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Abstract

This paper investigates basic issues in contracting ammnirdtion acquisition for entrepreneurial
finance. We consider an environment in which it is costly fdéinancier to screen investment projects,
and uninformed investors can compete to provide fundingfiiancier does investigate, he must choose
how carefully to investigate the project’s quality, and #otions that maximize the project’s payoff. We
then determine how the possibility of outside funding affibe nature and quality of the information
acquired by a financier, the equilibrium contracting terars] the allocation of control rights.

We find that four distinct types of equilibria can exist. Wesggorize the equilibria by their real world
counterparts: venture capital finance, angel finance, baakde and no finance equilibria. We derive
the project characteristics that support each equilibriyppe, and fully characterize each equilibrium

form, including signal choices, contract structure andfavelproperties.
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1 Introduction

Three predominant forms of finance are used by entrepreneurstfat fanding of projects: bank finance,
venture capital (VC) finance, and angel finance. These forms afdindiffer dramatically with respect
to ex-ante project screening and the allocation of control rights over giraméhe project. For example,
both VCs and angels screen projects carefully, but while VCs havesaetontrol rights and participate
actively in firm decision making, angels are hands-off. In contrast t@ttensive screening done by VCs

and angels, most ex-ante screening done by banks is cursory.

This paper develops a theoretical model that explains why and when fiirese of finance emerge
in equilibrium. In our environment, it is costly for a financier to screen anstmaent project, and unin-
formed investors can compete to provide funding. If a financier investigapotential investment project,
he chooses which aspects of the project to investigate, and how caaefulinvestigation should be. In
particular, the financier can acquire information about both project qualifyabout which strategic actions
should be taken. If the financier acquires sufficient information, herbes a better judge of what should
be done than the entrepreneur. Finally, a financier who offers fumdursy design the contract offer in the

face of potential outside competition.

Competition from additional outside funding sources generates the képtirio our model. To un-
derstand how and why competition can cause a financier to distort his fpimjestigation, suppose that
following a thorough evaluation. a financier does not offer fundinghSudecision conveys negative infor-
mation that can reduce an entrepreneur’s willingness to accept furrdimgléss-informed investors. This
allows other potential investors to free ride on the financier’s screemdgiadercut contract offers that
generate the informational rent necessary to support costly informeaactn In contrast, if a financier lim-
its his investigation sufficiently, then even when the financier rejects thegprtje entrepreneur may still
be sufficiently uncertain about the project’s payoff that he would adoeping from uninformed investors,
thereby discouraging uninformed competition. More generally, to disgewainformed competition and
retain sufficient information rents to make costly information acquisition wortlewd financier can acquire

less information, reduce claims to the project, and conceal in the contradbHiest run the project.

Our paper is the first to investigate how such outside competition affectsriafmm acquisition and
contracting, and we show that incorporating this competition can reconciknpeical regularities char-
acterizing venture capital and angel finance documented by Gomperseaner [18] and Kaplan and
Stromberg [26] among others. That is, we provide a coherent, unifyagiw which to understand the
many empirical facets of informed finance. Equilibrium contract offerstrfind an optimal balance be-

tween distorting information acquisition, lowering the financier’s share dahebating control rights to the



financier. Depending on project characteristics, four qualitativelgdfit equilibria exist in our model.

¢ Informed Financier with Control Rightstn this equilibrium, the financier screens project quality and
action choice, retains control rights and participates actively in decisiommakhis form of finance
arises when (i) there is enough uncertainty about project outcomgedfrare neither too risky, nor
too safe), (ii) the financier has sufficient expertise about evaluatidgreamaging the project, and (jii)
the entrepreneur’s preferences over actions are not too stroaquilibrium the financier acquires the
socially optimal amount of information about action choice, and he may or ntdimibinformation
acquisition about project choice. We show that ex post, the entrepremguregret having ceded

control rights to the financier.

¢ Informed Financier without Control Rightsin this equilibrium, the financier screens project quality,
and possibly action choice, but does not retain control rights. Thedi@aprovides investment advice
to entrepreneurs, but is not actively involved in managing the project.faimsof finance arises when
(i) the project is not too unlikely to pay off, nor too safe, (ii) the financias Isufficient evaluation
expertise, and either (iii) the costs of choosing the entrepreneur’s mefstrigd action are not too
high, or (iv) given the financier’s information, the entrepreneur amahitier would agree about how

best to manage the project.

e Uninformed Finance:If projects are too safe, and the financier’s advice about the canetegic
action is not too valuable, then only uninformed finance is feasible, evergyihib may be socially

optimal to acquire information.

e No Finance: A project that is too unlikely to payoff cannot obtain finance, even thoughaiy be

socially optimal to investigate the project and finance it following positivessssents.

The features of these equilibria accord well with their real world couatésp The informed financier
with control rights corresponds closely to a venture capitalist. Gomperdaemedr [18] emphasize that
venture capitalists “concentrate investments in early stage companies art@édtighdustries where [their
information is valuable]”, and where venture capital input on corpoitaéeg)y is crucial. This is precisely
the prediction of our model—informed finance with control rights should axisen there is substantial
uncertainty about project quality and hands-on decision making is cr@alan and Stromberg’s [26] em-
pirical analysis of venture capital contracts details the extensive caight$ that are delegated to venture
capitalists, especially for firms at early development stages (see also 8dBbhasompers [17], Black and
Gilson [7]). At early development stages, the venture capitalist holdgexage of 65.8% of voting rights if
the firm performs well, and even more if it does not. Venture capitalists &dyoat one third of entrepreneurs

out of their firms within five years (Hellmann and Puri [24]), suggesting éxgpost many entrepreneurs
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regret ceding control rights to a venture capitalist. Also reflecting the impoetaf hands-on decision mak-
ing, Gompers and Lerner [18] find that geographical proximity is importard,the New York Times (June
12, 2000) documents that venture capitalists spend 75-85% of their timéngavkh ongoing investments,
and only 15-25% of their time investigating new ventures. We prove thatjsptetbus, increasing the vari-
ance of project payoffs raises the financier’s payoff. The empideialence reveals that venture capitalists
focus on high-risk projects: Cochrane [11] finds that the standanatiten of the venture capitalists return
exceeds 100% and his data reveal that over 40% of project lose m@myliardt and Krasa [5]). This
high uncertainty leads venture capitalists to scrutinize serious projectsivetgr(&ried and Hisrich [15],
Garmaise [16]), and to reject about 90% of those that they investigateh{@elt and Krasa [5]).

There is extensive evidence that venture capitalists are better judgethahle economic viability of
entrepreneurial projects, and of how the project should be run (semdise for a summary of the ev-
idence). Most entrepreneurs typically develop only a few projects.ofrast, venture capitalists have
extensive industry experience, and are exposed to a wide varietyojefcfs. Their extreme specialized
knowledge permits venture capitalists to distinguish winners from losers)(fggng and Prowse [13]).
Indeed, Ljungqvist and Richardson [27] document both the narrg@ertise of venture capital, targeting
much of their funds to a single industry, and that venture capitalists aressfatin picking winners, earn-
ing excess returns of 28% relative to the ex-ante cost of capital. Whilataepeeneur’s information may
be fundamental for developing a novel product, venture capitalistsedter{placed to evaluate it. That
is, entrepreneurs typically have less information than a venture capitatist #ie market for its product
(and hence value), networking, or the product’s likely competition. Ndéy does a venture capitalist’s
experience facilitate evaluation, but it also helps them identify the apptepniarketing strategies and key
personnel (Byers [9], Bygrave and Timmons [10], Gorman and Sah]i®nHelmann and Puri [24], and
Sapienza [31]), and reduce the time to bring a product to market (HelnmahRwi [24]).)

Informed finance without control rights corresponds closely to angahfie. Angel finance is hands-off
(Wong [35] documents this fact and the other empirical regularities belokg. VCs, angels tend to have
expertise about the projects that they finance and are more qualifiedrttteapreneurs to judge a project’s
merits. Our model predicts that entrepreneurs prefer angel finanemtore capital finance only if choos-
ing a particular management action matters more than maximizing profits, in whieliheaentrepreneur
is very concerned about giving up control rights. This theoreticallrésreflected in practice both by (a)
the structure of angel finance contracts, and (b) an entreprem®gision of when to seek angel finance.
In particular, under angel finance the firm’s founders retain primamgrobover the firm’s board and cash
flows. Further, firms that generate enough revenues delay seelgetjfaxance on average by one year,

indicating that they are concerned about giving up even the limited coighasmrequired by angel finance.



Finally, uninformed finance corresponds closely to bank finance. kigEeaser [14] and Hellmann [23]
document that U.S. banks invest in safer projects. By law, U.S. bank®(mast to European and Asian
banks) cannot take an active hands-on role in the running of the firlongss the firm is solvent. Further,
most U.S. banks devote minimal resources to evaluating (as opposed to inghigotrepreneurs, generally
using credit scoring programs that use only readily available data (e=git bistory, collateral, loan size)

to determine whether to extend a loan (Akhavein, Frame and White [2], Astetor Bernhardt [3]).

