which is not a best response. Then
there is an open interval that includes x, such that every point of this interval is also not
j’s best response (by relative closeness of BRj ∩ (r, 1)). Take maximal by length such
interval. Denote it (x, x) ⊂ (r, 1). From absence of bids by j in (x, x) follows that k will
not bid in this interval, either. It must hold that player k will have no atom at x, or
x = 1. The latter is a contradiction, because 1 /∈ (r, 1). Regarding the former, x cannot
be in a best response of j, since it is more costly than x but does not increase j’s chances
of winning. This establishes a contradiction.

• In an equilibrium BR1 ∩ (r, 1) = BR2 ∩ (r, 1)

Denote BR1 ∩ (r, 1) = BR2 ∩ (r, 1) = (b, b)

• In an equilibrium inf(BR1 ∩ (r, 1)) = inf(BR2 ∩ (r, 1)) = r.

If it was higher, it would yield the same probability of winning as r, but would be more
costly, so it would not be in a best response set.

• Densities for players 1 and 2 in interval (r, sup(BR∩1)) are equal to 1
V2

and 1
V1
, respectively.

• Either sup(BR1 ∩ (r, 1)) = sup(BR2 ∩ (r, 1)) = 1 or P{bidj = 1} > 0 for both players.

If it wasn’t so the player with 0 in his best response would be able to achieve a positive
payoff by bidding 1 with a higher frequency.

• sup(BR1 ∩ (r, 1)) = sup(BR2 ∩ (r, 1)) is equal either to 2− V1 or to 2− V2.

Let player j have 0 in his best response. Then b is determined by him being indifferent
between bidding 1 and 0, and b and 0:

VjP{bidk < b} − b = Vj

(
1

2
(1− P{bidk < b}) + P{bidk < b}

)
− 1 = 0

.

• Only one player has 0 in his best response.

Both of them cannot be indifferent between 0 and 2− V1, or 0 and 2− V2.
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• In equilibrium it is player 2 who has 0 in his best response.

Had it been player 1 who has 0 in a best response, b would be 2−V1, from 1’s indifference.
Then, condition on 1’s density and 2’s indifference between 2 − V1 and 1 would lead to
such values of 1’s cdf in (r, 2−V1), that would give a second player a negative payoff from
bidding in (r, 2− V1). He would be better off not including (r, 2− V1) into his BR as he
can always secure a payoff of 0.

• (BR1 ∩ (r, 1)) = (BR2 ∩ (r, 1)) = (r, 2− V2).

• Values of 1’s CDF at (r, 2 − V2) ∪ 1 are pinned down by 2’s indifference between 0 and
(r, 2− V2) ∪ 1, and by 1’s PDF; hence, 1’s atom at r is uniquely defined.

• Values of 2’s CDF at (r, 2−V2)∪1 are pinned down by 1’s indifference across [r, 2−V2)∪1,
and by 2’s PDF; hence, 2’s atom at 0 is uniquely defined.

Lemma D.3. Suppose V1 > V2 and V2 ∈ [2− r, 2]. Nash Equilibria are such that

(a) P [bid1 ∈ {0, 1}] = 1,P [bid2 ∈ {0, 1}] = 1 (in case V1 < 2)

(b) P [bid1 ∈ {r, 1}] = 1,P [bid2 ∈ {0, 1}] = 1

(c) P [bid1 ∈ {0, 1}] = 1,P [bid2{r, 1}] = 1 (in case V1 < 2)

(d) P [bid1 ∈ {0, 1}] = 1,P [bid2 ∈ {0, r, 1}] = 1 (only in case V2 = 2− r, V1 < 2)

Proof. • No mass in (0, r)

• No atoms in (r, 1).

• No equilibria such that at least one of the players bids 1 with a unit probability.

• No two atoms at r.

• mini∈{1,2}(inf(BRi)) = 0.

• BR ∩ (r, 1) is closed relative to (r, 1).

• BRi ∩ (r, 1) is an interval for both players.

• In an equilibrium BR1 ∩ (r, 1) = BR2 ∩ (r, 1)

• Either sup(BR1 ∩ (r, 1)) = sup(BR2 ∩ (r, 1)) = 2− V1 < r or 2− V2 < r.

