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Information and Control in Ventures
and Alliances

WOUTER DESSEIN*

ABSTRACT

This paper develops a theory of control as a signal of congruence of objectives, and
applies it to financial contracting between an investor and a privately informed en-
trepreneur. We show that formal investor control is (i) increasing in the informa-
tion asymmetries ex ante, (ii) increasing in the uncertainty surrounding the venture
ex post, (iii) decreasing in the entrepreneur’s resources, and (iv) increasing in the
entrepreneur’s incentive conflict. In contrast, real investor control—that is, actual
investor interference—is decreasing in information asymmetries. Control rights are
further such that control shifts to the investor in bad states of nature.

SHOULD BETTER-INFORMED PARTIES RECEIVE more control rights in ventures or al-
liances? Recent research by Kaplan and Strémberg (2004) indicates that ven-
ture capitalists face substantial uncertainty when financing new ventures.
Uncertainty and asymmetric information on behalf of the entrepreneur, how-
ever, are shown to be significantly correlated with less entrepreneur control,
not more. Standard theories of control rights in financial contracting such as
Aghion and Bolton (1992) offer little insight into these findings as they neglect
asymmetric information. Agency theories that do consider the link between
asymmetric information and control, on the other hand, argue that better-
informed parties should receive more control in order to avoid information
distortion (Dessein (2002)) or to provide better incentives for information acqui-
sition (Aghion and Tirole (1997)). They thus predict an opposite relationship.

This paper argues that a privately informed “entrepreneur” relinquishes con-
trol to an “investor” in order to signal the congruence of their preferences.
Consistent with empirical findings, this theory implies that controlling for ob-
servable quality, investor control is increasing in both the ex ante asymmetric
information of the entrepreneur and the uncertainty the investor faces during
the course of the venture. Control rights should further be contingent on ver-
ifiable measures of performance, with control shifting to the investor in bad
states of nature.

*Dessein is at the Graduate School of Business, University of Chicago. I benefited from dis-
cussions with Mathias Dewatripont, Luis Garicano, Thomas Hellman, Steve Kaplan, Josh Lerner,
Michael Raith, Patrick Rey, Per Stromberg, and Jean Tirole; comments from participants at the
ESSET conference in Gerzensee, the 2003 Venture Capital and Entrepreneurial Finance confer-
ence in Stockholm, and seminar audiences in Brussels, USC, Chicago GSB, Northwestern Kellog,
and the University of Washington; and very useful suggestions from an anonymous referee.
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Key in our model is that the entrepreneur does not care about formal control
rights per se; he derives private benefits only from having real control, that is,
from the venture undertaking certain actions.! Hence, the entrepreneur has not
much to lose by giving up formal control to an investor with similar preferences.
If preferences are dissonant, in contrast, he may refrain from this out of fear
of interference by the investor. In our model, the entrepreneur cares about a
particular project being carried out, whereas the investor cares about revenues.
Preferences are congruent if the entrepreneur’s project is likely to yield high
revenues.

Concretely, we assume that, during the course of the venture, the investor
receives (noisy) information about the profitability of the project. Offering con-
trol rights to the investor makes the future of the venture contingent on this
ex post information. Whereas this is not very costly for a “good” (congruent)
entrepreneur, who knows that the information is likely to be favorable, this
may prevent a “bad” (dissonant) entrepreneur from seeking funding.

Exploring the distinction between formal and real control in financial con-
tracting results in two apparent paradoxes. First, controlling for observable
quality, the more favorable the private information of the entrepreneur, the
more formal control rights he relinquishes. Second, we show that even if for-
mal investor control increases, real investor control may diminish. Intuitively,
if control is a signal of congruence, then the investor puts more trust in the en-
trepreneur upon receiving control. But if the investor trusts the entrepreneur,
she has a tendency to leave the entrepreneur “in charge,” even when she learns
bad information about the latter’s project. The better the entrepreneur is in-
formed and, hence, the more favorable the information of a “good” type, the
more the investor tends to neglect her own information. In order to avoid pool-
ing by bad types, a good type then needs to give up more control rights to
signal his congruence. A first testable prediction of our model is thus that
investor control is increasing in level of asymmetric information. But, since
the investor intervenes less, the entrepreneur’s real control increases. In other
words, in equilibrium, the entrepreneur trades formal control rights for real
control.

A second testable prediction of our model is the impact of general (two-sided)
uncertainty. Intuitively, more ex post uncertainty makes monitoring by the in-
vestor less effective. In particular, the investor then puts less faith in his own
information and is thus less inclined to intervene. In order to distinguish him-
self from a bad type, a good type then needs to relinquish more control. In other
words, controlling for observable quality, investor control is also increasing in
the level of ex post uncertainty.

Control is typically not an indivisible right held by either the investor or the
entrepreneur, but resembles a continuous variable adjusted through contingent

! The distinction between formal authority—that is, the right to decide—and real authority—
that is, the effective control over decisions due to one’s superior information—was introduced in
the economic literature by Aghion and Tirole (1997).
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provisions.? In a first step, our model captures this by allowing for a probabilistic
control allocation. Such an allocation becomes more relevant; however, once we
allow for control to be made contingent on a measure of performance that is
correlated with the investor’s information. As we show, control then shifts to
the investor after bad performance. When the entrepreneur is better informed,
control shifts to the investor in more states of nature. Intuitively, a contingent
control allocation improves upon a random control allocation, as it reduces
intervention in precisely those states of nature where the investor is most likely
to mistakenly intervene in a good project. Hence, it allows the probability of
intervention faced by a good entrepreneur to decrease, while keeping the threat
of intervention constant for a bad type.

The relation between information and control, as depicted above, is consis-
tent with empirical findings on venture capital contracts and strategic alliances.
Kaplan and Stromberg (2003), for example, find that VCs are more likely to have
board and voting control in prerevenue ventures and in industries with a higher
volatility; in contrast, they are less likely to have voting control with repeat en-
trepreneurs (similar empirical findings are reported by Gompers (1998)).% As
they argue: “These results indicate that when the uncertainty about the ven-
ture and the quality of the founder is higher, the VC is allocated more control”
(p- 302). Kaplan and Strémberg (2004) explicitly test our predictions using
direct risk assessments in VC investment memos. Such risk assessments al-
low them to distinguish between internal risks—which relate to management
actions and management quality and are thus more likely to be subject to asym-
metric information—and external risks, about which the entrepreneur is un-
likely to be better informed. Consistent with our predictions, both types of risk
are significantly correlated with more investor control. Finally, analyzing 200
biotech alliances, Lerner and Merges (1998) find that projects in their early
stages at the time of the alliance formation assign significantly less control
to the R&D firm.* Intuitively, these are the stages where the uncertainty and
the informational asymmetries between investor and entrepreneur are most
extreme.

Broadly speaking, the literature has taken two approaches in explaining why
control rights matter.> Following Grossman and Hart (1986), one strand has

2 Gompers (1998), for example, documents that covenants are frequently used to give the venture
capitalist the right to control the board of directors, approve major expenditures, replace the en-
trepreneur, or liquidate the firm. Similarly, Kaplan and Strémberg (2003) find that venture capital
contracts separately allocate cash-flow rights, board rights, voting rights, liquidation rights, and
other control rights. See also Sahlman (1990) and Lerner (1995). In bio-tech alliances, the prerog-
atives of parties in every stage of the process are carefully delineated in the agreements, ranging
from the allocation of research dollars and the management of clinical trials to the ownership of
patents and know-how (Lerner and Merges (1998)). The financing firm may further receive the
right to terminate particular projects, cancel the alliance, or shelve the projects.