1.1 Related Literature

Our paper contributes to three research areas: (i) competition betwaanifihintermediaries, (ii) contract

design, and (iii) information acquisition decisions by financial intermediaries.

Broecker [8] exogenously endows each potential investor with a sidimalt the entrepreneur’s project,
and details conditions under which investors can earn strictly positivedgpmfine Bertrand equilibrium.
In contrast, we endogenize the decision to become informed by a singleiéinaas well as the nature
of the information that the financier acquires. For other aspects of compdiigtoveen banks see Rior-
dan [29], Dell'Ariccia et al. [12], Winton [34], Yosha [36], Villas-Beaand Schmidt-Mohr [33], Matutes
and Vives [28], Smith [32].

The distortion in information acquisition that underlies our results has ther ftdibe Grossman and
Stiglitz [21] noisy rational expectations result. In their paper, if the equilibruice is fully revealing then
no information is acquired when information acquisition is costly. If, insteadetts added stochastic noise
so that the competitive equilibrium price is partially revealing (c.f., Hellwig ]28len information may be
acquired. In what follows we determine the endogenous amount of n@isariBes in equilibrium when
the financier chooses the signal quality. In particular, we determine thiaatbestics of the economy for

which endogenous noise can support costly information acquisition in etuifib

Beginning with Grossman and Hart [20], and continuing with Aghion and Bojid and Hart and
Moore [22], researchers have considered the optimal allocation bffloag and control rights when com-
plete contracts cannot be written and the interests of the contracting pasiesation choices may not be
aligned. In our paper, contracts are endogenously incomplete, antiotetian of control rights may also

permit the financier to retain the informational rent necessary to make infidiir@nce feasible.

Biais and Perotti [6] develop a related model of entrepreneurial finanelich the entrepreneur must
aggregate complementary expertises fromitiple experts to assess and implement a research project, but
has to worry about the experts stealing/free-riding on his idea/informdtiarantrast, in our paper, it is the

informed financier (the expert) who is concerned about free ridingioyformed parties.



There is a limited literature on endogenous information acquisition by a finantéamediary. Bern-
hardt and Dvoracek [4] distinguish between two types of information iaitoun: the evaluation prior to
a potential investment; and the monitoring of already-funded firms. Théyedeow the financier’s infor-
mation acquisition is affected by his stake in the firm and the liquidity of the aftekehéor his claims.
Bernhardt and Krasa [5] consider a model in which the entrepremepopes the funding terms to the in-
vestor, who must first decide whether or not to investigate, and wheth@ptide funding following an

investigation. The reversed order of moves eliminates the lemons problers thatfocus of this paper.

2 TheModd

Consider a potential entrepreneur with a project. The project requiresinit of external funding to be
developed. If developed, the project either pays out ®.df the entrepreneur does not take on the project,
he can work for a reservation wage of > 0, which is public information. One can also interpreias
“entrepreneurial capital,” which consists of the market value of patemtgeoduct ideas, personal capital,
under-compensated and extensive time inputs (sweat equity), reputatimrections and expertise supplied

by founders and key personnel if and only if the project is initiated.

The entrepreneur’s project can be funded either by a financier wh@cquire information about the
project at a cost > 0, or by investors who do not acquire information—whom we term uninfdrme
We consider a single financier who faces potential competition from umigdrinvestors at two stages.
First, the entrepreneur can go straight to an uninformed investor (stag®. Second, if the entrepreneur
originally pursued informed finance, but was unhappy with contract temasd not receive funding, the

entrepreneur can again seek out uninformed finance (stag®).

We consider two dimensions of information acquisition: the project’s viability/isitiguality and the
best method of managing the project. A viable project may pay,affile a project that is not viable always
pays 0. Letpy be the ex-ante probability that the project is viable. Whether a viable piuggsk depends
on how it is managed. We consider two payoff-relevant actiangnda,. If the correct action is taken, a
viable project pays. If, instead, the wrong action is chosen, the viable project gaydy with probability
y, where 0< y < 1, and pays 0 otherwise. The ex-ante probability that acida the correct action is

pa - We letX (&) denote the random variable describing the project’s payoff when agtisrchosen.

The entrepreneur need not be indifferent between the action chdtoegxample, the action choices
may correspond to whether or not to keep the entrepreneur as a mahdgeifirm, or which market the
firm should target. We assume that act&rprovides the entrepreneur a private benefi;of 0, and action

a, provides the entrepreneur a private loss 0k 0. These aspects of the economy are common knowledge



to the entrepreneur and investors. To capture the fact that the emeeepsepreferred action is more likely
to be the correct action, we assume thgt> 0.5. We assume that the entrepreneur’s net opportunity cost

is strictly positive, i.e.w — €1 > 0, and that private benefits matter, i@.— ¢, > 0.1

The financier can acquire distinct, independent signals about bothdjees viability and the correct
action choice. To emphasize the strategic incentives to limit information acquigii@ssume that signals
of arbitrarily high quality can be acquired, and that once the informationisitign costc > 0 is paid, the
marginal cost of more accurate signals is zero. Thusptigreason not to acquire better information is if

superior information adversely affects the equilibrium financial contrg¢érms.

A signal of qualitygx € [0, 1] reveals whether the project is viable with probabitify, and is a random
draw from the prior with probability - gx. A signal of qualitygs < [0, 1] reveals the correct action choice
with probabilityge, and is a random draw from the prior with probability- tj,. We definerx (qx) € {0, X}
andos (o) € {a1, @} to be the realized signals about project quality and optimal action resggctjivesn

signal qualities)x andge. Where the context is clear, we writg andos instead ofox (Qx) andos (ds).

Timing of Decisions.

t=0 The entrepreneur chooses whether to seek informed or uninformeddina

t=1 If informed finance was sought, then the financier decides whether tstigage the firm. If the finan-
cier investigates, he chooses a contingent contract that specifiesigiiies qx andge, an equity
sharek, and control rights that applgnly if the financier provides funding. If, instead, uninformed
finance was sought, then the uninformed investors offer contractspeifysthe share of the firm’s

payout that they will receive, and the control rights allocation.

t=2 (a) The financier privately observes signais(qx), o+ (de) and decides whether to extend finance at

the terms specified by the contingent contract; and

(b) Uninformed investors can offer contracts.
t=3 The entrepreneur either selects a contract, or rejects funding angepunis alternative.
t=4 The financier can announce signajgqx) andos(de) (Cheap talk).

t=5 Actions are chosen by the party with control rights and payoffs are eghliz

lwe only use this latter assumption to eliminate additional equilibria based ompesrteair indifference.
2sjgnal qualities need not be contractible if they are observed by the mteep and he can convey these signal qualities to
uninformed investors.



2.1 Discussion of Model Assumptions

Why contingent contracts? It is advantageous for the investor to specify terms ex ante, thereby intro-
ducing commitment. Absent this commitment, the contract offer may signal informatitich leads to
multiple equilibria, including the equilibrium that we identify. The other equilibria smb-optimal from

the viewpoint of the investor because the investor gets a smaller shark.e§uitibria are supported by
the entrepreneur’s beliefs that a larger share derkandicates a bad signal realizations. By offering the

contingent contract ex ante, such equilibria are precluded, maximizingwbstan's payoff.

Venture contracts feature precisely such contingent terms. A repaéigercontract provided to us by
Per Stromberg consists of an initial contingent contract offer that segtife financing terms (e.g., invest-
ment levels, equity shares, dividends). Funding is contingent on ayeogitject evaluation by the venture
capitalist. If funding is extended, then the financing terms are those spaaifibe initial offer. The con-
tract offer permits the venture capitalist to back out after due diligence ingkietwo months on his part:
“These terms do not constitute any form of binding contract . . . nothingagoed herein shall be considered

binding until executed bpothparties ... The investment is contingent upon...”

Why a cheap talk stage? A key distinction between venture capital and angel finance conceradidlca-
tion of control rights. In our model, the allocation of control rights corogs}s to selecting the agent who
makes the action choice. A venture capitalist has control rights, while sl dapgates action choice to
the entrepreneur. An informed financier can discourage uninformmagetition by concealing information
about action choices prior to the entrepreneur’s choice of financimgsoClearly, a venture capitalist can
do this simply by not taking the action until after the entrepreneur acceptaridinfy offer. To avoid build-
ing an unfair advantage into venture capital over angel finance, welirteoa stage after the contract has
been signed in which an angel can recommend actions to the entreptareelny communicating how the
project should be managed. In practice, angels often provide advicdgrapeeneurs—which they do not

have to follow—and we want to capture this possibility.

Why competition only with uninformed investors? We provide the simplest model in which an informed
investor faces competition. One could contemplate additional competition frammiafl parties at the ex-
ante or ex-post stage. We will argue in Section 5 that the distortions in infiamrecquisition and difficulty
of supporting informed finance are only reinforced by competition at thnexstage, and that two sequen-
tial stages of informed competition lead to an outcome equivalent to the onealyg@nbecause the first

investor will not acquire information.