• Hence, BR1 ∩ (r, 1) = BR2 ∩ (r, 1) = ∅

• So far it was shown that P [bid1 ∈ {(0, r) ∪ (r, 1)}] = P [bid2 ∈ {(0, r) ∪ (r, 1)}] = 0.
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• Hence, all equilibria are characterized by six numbers, namely, probabilities of bidding 0,
r, and 1 for each player. Moreover, since there are no two atoms at r, at least one of the
probabilities of bidding r is zero.

• A profile such that P {bid1 = 0} > 0, and P {bid1 = r} > 0 cannot be supported as an
equilibrium.

If such profile was an equilibrium, player 2 would not be able to have an atom at r in it ,
in accordance with one of the above bullet points. In order for player 1 to be indifferent
between bidding r and bidding 1, it would need to hold that

V1P{bid2 = 0} − r = V1(P{bid2 = 0}+ 1/2(1− P{bid2 = 0}))− 1,

or, P {bid2 = 0} = V1−2(1−r)
V1

, and for player 1 to be indifferent between bidding 0 and
bidding r, P {bid2 = 0} would need to be equal to r

V1
. These two conditions are not

consistent with each other, given parameter restrictions.

• For the candidate profiles which have not yet been excluded the values for the equilibria
bidding probabilities follow from the indifference conditions:

(a) For a profile such that

P [bid1 ∈ {0, 1}] = 1,P [bid2 ∈ {0, 1}] = 1

to be an equilibrium it must hold that Vj(P{bidk = 0} + 1
2

(1− P{bidk = 0})) = 1,
or

P{bidk = 0} =
2− Vj
Vj

.

From that condition it also follows that V1 is restricted to be less than 2 for such
an equilibrium profile. Note that it automatically holds that it is not beneficial to
deviate to bidding r:

Vj × P{bidk = 0} − r = 2− Vj − r 6 0.

(b) For a profile
P [bid1 ∈ {r, 1}] = 1,P [bid2 ∈ {0, 1}] = 1

it must hold that

P {bid1 = r} =
2− V2

V2

,P2{0} =
V1 − 2(1− r)

V1

.

It is straightforward to check for absence of profitable deviations.

(c) Symmetrically, for a profile

P [bid1 ∈ {0, 1}] = 1,P [bid2 ∈ {r, 1}] = 1,
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it must hold that

P {bid1 = 0} =
V2 − 2(1− r)

V2

,P {bid2 = r} =
2− V1

V1

.

From the above condition also follows the restriction that V1 < 2.

(d) For a profile
P [bid1 ∈ {0, 1}] = 1,P [bid2 ∈ {0, r, 1}] = 1

it must hold that

V1 × (P{bid2 6 r}+ 1/2(1− P{bid2 6 r}))− 1 = 0

and

V2 × P{bid1 = 0} − r = V2 × (P{bid1 = 0}+ 1/2(1− P{bid1 = 0}))− 1 = 0.

Regrouping the terms,

P{bid1 = 0} =
2− V2

V2

=
r

2− r
,P{bid2 6 r} =

2− V1

V1

,

where the mass 2−V1
V1

can be distributed in any way between P{bid2 = 0} and P{bid2 =

r}. Hence, to complete equilibrium conditions, P{bid2 = 0} = t× 2−V1
V1

, and P{bid2 =

r} = (1 − t) × 2−V1
V1

, where t ∈ [0, 1]. From the equilibrium conditions follows the
restriction V2 = 2− r for such a profile to be an equilibrium.

Lemma D.4. Suppose V1 > V2 and V2 > 2. Nash equilibrium is for both players to bid 1.

Proof. • No mass in (0, r)

• No atoms in (r, 1)

• No two atoms at r

• mini inf{BRi} can only be 0 or 1.

• Payoff from bidding 0 is 0, whereas payoff from bidding 1 is at least 0.5V2 − 1 > 0

• mini inf{BRi} = 1,

which establishes the result.

Lemma D.5. Suppose V1 = V2 = V and V ∈ [r, 1). In Nash Equilibria one of the players
has an atom at 0 of size r

V
, the other player has atoms at 0 and r of sizes (1 − t) r

V
and t r

V
,

respectively, where t ∈ [0, 1]. They both bid continuously in the interval (r, V ) with density 1
V
.
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Proof. • No mass in (0, r)

• No mass strictly above V .

• No atoms above r.

• No two atoms at r.