3 Entrepreneurs who have founded another venture previously.

4 Firms entering into alliances exhibit considerable heterogeneity. In some cases, the technologies
covered by the alliance are well along the way to regulatory approval. In other cases, they are in
the very earliest stages of research exploration.

5See Hart (2001) for a more detailed discussion.
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argued that decision rights may be important for influencing relation-specific
investments. Control rights are then allocated in such a way as to minimize the
underinvestment of each party. As argued by Aghion and Tirole (1994), this goes
in favor of allocating control to the entrepreneur, since the latter’s investment
is probably most difficult to specify contractually.® The financial contracting
literature, instead, has focused on how control rights affect the trade-off be-
tween cash flows and private benefits. As shown by Aghion and Bolton (1992),
control is again efficiently allocated to the entrepreneur, since the investor is
a ruthless value-maximizer who neglects these private benefits. The only rea-
son why we may observe investor control is financing constraints: Whereas
entrepreneur control is efficient, it may not dispense enough verifiable prof-
its to give the investor his required rate of return. Aghion and Bolton (1992)
further show how contingent control rights are then often optimal.” While the
impact of financing constraints on control seems to be supported by the data,
the above theories cannot fully explain the impact of uncertainty and asym-
metric information. The above papers have been complemented by a num-
ber of studies, including Berglof (1994), Cornelli and Yosha (2003), Hellman
(1998, 2002), Gompers (1995), Kirilenko (2001), Casamatta (2003), and
Schmidt (2003), which focus specifically on characteristics of venture capital
contracts.

Starting with Leland and Pyle (1977), there is a large literature about sig-
naling in financial contracts. Much of this literature argues that low-risk debt
is a good way to signal the quality of one’s project (following Myers and Majluf
(1984)). However, in the situations we have in mind—start-ups, technology
alliances—debt is typically as risky or information-sensitive as equity. Since
the variance in the revenues tends to be very large relative to the required in-
vestment, debt is often not a viable alternative to signaling with control.® The
signaling model that comes closest to ours is Diamond (1991), which provides
a theory of short-term versus long-term debt. In this model, short-term debt is
similar to investor control, as it gives the lender the option to either refinance
the venture or liquidate it at an intermediate date. The borrower is further pri-
vately informed and may be good or bad. Unlike in our model, however, a good
borrower never can use short-term debt to signal his type, as there is always
pooling by “bad” borrowers. In Diamond, a good borrower may nevertheless

6 On the other hand, Casamatta (2003), Hellman (1998), Hellman and Puri (2002), and Schmidt
(2003), among others, have emphasized the active involvement and support of venture capitalists
in the venture, leading to a double moral hazard problem. Hellman (1998), for example, argues
that investor control may be useful since it protects the venture capitalist from hold-up by the
entrepreneur when looking for a superior management team.

" Building on Aghion and Bolton (1992), Dewatripont and Tirole (1994) provide another rationale
for contingent control rights. In the context of a publicly held company, they show that shareholders
optimally receive control in good states of nature, and debt-holders receive control in bad states
of nature. Such a capital structure reduces managerial moral hazard, as shareholders share the
same objectives as management (and, hence, are passive), but debt-holders do not (they like to
intervene). Also Berglof (1994), Hellman (2002), and Schmidt (2003) have contingent control in
their models.

8In our model, the financial claim of the investor can be interpreted as both debt or equity.
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prefer short-term debt over long-term debt as the liquidation of bad projects
reduces his financing cost.

The paper is organized as follows. Section I outlines the model. In Section II,
I characterize the equilibrium allocation of control rights under symmetric and
asymmetric information. Section III then discusses the determinants of in-
vestor control and relates these to the empirical evidence. In Section IV, I
expand the contractual framework by allowing for contingent control rights.
Section 5 provides two alternative interpretations of our model. First, I show
that the results carry through if the difference between a good and a bad project
is not its quality, but whether or not the returns are transferable. This supports
the claim that control rights are a signal of congruence, not simply quality. Sec-
ond, we show how investor control can be implemented by issuing short-term
debt. In particular, the investor then can gain control over the venture by re-
fusing to refinance it. Section VI concludes.

I. The Model

Consider a young technology firm that has a novel idea, but lacks financial
means or complementary assets and, hence, must rely on an alliance with a
venture capitalist or a large corporation to implement its project. To set up
the project, the technology firm, referred to as the entrepreneur (he), and the
corporation or venture capitalist, referred to as the investor (she), must both
commit some critical resources, whose opportunity cost we denote, respectively,
by K and I.° Besides K, our entrepreneur has no wealth. We assume that there
is more than one investor interested in the project, so that the entrepreneur has
all the bargaining power and can make a take-it-or-leave-it offer to the investor.
There are three dates. At date 0, the entrepreneur proposes a contract and the
investor accepts if it promises an expected return of at least I. At date 1, an
action a € A must be taken that affects the nature and returns of the project.
At date 2, the returns of the project are realized.

Preferences. Both the investor and the entrepreneur are risk neutral in in-
come. The entrepreneur, however, also derives nonverifiable returns or private
benefits from some actions. First of all, he may care about less tangible things
such as reputation, specific human capital, effort, and on-the-job consumption.
Second, in technology alliances, part of the output of the project is often con-
sumed internally and is thus unverifiable. In addition, the project may have
(positive or negative) externalities on other projects/products. The research car-
ried out, for example, may be useful for projects that do not belong in the scope
of the joint venture.'® For simplicity, we assume that there are only two rele-
vant actions at date 1 : a, (private benefit action) and ag (restructuring action).

9 These resources could be purely financial or a mix of both financial and physical/human capital.

10 As argued by Lerner and Merges (1998): “In particular, firms that contract to perform R&D
in alliances frequently have ongoing research projects of their own, in addition to the contracted
efforts. In case of a dispute, it may be very difficult for the financing firm to prove that the R&D
firm has employed alliance resources to advance projects which are not part of the alliance” (pp.
126-127).
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Table I
Pay-Offs
Table I summarizes the revenues and entrepreneurial private bene-
fits of the initial project (a,) and the same project after restructuring
(aR). « denotes the probability of success of the original project.

Revenues
Prob. « Prob.1 -«
Success Failure Private Benefits
ao 1 0 Z
agR v v 0

Table I summarizes the revenues and private benefits associated with each of
these two actions.

(1)

(2)

We denote by a, the action which preserves the original nature of the
project. Since it was the entrepreneur who thought about the project and
took the initiative of setting it up, and since a, probably requires that the
entrepreneur runs the project, we assume that a, yields a private benefit to
the entrepreneur, whose monetary equivalent we denote by Z. The impact
of a, on the verifiable monetary returns of the project is stochastic. With
a probability «, the project provides a verifiable return at date 2 which is
normalized to 1. With a probability 1 — «, the project will fail (and have
no verifiable profits). The expected revenues of a, thus equal .
Alternatively, the project can be restructured or reorganized at date 1, an
action which is denoted by ar. We assume that ap, is less risky than a, : ag
yields a lower return v < 1, but one realized in both states. This reflects
the fact that a reorganization typically involves (at least) partial sales of
assets or reduction of activities.'? Given that ap totally changes the nature
of the project and typically implies that the entrepreneur stops running
the project, it destroys all private benefits of the entrepreneur. We further
assume that ag does not allow the investor to recoup her investment; that
is,v < I.

