
Online Appendix: Adverse Selection, Capital Supply,

and Venture Capital Allocation

March 2018



1 Entrepreneur Mixed-Strategies

In the following analysis, I show that allowing entrepreneurs to play mixed strategies does

not change the equilibrium outcomes of the model if I add an additional component to

the undefeated refinement. First, to allow for mixed strategies let an entrepreneur with

project i and type Z strategy consist of a probability distribution ai,Z(αi) over share postings

αi ∈ [0, 1]. Let Ai,Z represent the set of all share postings by the entrepreneur with project

i and type Z that have a positive probability and Ei,Z(αi) represent the expected mass of

entrepreneurs with project i and type Z that play αi. I redefine the equilibrium as follows:

Definition 1 (Symmetric Competitive Search Equilibrium). A Symmetric Competi-

tive Search Equilibrium (SCSE) consists of entrepreneur posting strategies ai,Z, VC strategies

σ(αi), market tightness θαi, VC beliefs µ(αi), and entrepreneur beliefs on θαi such that

1. Entrepreneurs’ optimal choices: For a given i ∈ {r, s} and Z ∈ {L,H}, if αi ∈

Ai,Z then

max
α′∈[0,1]

πE,i,Z(α′) ≤ πE,i,Z(αi).

2. VCs’ optimal choices: U∗ = max{0,maxαi∈A πV (αi)}. VCs only enter a sub-market

with posting αi if the expected value from doing so is the market payoff U∗. That is,

for all αi ∈ [0, 1] and i ∈ {r, s}

πV (αi) = U∗ if θαi > 0

πV (αi) < U∗ if θαi = 0.

3. Consistent beliefs: For all αi ∈ A

µ(αi) =
ψi,HEi,H(αi) + ψi,LEi,L(αi)

Ei,H(αi) + Ei,L(αi)
.
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4. Probabilities integrate to one For all i ∈ {r, s} and Z ∈ L,H

∫
αi∈Ai,Z

ai,Z(αi)dαi = 1∫
αi∈A

σ(αi)dαi = 1.

5. Symmetry: Entrepreneurs of a given type Z and project i have the same strategy

ai,Z(αi). All VCs have the same strategy σ(αi).

The entrepreneur’s problem is now to choose the strategy ai,Z to maximize his expected

value given his beliefs of VCs’ best responses and other entrepreneurs’ actions:

max
ai,Z(αi)

πE,i,Z(αi) (1)

s.t. (µ(αi)αiRi − I)
1− e−θαi

θαi
= U. (2)

Given that ai,Z can have a continuous support over all-potential share postings that are

part of other equilibria, it is possible that no deviation exists that is an on-equilibrium action

in another equilibrium. Therefore, the undefeated refinement as currently applied cannot

refine these equilibria.

To give the refinement additional power, I add a second condition that corresponds

with the lexicographical maximum (lex-max) sequential equilibrium (LMSE) described in

Mailath, Okuno-Fujiwara, and Postlewaite (1993). This equilibrium is the equilibrium that

maximizes the payoff to the highest sending type and conditional on maximizing the payoff

for the highest sending type, maximizes the payoff of other types. Formally, if multiple

undefeated equilibria exist, then I select the LMSE. Since an LMSE always exists, this

additional condition will always refine equilibria. I refer to this equilibrium as the lex-max

undefeated equilibrium.

I now show that no semi-pooling SCSE with entrepreneur entry can be the lex-max
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undefeated equilibrium. Combining this with the proof of Proposition ?? shows that the

only lex-max undefeated equilibrium is the proposed pooling equilibrium with ai,Z(α∗i ) = 1.

Therefore, allowing mixed strategies for entrepreneurs will not yield different equilibrium

outcomes.

Claim 1 (No semi-pooling SCSE with entrepreneur entry can be a lex-max un-

defeated equilibrium.).

Proof. Suppose there exists a semi-pooling equilibrium that is an SCSE and all equilibrium

postings for entrepreneurs with project i are denoted Ai. In this mixed strategy equilibrium,

both types play some set of α ∈ (0, (Ri − Ωi,H)/Ri] with probability distributions given by

ai,Z(αi), where i denotes the project and Z the entrepreneur type. The restriction on α is

necessary for a high-type entrepreneur to have an incentive to enter; if not, then he would

prefer his outside option to posting and matching with probability 1. For all α ∈ Ai, if

ai,H(α) = 1, then ai,L(α) = 1 because no fully-separating SCSE exists.

For this to be a mixed-strategy equilibrium both types must be indifferent over potential

equilibrium α given the updating of VCs using the proposed equilibrium strategies ai,L and

ai,H . Denote the set of all equilibrium postings in this mixed-strategy equilibrium as Âi.