• mini inf(BRi) = 0

• In equilibrium for both players the subset BR ∩ (r, V ) is closed relative to (r, V ).

• BR ∩ (r, V ) is non-empty.

Otherwise, the player with 0 in his best response would be able to have a positive payoff.

• BRi ∩ (r, V ) is an interval for both players.

• BR1 ∩ (r, V ) = BR2 ∩ (r, V ).

• sup(BR1 ∩ (r, V )) = sup(BR2 ∩ (r, V )) = V .

Otherwise, the player with 0 in his best response would be able to have a positive payoff.

• Distributions of bids of both players in the interval BR ∩ (r, V2) which are both equal to
1
V
.

• inf(BR ∩ (r, V )) = r.

• The fact that CDFs have to reach value of 1 at V , and the value of densities in (r, V )

pin down that P [bid1 ∈ {0, r}] = P [bid2 ∈ {0, r}] = r
V
. Absence of two atoms at r means

also that P{bid1 = r} × P{bid2 = r} = 0.

Lemma D.6. Suppose V1 = V2 = V and V ∈ [1, 2− r). In Nash Equilibria one of the players
has an atom at 0 and 1 of sizes r

V
and 2(V−1)

V
, the other player has atoms at 0, r, and 1 of

sizes (1− t) r
V
, t r

V
, and 2(V−1)

V
respectively, where t ∈ [0, 1], and they both bid continuously with

density 1
V

in the interval (r, 2− V ).

Proof. • No mass in (0, r)

• No atoms in (r, 1).

• No equilibria such that at least one of the players bids 1 with a unit probability.

• No two atoms at r.

• mini∈{1,2}(inf(BRi)) = 0.

• A profile such that P[bidj ∈ {0, 1}] = 1 for both players is not an equilibrium.
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• Profiles such that P[bidj ∈ {r, 1}] = P[bidk ∈ {0, 1}] = 1 are also not equilibria.

• In equilibrium, the probability of a bid in (r, 1) is greater than zero.

• BR ∩ (r, 1) is closed relative to (r, 1).

• BRi ∩ (r, 1) is an interval for both players.

• In an equilibrium BR1 ∩ (r, 1) = BR2 ∩ (r, 1)

• In an equilibrium inf(BR1 ∩ (r, 1)) = inf(BR2 ∩ (r, 1)) = r.

• Denote sup(BR1 ∩ (r, 1)) = b

• Distributions of bids of both players in the interval (r, b) have densities which are equal
to 1

V
.

• Either sup(BR1 ∩ (r, 1)) = sup(BR2 ∩ (r, 1)) = 1 or Pi{bidi = 1} > 0 for both players.

• sup(BR1 ∩ (r, 1)) = sup(BR2 ∩ (r, 1)) = 2− V .

As determined by the indifference between bidding 1 and 0, and b and 0; for a player who
has 0 in his best response.

• This leads to equilibrium payoff of both players being 0. Hence, 0 is in best responses of
both players.

• Values of CDFs in the interval (r, 2 − V ) are pinned down by the zero payoff condition.
Value of CDFs at 2 − V pins down probability of unit bids. Also, recall that P[bidj ∈
{0, r}] = P[bidk ∈ {0, r}] = r

V
,P{bidj = r} × P{bidj = r} = 0, as required by the

indifference between 0 and r, and absence of two atoms at r.

Lemma D.7. Suppose V1 = V2 = V and V ∈ [2− r, 2]. Nash Equilibria are such that

(a) P[bidj ∈ {0, 1}] = P[bidk ∈ {0, 1}] = 1

(b) P[bidj ∈ {r, 1}] = 1,P[bidk ∈ {0, 1}] = 1

(c) P[bidj ∈ {0, 1}] = 1,P[bidk ∈ {0, r, 1}] = 1 (only in case V = 2− r)

Proof. • No mass in (0, r)

• No atoms in (r, 1).

• No equilibria such that at least one of the players bids 1 with a unit probability.

• No two atoms at r.

• mini∈{1,2}(inf(BRi)) = 0.
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• BR ∩ (r, 1) is relatively closed.

• BRi ∩ (r, 1) is an interval for both players.

• In an equilibrium BR1 ∩ (r, 1) = BR2 ∩ (r, 1)

• sup(BR1 ∩ (r, 1)) = sup(BR2 ∩ (r, 1)) = 2− V < r.