In practice, for first stage finance, it is very rare for multiple ventungitafists to investigate the

same project seriously. “Venture capitalists trade information quite frealyfraguently” (Paul Keaton,



http://www.i2m.org/ftp/freepubs/0501.pdf). To eliminate simultaneous competitioniramis feature no-
shop provisions over the period where the venture capitalist is prepmogigr funding® After this period,
the entrepreneur can shop for other contracts, and this includes tHeruméd finance that we model. The
informed investor anticipates the threat of possible competition from unintbsoerces, and designs his

original contract in such a way that no competitor has an incentive tofoffieing.

3 Equilibriawith Hands-Off Finance

We first characterize equilibrium outcomes when action choices are nwhpmwtant for outcomes, so that
it is efficient to take the entrepreneur’s preferred action. Formally, wp@ase thay is large enough that
the expected output cost of taking the entrepreneur’s preferrechagti@ven when it is “wrong,” is less
than the benefits that accrue to the entrepreneur from having hisnebfartion taken. As a result, it is not
necessary for the financier to investigate which action maximizes the prqjegtsf, as it is optimal to set

de = 0 and delegate the action choice to the entrepreneur.

Theorem 1 proves that when taking the wrong action is not too costly, egaitih the game must

correspond to solutions of the following optimization problem:

Problem 1

max pe( EkX(@lox(@x) = x] - 1) ~ ¢ (1)

subject to

1. E[1—-Kk)X(ap)|ox(qx) = 0]+ €1 > w.

2. E[kX(a))] =< L

The financier’'s objective is his ex-ante expected profit given thaté@é extended if and only if the project
viability signal is good, i.e. if and only i&x(qx) = X. The financier chooses the project viability signal

quality gx and equity shark to maximize these profits.

To understand why constraints 1 and 2 must hold in equilibrium, first noteftimrmation acquisi-
tion is too accurate, i.e., fjx is too close to one, then constraint 1 is violated=g6l — k) X (ag)|ox (1) =
0]+€1 = €1 < w. The left-hand side of constraint 1 is the entrepreneur’s expectedfpayen the financier
receives a bad signal, whete > 0 is the private benefit that the entrepreneur receives when hisnacfe

action is taken. The right-hand side is the entrepreneur’s payoff wheiods not pursue the project.

3In the representative contract, “the (firm) agrees to deal exclusiitly (the venture capitalist) for a (two month) period.”
“The parties shall use their best efforts to close the transaction (withiméeks), but in no event, beyond (the two month period).”
(During this two-month period) “the company agrees not to pursuesporel to competitive financing from other parties.”



To see why the financier cannot acquire such accurate informatigopsephat constraint 1 is violated.
The informed financier will fund the project if and only if his signal is godihen the financier fails to
offer funding, the entrepreneur realizes that the signal was bad led @onstraint 1 does not hold, a share
1 — k does not yield him an expected payoff that covers his opportunity costse;. But then, even if
uninformed investors offer slightly more favorable terms to the entreprekied k, the entrepreneur would
reject them whenever the financier fails to offer funding. That is, tfex kf by uninformed investors is only
accepted when the informed financier received a good signal. As kb tbsufinancier’s gross profit must

be zero and he cannot cover his investigation costs0.*

Constraint 1 ensures that if an uninformed investor offers a contraletavsharek’ < k, then the
entrepreneur would always accept the contract. Constraint 2 is tlhesseary for the profits from offering
k' to be negative for alk’ < k. Theorem 1 documents that wheris sufficiently large, all equilibria with

informed finance are described by Problem 1.

Theorem 1

1. If, ceteris paribusy is sufficiently large and informed finance is offered, then the equilibriumdk an

gx solve Problem 1.

2. Conversely, if the k andiathat solve Problem 1 generate a non-negative financier payoff, then for
sufficiently large, there exists an equilibrium with informed hands-off Geam which the financier's
demands a share k and acquires a project viability signal of qualitylq equilibrium, the entrepre-
neur strictly prefers informed finance to uninformed finance when cansgaf Problem 1 is slack,

but he is indifferent if constraint 2 binds.

The key intuition for Theorem 1 is as follows. If the loss due to taking the graction is small
compared to the entrepreneur’s private benefit from selecting hisrpedfactiona;, then social surplus is
maximized by taking action;, even when the action signal recommeagsBecause the financier has all
bargaining power, the financier maximizes his own payoff by ensuringattieina; is taken. He does this
by delegating the action choice to the entreprefAeNpte that Theorem 1 implies that entrepreneurs with
projects that ex ante are less likely to pay off gain more from having a fieaimyestigate their merits, as

these are the projects for which constraint 2 is slack.

4There is also no mixed strategy equilibrium with excessively good informa@muisition: if the financier mixed between
funding a good project and not, then indifference demands that he nea gross profits (the profits when he chooses not to fund).
But then again the financier does not cover his investigation costs. Fitiadlyresult generalizes to arbitrary realizationsxads
long asw is sufficiently large, or parties are not restricted in the nature of the cistitzat they offer.

5Theorem 1 also rules out other potential equilibria. For example, in otresé potential equilibria, the financier could extend
funding only wherox (Qx) = X, andog (qep) = a3.



It is important to observe that along the equilibrium path, uninformed inv@stomot need to make
offers. Nevertheless, the threat of competition from uninformed invegtfiiences the financier’s actions.
In particular, the financier's contingent contract is designed so thatarmed investors cannot profitably

compete; and in equilibrium, the investors need not bother.
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Figure 1: The profit of an informed financier

The graph shows that financier’s ex-ante expected profitifdllowing parameter valueg: =
4,w—€=01c=03,y; =1

We next characterize the solution to Problem 1. Figure 1 illustrates how thecfer’s equilibrium
payoffs varies with the probabilitypx that the project is viable. Theorem 2 proves that the key features
illustrated in Figure 1 hold generally. Figure 1 reveals thatyfis too small or too large, then informed
finance is infeasible. This is obvious [ifx is small. Whenpy is large, uninformed investors would face
little risk from competing if the financier tried to retain too much surplus. As dtiasunformed investors
would be willing to compete so aggressively that the financier cannoteedow costs of investigation, even
when it is socially efficient to acquire information. Such safe projects st lagpositive ex-ante NPV, and

hence receive uninformed finance.

As Figure 1 reveals, for small values p§ where only constraint 1 binds, profits are a convex, increasing
function of px.® In this region,E[k X(a;)] < 1 so that any investor who offers the same contract as the
financier would lose money. Therefore, it is sufficient for the finantmegenerate a lemons problenk—
andqgx are not limited in any other way. The intuition for the convexity is as follows. kvte project
is unlikely to pay off, it is hard to make uninformed finance attractive to theepréneur after a negative
project evaluation—the financier must both take a small share of the firmaharabe a low signal quality.

Fixing k andqgy, the financier’s ex-ante payoff would increase linearlypjn as the objective (1) would be

6In the figure the solid line is the actual payoff. The dotted portion of the@onurve shows the financier’s profit were we to
ignore the fact that constraint 2 binds, so tBfk X(a;)] > 1. The dotted part of the concave curve assumes that constraint bind
so thatE[k X(a1)] = 1, even wherpy is small enough that it is optimal for the financier to choose a smaller shagleo acquire
better information, instead.
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the product ofpx and a constant. But, in addition, raisipg makes it is easier to induce a lemons problem.
As aresult, the financier can increase bagthandk without inviting uninformed competition. This increase

of k andqy raises ex-ante payoffs from linear to convex.

The financier’s ex-ante payoff function becomes concave whertreams2 binds so thaE[k X(a;)] =
1. Once constraint 2 binds (at the tangency point of the convex antheercurves), raisingyx further
allows uninformed investors to compete more aggressively. As a resulthameier must lowek to prevent
investors from undercutting his contract, i.e., to refa[k X(a;)] = 1. Therefore, the linear increase in ex-
ante payoff due to the increase p§ is dampened by the reduction kf causing payoffs to be concave.
Finally, because the slope of ex-ante payoffs is positive at the tangpmia it follows that thepy that

maximizes the financier’s ex-ante payoff is on the concave portion. €hedrsummarizes the key features.

Theorem 2 Indexing projects by the ex-ante probability that a project is viable, there existsfg such
that for px < Px only constraint 1 binds; and forp> px, both constraints 1 and 2 of Problem 1 bind.

Information acquisition about the project’s viability is always distorted, so thak 1. Further,

1. Financier profits are strictly positive if and only ifxpe (P, Px), where0 < P, = Px < 1. The

interval (P, Px) is non-empty if and only if the information cost c is sufficiently small.
2. The financier’s payoff is a strictly convex and strictly increasing funatiopy for px < Px.

3. The financier’s payoff is a strictly concave function @ffpr px > Px with a strictly interior maxi-

mizer, g. At @, the project has a strictly positive ex ante NPV.