To focus on asymmetric information and adverse selection as a driver of con-

trol

rights, we impose the following parameter restrictions:

In every state of the world, the entrepreneur derives a net utility of the
project going ahead: Z > K (Al)

1 The assumption that Z is independent of the state of nature is wlog. Our results would not be
qualitatively affected if private benefits were larger (smaller) if the project is a failure.

2 With the exception of the structure of cash-flow claims, our results would not be qualitatively
affected if ap were as risky as a,, and v < o simply denoted the (independent) success probability

of ag.

This would make the analysis much more messy, however, as the entrepreneur’s cash-flow

claim in case r = 1 then enters the incentive constraint of the type who knows that the initial
project is a lemon.
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¢ Entrepreneur control is feasible under symmetric information: « > I >
v (A2)
¢ In every state of the world, ay is weakly inefficient: Z > v (A3)

Assumption Al implies that the entrepreneur always wants to obtain financ-
ing for the project, even if he knows it will fail. Assumption A2 implies that
under symmetric information, the project yields enough cash-flow in expecta-
tions to give the investor her required rate of return. Hence, the entrepreneur
does not need to give up control in order to provide the investor with more
verifiable returns as in Aghion and Bolton (1992). Assumption A2 thus distin-
guishes the rationale for investor control in our model from the one developed
by Aghion and Bolton (1992) and works against our main results (investor con-
trol in equilibrium). Assumption A3 is a simplifying assumption which pushes
in the direction of entrepreneur control (and thus also works against our main
results): Whereas the investor may be willing to restructure the project if she
is sufficiently pessimistic about its prospects, the entrepreneur always prefers
to keep the project going “as is.”

Information structure. The entrepreneur is privately informed about the prof-
itability of the project: If the project is a lemon, then with positive probability
this is revealed to the entrepreneur. We denote by «; > o the probability of
success when the entrepreneur receives no bad signal. We refer to the latter as
a “good” type and to the former as a “bad” type. There is a direct relationship
between how favorable the information is for good types and the asymmetric
information of the entrepreneur. If o, = 1, the entrepreneur is perfectly in-
formed, whereas if «; = @, he has no informational advantage over the investor.
Indeed, oy = o implies that the entrepreneur never receives a bad signal.'®
Hence, oy — « is a measure of the asymmetric information between investor and
entrepreneur.

Figure 1 shows that as the project proceeds, more information becomes avail-
able. In particular, between date 0 and date 1, a nonverifiable public signal ¢ is
revealed, which is distributed according to F,(¢) if the project will be a success,
and according to F3(¢) if the project will fail. A good entrepreneur thus knows
that ¢ is drawn from F,(¢) with probability o, and from Fy(¢) with probability
1 — ;. We assume that both F(¢) and F(¢) have full support on [—o0, +0oc], and
that high values of ¢ are more likely if the project will be successful; that is, the
distribution of ¢ satisfies the monotone likelihood ratio property: ¢ (t) = f,(¢)/fs(¢)
is increasing in ¢.

Note that the presence of two-sided asymmetric information, where the in-
vestor also possesses private information, is not incompatible with our model.

13 More generally, our results would not be qualitatively affected if an entrepreneur, upon receiv-
ing a bad signal, assigned a positive probability A < « to success. Indeed, in a separating equilib-
rium, the posterior of the investor, which plays a very important role in our analysis, is independent
of A. In a semi-separating equilibrium (see below), » does enter the posterior of the investor, but
the posterior would still be decreasing in the amount of pooling by bad types, which is all that
is needed. The assumption that there are only false positives (A = 0) significantly simplifies the
analysis, however, as it implies that the incentive constraint of the bad type is independent of the
cash-flow claim of the investor in case r = 1.
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Entrepreneur Investor and  Renego- Action Realization of
offers contract  Entrepreneur tiation a€{ajag} re{0,v,1}
learn t
I I
T=0 T=I T=2

Figure 1. Timing. Figure 1 illustrates the timing of events. The variable a € {a,,ag} denotes the
action to be taken at time T = 1 by either the entrepreneur or the investor, depending on who has
control. The variable r € {0, v, 1} denotes the realized revenue at time 7' = 2.

In contrast to a bad entrepreneur, an investor who receives unfavorable infor-
mation ex ante would simply not be interested in financing the venture. Indeed,
due to the absence of private benefits, there is no adverse selection on behalf of
the investor. In this sense, a can be interpreted as the probability the investor
assigns to a good outcome after having successfully screened the project. Hence,
for our results to hold, it is only required that the entrepreneur possesses some
private information, not that he be better informed than the investor.4

Contracts and control. At date 0, the entrepreneur proposes a contract to
the investor.!> Actions are noncontractible, except for who has the authority
over them.!® Given that the revenues of the project are verifiable, the standard
incentives schemes considered in the Principal-Agent literature are feasible
subject to the constraint that the entrepreneur’s wealth cannot be negative.
The set of ex ante contracts includes all contracts specifying:

(1) A cash-flow claim W for the investor in case r = 1. There are three possible
outcomes for the final period returns: r € {1, v, 0}. Since the entrepreneur
is wealth constrained, the contract needs only to specify a compensation
W < 1in case r =1 and a compensation w < v in case r = v. To focus on
control rights rather than cash-flow claims, however, we make the sim-
plifying assumption that w = v exogenously. In other words, the investor
receives all the revenues in case of intervention. For example, if the in-
vestor has control over the venture but is pessimistic concerning its future,

1 One way to model this is to assume that if the project is a lemon, then this is revealed to
two competing investors with positive probability, independently of the entrepreneur’s type. If the
investors receive no unfavorable information, then they assign a probability o to the project being
successful. While the entrepreneur observes only his own signal, the investors then automatically
reveal that they did not receive unfavorable information by agreeing to finance the venture.

15 As is standard in adverse selection models, we assume that parties can commit not to rene-
gotiate immediately after signing the contract at date 0. While ex post attractive, ex ante such
renegotiation would obviously destroy any signaling equilibrium. One could formalize this by as-
suming that the investor deduces that the entrepreneur is of a bad type if he is willing to renegotiate
investor control.

16 They can be thought of as the effort choice of moral hazard models, with the difference that the
identity of the agent who has to make the effort decision (who has the authority over the action)
is not exogenously given, but endogenous. As Bolton and Dewatripont (2001) argue, this seems
reasonable for “actions like business strategies where ‘the devil is in the details’ (...) so that the
only thing that can be done is to ‘put somebody in charge of the job” (Chapter 13, Foundations of
Contracting with Unverifiable Information).
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then she may reorient the venture’s project to foster her own private goals,
raid the assets of the venture, or a combination of both. In the latter case, v
denotes the unverifiable profits or benefits of such actions to the investor.
Even if the restructuring revenues v are verifiable, it is an empirical reg-
ularity in venture capital contracts that the investor receives all of the
revenues if the latter are low (Kaplan and Strémberg (2003)). While this
could be for unmodeled reasons—for example, to induce more effort on
behalf of the entrepreneur—a previous version of this paper shows that
w = v typically arises endogenously in our model.

(2) A control allocation. We denote by y € [0, 1] the probability that the in-
vestor receives control over the date 1 action. Control is typically not an
indivisible right held by either the investor or the entrepreneur, but resem-
bles a continuous variable adjusted through contingent provisions (Lerner
and Merges (1998), Gompers (1998), Kaplan and Strémberg (2003)). A
probabilistic control allocation allows us to capture this in a very parsi-
monious, albeit imperfect, way. In Section IV. A, we allow for contingent
control rights where y can be made contingent on a measure of perfor-
mance that is correlated with ¢.