• Hence, BR1 ∩ (r, 1) = BR2 ∩ (r, 1) = ∅

• So far it was shown that P1{(0, r) ∪ (r, 1)} = P2{(0, r) ∪ (r, 1)} = 0.

• Hence, all equilibria are characterized by six numbers, namely, probabilities of bidding 0,
r, and 1 for each player. Moreover, since there are no two atoms at r, at least one of the
probabilities of bidding r is zero.

• The exact probabilities are found from the indifference conditions. They are as follows:

(a) For a profile such that

P [bid1 ∈ {0, 1}] = P [bid2 ∈ {0, 1}] = 1

to be an equilibrium it must hold that V (P{bidj = 0}+ 1
2

(1− P{bidk = 0})) = 1, j ∈
{1, 2}, or

P{bidj = 0} =
2− V
V

, j ∈ {1, 2}.

(b) For a profile
P [bidj ∈ {r, 1}] = P [bidk ∈ {0, 1}] = 1

it must hold that

P {bidj = r} =
2− V
V

,P{bidk = 0} =
V − 2(1− r)

V
.

(c) For a profile
P[bidj ∈ {0, 1}] = 1,P[bidk ∈ {0, r, 1}] = 1

it must hold that

V (P{bidk 6 r}+ 1/2(1− bidk 6 r}))− 1 = 0

and

V × P{bidj = 0} − r = V × (P{bidj = 0}+ 1/2(1− P{bidj = 0}))− 1 = 0.

Regrouping the terms,

P{bidj = 0} =
2− V
V

=
r

2− r
,P{bidk 6 r} =

2− V
V

,
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where the mass 2−V
V

can be distributed in any way between P{bidk = 0} and P{bidk =

r}. Hence, in equilirbium, P{bidk = 0} = t× 2−V
V

and P{bidk = r} = (1− t)× 2−V
V
,

where t ∈ [0, 1]. From the equilibrium conditions also follows the restriction V =

2− r.

Expenditures characterization

Now that equilibria of all-pay auctions with a reserve price r and a bid cap 1 have been
characterized for all V1 > V2 ∈ [r,∞), equilibrium expenditures can also be characterized. Only
the cases such that equilibrium expenditures of player 1 are no less than that of player 2 will
be described (other cases being symmetrically equivalent). Denote the expected equilibrium
expenditures by αj. Throughout this part a useful reference is the graph 6

• Recall that for a case V1 = V2 = V ∈ [r, 2− r) there are multiple equilibria, distinguished
by the way the mass r/V is distributed between the bids 0 and r by one of the players
and by the identity of this player. Let it be player 1 who can bid both 0 and r. Then, in
accordance with the results established in D.5 and D.6

α1,0 =

0× P{bid1 = 0}+ r × P{bid1 = r}+
∫ V
r
x 1
V
dx, if V < 1

0× P{bid1 = 0}+ r × P{bid1 = r}+
∫ 2−V
r

x 1
V
dx+ 1× P{bid1 = 1}, if V > 1

=

r × t rV + 1
2
(V 2 − r2)× 1

V
, if V < 1

r × t r
V

+ 1
2
((2− V )2 − r2)× 1

V
+ 2(V−1)

V
, if V > 1

=
1

2
V − 1

2

r2(1− 2t)

V
, t ∈ [0, 1]

α2,0 =

0× P{bid2 = 0}+
∫ V
r
x 1
V
dx, if V < 1

0× P{bid2 = 0}+
∫ 2−V
r

x 1
V
dx+ 1× P{vid2 = 1}, if V > 1

=


1
2

(
V 2−r2
V

)
, if V < 1

1
2

(
(2−V )2−r2

V

)
+ 2(V−1)

V
, if V > 1

=
1

2
V − 1

2

r2

V
.

Taking into account that V is a value of a prize, which is non-negative by definition, it
can be derived that V , as expressed through α1,0 or α2,0 is
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V = α2,0 +
√
α2

2,0 + r2 = α1,0 +
√
α2

1,0 + r2(1− 2t)

The region of expenditures values that corresponds to this case of valuations is α2,0 ∈(
0, 2(1−r)

2−r

)
, α1,0 ∈ [α2,0,

√
α2

2,0 + r2], which itself corresponds to regions denoted A and B
on 6.