4. Projects with R > px have a strictly positive ex ante NPV and hence receive uninformed finance.

The proof to Theorem 2 details the equilibrium valuegggfandk, that underlie the financier's ex-
ante expected profits. Theorem 2 suggests that the financier prisfdes projects. Still, we cannot yet
draw this conclusion apy affects both a project’'s mean return and its risk. We now show that the value
of information acquisition is greater if, ceteris paribus, the project’s vaeds higher. It follows that a
risk-neutral informed financier prefers riskier projects. Positive NfPdjects that are too safe can only
receive uninformed bank finance. Thus, we can reconcile empiriadihéis in Fiet and Fraser [14] and

Hellmann [23], who document that banks invest in safer projects. Wefoinally state this result.

Theorem 3 If the equilibrium outcomes are characterized by the solution to Problem ftivea given
expected project payoffyX, increasing the project variance raises the financier's ex-anteaggdeprofit.

Informed finance is infeasible if the project’s variance is too low.
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4 Equilibriawith Hands-On Finance

We now characterize equilibrium outcomes when information about actionsredatermally, this means
thaty < 1 and the entrepreneur’s private losg,— €,, from taking actiona, rather thana; is not too
large. The financier’'s information acquisition choice is now multi-dimensionaih the project viability
signal quality, and the action signal quality matter. Further, the financiectsidn about whether to extend

funding may conceivably reveal information about both the project’siitiaand the optimal action choice.

Theorem 4 below details that equilibria of the game can again be charadtleyitiee solution to a con-
strained optimization problem for the financier. In equilibrium, the financigsreds funding if and only if
he receives a good signal about the project’s viability. The choice  duproject therefore reveals infor-
mation about the project’s viability to the entrepreneur, but does notlrfeemation about the optimal
action. The financier “hides” his information about the right action byrofiea hands-on contract that
gives him control rights. The cost of hiding this information is that the engérggur does not know whether
his preferred action will be chosen. The benefit is that neither uninfbinvestors nor the entrepreneur can
extract information about the action choice. As a result, uninformed imgestmnot compete by simply
offering a sharé’ that is smaller than the shakeoffered by the financier. Rather, an investor’'s share must

account for these costs and benefits. We now state the optimization praidehea explain the constraints.
Problem 2

max px(EIkX@)lox (@) =X, 00(D) = al - 1) —c (2)
ax.k,ke[0,1]

subject to

1. E[(1 - K X(@)lox(@x) = X] + €1 = E[(1 — K)X(@)lox(x) = X, 0o(1) = &] + 2 Paj€j
2. Ifgx < 1lthen

(2a) E[(1—K)X(a)lox(x) = 0]+ €1 > w
(2b) E[kX(ap)] < 1.

3. If gx = 1then
(3a) E[kX(ap)lox(gx) = X] < 1.

(3b) E[(1—K)X(@)lox(Gx) = X, 06(1) = &] + Y_; Paj€j = w.

The argument of Problem 2 is the financier's ex-ante expected profiialBe the contingent contract
conveys nho information about the best action, uninformed investorotaee ride on a financier’'s acquired

expertise about actions. As a result, the financier chogses 1. Via constraint 1, the shakeand signal
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quality qx determine a shatewith the following property: were an uninformed investor who does notkno
the best action to offek and the financier were to offer funding at shiareéhen the entrepreneur would be
indifferent between informed and uninformed finafic&n investor who wishes to undercut the financier’s

contingent contract must therefore ask for a slkare k.

The financier has two options. One option is to generate a lemons problemifidormed investors as
in Problem 1. That is, the financier can choose signal qualities so thairifestor undercut the financier’s
contract terms, then the entrepreneur would accept the investorsweéa when the financier did not offer
funding. The financier’s other option is to exploit his knowledge abouttresct action and acquire full
information about project viability. Because uninformed investors cafieetride on information about
action choice, they may not compete even if they can infer that the enteepresould not pursue funding

whenever the financier does not extend funding.

The financier then chooses whether or not to induce a lemons problem imizevprofits. Con-
straints 2(a) and 2(b) apply when the financier generates a lemonsrprasleninformed investors, and are
hence the analogues to constraints 2 and 3 of Problem 1. Togetherng8teaguts imply that an uninformed

investor who undercuts by offering a sh&te< k faces a lemons problem that results in losses.

Constraints (3a) and (3b) of Problem 2 apply when the financier chamgeo create a lemons problem
for uninformed investors. In this case, the financier choases= g = 1 because there is no longer a
reason to distort information acquisition. Then, if the financier does rtenhexunding, the entrepreneur
infers that his project is certain to fail. As a result, the entrepreneur willanoept funding from other
sources. Constraint (3a) ensures that no investor wants to offéinfyeven knowing that the entrepreneur
would only accept their offer when the project is viable. Formally, if anstweundercuts witl’ < k then
(3a) impliesE[k' X (a1)|ox(qx) = X] < 1, i.e., the investor loses money. Finally, constraint (3b) ensures

that the entrepreneur receives at least his outside péyoff.

Theorem 4 provides sufficient conditions for all equilibria to corresitorsolutions of Problem 2.

Theorem4 1. If, ceteris paribusy ande; — ¢, are not too large, and informed finance is offered, then

Jde = 1, and k and ¢ solve Problem 2.

2. Conversely, if the k andxgthat solve Problem 2 generate a non-negative financier payoff, then for

y and e; — ¢, not too large, there exists an equilibrium with informed hands-on finanoethis

"The left-hand side of constraint 1 is the entrepreneur’s expectedfjidy® accepts the investor’s contract instead of the finan-
cier's when the financier offers funding. Thus, the expectation isiiondd onox = x. The right-hand side is the entrepreneur’s
expected payoff from accepting the financier's contract. The exji@tta also conditioned ong (1) = &, because the financier
knows the correct action. Because both actions are chosen in equiljdhiarentrepreneur’s ex-ante expected private benefit is
Pa €1 + Pay€2-

8As we detail in the proof of Theorem 4, constraint (3b) can only bindnwir@nformed finance is infeasible. This is the only
situation in which the entrepreneur’s payoff can be driven down to hisdripayoff.
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Figure 2: The profit of an informed financier

The solid line in the graph shows that financier's ex-anteeetgd profit for the following pa-
rameter valuesX = 4, w = 0.1, ¢; = e = 0, ¢ = 0.3. Four different values opg, are

shown.

equilibrium, the financier offers a share k and acquires a signal of quglityabout the project’s

viability, and acquires a signal of qualitygg= 1 about the correct action choice.

Intuitively, if it is socially optimal to choose actiom, when recommended, then it is in the financier’s
interest to select a hands-on contract and always select the recoeungetébn. The assumptions that
ande; — ¢, are not too large—i.e., taking the wrong action is sufficiently costly and themetneur does

not prefer actiora; by too much—simply ensure that this is so.
We now solve for the optimal sharés k, and forqx that characterize the solutions to Problem 2.

Figure 2 illustrates how equilibrium payoffs vary withy,, which captures the level of uncertainty about
how to manage the project optimally. The concave and convex portions fiidéimeier’s payoffs correspond
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to when the financier induces a lemons problem. The reasoning underlgimgtinvature is identical to
that for Figure 1. The linear portion of the financier's payoff applieemwkhe financier chooses not to
induce a lemons problem. In this cage = qe = 1 andk do not depend omyx, so that the financier’s
ex-ante expected payoff (2) rises linearly with. The financier does not induce a lemons problem when
px is small because he must then choggeandk to be small; otherwise, the offer of an investor who
undercuts is only attractive to the entrepreneur when the financier daswdsxXunding. Wheipy is higher,

the financier finds it more attractive to induce a lemons problem, as he canwithsa larger shar& and

a more accurate project viability signal. Contrasting Figures 3(a)-3wate how the financier’s choices
vary with p,,. Note that the attraction of not inducing a lemons problem is higher vhgeis smaller, and

is maximized byp,, = 0.5. This is because whepy, is closer to 0.5, uninformed investors are more likely

to select the wrong action, raising the costs of uninformed finance to trepeseur.

Theorem 5 proves that the features of the financier’'s payoffs dedtgeire 2 hold true generally.

Theorem 5 Indexing projects by the ex-ante probability that a project is viable, theist %, p3 such that

1. For all px < p3, constraint 3 applies. In this regionxg= de = 1, i.e., information acquisition is

not distorted, and the financier's expected payoff is a linear, strictlygasing function of p.

2. If p3 < p%, then constraint (2a) binds but constraint (2b) does not, for aliwith p3 < px < p%.
In this region, the financier's expected payoff is a strictly convex, strictgeasing function of p,

and the financier selectsg< 1 and ¢, = 1.

3. If p3 < 1, then for pc > max{p%, p3}, both constraints (2a) and (2b) bind. In this region, the

financier’s payoff is a strictly concave function of ,@and the financier selectsg< 1 and ¢, = 1.

4. Financier profits are non-negative forxpe [Ex’ Px], where_g( > 0 and px < 1. The region is

non-empty if and only if ¢ is not too large.