We denote a particular contract by ¢ = (y, W). In the absence of rene-
gotiation, the action taken at date 1 will be determined by the returns
of the controlling party. Because this choice may be inefficient, parties
may have an incentive to renegotiate the initial contract. In particular,
once ¢t has been learned, the entrepreneur can make a take-it-or-leave-it
offer of a new contract to the investor. As we show in Section II.A, such a
renegotiation involves the investor receiving a higher cash-flow claim.

Equilibrium selection. The fact that the entrepreneur is privately informed
about the state of nature turns the contract offering into a signaling game,
and it is well known that such games are plagued by multiple equilibria. As
is standard in signaling models, we will focus on the Perfect Bayesian Nash
equilibria that survive the Intuitive Criterion, the refinement proposed by Cho
and Kreps (1987), and refer to them as CK-equilibria.

II. Control as a Signal of Congruence

Control rights in a venture are irrelevant if the preferences of the investor
and entrepreneur are perfectly congruent. This suggests that an asymmetri-
cally informed entrepreneur may use control rights to signal favorable private
information: To the extent that the entrepreneur is confident that his project
will be a success—and also the investor will prefer a, over ag—he has not much
to lose by giving up control to the investor. This section characterizes investor
behavior and the equilibrium contracts under symmetric and asymmetric in-
formation. Section III then characterizes the determinants of investor control.

A. Investor Behavior and Break-Even Constraint

We first characterize the behavior of an investor who has accepted a contract
c at date 0. What are the incentives of the investor to intervene in equilibrium?
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Let B¢ be the investor’s belief that the project will be a success upon being offered
contract c at date 0. We have

Bo = Bolc) € [0, agl. (€))

During the course of the venture, the investor receives a signal ¢ and updates
Bo using Bayes’ rules. Denoting by B, this updated date 1 belief, we have that

Bo¢ ()
Boc @)+ (1 — Bo)’

Note that upon observing ¢, a good type knows that his project will succeed with
a probability Bi(¢, ag). A bad type knows that his project will fail.

In the absence of renegotiation, the investor intervenes if and only if 8; * W <
v. As long as B; > v, however, the entrepreneur can offer the investor a larger
cash-flow right, W = v/, in which case the investor prefers to leave effective
control to the entrepreneur (action a,).!” Allowing for renegotiation, an investor
with control thus intervenes if and only if

B1(t, Bo) < v. (3)

From (2) and the MLRP, B:(¢, Bo) is increasing in ¢. This yields the following
lemma:

B = Bit, Bo) = (2)

LEMMA 1:

(1) Given By there exists a cutoff value t = £(By) such that the investor inter-
venes if and only if t < £(By).

(ii) #(Bo) is decreasing in Bo, and given by (o)) = 1 %.IS

In the remainder of the paper, we will refer to real investor control as the
probability that the investor actually interferes in the venture. We will refer to
formal investor control as the probability y that the investor has the right to
intervene. From Lemma 1, keeping y fixed, real investor control is decreasing
in the initial confidence of the investor. Indeed, #(8y) is decreasing in B¢ and
the lower is £(8p), the less likely it is that the investor will want to intervene in
the venture. Intuitively, as the investor has more trust in the entrepreneur, she
is more willing to neglect unfavorable information and leave the entrepreneur
in charge. The distinction between real and formal investor control will play a
crucial role in our analysis.

The investor’s break-even constraint. At date 0, the investor accepts the con-
tract if and only if W, y, and By(c) are sufficiently high such that she breaks
even in expectations. Since a bad type’s project never generates any cash-flow,
abad type is willing to mimic any cash-flow claim offered by a good type. Hence,

17 Since the pay-off of a bad entrepreneur is independent of W, such a cash-flow offer cannot
have any signaling value. Similarly, a change in control rights cannot have a signaling value, since
no new information arises.

18 Without loss of generality, we assume that lim,, _,¢(¢) = 0 and lim,_,_,¢(#) = +o0.
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a good type can never use W to signal his type. Since W may be renegotiated to
W' =v/B; at date 1, what matters for the expected utility of a good type is not
the W offered at date 0, but the average cash-flow claim paid out at date 2 in
case of success. Denoting by W the average investor cash-flow claim conditional
on the project being successful, W is uniquely defined by

I = Bo(1 — yF E(BNW + y[BoFg (o)) + (1 — Bo)Fe(E(Bo)]v. (4)
Using W, the expected utility to a good type can be expressed as
EUy =ag(1 = yFg@(BoN — W + Z] + (1 — ag)1 — y Fo((BoZ — K, (5)

and depends on formal investor control, investor beliefs, and the investor’s
cash-flow claim. The expected utility of a bad type, in contrast, is given by

EUp=[1-yxFy@(Bo)Z - K, (6)

and is independent of the investor’s cash-flow claim.

B. The Symmetric Information Benchmark

Under symmetric information, the entrepreneur never receives a bad signal
such that oz = «. Since contracts have no signaling value, By(c) = a. It follows
that under investor control, a successful project is mistakenly restructured
with probability aFg(#(e)). In contrast, under entrepreneur control, a success-
ful project is never restructured. Moreover, by assumption A2, entrepreneur
control is also feasible. This yields the following control allocation.

ProposiTiON 1:  Under symmetric information, the entrepreneur proposes a con-
tract with full entrepreneur control and W = I /.

Note that the above result does not rely on assumption A3, which posits that
intervention in bad projects is inefficient. Indeed, if v were to be larger than
Z, renegotiation would ensure that under entrepreneur control, a project is
restructured whenever this is ex post optimal given the realization of ¢. Investor
control would again result in excessive intervention.

C. Control Allocations under Asymmetric Information

Consider now an entrepreneur who either knows that his project will fail
(a bad type), or, in contrast, believes that his project will succeed with prob-
ability «z > o (a good type). We first look for the existence of a separating or
semi-separating equilibrium in which a good entrepreneur offers a contract ¢
specifying a stochastic control allocation y and a cash-flow claim W. In any
(semi-)separating equilibrium, a bad type must not strictly prefer to mimic a
good type. This will be the case if and only if

1 -y Fp@Bole)) *Z <K. (7
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The right-hand side of (7) is the entrepreneur’s stake in the venture. The
left-hand side equals the entrepreneur’s private benefit of having real con-
trol over the venture, multiplied by the probability of being in control. Since a
bad type’s project never generates any cash-flow, a bad type is indifferent to
mimic any cash-flow claim offered by a good type, from which (7) is independent
of W.

It is important to note that a bad type’s real control is not only increasing in
his formal control, 1 — y, but also in the initial confidence of the investor, By(c).
It will be useful to define B° as the belief B for which (7) holds at the equality
given full investor control:

1-FEB)=K/Z. (8)

In any separating equilibrium, (7) must be satisfied given By(c) = a,. Since
Fy((Bp)) is decreasing in By, the following results stem directly from (7) and

(8):

LEmMA 2: Equilibrium investor beliefs about project quality induced by a con-
tract c, Bo(c), can never be more favorable than max{p°, a}.

ProposITION 2:  No separating equilibrium exists if ag > B°.