• If V1 > V2 ∈ [r, 2− r), then in accordance with D.1 and D.2,

α1,0 =

r × r
V2

+ 1
2
(V 2

2 − r2)× 1
V2
, if V2 < 1

r × r
V2

+ 1
2
((2− V2)2 − r2)× 1

V2
+ 1× 2(V2−1)

V2
, if V2 > 2

=
1

2
V2 +

1

2

r2

V2

,

α2,0 =

1
2
(V 2

2 − r2)× 1
V1
, if V2 < 1

1
2
((2− V2)2 − r2)× 1

V1
+ 1× 2(V1−1)

V1
, if V2 < 1

=
1

2

V 2
2 − r2

V1

.

Then (V1, V2) expressed through α1,0 and α2,0:

V2 = α1,0 +
√
α2

1,0 − r2

V1 =
α1,0

(
α1,0 +

√
α2

1,0 − r2
)
− r2

α2,0

=
α1,0

α2,0

V2 −
r2

α2,0

The region of expenditures values that corresponds to this case of valuations is α1,0 ∈(
r, 2(1−r)+r2

2−r

)
, α2,0 ∈ (0,

√
α2

1,0 − r2). It corresponds to the regions denoted by C and D

in the graph 6. Note that extremal point of α1,0 = 2(1−r)+r2
2−r , α2,0 =

√
α2

1,0 − r2 = 2(1−r)
2−r

coincides with the upper north-eastern extremal point of the set described in the previous
bullet point.

• Let V1 > V2 ∈ [2−r, 2] and let equilibrium such that P[bid1 ∈ {r, 1}] = P[bid2 ∈ {0, 1}] = 1

be played. Then, according to D.3:

α1,0 =
r(2− V2) + 2V2 − 2

V2

,

α2,0 =
2(1− r)
V1
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The “reverse” expressions are therefore:

V2 =
2(1− r)

2− r − α1,0

,

V1 =
2(1− r)
α2,0

.

From the restrictions that V2 ∈ [2− r, 2], V1 > V2 follow the restrictions on the region of
(α1,0, α2,0) that would correspond to this case: α1,0 ∈ [2−2r+r2

2−r , 1], α2,0 ∈ (0, 2(1−r)
2−r ), α1,0 <

2− r − α2,0.This is a part of region E in the graph 6.

• Parameter values such that 2 > V1 > V2 ∈ [2 − r, 2] and equilibrium such that P[bid1 ∈
{0, 1}] = P[bid2 ∈ {r, 1}] is played take us outside of the triangle 1 > α1,0 > α2,0 > 0. By
D.3 and D.7:

α1,0 =
2(1− r)
V2

,

α2,0 =
r(2− V1) + 2V1 − 2

V1

.

Then,

V1 =
2(1− r)

2− r − α2,0

,

V2 =
2(1− r)
α1,0

.

For the restriction V2 ∈ [2 − r, 2], V1 > V2 to hold it must therefore be that α2,0 ∈
[2−2r+r2

2−r , 1], α1,0 6
2(1−r)

2−r , α2,0 > 2− r − α1,0, which is below the line α1,0 = α2,0.
However, the symmetric case 2 > V2 > V1 ∈ [2 − r, 2] and equilibrium such that
P[bid1 ∈ {r, 1}] = P[bid2 ∈ {0, 1}] = 1 is relevant for us, since to it corresponds
α1,0 ∈ [2−2r+r2

2−r , 1], α2,0 6 2(1−r)
2−r , α1,0 > 2 − r − α2,0. This is a part of region E in the

graph 6 that complements the part in the above bullet point.

• If V2 = V1 = 2 − r and equilibrium such that P[bid1 ∈ {0, r, 1}] = P[bid2 ∈ {0, 1}] = 1 is
played, taking into account D.7, expenditures are:

α1,0 =
2− 2r + t× r2

2− r
, t ∈ [0, 1]

α2,0 =
2(1− r)

2− r
.

Hence, such case corresponds to a line segment α2,0 = (2 − 2r)/(2 − r), α1,0 ∈ [(2 −
2r)/(1 − r), (2 − 2r + r2)/(2 − r)]. Note that the equilibrium symmetric to the one just
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considered would take us outside of the triangle 1 > α1,0 > α2,0 > 0.