Clearly, an equilibrium with informed finance only exists if the financier’'sqfig non-negative. Again,
projects will not be funded if the probabilityx that the project is viable is too small. However, in contrast
to hands-off finance, projects withy = 1 could receive funding, as Figures 2 (a)—(c) indicate, because the
financier's expertise about how to manage the project may give him aisuffinformational advantage over
uninformed investors. For uninformed investors, a project wjth= 1 is only safe wherp,, is close to one,
because the project payonly with probability p,, + (1 — pa,)y. Thus,p,, captures uncertainty about how
to manage the project optimally. For uninformed investors, this uncertainsladtas into uncertainty about

the project’'s payoff. It follows immediately that the financier's ex-anteeexgd payoff falls as projects
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become safer in the sense tha} is closer to 1. That is, the financier can derive greater profits from
projects where his expertise about actions matters. For example, if wer@it@rps the action of retaining
the entrepreneur in charge of the firm, and actigias replacing the entrepreneur, then venture capitalists
should be more likely to finance projects whasg is significantly larger than 0. Consistent with this,
Hellmann and Puri [24] document that venture capitalists force abouhindeof entrepreneurs out of their

firms within five years.

We have set up the game to allow the financier to convey information to the earteap about the
appropriate action choice once the entrepreneur has accepted tteetdByrdelaying the revelation of the
correct action until after the entrepreneur accepts the financierdrfgroffer, the financier makes it less
attractive for uninformed investors to compete. Clearly, if at this stage tinepeaneur’s and the financier’s
interests are aligned with regard to action choice, then the financier wonldeveonvey the correct action
to the entrepreneur, and the entrepreneur would follow the financtbrisea As a result, the same outcomes
could also be implemented by a contract in which the financier tells the entezprire correct actioafter
the entrepreneur has accepted the contract terms. In this case, effekeorventure capital finance can be
used. If, instead, interests are not aligned because the entrepnenddiprefer to take his preferred action
a; even when actiom, maximizes expected project payoffs, then the hands-on equilibrium outcame
only be implemented by giving the financier control rights. Thus, ventysgatdinance is necessary. That

is, the following is immediate.

Theorem 6 Suppose that a hands-on equilibrium exists. Then the hands-on eqguilibtitcomes cannot
be implemented by giving the entrepreneur control rights if and only if tiregreneur would strictly prefer

action a when a maximizes project payoffs, i.e., the entrepreneur and financier’s stteage not aligned.

Clearly, interests are less likely to be aligned the more the entrepreneur sliatiiena,. However,
if the entrepreneur’s disutility from acticay is too large, then hands-on finance is no longer optimal, and
the financier may instead offer the hands-off contract characterizedciion 3. The following theorem
characterizes projects for which hands-on finance is optimal, but itdexes not aligned ex post. More

specifically, the theorem shows that interests are only aligned if the ptaea sufficient ex-ante NPV.

Theorem 7 Consider a project with EX(a;)|ox (1) = 1] > 1. Then ifw, €; — €2, and ¢ are not too large:

1. An equilibrium with hands-on finance exists. In this equilibrium the finarygeerates a lemons

problem for investors.

2. Expostthe interests of the entrepreneur and the financier with respaction choice are not aligned

if and only if the project’s ex ante expected NPV is not too positive.
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The condition thatv, €; —€,, andc are not too large simply ensure that informed finance is provided and
the contract is characterized by the solution to Problem 2 subject to dotséa) and 2(b). The condition
thatw is small implies that it is easy to produce a lemons problem; if the financier dbé@sloce a lemons
problem, then he choosgg = g, = 1, in which case interests are always aligned. The intuition underlying
Theorem 7 is that raising a project’s ex-ante NPV raises the opporturstt@the entrepreneur of taking
the wrong action, so that eventually interests are aligned. Thus, as lahg fisancier can freely transmit
his information to the entrepreneur, the allocation of control rights to the renapitalist is vital only for
sufficiently risky projects that have low ex-ante NPVs. The reason teatiitrepreneur may seek venture
capital finance even though interests may not be aligned ex post is thamitgéhe venture capitalist to
exploit his expertise about action choice. In practice, interests ardigoed even when the project has a
“large” ex-ante NPV andv, ¢; — ¢, andy are not “small”. For example, & = 4,y = 0.7, w = 0.15,
€1 = 0.1, e, = —0.3, andg,, = 0.75, then interests are not aligned as longas< .417, or equivalently

for projects with ex ante expected returngefof w — ¢;) that are less than 49.4%.

Inspection of constraint 1 of Problem 2 reveals that the entreprermas mbt gain directly from the
financier’s superior information about the correct action. This is meaguilibrium contracting terms are
driven by the threat of competition from uninformed investors who cafmaetride on this information. That
is, unless information about the correct action choice causes the fintmaiEuire more information about
project viability, the rents to knowing the correct action choice accrudysioléhe financier. Calculations of
gx for Problems 1 and 2 reveal that the financier acquires at least as nioichation about project viability
with hands-on finance (Problem 2) as he would with hands-off finaRo&b{em 1). Further, he acquires
strictly more information as long as constraints (2a) and (2b) of Problemribtboth bind. Inspection
of constraint 1 of Problem 1, and constraint (2a) of Problem 2 retreslthe entrepreneur’s payoff is
monotonically increasing igx.® Thus, the entrepreneur gains indirectly from information acquisition about

action choice.

We now derive the analogue to Theorem 3 for hands-on finance.i§,l@insistent with the empirical

findings that we have highlighted, we now show that venture capitalistsi§ikiér projects more attractive.

Theorem 8 Suppose it is optimal for the financier to extend hands-on informed findrteen, fixing the

expected project payoff, increasing the project variance raisesnhadier’s ex-ante expected profit.

9n Problem 1 the entrepreneur’s payoffE§(1 — k)X (a1)lox (qx) = X] = E[(1 — k)X (ap)|ox (qx) = O]M =

(I-ax)p
(w— el)w, which is increasing ik . The argument for Problem 2 is similar, except we must also use adtstr

17



5 Discussion and Further Research Questions

We now discuss some of our assumptions and how altering them openstintedigections for future

research.

Action choices.We only consider two action choices, but, in practice, a broader rangetioih choices
may matter. Obviously, additional actions do not change our qualitative fiadfirige financier does not
acquire information about actions, as the entrepreneur’s most prefaction would then be taken. The
primary difference is that, typically, with many actions, interests are not alidoeevery action. For
example, interests may be aligned for all but the action of forcing the eatrepr out of the firm. Then,
the equilibrium outcome with informed finance is either venture capital finanoehich control rights
are allocated to the financier and there is ex-post regret when the remteep is fired; or angel finance,
in which the entrepreneur retains control, and the angel provides more liadtece about action choice.
This accords with common practice: although angels do not have contints rifpey provide guidance to

entrepreneurs. The question becomes: How do angels design the ajpltinaally?

Project realizationsWe consider two project realizations, 0 akdo circumvent issues about contract de-
sign. With two realizations and limited liability, there are no differences betwebnahd equity. With more
states, debt and equity continue to be equivalent if no information is adgaivé agents are risk neutral,
but they are not equivalent with informed finance. Qualitatively, ounlte®xtend if we restrict attention

to equity finance, which is the form of finance that angels and venturatisis adopt. It is interesting that
with many possible realizations, the entrepreneur’s and financier’s stéemgay cease to be aligned over
whether to pursue the project, even when action choice does not mattexdfople, with debt finance, the
financier would extend funding if he were sure to be repaid, but thepretreur would only want to pursue
the project if he would cover his opportunity cost, The questions become: What are the advantages or

disadvantages of informed debt versus informed equity? When aresitgerer funding aligned?

Other Informed CompetitionVe assume that there is no competition from other informed financiers, which
accords with the observation that venture capitalists rarely compete withotlaehat the investigation
stage. Even so, introducing another informed financier at the investigetige only reinforces our qual-
itative findings. In particular, in order to generate a lemons problem, thepatreur has to be willing to
pursue funding when he is rejected by all informed financiers. As dty@gormation acquisition is further
distorted by competition at the ex-ante stage, and it is more difficult to sugiEimformational rent nec-
essary for informed finance. Note that modeling competition of informed fieemsequentially does not
alter our predictions, because the first financier would not investigatethee second would behave as in

our model.
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Bargaining powerWe give the financier most of the bargaining power, subject only to thattbfeoutside
competition. In Bernhardt and Krasa [5] we allow the entrepreneur tosghamong incentive compatible
informed equity, informed debt and uninformed finance, where the eetrepr can set the terms of funding
given that (i) it must be incentive compatible for the financier to investigaue (& extend funding. We
characterize how the form of finance depends on the project’s dbéasdics, and show that, even with all

bargaining power it is not optimal for the entrepreneur to extract alligsifpom venture capitalists.

Outside payoffWWe assume that is common knowledge. In practice, the entrepreneur’s outside opportunity
may vary with the entrepreneur, and be private information to the entreyreRor example, suppose that
the entrepreneur’s opportunity cost is either high, or low, w,. Then the contracting terms can be chosen
so that the types are either pooled or separated, with resulting implicatiotisefé@mons problem that
uninformed investors face. With separation, one type receives eithifaramze or uninformed finance, and
the other type may receive informed finance. The question then becormwsid¢s the financier design the

contracts to separate or pool types optimally?