From Proposition 2, if a good type has very favorable information about his
project, then he cannot perfectly reveal this information by simply relinquishing
formal control to the investor. Intuitively, if giving up control were to truthfully
reveal the entrepreneur’s type, the investor would have a nearly blind belief in
the entrepreneur, and she would almost never make use of these control rights.
Indeed, from Lemma 1, as o, goes to 1, the real control of a good type in a
separating equilibrium becomes complete. But giving up formal control rights
is then such a small sacrifice for a bad entrepreneur that pooling becomes
unavoidable.

Note that there is a direct relationship between how favorable the information
is for a good type and the asymmetric information of the entrepreneur. Indeed,
if one keeps the average quality of a project constant, but increases the variance
in project quality among good and bad types, then the average project quality
of a good type must increase.

For our purpose, it will be useful to define the following thresholds for the
ratio K/Z:

88 =1 - Fy#(ay)), 9)
sl =1- Fy¢@) < §7. (10
The next proposition characterizes all equilibria which are not pareto-

dominated. Figure 2 illustrates these equilibria as a function of the ratio K/Z
and the asymmetric information, o.
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Figure 2. Equilibria as a function of asymmetric information and co-investment. Figure 1
shows the parameter ranges for which a unique separating equilibrium exists, a semi-separating
equilibrium exists, or for which only pooling equilibria exist. The variable y € [0, 1] measures formal
investor control, with y = 1 denoting full investor control. On the Y-axis, a; denotes the unobserved
quality of a good project. Since observable project quality, o, is kept fixed, ag — « is a measure for
the asymmetric information of the entrepreneur. On the X-axis, K denotes the co-investment by the
entrepreneur, and Z the level of his private benefits. The parameters §;, and 8y are cutoff values
for K/Z.

ProprosiTION 3:

(1) If K/Z > 88, there exists a unique, separating, CK-equilibrium in which a
good type offers a contract c* specifying date 1 investor control y* given by

1-y*Fy(eg)=K/Z, (11)

and a cash-flow claim W such that the investor breaks even in expectations.
(2) IfK/Z < 8H:
— For K/Z e (8%, 8H), there exists a semi-separating CK-equilibrium in

which a good type proposes a contract c* specifying y =1 and a bad
type pools with a probability q* such that

aag

) =B & g — o

= p°. 12)
— There exists a continuum of CK pooling equilibria in which both a good

and a bad type propose a contract c* specifying y € [y?, y’l where y? > 0
andy' =1& K/Z < .

Proof. See the Appendix. Q.E.D.

From Proposition 3, a separating equilibrium exists if and only if the ra-
tio K/Z is larger than some threshold 8, where ¥ depends on the ex ante
asymmetric information of the entrepreneur and the ex post uncertainty faced
by the investor. Intuitively, it is more difficult to prevent a bad type from seeking
financing if the latter has not much to lose, that is if his stake K in the venture is
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small, or his private benefits of control Z are large. Only if K /Z is large enough,
intervention is sufficiently costly to the entrepreneur to sustain a separating
equilibrium. Note that if K were to be larger than Z—in violation of assumption
Al—there always would exist a separating equilibrium with full entrepreneur
control. Indeed, no signaling is necessary then, as a bad type prefers not to seek
financing.

Even though a good type is more likely to preserve real control in a separating
equilibrium, as the interim information ¢ is more likely to be favorable for him,
he still faces intervention with positive probability. Indeed, since the project of
a good type fails with probability 1 — g, the investor intervenes whenever she
observes a low realization of ¢. Since the interim signal ¢ is noisy, however, the
investor often mistakenly intervenes in a successful project. A good type prefers,
therefore, to minimize investor control subject to the incentive constraint of a
bad type. This minimum level of investor control is given by (11). As usual, this
least-cost separating equilibrium, if it exists, is the unique equilibrium that
satisfies the Cho—Kreps Intuitive Criterion.®

As hinted by Proposition 3, the threshold 7 depends on the asymmetric
information of the entrepreneur. The reason is that real investor control in a
separating equilibrium is decreasing in «y, the ex ante probability that a good
type’s project will be successful. Whenever o, > g°, this real investor control is
too small to prevent a bad type from seeking financing, and full separation is
not feasible. Indeed, from (8) and (9),

K/Z > = a, < p". (13)

Now, consider K/Z < §9. If there exists a positive probability g that a bad type
also relinquishes control, the investor will be less trusting and intervene more
often. Concretely, given that a good type offers a contract c¢* specifying full in-
vestor control, then (7) will be satisfied whenever a bad type pools with a proba-
bility ¢ > ¢*, where ¢* is such that the investor’s beliefs upon receiving c* equal
pBe. If B° > a, which is the case whenever K/Z > §;, then there exists a semi-
separating equilibrium in which a good type always offers full investor control
(y = 1) and a bad type mimics the good type with probability ¢* < 1.2° In the Ap-
pendix, we show that all semi-separating equilibria in which the entrepreneur
relinquishes control with a probability y < 1 are pareto-dominated by the above
equilibrium, as they involve more pooling by bad types.

9In a two-type model, an equilibrium does not satisfy the “Intuitive Criterion” if there exists
an out-of-equilibrium move that always reduces the pay-off of one type (relative to his equilibrium
pay-off), but would increase the equilibrium pay-off for the other type if it were to reveal his type.
Any reasonable equilibrium belief should therefore assign a probability 0 to this move being made
by the former type, which breaks the equilibrium.

20 A natural way to interpret these semi-separating equilibria is to assume that entrepreneurs
are heterogeneous in the private benefit they derive from the project. The private benefit of the
entrepreneur, for example, could be given by Z — x¢, with ¢ very small but positive and x a privately
known characteristic of the entrepreneur, uniformly distributed on [0, 1]. In a semi-separating
equilibrium, only bad entrepreneurs of type x < q° then seek funding.
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For K/Z < 8%, pooling equilibria coexist next to the above semi-separating
equilibrium or, for K/Z < §;, are the only equilibria. In the Appendix, however,
we show that as long as K/Z is close to 67, a good type is strictly better off in
the semi-separating equilibrium with full investor control relative to any CK
pooling equilibrium. Even as K/Z tends 81, and, hence, there is almost complete
pooling in the semi-separating equilibrium, we show a good type strictly prefers
the latter equilibrium, provided that the fraction of bad types in the population
is sufficiently large. Similarly, a good type then prefers the pooling equilibrium
withy = 1 over the pooling equilibrium with y = y? for K/Z < §1.. Asin Diamond
(1991), the intuition is that even when control provides no signaling function,
a good type might prefer to relinquish full control, since the liquidation of bad
projects reduces his financing costs.

To conclude, it is interesting to compare Propositions 1 and 3. Whereas full
entrepreneur control is the unique outcome under the symmetric information
benchmark, even a small amount of asymmetric information induces the en-
trepreneur to relinquish (some) control rights to the investor. Indeed, even for
K/Z < 8, the pooling equilibrium in which the entrepreneur keeps full control
never satisfies Cho and Kreps’ Intuitive Criterion.?!

III. Determinants of Investor Control

We are now ready to derive a number of comparative static results. Respec-
tively, we analyze the impact of a change in the ex ante asymmetric informa-
tion between investor and entrepreneur, a change in the ex post uncertainty,
and finally, the impact of a change in the private benefits and the pledgeable
resources of the entrepreneur. While we will focus on the parameter range for
which a unique separating equilibrium exists, Section III.D discusses how these
comparative statics generalize for K/Z < 8. Tables II and III summarize our
results.

A. Ex Ante Asymmetric Information

Consider first a change in the informational advantage of the entrepreneur,
as characterized by oz — a. Note that we only consider changes in asymmetric
information, which leaves observable project quality, «, unaffected.