There must exist at least one α ∈ Ai such that µ(α) ≤ p because the expectation of µ(α)

over all α ∈ Ai conditional on ai,L and ai,H must be p. Denote this as α̂, a VC’s beliefs as µ̂,

and the resulting market tightness as θ̂. Note that given µ̂, the minimum associated α̂ must

be > U+I
µ̂Ri

or VCs will never fund even if they have a probability 1 of matching. Because

entrepreneurs must be indifferent across all potential equilibrium α given VC beliefs, the

problem reduces to checking whether a high-type entrepreneur would prefer the payoff from

α∗ to that of α̂.

First, assume that α∗i /∈ Âi. Because α̂ is an equilibrium action, there exists another

pooling equilibrium with ai,Z(α̂) = 1 supported by beliefs µ(α̂) = pi and µ(α 6= α̂) = ψi,L.

This must exist because the share given up by the high-type entrepreneur is the same, but

the distribution is better from a VC’s perspective, which results in a θ > θ̂ for the same U .
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To see this, rearranging the constraint with U yields

F (θ)

θ
− U

µRiα− I
= 0. (3)

Applying the Implicit Function Theorem, and noting that ex > (1 + x) for all x > 0,

θ is increasing in µ. Therefore, if high-type entrepreneurs did not want to deviate when

beliefs were µ̂, they will not deviate from this alternative pooling equilibrium. Further,

low-type entrepreneurs and VCs will also not deviate. However, it is immediate that the

expected payoff for high-type entrepreneurs must be strictly greater in the alternative pooling

equilibrium than the payoff from the proposed mixed strategy equilibrium. This is because

high-type entrepreneurs are giving up the same share of the project but have a strictly higher

probability of VC funding in the alternative pooling equilibrium due to the higher θ.

Using the result from Claim ?? of the proof of Proposition ??, the pooling equilibrium

with α∗ will always yield a higher payoff for a high-type entrepreneur than the alternative

pooling equilibrium referenced above. Therefore, it will defeat the proposed mixed-strategy

equilibrium since the high-type entrepreneur has a higher payoff in the proposed pooling

equilibrium than the proposed mixed-strategy equilibrium and the proposed mixed-strategy

equilibrium is not consistent with µ(α∗i ) = pi.

Now assume that α∗i ∈ Âi. The argument used above does not apply to this case because

playing α∗i is no longer a deviation and therefore cannot be used as a signal by the high-

type entrepreneur. Therefore, it is possible that this equilibrium will not be defeated by the

proposed pooling equilibrium. However, using the second part of the refinement it will not

be the lex-max undefeated equilibrium if the proposed pooling equilibrium yields a higher

payoff to the high-type entrepreneur.

Let α̂ ∈ Âi represent the share posted in the proposed semi-pooling equilibrium that

has the lowest associated µ. By similar arguments to those above there exists a pooling

equilibrium with ai,Z(α̂) = 1 that will yield a higher payoff to the high-type entrepreneur.

Further, the proposed semi-pooling equilibrium must also have a lower expected payoff for
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high types than the proposed pooling equilibrium with ai,Z(α∗i ) = 1 because the proposed

pooling equilibrium yields the highest payoff among all pooling equilibria. Therefore, because

this holds for any semi-pooling equilibria, the proposed pooling equilibrium with ai,Z(α∗i ) = 1

must yield a higher expected payoff to the high type than any semi-pooling equilibrium.

Therefore, no semi-pooling equilibrium can be a lex-max undefeated equilibrium under

Assumptions ??-?? and pi[Ri − Ωi,H ]− I > U .

All semi-pooling equilibrium are defeated by some pooling equilibrium and all pooling

equilibrium are defeated by the proposed pooling equilibrium with α∗i . Further, the pooling

equilibrium with α∗i yields the highest expected payoff for the high-type entrepreneur for

a given U , which implies it will also yield the highest expected payoff for the high-type

entrepreneur for U∗. Therefore, the equilibrium with α∗i is the unique lex-max undefeated

equilibrium under Assumptions ??-?? and pi[Ri − Ωi,H ]− I > U

All remaining parts of the analysis are the same as restricting entrepreneurs to pure

strategies and will provide the same equilibrium outcomes.

2 No Equilibrium with Entry Survives the Spirit of the

Intuitive Criterion.

To show that no equilibrium with entrepreneur entry into the VC market survives the In-

tuitive Criterion, first note that from the proof of Proposition ?? no fully separating SCSE

exists with entrepreneur entry. Therefore, I just need to show that any semi-pooling or

pooling SCSE with entrepreneur entry will fail the spirit of the Intuitive Criterion.

Claim 2 (No Semi-Pooling or Pooling SCSE with Entry Survives the Spirit of

the Intuitive Criterion.).

Proof. Without loss of generality suppose that some semi-pooling or pooling equilibrium

exists, where for all equilibrium postings α < 1 for all α ∈ Ai and θ(α) > 0. Then the

equilibrium payoff for the high and low type can be defined by µ ∈ (ψL, ψH ] and θ. If it is
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a semi-pooling equilibrium, then each type is indifferent among their strategies such that,

dropping the project sub-scripts, the expected equilibrium payoffs can be characterized for

high and low types respectively as

ψH
µ∗
[
(µ∗R− I)F (θα∗i )− Uθα∗i + µ∗Ωi,H(1− F (θα∗i ))

]
(4)

ψL
µ∗
[
(µ∗R− I)F (θα∗i )− Uθα∗i

]
. (5)

Denote (µ∗R− I)F (θα∗i )− Uθα∗i ) as Γ∗.