• If 2 > V2 > V1 = 2− r and P[bid1 ∈ {0, r, 1}] = P[bid2 ∈ {0, 1}] = 1 equilibrium is played,
expenditures are, by D.3:

α1,0 = 2− r × t− 2(1− r × t)
V2

, t ∈ [0, 1]

α2,0 =
2(1− r)

2− r
.

Note that for V2 → V1 = 2 − r, t = 0 the expenditures are α1,0 → α2,0 = 2−2r
2−r , and

as V2 → 2, t = 1, α1,0 → 1. Hence, such case corresponds to a line segment α2,0 =

(2 − 2r)/(2 − r), α1,0 ∈ [(2 − 2r)/(1 − r), 1). Note that similarly to the cases above,
the symmetric parameter values and symmetric equilibrium would take outside of the
considered triangle.

• If V1 > V2 ∈ [2 − r, 2], and equilibrium such that P[bid1 ∈ {0, 1}] = P[bid2 ∈ {0, 1}] is
played, expenditures are, by D.3, D.7

αi =
2Vi − 2

Vi

Given the restrictions on V1, V2, the expenditures correspond to a triangle (α1,0, α2,0) ∈
[2(1−r)

2−r , 1)2 ∩ {α1,0 > α2,0}, or part F in 6.

To sum up, all relevant31 cases of valuations and equilibria were considered. They cover the
whole triangular of (α1,0, α2,0) ∈ (0, 1)2 ∩ {α1,0 > α2,0}. The region of expenditures to which
correspond several equilibria is α1,0 ∈ [2(1−r)

2−r , 1),α2,0 = 2(1−r)
2−r . These observations prove the

completeness of characterization in 3.1 and 3.2.

E Change of distributions in response to parameter changes

E.1 Lower entrepreneur’s distribution with respect to higher entrepreneur’s

prior

Entrepreneur 2 is the entrepreneur with the lower prior belief about the quality of the
project. The distribution over entrepreneur 2’s posterior beliefs depends on α1,0 only in zone
C and D. Recall that the distribution is written down as

G2(x) =


r+V1−V2

V1
, if x ∈ [0, r)

x+V1−V2
V1

, if x ∈ [r, V2)

1, if x > V2

,

31Relevant in the sense that they lead to 1 player’s expenditures being not less than 2 player’s expenditures
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in the zone C and

G2(x) =



r+V1−V2
V1

, if x ∈ [0, r)

x+V1−V2
V1

, if x ∈ [r, 2− V2)

2+V1−2V2
V1

, if x ∈ [2− V2, 1)

1, if x = 1

,

in the zone D, where r = (1 + δ)c, V2 = α1,0 +
√
α2

1,0 − r2, V1 = α1,0

α2,0
V2 − r2

α2,0
. Notice that in

the both cases the CDF is a piece-wise linear function with only one strictly increasing segment
and a constant slope at this segment.

Consider the derivative of the CDF with respect to the value of the prior about entrepreneur
1’s project quality, in the range x ∈ [0, r): it can be shown that the value is

∂G2

∂α1,0

=
α2,0

(α1,0 + (1 + δ)c)
√
α2

1,0 − (1 + δ)2c2
,

which is positive regardless of the values of the parameters. Hence, with an increase in α1,0 the
CDF over entrepreneur 2’s posterior beliefs increases, at least for posteriors ∈ [0, r). Since the
expectation, α2,0, does not change, the new distribution (for a higher value of α1,0) function
and old distribution function (for a lower value of α2,0) must cross once. These two facts mean
that

∫ x
0
G“new”

2 (x)dx >
∫ x

0
G“old”

2 (x)dx,∀x ∈ [0, 1]. Hence, the distribution for a lower value of
α1,0 second order stochastically dominates that for a higher value of α2,0. Recall that second
order stochastic dominance and Blackwell more informativeness are inversely related. Hence,
the distribution over entrepreneur 2’s posterior beliefs becomes more informative as the value
of competitor’s prior increases.