When the entrepreneur is better informed, the investor is more likely to trust
an entrepreneur who has signaled favorable private information at the contract-
ing stage. In particular, she is more inclined to neglect ambiguous information

2! Indeed, consider a candidate equilibrium in which the entrepreneur always keeps full control.
Regardless of subsequent investor beliefs, a bad type then never benefits from an out-of-equilibrium
move in which he relinquishes some control rights to the investor. In contrast, a good type would
benefit from such a move, provided that this credibly reveals his type. According to the intuitive
criterion, the investor must therefore assign probability one to the entrepreneur being a good type
upon observing this move, which breaks the pooling equilibrium. In the Appendix, we show that
in order for pooling equilibria to satisfy the intuitive criterion, the investor must receive control
rights above some threshold y,.
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Table II
Comparative Statics in the Separating Equilibrium
Table IT summarizes the comparative statics results when a unique separating equilibrium exists.
Observable project quality is kept fixed throughout. The unobserved project quality of a good type
is a measure for the asymmetric information of the entrepreneur. Formal investor control is the
right to intervene. Real investor control is the probability of actual intervention by the investor.

Real Investor Quality
Separating Formal Investor Control (of Average Financed
Equilibrium Control (in Good Project) Project)
Unobserved project / N\ /

quality good type
Ex post uncertainty J Jlor N\ —
Entrepreneur’s stake N\ N -
Table IIT

Comparative Statics in the Semi-separating Equilibrium
Table III summarizes the comparative static results assuming a semi-separating equilibrium. Ob-
servable project quality is kept fixed throughout. The unobserved project quality of a good type is
a measure for the ex ante asymmetric information of the entrepreneur. Formal investor control is
the contractual right to intervene. Real investor control is the probability of actual intervention by
the investor.

Real Investor Quality
Semi-separating Formal Investor Control (of Average Financed
Equilibrium Control (in Good Project) Project)
Unobserved project — — —
quality good type
Ex post uncertainty — J .
Entrepreneur’s stake — N\ /

during the course of the venture. In terms of our model, the threshold below
which the investor intervenes, £(«g), is decreasing in «,. This decrease in real
investor control, however, makes it less costly for a bad type to seek financing
as well. In order to separate himself from a bad type, an entrepreneur who is
confident of having a good project then needs to assign more formal control
rights to the investor. Formally, in the separating equilibrium, investor control
y* is such that a bad type is indifferent between seeking financing or not:

1-y**«Fp(t(ag)=K/Z. (14)
Since #(ag) is decreasing in a4, the following result follows:

Prorosrtion 4: For K/Z > 8y, formal investor control, y*, is strictly increasing
in ag.

The above result stands in sharp contrast to informational theories of au-
thority and control in organizations. In particular, agency theory has argued
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that control should be allocated to the better informed party in order to avoid
information distortion (Dessein (2002)) or to provide better incentives for infor-
mation acquisition (Aghion and Tirole (1997)). In contrast, this paper argues
that the investor should receive more control as the entrepreneur becomes bet-
ter informed. Similarly, in the next section, we show that the investor should
receive more control as his ex post information becomes more noisy. In other
words, investor control is increasing in the investor’s informational disadvan-
tage. The key difference between our theory and the above agency theories is
that the latter consider a predefined authority relationship, where one party
(the principal) has control, but may decide to transfer this control to a better
informed agent. In the present paper, there is no such predefined relationship:
The parties must still agree whether or not to enter into a relationship and
on what terms. In the presence of asymmetric information, control may—and
will—then be used by the better-informed party as a signal of congruence and
favorable information.

While an entrepreneur whose private information is more favorable assigns
more formal control rights to the investor, this does not imply that he also faces
more real investor control in equilibrium. Intuitively, it is precisely because
the investor is less eager to interfere that she receives more formal control
rights and thus more opportunities to interfere. Indeed, from Proposition 3, in
a separating equilibrium, real investor control in a good project, y*Fg(f(ay),
equals

Fg(tay))

1-K — .
A =K/2) G Fag)

(15)

Since the intervention threshold #(«,) is decreasing in ¢, and from the MLRP,
F4(t)/Fp(2) is increasing in ¢, the following result follows:

Proposrition 5. For K/Z > 8y, real investor control in good projects is decreasing
in ag, and real investor control in bad projects is constant in ag.

Thus, despite the fact that a better-informed entrepreneur relinquishes more
formal control rights to the investor, he has more real control over the venture
(he faces less intervention). It would be mistaken, though, to conclude that
real control is always inversely related to formal control. As will be shown
further, formal and real control are both increasing (or decreasing) in changes
in other fundamentals, such as entrepreneurial private benefits and pledgeable
resources.

B. Ex Post Uncertainty

A key premise of our model is that the investor receives additional informa-
tion during the course of the venture. Obviously, the quality of this ex post infor-
mation depends on the uncertainty of the environment. Intuitively, if the ex post
uncertainty increases and, hence, monitoring is more difficult, the probability
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that a bad project goes undetected increases as well. More investor control is
then necessary to deter a bad entrepreneur from seeking financing. Our model
therefore implies that formal investor control will be increasing in the ex post
uncertainty.

Let F1 = (Fgl,Fg) and F? = (Fg,FZ) be two information structures. We say
that the environment is more uncertain under F? than under F! if and only if
F? is a garbling of F1; that is F2 can be obtained by adding noise to F'':

DeFINITION 1: F? is less informative than F! if there exists a density g(t) and a
constant v € (0, 1) such that vVt € (0, 1):

FU =vfl®) + 1 - v)g®) (16)

2O =vfi®)+ A -v)g@). an

The next lemma states that both 87 and 6 increase as the ex post uncertainty
increases.

LemMa 3: If F2 is less informative than F!, then §7(F2) > §2(F') and sL(F?) >
SL(FY).

Proof. See the Appendix. Q.E.D.

As can be seen in Figure 2, when both 6 and § increase, it is more difficult
to sustain a semi-separating or separating equilibrium for a given level of K /Z.
Intuitively, as ex post uncertainty increases, real investor control decreases for
a given level of formal control. The reason is that the investor then relies more
on the signal provided by the contract as opposed to his own information. This
makes it more difficult to prevent a bad type from pooling with a good type.

Assume now that K/Z > §¥(F?) and, hence, a separating equilibrium exists
for both F! and F2. From Proposition 3, formal investor control is then given by

., 1-K/Z 1-K/Z
VT Tl T 1-oH

(18)

where §7(F?) > §H(F!) and hence y*(F2) > y*(F'). Thus, formal investor control
increases as the ex post uncertainty increases. Intuitively, for a given level of
formal control, real investor control is decreasing in the ex post uncertainty.
As aresult, to prevent a bad type from seeking financing, more formal control
needs to be given to the investor under F2? than under F'.

The overall impact on real investor control, however, is ambiguous. Indeed,
real investor control in good projects equals

Fy(ag))

Whereas F,(t)/Fp(¢) is decreasing in the informativeness of F, it is shown in
the Appendix that #(«) is increasing in the informativeness of F. Intuitively,

y*Fytlag) =1-K/Z) (19)
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less ex post uncertainty allows the investor to distinguish better between good
and bad projects, which tends to reduce intervention in good projects. On the
other hand, the investor also becomes more eager to intervene, as she relies
more on her own information. One can show that either effect may dominate.
We summarize in the following proposition:

ProrosiTioN 6: If K/Z > 8" (F2) and F? is less informative than F*, then formal
investor control increases as ex post uncertainty increases (i.e., a change from
F* to F?). The impact on real investor control is ambiguous.