Now suppose a deviation α′ /∈ A exists, such that the VC assigns beliefs of µ(α′) = ψH

and results in θ′. If a low-type’s payoff to deviating to α′ is less than his equilibrium payoff

and the payoff of the high type to deviating to α′ is greater than his equilibrium payoff, then

the proposed equilibrium fails the Intuitive Criterion. To see that such a α′ exists, set α′

such that the low type’s payoff from deviating is

ψL
ψH

[(ψHR− I)F (θα′)− Uθα′ ] <=
ψL
µ∗

Γ∗. (6)

Denote [(ψHR− I)F (θα′)− Uθα′ ] as Γ′. This implies that at equality ψH
µ∗

Γ∗ = Γ′. Substi-

tuting for Γ∗, then the high type’s equilibrium expected payoff and expected payoff from

deviating to the θ for which Eq. 6 holds at equality are respectively

Γ′ + ψH(1− F (θα′))Ωi,H (7)

Γ′ + ψH(1− F (θα∗))Ωi,H . (8)

The high type has a higher payoff from deviating if θα′ < θα∗ . Therefore, if there exists

θ′ ∈ (0, θα∗) such that Eq. 6 holds, then the equilibrium will fail the spirit of the Intuitive

Criterion.

To see that such a θα′ exists note that at θα′ = 0 Eq. 6 holds since the LHS is zero and

the RHS is positive. Also, note that at θα′ = θα∗ the LHS is greater than the RHS. Because
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the LHS is a continuous function in θ for all θ ∈ (0, θα∗), by the Intermediate Value Theorem

there must exist some θα′ ∈ (0, θα∗) such that Eq. 6 strictly holds. Therefore, the proposed

equilibrium fails the spirit of the Intuitive Criterion.

This holds for any semi-pooling or pooling SCSE. Thus no semi-pooling or pooling SCSE

survives the spirit of Intuitive Criterion.

3 VC Posting

Allowing for VCs to post contract switches the order of the game. VCs select what share

of the project they are willing to buy and entrepreneurs select which VCs to pursue. For

simplicity, I will assume that VCs face some entry cost K and there is free entry of VCs.

Therefore, VC supply is determined endogenously, though it will naturally move with changes

in K. For simplicity, I assume the matching function takes the form F (θ) = θ
1+θ

, which

satisfies the Assumption 4.

VCs choose the share to sell to maximize their expected value, subject to the constraint

that entrepreneurs must earn their expected market payoff if they were to choose another VC.

Similar to the baseline model denote this as U . Also similar to the baseline model, low-type

entrepreneurs will always mimic and a screening contract does not exist that will incentivize

them to not enter the VC market. This is because they receive 0 from their outside option

and have negative NPV projects. Thus, VCs must offer high-type entrepreneurs enough

of the project such that they earn Ui,H in equilibrium and VCs will take into account the

low-types pooling. Thus, a VC’s problem is

max
αi

F (θαi)[(1− αi)piRi − I] (9)

s.t.
F (θαi)

θαi
(ψi,HRαi) +

(
1− F (θαi)

θαi

)
ψi,HΩi,H = UH . (10)

Solving for αi as a function of U , substituting into the VC’s problem, and maximizing
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over θ the FOC yields

F ′(θi)(pi[Ri − Ωi,H ]− I]
ψi,H
p

+ ψi,HΩi,H = UH (11)

Substituting this back into the VC’s expected value yields

[F (θi)− F ′(θi)θi](pi[R− Ωi,H ]− I) (12)

Applying free entry of VCs, then yields the following implicit definition of θi

F (θi)− F ′(θi)θi =
K

pi[R− Ωi,H ]− I
(13)

Denoting pi[R− Ωi,H ]− I as Gi, applying the functional form of F (θ), and solving for θ

yields

θ∗i = ±
√
K

√
Gi −

√
K

(14)

The ratio of risky to safe projects is

κ =
F (θ∗r)θ

∗
s

F (θ∗s)θ
∗
r

(15)

Applying Eq. 14, and taking the derivative with respect to K yields

dκ

dK
=

√
Gr
√

Gs−Gs

2
√

Gr
√
K
(√

Gs−
√
K
)2 (16)

The above is negative under the assumption that the gains from trade are not too large,

ps
pr
>

Rr−Ωr,H
Rs−Ωs,H

, which implies Gs > Gr. Thus a decrease in K, which causes an increase in

VC supply causes an increase in the ratio of risky to safe projects funded in the economy.

Therefore, the comparative statics with regard to the change in supply are the same as in

the entrepreneur posting model of the paper.
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