E.2 Higher entrepreneur’s distribution with respect to lower entrepreneur’s

prior

Recall that entrepreneur 1’s distribution over posteriors depends on the entrepreneur 2’s
prior only in the zones A and B. The expressions for the CDF are:

G1(x) =


r
V
− α1,0−α2,0

r
, if x ∈ [0, r)

x
V
, if x ∈ [r, V )

1, if x > V

,
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in region A and

G1(x) =



r
V
− α1,0−α2,0

r
, if x ∈ [0, r)

x
V
, if x ∈ [r, 2− V )

2−V
V
, if x ∈ [2− V, 1)

1, if x = 1

,

in region B.
Note that this is a piecewise linear function with the single segment of strict increasing and a
constant slope in this segment.

Similarly to the approach above, consider the derivative of the CDF with the respect to
the prior of the opponent, α2,0, for the range x ∈ [0, r):

∂G1

∂α2,0

=
α2,0

r
√
α2

2,0 + r2
,

which is positive regardless of the parameter values. Hence, for a higher value of entrepreneur
2’s prior the CDF is above the CDF for a lower value of entrepreneur 2’s prior, at least for
smaller values of the argument. Hence, that order should switch for some higher value of the
argument, due to single crossing of CDF, since the expectation does not change. Thus, we can
say that the distribution for lower values of α2,0 second order stochastically dominates that for
higher values of α2,0, thus the latter is more informative in Blackwell sense than the former one.

E.3 Equilibrium Payoffs

The expressions for payoffs of the players come after plugging in the exact distributions
into the following expressions:

UEj =

∫ 1

(1+δ)c

δcGkdGj +
1

2
δcP{α̂j = α̂k = 1}

U I = E
[
[max
j=1,2
{α̂j} − (1 + δ)c]+

]
Going through the regions, the exact expressions for the payoffs are

• “Low” symmetric priors:

UE = δc(
1

3
(α0 +

√
α2

0 + (1 + δ)2c2)− ((1 + δ)c)3

3(α0 +
√
α2

0 + (1 + δ)2c2)2
)

U I =
2

3
(α0 +

√
α2

0 + (1 + δ)2c2) +
((1 + δ)c)3

3(α0 +
√
α2

0 + (1 + δ)2c2)2
− (1 + δ)c =: U I

“Low”

69



• “Medium” symmetric priors:

UE - same expression as above

U I = U I
“Low” +

4(1− (1 + δ)c)(α0 +
√
α2

0 + (1 + δ)2c2 − 1)

(α0 +
√
α2

0 + (1 + δ)2c2)2

• A:

UE1 = δc
α1,0

α2,0 +
√
α2

2 + (1 + δ)2c2

UE2 = δc
1

2

1− (1 + δ)c

α2,0 +
√
α2

2,0 + (1 + δ)2c2

2

U I =
2

3
(α2,0 +

√
α2

2,0 + (1 + δ)2c2) +
((1 + δ)c)3

3(α2,0 +
√
α2

2,0 + (1 + δ)2c2)2
− (1 + δ)c =: U I

A

• B:

UE1 and UE2 − same expressions

U I = U I
A +

4(1− (1 + δ)c)(α2,0 +
√
α2,0 + (1 + δ)2c2 − 1)

(α2,0 +
√
α2

2,0 + (1 + δ)2c2)2

• C:

UE1 = δc(1− α2,0

α1,0 +
√
α2

1,0 − (1 + δ)2c2
)

UE2 = δc

 α2,0

α1,0 +
√
α2

1,0 − (1 + δ)2c2


U I = α1,0 − (1 + δ)c+

α2,0((1 + δ)c+
√
α2

1 − (1 + δ)2c2)

3(α1,0 + (1 + δ)c)
−
α2,0(α1,0 +

√
α2

1,0 − (1 + δ)2c2)2

3(1 + δ)c(α1,0 + (1 + δ)c)
=: U I

C

• D:

UE1 and UE2 − same expressions

U I = U I
C −

4

3

α2,0(α1,0 +
√
α2

1,0 − (1 + δ)2c2 − 1)3

(α1,0 +
√
α2

1,0 − (1 + δ)2c2)(α1,0(α1,0 +
√
α2

1,0 − (1 + δ)2c2)− (1 + δ)2c2)

The expressions above have the signs of derivatives that mostly match the intuition. In
the symmetric case, payoffs of entrepreneurs are increasing in α0, δ and c. The Investor’s
payoff is increasing in α0, and decreasing in δ, and c. In A,B,C, and D, entrepreneur’s
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payoff is increasing in own prior, δ and c, and is decreasing in opponents prior.
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