C. Pledgeable Resources and Private Benefits

Two other, potentially measurable, determinants of control are the level of
private benefits of the entrepreneur, Z, and his pledgeable resources or stake in
the venture, K. The following proposition follows directly from the expressions
(18) and (19):

ProrositionN 7: For K/Z > 8y, both formal and real investor control are strictly
decreasing in K/Z.

The logic behind Proposition 7 is straightforward: The smaller K /Z, the more
eager is the entrepreneur to seek financing and/or the less he has to lose by
giving up control. An entrepreneur who is confident of having a good project
then needs to give up more control in order to signal his type. Since neither the
investor’s information nor beliefs are affected by changes in K/Z, any increase
in formal investor control results in a proportional increase in real investor
control.

Proposition 7 allows us to relax the assumption that the entrepreneur must
invest all his resources: Even if only a fraction K’ < K were needed to set up
the project, the entrepreneur would voluntary invest all his resources in equi-
librium as long as K < Z. The reason is that a larger K reduces the amount of
control rights that needs to be given to the investor, hence avoiding inefficient
intervention. Note that if K were to be larger than Z, no signaling would be
necessary. Indeed, a bad type then prefers not to continue with the project.

The above substitution between capital contribution and investor control
might explain why signaling with control rights is so prevalent in venture cap-
ital. Indeed, start-ups typically have limited financial resources to co-invest
and K is best interpreted as the opportunity cost of time for doing the venture.
The only option to signal quality may then be to relinquish control rights. In
contrast, a mature firm might be able to co-invest a much larger amount and,
hence, avoid giving up substantial control rights to investors.

In the case of a mature firm seeking financing, a natural extension of our
model would be to give firms the option to co-invest more money in the ven-
ture, but to assume that the cost of capital may exceed its value in the venture.
For example, the firm might need to sell some of its existing assets to raise
capital. A larger co-investment reduces the cash-flow claim W, which needs
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to be given to the investor. Since a bad type never recovers anything from the
cash-flows, however, co-investing in the venture is very costly. A good type, in
contrast, gets a higher return when the project is successful. Signaling through
the size of the co-investment is thus an alternative to signaling with control
rights. The relative benefits of using control as a signaling device depend on
the ex post uncertainty. Intuitively, if the investor can better distinguish be-
tween good and bad projects ex post, she will intervene less in good projects for
a given level of intervention in bad projects. The relative benefits of co-investing
a larger amount, on the other hand, depend on the opportunity costs of such
a co-investment. If this per dollar opportunity cost is increasing in the size of
the co-investment, a firm is likely use both control rights and co-investment
to signal project quality. Whereas a full investigation of such joint signaling
is outside the scope of this paper, the conclusion is likely to be that the in-
vestor will receive less control rights when the firm can easily increase its co-
investment.

D. Comparative Statics in Semi-separating and Pooling Equilibria

Since multiple equilibria exist for K/Z < 6y and different refinements may
select different equilibria, making comparative static predictions is somewhat
tricky. To provide some insights, we will make the (strong) assumption that for
K/Z € (51, 8n), players play the semi-separating equilibrium.?? To the extent
that pooling equilibria may occur, however, our results should be interpreted
with some caution.

e For K/Z € (81, 8y), the semi-separating equilibrium with y* = 1 is played.
(A4)

Since 8 is increasing in both «g and the ex post uncertainty, a first conse-
quence of assumption A4 is that an increase in ex ante asymmetric information,
ex post uncertainty or entrepreneurial private benefits Z make it more difficult
to sustain an equilibrium with limited investor control. Second, while formal
investor control equals 1 for K/Z € (81, 8g), the information structure then af-
fects the fraction of bad types which obtain financing and, hence, the average
quality of financed projects. This average project quality, in turn, affects real
investor control in equilibrium:

ProposITION 8: Given A4, keeping observed project quality fixed:

(1) A increase in the asymmetric information, ag, an increase the ex post un-
certainty, or a decrease in K/Z may result in a shift from a separating
equilibrium with y* < 1 to a semi-separating equilibrium where y* =1,
but never the other way around.

22 This is consistent with Cho and Kreps’ (stronger) D1 criterion. Fudenberg and Tirole (1991),
Chapter 11, provides a general discussion of D1 and related equilibrium refinements in signaling
equilibria. For K/Z close to 8y, this is also always the equilibrium that is preferred by the good
type.
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(2) Aslong as K/Z € (81, 8g), the average quality of a financed project is con-
stant in o, decreasing in the ex post uncertainty and increasing in K/Z.

(38) Aslongas K/Z € (81, 8g), real investor control in a good project is constant
in ag, increasing in the ex post uncertainty and decreasing in K/Z. Real
investor control in bad projects is constant.

The first observation generalizes the comparative statics results on formal
investor control obtained for K/Z > 8g. The second and third observation dis-
cuss the comparative statics with respect to average project quality and real
investor control. First, an increase in the average project quality of good types,
oy, does not affect the average quality of all financed projects as it is exactly
compensated by an increase in the fraction of bad types that seek financing.
As a result, real investor control in the average project is also independent of
ag. Second, an increase in the ex post uncertainty only increases the fraction
of bad types that seek financing and, hence, lowers the average quality of a
financed project. Since a bad type must be indifferent between seeking financ-
ing or not in equilibrium, real investor control in a bad project always equals
Fy(#(B%)) =1 — K/Z . In contrast, real investor control in a good project can be
rewritten as

Fy¢(6°)
Fo(6%)

where we show in the Appendix that Fg(Z(8%))/Fy((B°)) is decreasing in the
ex post uncertainty. Intuitively, an increase in the ex post uncertainty implies
that it is more difficult to distinguish between good and bad projects. Since
the probability of intervention in bad projects is constant in equilibrium, this
unavoidably results in more frequent interventions in good projects. Finally,
also a decrease in K/Z results in more pooling and a lower average project
quality. This lower project quality, in turn, makes the investor more eager to
intervene in any project. Indeed, since F(£(8°)) = 1 — K /Z , it follows that both
£(B®) and F4({(8°)) are increasing in 1 — K/Z.

For K/Z < §1,, only pooling equilibria exists. While we prefer to remain ag-
nostic as to which pooling equilibrium then prevails, a unique equilibrium can
be obtained by either applying Cho and Kreps’ (stronger) D1 criterion or, as
in Diamond (1991), by selecting the equilibrium that is preferred by the good
type. As shown in the Appendix, the D1 criterion always selects the pooling
equilibrium with full investor control. In contrast, the expected utility of a good
type is increasing in formal investor control if and only if

F ((B%) = (1-K/Z), (20)

1- 1- 3
aU - agZ + Fg(t(a))

—v]. 21
« o ey L TE Y @D

Intuitively, if « is sufficiently small—that is, the fraction of bad types in the pop-
ulation is sufficiently large—the liquidation of bad projects may substantially
reduce the finance costs of a good type. A good type then prefers to give as much
formal control to the investor as possible. A necessary condition, however, is that
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ag — « is sufficiently large. This implies that if one follows the equilibrium se-
lection proposed in Diamond (1991), for K/Z < §1, an increase in asymmetric
information may result in a shift from an equilibrium with minimal investor
control to the equilibrium with full investor control, but never the other way
around. This is consistent with the comparative statics predictions in a semi-
separating or separating equilibrium. On the other hand, unlike for K/Z > &g,
changes in the informativeness of F have an ambiguous effect, whereas an in-
crease in entrepreneurial private benefits makes the minimal investor control
more attractive.