6 Conclusion

This paper shows how potential competition affects the type of funding thahtepreneur can expect to
receive. Very generally, we characterize which ex-ante projecstypey receive venture capital finance,
angel finance, or bank finance at the initial stage of funding, and wn@jbcts are unable to obtain finance.
We also derive the consequences for the nature of the information aicoquéecisions of the financier and

the contract that he offers. As we have emphasized, the resulting eigmilibutcomes can reconcile many
empirical regularities. Further, our basic model can be extended to eomsidortant questions about the

relationship between project characteristics and the form of finance.

Finally, we observe that the economic principles that we identify are gertoasther economic envi-
ronments. For example, in competitive labor environments, an employer majuictant to investigate its
employees’ abilities in order to place them efficiently in job assignments to thetdélxegrcompeting firms

can free ride on the information that is revealed by the ultimate job assignment.
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7 Appendix

Proof of Theorem 1. First, note that constraints (1) and (2) of Problem 1 are necessargrv@se, there
would be no lemons problem for uninformed investors, and the financigd oot recover costs. At date
t = 1 the financier selects a contingent contract that maximizes his expectéd phois, the equilibrium

valuesk andqy solve Problem 1.

Conversely, assume thiat andg), solve Problem 1 and that financier profits are non-negative. Then,
givenk' andqy, investors cannot make a profitable offer. Next, it is immediate that the eatepr prefers
informed to uninformed finance &t= 0: Constraint (2) implies th&V > k', where equality holds only if

constraint (2) binds. Note that the entrepreneur receivedien funding is not offered.

There are two possible signals with informed finaneg(q)) = X andox(gy) = 0. Whenox(qy) =
%, comparing informed and uninformed financekf > k', the entrepreneur is strictly better off with
informed finance, and kY = k', he is indifferent. Now considerx(q)) = 0. With informed finance,
the entrepreneur would not be funded, and hence would regeiWith uninformed financek” > k' and
the fact that constraint (1) binds fé&t implies that with uninformed finance, the entrepreneur’s expected
payoff is less than or equal i0. Hence, the entrepreneur is indifferent to informed and uninformeddama

if KY = k', and he stricly prefers informed financekif > k'.

It remains to prove that the financier cannot improve by offering hamd8nance whery is large
enough and that finance is offered if and onlwijf(qx) = X. Assume the financier offers a hands-on
contract where funding is provided if and onlyif (qx) = X and the recommended actiog (o) = & is
chosen. Lek be the financier’'s share. Then investors can compete with a handsatffict with share
that fulfills

E[(1— k) X(@)lox(Ax) = X] + €1 > E[(1 - k) X(@))lox(Gx) = X, 0e(1) = aj] + Z Pa €. (3)
i

First, assume there is no lemons problem for investors, i.e.,
E[(L - R X@)lox(qx) = 0] + €1 < w. 4

Thenif E[kX(a1)|ox(gx) = X] > 1, investors would be prepared to offer this contract, and the entrpren
would choose it if and only if he receives an offer from the financier,if.and only ifox (Qx) = X. Butthen
the financier's equilibrium profits arec, a contradiction to equilibrium. Thug[k X(a1)|ox (gx) = X] < 1.
Fory close to 1, (3) and; — €, > 0 imply k > k, so thatE[k X(a;)|ox(gx) = X] < 1, i.e., the financier

would lose money, a contradiction.

20



We can therefore assume that there is a lemons problem for investors, i.e.,
E[(1 - K X(@lox(ax) = 0] + €1 > w. (5)

For investors not to find undercutting profitabE[k X (a;)] < 1 for all k that fulfill (3), and therefore also

for k that solves

E[(1— K X(a)lox(@x) = X] + e1 = E[(1 — ) X(@))|ox(Gx) = X, 0o(1) =aj] + Y _ payej.  (6)
j

Equation (6) implies that the entrepreneur’s payoff from the handssatract is the same as that from
a hands-off contract with shafe (and the samex). But for y sufficiently high, total financier-plus-
entrepreneur surplus is lower if actiapis chosen whers (o) = a,. Because the entrepreneur’s payoff is

the same for both contracts, it follows that the financier's payoff mustwerlander the hands-on contract.

It is immediate that hands-on finance cannot be offered independegt ofheny is close to 1, total
surplus is increased by choosiageven wheroe(ge) = a. Then, for anyk that would earn the financier
positive expected profit, uninformed investors would be willing to offer atremt with shark < k that

would be preferred by the entrepreneur, so that the financier caowet his information costs.

Now, we consider equilibria with hands-off finance. First, assume thetdmis extended if and only if
ox(gx) = X andog(ge) = a;. ThenE[kX(ay)|ox(Qx) = X, 06 (Je) = a1] > 1. Otherwise, the financier
could not recover costs Therefore, ify is sufficiently large, we geE[k X(ap)|ox(dx) = X, 0(Qe) =
a,] > 1. Hence the financier would also extend finance whg(tje) = a,, a contradiction. Second, assume
that finance is extended if and onlydf,(qs) = a;. Then for the financier to recover costsit must be
that E[kX(a1)|os(ge) = a1] > 1. Thus,E[kX(a1)|os(qe) = @] > 1 for y sufficiently large. Hence, an
investor could profitably undercut, by offering a share that is marginalytleark, a contradiction. Third,
the same argument applies to the case where finance is offered exapthy) = 0, 06 (do) = ay.
Fourth, it is not possible to have informed finance where finance is eetieindependent of the signals, as
investors could profitably undercut any shérthat covers the financier’'s costs Finally, note that if it is
optimal to offer finance whetix (qx) = Y andos(ge) = az then it must be optimal to offer finance when
ox(gx) = Yy andos(ge) = a;. Therefore, we have exhausted all cases, i.e., we have shown thdben
only form of informed finance that could arise is hands-on finance eviwerding is offered if and only if
ox(Ox) = X.

Proof of Theorem 2. To prove the theorem we solve Problem 1. Note that constraint 1 mustsabird.

Otherwise, we could increasg thereby increasing the financier's payoff. If only constraint 1 birlsn
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we can solve constraint 1 férand substituté into the objective. The optimaly can then be derived by

taking the derivative with respect . Fork, qx > 0, their optimal values are

K—1_ (1—_px)(w—€1)' and gy = 1— _ w— €1 ‘
pXX(pal + Vpaz) pXX(l - pX)(pal + ypaz)

Substitutingk andqy into the objective of Problem 1 yields the financier's maximized payoffs,

(1 — px)(w — €1) + PxX(Pag + ¥ Pay) — C — Px — 2¢/ PxX(Pay + ¥ Pay) (L — Px)(w — €1). (7)

Taking the second derivative with respecip yields

\/)'((w — 61)(pa1 + Vpaz) -

0,
Zpi/z(l — px)%/?

which implies that the financier's payoff is convex jix. We next show that the profit function is strictly
increasing. Note thajx < 1. Otherwise, constraint 1 is violated. Now fix tkeindqy that are optimal
given px. Then constraint 1 is slack for the sakendqx if we raise px to p;. This follows because
E[(1 — K X(a)lox(gx) = 0] = (1 — gqx)pxX(1 — k) is a strictly increasing function opx. We can

therefore increaske andqy, which strictly increases the financier’s expected payoff.

Next, note thak is increasing inpx. Therefore, there existpx such that constraint 2 binds for all
px > Px. If both constraints of Problem 1 bind, then the optimal valuegfndk are determined solely
by the constraints. Substituting these valuegy,ofindk into the argument yields the financier payoff

A =px)(w—e)
PxX(Pa; + ¥ Pay) — 1

The second derivative with respectpg is

+1-c—px. (8)

_2)_((11) - El)(pal + )/paz)()_((pal + Vpaz) - 1)
(px)_((pal + Vpaz) - 1)3 '

Constraint 2 implies that the denominator and the last factor in the numeratbotirestrictly positive.

Becausav — ¢; > O the financier’s payoff is therefore concavepg. Therefore, the maximum financier
payoff is obtained when both constraints bind. Now note that constraintliesi] (1—k) X (a1)]+€1 > w.
Adding this to constraint 2 yield§[ X (a;)] > w—e1+1, i.e., the project has a positive ex-ante NPV. Finally,
substitutingpx = 1 into the solution yields financier profits efc. Intuitively, were gross financier profits
positive, uninformed investors could risklessly undercut. Hence ctarifly safe projects cannot obtain

informed finance.m

Proof of Theorem 3. Fix the expected project payoff, EP pxX(pa, + Pa,¥). Then decreasingx while

keeping EP fixed increases the variance. It follows from TheoremtPtiodlem 1 applies.
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Assume first that only constraint 1 of Problem 1 binds. Substituting EP intgdlds

(1— px)(w —€1) + EP— ¢ — px — 2/EP(1 — px)(w — €1). (9)

The second derivative of (9) with respectyg is ;gg;xl;gg’ > 0. Therefore, the financier’s payoff is convex

in px if we maximize subject to constraint 1 only. Next, assume that both constraimits Bhen the
financier's payoff is given by (8). Substituting EP yields

(A =pw —e€)
EP-1

+@Q—=px)—¢ (10)

which is a linear function opy. Financier optimization implies that this line is tangent to (9). Note that
if px = 1 then the payoff (10) is-c, i.e., informed finance is not feasible. Moreoverpif = 1 then
constraint 2 binds. Therefore, constraint 2 binds forpglbetween the tangency poipt, and px = 1.

If the slope of (10) is negative, then convexity implies that the slope of (Bggative for allpx < p.
Therefore, the financier's payoff is a declining function @mf and hence an increasing function of the
project’s variance. Finally, assume that (10) has a positive slope. ifamed finance is not feasible if
both constraints of Problem 1 bind. At the tangency p@iptboth the value of (9) and its derivative with
respect topx are negative. Therefore, if finance is feasibl@at< p., i.e. if (9) is positive, then convexity

of (9) implies that there is @x such that (9) is declining ipx for px < Ppx. Again, this implies that

increasing the project’s variance raises the financier’s payoff.

Finally, note that if the variance is small enough th@pis near 1. Theorem 2 therefore implies that

informed finance is infeasiblem

Lemmal Consider a hands-on equilibrium in the stage 3 subgame and suppose thig subgame the
financier selects the recommended action and offers funding indepgbnaiesy (gx). Then the financier's
payoff would be strictly higher in a stage 3 subgame in whigh=gge = 1 and the financier offers funding

only whernox (gx) = X.

Proof. If finance is offered independent ef(qx) then we can assume without loss of generality that
gx = 0. Itis also optimal for the financier to chooge = 1. We will show that the financier earns higher

expected profits settingy = g = 1 and financing if and only ifx (qx) = X.

Definek; implicitly by

E[(1—k)X(@)] +& = E[(1— K X@)loo(de) =aj] + ) _ Payej. (11)
i
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Note that in equilibrium

Elk X(a)] <1 (12)

E[(1 - KX (@)loo(de) = al+ Y Paci > w, (13)

where one of these inequalities must hold as an equality. If not, the finaratié increasé marginally

and raise his expected profits.

Assume first that (12) holds with equality. The financier’s expectedtpsofixkx — 1 — c. Using (11)

and (12) we can solve fd. Substituting this value df into the financier’s expected profit yields

(1= Pa)[PxX(L—y) — (&1 — €2)]. (14)

Now assume that the financier chooges= g = 1. Then finance is only offered when the project pays

earning the financier a profit of

(1= Pay)[PxX(L — ¥) — Px(e1 — €2)]. (15)

Becauses; — €, > 0 it immediately follows that (15) is greater than (14). Finally, note that theeshar
k is higher in the original equilibrium. The right-hand side of (11) is the enémegur's expected payoff
when finance is extended. Therefore, if (13) holds for the originallisgum then it holds also when
dx =Qgo = 1.

Now assume that (12) holds with a strict inequality and that (13) holds withligdor the contract
offered whemy = 0.

Whengx = 1, if K’ is the share offered by the financier, then the contingent contract rivestheg

entrepreneur at least his outside payoff,
3 P (EIQ = K)X(@)low(Ge) = &, 0x(@x) =R +€) = w. (16)

If (16) holds with equality thelk’ > k. Therefore, the financier is strictly better off. If (16) does not hold
with equality, then (12) must hold as an equality, and the first part of thereegt again implies that the

financier is strictly better offm

Proof of Theorem 4. Step 1: If an equilibrium with informed finance exist under the conditions of

Theorem 4, then hands-on contracts are offered and finance is exté&rahd only ifox (qx) = X.

Lemma 1 excludes hands-on contract where finance is offered indemeofoy. It is therefore suffi-

cient to show that equilibria with hands-off finance do not exist.
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Step 1.1: Finance is offered if and onlyif (gx) = X.

The contingent contract must solve Problem 1. ketgx be the solution. Lek = ky, and define by
constraint 1 of Problem 2. Thay, k, andk fulfill the constraints of Problem 2. The entrepreneur’s payoff
remains unchanged. Howeverelf — ¢; is sufficiently small then the total surplus is increased because the
recommended action is always chosen, so that, the financier, as theatesaimant, must have a strictly

higher payoff.
Step 1.2: Finance is offered if and onlyif (gx) = X andoe = a;.

Assume the financier offers a shdee For the financier to be able to recover castshere must be a

lemons problem for investors, i.e.,

E[(1 - k) X(@a)(ox(@x), 00(de)) # (X, a)] + €1 > w, 17)
and
E[koX(ay)] < 1. (18)
Moreover,
E[k2X(a1)lox(0x) = 0, 00(Ge) = a1] =1 (19)

must hold. Otherwise, the financier would offer funding also whg€x) = 0 ando+(qs) = a;. Keeping
the financier’s expected paydi[k, X (a1)|ox (Qx) = X, 06 (0e) = &] fixed, reducegx to g and increase

Js 10 gy such that (19) remains satisfied. Then we get eitfger 1 or
ElkaX(ap)|ox(@y) = 0,00(dy) = a&] = 1. (20)
First assume thaf;, = 1. Then ify is small,
E[(1 - ko) X(a1)|ox(Qy) = X, 00(1) = @] + €1 < w. (21)
By constructionE[kx X (a1)|ox(dx) = X, 0e(0e) = &] = E[keX(aw)lox(dy) = X, 0e(1) = a], and
hence,

E[(1 - ko) X(a)lox(@x) = X, 00(Ge) = a1] = E[(1 — ko) X(a)|ox(dy) = X, 06(1) =a].  (22)
Also, note that the ex-ante probability that(qx) = X andoe(0e) = & iS px Pa, and is therefore indepen-
dent ofgyx anddge. Thus,

Px Pay E[(1 — k2) X(a1)|ox (Ox) = X, 0o(de) = &]

+ (1 — px Pay) E[(1 — k) X (a1)[(ox(Ax), 00 (de)) # (X, &1)]
= E[(1 — k) X(a1)]
= Px Pa, E[(1 — ko) X(@1)[ox (Qy) = X, 09(1) = &]

+ (1 — px Pay) E[(1 — k2) X (@) (0% (AY), 0o (1)) # (X, @],

25



which implies
E[(1 - k) X(@)|(ox(dx), 00(Ge)) # (X, a)] = E[(1 — ko) X (@) [(ox(A), 00 (1)) # (X, a)].  (23)
Then (17), (21), and (23) imply
E[(1 - ko)X (@)|ox(a) = 0] + €1 > w. (24)

Now letk = kp. Definek implicitly by constraint 1 of Problem 2. Thetk, k, Oy, d, = 1) satisfy the
constraints of Problem 2. Moreover, the payoff to the entreprenewains unchanged. However, as above,
the financier's payoff is increased because wher ¢, is small, total surplus is increased by taking the

correct action choice.

Now assume that (19) holds with equality. Then we claim that
E[(1 - k) X(@a)|ox(Qy) = 0, 00(dy) = &] > w — €1. (25)
To see this, suppose that (25) is violated, i.e.,
E[(1 - k) X(@a)|ox(@y) = 0,00(dy) = &] < w — €. (26)
Note that
E[k2X(an)]ox(@y) = X, 0o (qy) = ] < E[k2X(a1)|ox(Qx) = X, 09 (qe) = ] < 1, (27)

where the first inequality follows becaus§ < qx andq; > g, anda; is not the recommended ac-
tion; while the second inequality follows because the financier does rmt foffiding wherox (gx) = X
andoe(Qge) = a. Then (20) and (27) imphE[(1 — ko) X(ap)|ox(q%) = X, 06(0y) = @] < E[(1 —
ko) X(a1)|ox (a) = 0, 00 (dy) = &]. Thus, (26) implies

E[(1— ko) X(ap)|ox (@) = X, 06(0p) = @] < w — €1. (28)

Thus, (26) and (28) imply that (17) cannot hold. This establishes itigg(26).
Letk = ko and definek by

E[(1 - K)X(@)] + e = E[(1 - k) X(@))|00(Go) = 3j] + Y Pajé;. (29)
j

Assume that the financier offers a hands-on contract with dharéependent ofx and that this contract
gives the entrepreneur at least his outside payoff; ¥ ¢; is small therk < k. This and the fact that the
recommended action is chosen implies that the financier's payoff is strictlgased whewry (qx) = X.

Because (19) holds as an equalitys k implies that the financier’s payoff is also increased whg(tx) =
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0. Finally, assume that given shdegethe entrepreneur receives less than his outside payoff ¢; — ¢
is small then (25) implies that a small reductionkoéindk is sufficient to guarantee the entrepreneur
Therefore, the financier is again better off. Lemma 1 above proves #héihtincier can improve further by

offering an alternative hands-on contract if and onlysif= X.
Step 1.3: Finance is offered if and onlyif (ge) = as.

Let ks be the share offered by the financier. Then for the financier to cof@mmation cost, there
must be a lemons problem for investors, il€l.(1—ks) X(a1)|0s (o) = @] +€1 > w andE[ksX(a;)] < 1.
Choosege = 1,qx = 0. Letk = ks and definek by (29). Ife; — €5 is small therk < k. This and the fact
that the correct action is chosen makes the financier strictly better offe Kdhtingent contract does not
give the entrepreneur his outside payofthen because, — ¢, is small, a slight reduction df andk gives
the entrepreneur his requisite outside payoff. The financier's payafér the hands-on contract remains

strictly higher than under the hands-off contract.
Step 1.4: Other Hands-off contracts

Finally, note that if it is optimal to extend finance wheg(gs) = az, then it is optimal to extend finance

whenos (de) = a;. Therefore, we have exhausted all cases.

Step 2: The optimal k andxgsolve Problem 21t is immediate that the constraints of Problem 2 are
necessary. Therefore, at stage 2, the financier selects the cah#iatiaximizes his expected profit subject

to these constraints.

Step 3: Sufficiency of Problem & remains to prove that the entrepreneur chooses informed finance
at stage 1. If constraints 2(a) and 2(b) apply then the argument is idetatitteat for Theorem 1. Now
suppose thafx = 1 so that constraint 3(a) and 3(b) apply. kEtbe the share that an uninformed investor
would offer were the entrepreneur to select uninformed finance a¢ dtaige.,E[KY X (a;)] = 1. If 3(a)
applies then it follows thdt < kY, because in 3(a), expectations are conditioned on the project beirg.viab
If the project is not viable, then under uninformed finance, the entneprereceiveg;. Under informed
finance a project that is not viable is not funded and the entrepreeesivesw. Becauseav — ¢; > 0, the

entrepreneur strictly prefers informed finance.

Finally, suppose that 3(a) is slack and that 3(b) binds. KYers k implies that the entrepreneur would
receive strictly less tham under uninformed finance. Under informed finance the entrepreaeeivesw.

Therefore the entrepreneur is willing to take informed finame.

Proof of Theorem 5. If constraint 3 in Problem 2 applies th&x = go = 1. Next note that either

(3a) or (3b) must be slack. In both cases the financier’s payoff is arlio@ction of px. To see, this note
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thatk andk in (3a) and (3b), respectively, are independenpgfbecausex = 1. The same argument
implies that thek defined implicitly in constraint 1 is independent p&. As a consequence, the term
E[kX(@)|ox(gx) = X, 06(1) = g]—1in the objective is also independentmf. Therefore, the financier’s

payoffs are linear irpx.

Next, assume that constraint (2a), but not (2b) applies. Then thecfaranpayoff is determined alge-
braically as follows. Use constraint 1 to solve foas a function ok and the remaining parameters. Then
use (2a) to eliminatk and substitute the resultifkgnto the objective of Problem 2. The first order condition

with respect tajx reveals thatly = 1 — ——=2=—L_, which in turn determinek. Substitutingk andqy into

Vpx(T=px)X’
the objective determines the financier’s payoff. The second demévatithis payoff with respect tpy is
J(w — €)X -0

2(px (1 — px))%/?

Therefore, the financier's payoff is convex.

To show that the financier's payoff when only (2a) binds is strictly insiregin px, letgx, k, andk, be
the optimal values givepy. Then constraint (2a) becomes slack for the same valuksantiqy if px is
increased. Next, fixing in constraint 1 and raisingx increases the implied solution f&r Therefore the

financier's expected payoff strictly increases.

If both (2a) and (2b) bind thegy, k, andk are computed directly from these constraints. Specifically,
(2b) determine&. Substituting this value df into (2a) yieldsgx. Finally, substituting both of these values
into constraint 1, determinds Substitutinggx andk into the objective determines the financier's expected

payoff. The second derivative of this payoff with respecpiois

_ 2xX(w — e (E[X(@)lox(D) = X] — 1)
(ElX(ap] - 1)°

: (30)

Constraint (2a) implies th& < 1. This, and constraint (2b) then imply that the denominator of (30) is
strictly positive. This, in turn, implies th&[ X (a;)|ox (1) = X] > 1. Therefore, (30) is negative.
It follows from the above that the two payoff functions must be tangesbate valugd%. Because the

convex part is strictly increasing, it follows that (2b) binds onlpjf > p%.

Note that when (3b) binds, constraint (2a) can never be satisfied.islicahepy = 1. Algebra also
reveals that apx = 1, the financier’s payoff is the same when (2a) and (2b) bind to detengiaadk, as

whengyx = 1 and (3a) binds to determire

Next we show that if (3a) applies for some valuepyf then (3a) also applies for all smaller values of
px. First, consider the case where the slope of the financier's paypff at 1 assuming that (2a) and (2b)

bind is less than or equal to the slope of the payoff function when (3dieap@henpy = 1. In particular,
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concavity of the financier’'s payoff function when (2a) and (2b) biminediately implies that the financier
prefers to setlx = 1, i.e., constraint (3a) binds. Next, note thapat= 0 the financier’s expected payoff

when constraint (3a) binds isc.

Above, we have shown that there existpa sufficiently small, such that the solution of Problem 2
subject only to constraints (2a) and 1 yields a financier payoff of lesstita It follows that for even
smaller values oy, constraints 4 and (2a) cannot be simultaneously satisfied. It followshiablution

to Problem 2 when (3a) applies gives strictly higher payoffs than whenai@plies.

Next, consider the case where the slope of the financier's paygf at 1 when (2a) and (2b) both
apply/bind exceeds the slope of the payoff function when (3a) appllessame reasoning as above implies
that there exists #5 such that it is optimal for the financier to maximize subject to (3a) when< p3,

and to maximize subject to constraint 2 whagg > 5.

The final statement follows immediately, @agoes not affect the choice gk, k, andk in Problem 2.m

Lemma 2 In an equilibrium with hands-on contracts, interests are not aligned if anig ibk > k.

Proof. In particulark > k and constraint 1 of Problem 2 imply

> P ELL — k) X (ap)lox(Ax) = X, 00(Go) = &j] + €1

j
(31)
= E[A -k X(@)lox(x) = X] + €1 > E[(1 - K) X (a))lox(Qx) = X, 0o(de) = aj] + Z Pa € -
j

Subtractingpal(E[(l — k)X (@) |ox(@x) = X] + el) from both sides of (31) and dividing by,, yields
E[(1 - k) X(ap)lox(Qx) = X, 00 (0e) = @] + €1 > E[(1 — K)X(a2)|ox(Ox) = X, 0¢(Qe) = @] + €2,

i.e., the entrepreneur prefers actianwhen actiona, is recommended. Becaugg = 1, the financier

always prefers choosing the recommended action. Therefore, istaremnot alignedm

Proof of Theorem 7. First suppose thaE[X(a;)] < 1. Therefore, constraint (2b) of Problem 2 can
never apply, ak < 1. SinceE[X(a;)|ox(1) = X] > 1, there exist, O< k < 1 andgx < 1 such that
E[kX(a1)|ox(@x) = X] > 1. Hence, financier profits are strictly positiveciis small. Ifw ande; are

sufficiently small then constraint (2a) is satisfied. Next, we verify thastramt 3 does not apply.

Assume thaflx = 1. Then ifw — ¢; is small, we claim that constraint (3a) is tighter than (3b). To
see this, note that the financier’'s payoff subject to constraints (3e8)rig linear inpx. At px = 0

the payoffs are the same. Adx = 1 the payoff difference is + w — €1 — X(pay, + (1 — pa)y) =
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14+ w—e€1— E[X(a1)|ox (1) = X]. By assumptionE[ X (a1)|ox (1) = X] > 1, so that this payoff difference
is negative. Therefore, constraint (3b) is slack.

Computing the difference in financier payoffs between using const@ahtfid constraint (3a), as—¢;
converges to 0 yieldpx (X(Pa, + (1 — pa)y¥) — 1) > 0. Therefore, choosingx < 1 is strictly better when
w — €1 is small.

Computingk — k when constraint (2a) applies, far — e; — 0 yields (e; — €2)(py —1)/X < 0.
Thereforek > k whenw — ¢; is small. Lemma 2 then implies that interests are not aligned.

Now suppose theE[ X (a;)] > 1. First, assume that it is optimal to choage< 1. Then both constraint

(2a) and (2b) apply. In particular, assume by contradiction that (2bad&.slf w — ¢ is sufficiently small,
thenk is close to 1. ThusE[ X (a;)] > 1 impliesE[kX(a1)] > 1.

If gx = 1is optimal then the argument of the proof of Theorem 7 shows that onftredmt (3a) applies.
If we compute the financier’s payoff from usimg < 1 minus the financier's payoff fromx = 1 and let

w — €; converge to 0 then we getd px. Therefore, ifw — ¢; is small it is optimal to choosgy < 1.

Lemma 2 implies that interest are aligned if and onlk if k > 0. Asw — ¢; converges to 0,

K—K=((1— pa)y + Pa)(PxX(L —y) — (€1 — €2)) — (L — y).

Re-arranging we see that this is positive if and only if

(€1 — €2)
-V

E[X(a1)] = (1 = pa)¥ + Pa) PxX > 1+

(1 - pal))/ + pa]_)~

Sincey andw are small, interests are only aligned if the project has a sufficiently largatexNPV.m

Proof of Theorem 8. The proof follows that of Theorem 3a
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