E. Empirical Evidence

The relationship among asymmetric information, general uncertainty, and
investor control is consistent with empirical findings on control rights in ven-
ture capital and technology alliances.

Venture capital. Kaplan and Stromberg (2003) find that VCs are more likely to
have board and voting control in prerevenue ventures, where the uncertainty
about the viability of the venture should be higher, and in industries with a
higher volatility such as R&D-intensive industries; in contrast, they are less
likely to have voting control with repeat entrepreneurs. As they argue: “These
results indicate that when the uncertainty about the venture and the quality
of the founder is higher, the VC is allocated more control” (p. 302). Gompers
(1998) reports similar findings. One shortcoming of the above studies is that
they rely on proxies for uncertainty and asymmetric information. By using
the direct risk assessments in investment memos produced by 11 VC firms for
investments in 67 portfolio companies, Kaplan and Stromberg (2004) are able to
construct more precise risk measures. In particular, they distinguish between
external risk, such as market size, customer adoption, competition, and internal
risks; that is, risks associated with asymmetric information about management
quality and actions. They find that an increase in both internal and external
risks is associated with significantly more investor control. While it seems very
likely that internal risks are subject to private information, this is perhaps more
questionable for external risks. Our model, however, predicts that an increase in
asymmetric information as well as an increase in (nonasymmetric) uncertainty
result in more investor control. Note further that the presence of two-sided
asymmetric information, where the venture capitalist also possesses private
information, is compatible with our model and its results. As argued previously,
we only require that the entrepreneur possess some private information, not
that he be better informed than the investor.

Technology alliances. Lerner and Merges (1998) examine the determinants of
control rights in a sample of 200 alliances between a (small) biotechnology firm
and a (large) pharmaceutical concern. Lerner and Merges find that projects in
their early stages at the time of the alliance formation assign more control to the
financing firm (i.e., the pharmaceutical concern) even when controlling for the
financial resources of the biotechnology firm. Intuitively, these are the stages
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where the uncertainty and informational asymmetries are most extreme, and
the biotechnology firm is most likely to have private information concerning its
own project.

A notable shortcoming in the empirical literature is its focus on formal con-
trol, not real control. The only exception is Hellman and Puri (2002), who in-
vestigate the real impact that venture capitalists have on the development of
new firms. Given our theoretical results, it would be interesting to see empiri-
cally how strong the correlation is between formal investor control and actual
investor interference.

IV. Contingent Control Rights

One of the findings of Kaplan and Stréomberg (2003) is that voting rights and
control rights in ventures are often contingent on observable measures of fi-
nancial and nonfinancial performance. The investor, for example, may receive
control if the firm’s EBIT—earnings before interest and taxes—or its net worth
falls below a threshold. Examples of nonfinancial contingencies are product
functionality or performance, approval of a product by the Federal Drug Ad-
ministration, or being granted a patent. In general, control is allocated such
that if the firm performs poorly, the investor obtains full control. As firm per-
formance improves, the entrepreneur retains/obtains more control rights.

Let us, therefore, assume that control can be made contingent on a verifi-
able measure of performance z,y = y(z), which is correlated with the ex post
information of the investor ¢.23 For concreteness, we assume z = ¢ + n, where
n ~ N(0,¢?) independent of the entrepreneur’s type.>* The noise  stands for
all the information learned by the investor during the course of the venture
that is not reflected in the verifiable measure z. How can contingent control
rights improve upon a random (unconditional) control allocation? Intuitively,
contingent control rights may be useful as a way to selectively reduce the prob-
ability of intervention. In particular, if a separating equilibrium exists, there
is excess intervention for y = 1, and one would optimally like to prevent the
investor from intervening for values of ¢ close to #(«g), where the investor is
most likely to mistakenly intervene in good projects. A random control alloca-
tion, however, reduces the probability of intervention across the board for all
values of ¢ < #(az). Making control contingent on z = ¢ + 1 can improve upon
this. Since bad projects are more likely for low values of z, the optimal con-
ditional control allocation takes the form of y(z) = 1 for z < 2¢ and y(z) =0 if
z > 2¢, where 2¢ is such that

1-Pr(t+n<z'At<llag)|lr=0)=K/Z. (22)

While keeping the threat of intervention constant for a bad type, this control
allocation decreases the probability of intervention faced by a good type. Neatly

23 Other models which allow for contingent control rights in venture capital contracts are Berglof
(1994), Hellman (2002), and Schmidt (2003).

24 Alternatively, z could also be discrete (e.g., a patent has received FDA approval or not). While
we only discuss the continuous case, our results can be easily extended to discrete variables.
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consistent with the findings of Kaplan and Strémberg (2003), we thus find that
control shifts to the investor if performance is bad (z < z°).

The same comparative static results hold as in our basic model. From (22),
since f(crg ) is decreasing in oy, z° must be increasing in o, : As the entrepreneur is
better informed, the investor receives control in more states of nature. Similarly,
it can be shown that 2¢ increases if the post-contractual information of the
investor is more noisy or Z/K is larger.

If no separating equilibrium exists, the semi-separating equilibrium in which
the investor receives full control continues to pareto-dominate all other semi-
separating equilibria, as it minimizes the amount of pooling by bad types.?’> We
summarize in the next proposition.

ProrosiTiON9: If z = t + niscontractible, thenif K/Z > 8y, there exists a unique
separating equilibrium in which a good entrepreneur offers a contract specifying

y(2)=1 forallz <z¢ (23)

y(2)=0 forallz > z° (24)

where z°, given by (22), is (1) increasing in oy, with lim,, g5 2¢ = +00; (2) de-
creasing in the ex post uncertainty, as characterized by the informativeness of
F(t); and (3) increasing in Z/K. If K/Z € (81, 8y), all semi-separating equilib-
ria specifying y(z) < 1 for all or some values of z are pareto-dominated by the
semi-separating equilibrium with full investor control.

Proof. See the Appendix. Q.E.D.

Note, finally, that it makes no sense to make W contingent on z. Since a bad
type never has to pay W, it is costless for him to mimic any cash-flow claim
offered by a good type. Hence, W cannot be used as a signaling device.26

Elfenbein and Lerner (2003) test the above predictions in the context of a
sample of over 100 Internet portal alliance contracts. Such contracts frequently
contain contingencies based on performance measures of the partner. Typically,
these contingencies would grant the portal certain rights, such as termination
or renegotiation, if they are not met. Consistent with our model, they find
that when uncertainty is larger, as measured by the maturity of the partner’s
industry, portals are granted significantly more contingent control rights.

V. Alternative Interpretations

Before we conclude, we provide two alternative interpretations of our model.
First, we take our analysis a step further and show that our results carry

% The analysis of pooling equilibria with contingent control rights is identical to the analysis of
pooling equilibria with random (uncenditional) control allocations and is omitted.

% The only benefit of making W contingent on z is to reduce the need for renegotiation. If we
allow for renegotiation, any contingent cash flow claim W corresponds to a noncontingent claim
which yields the same expected profits to both the entrepreneur and the investor.
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through if the difference between a good and a bad project is not its quality,
but whether or not the returns are transferable. This supports our claim that
control rights are a signal of congruence. Second, we show how investor control
can be implemented by issuing short-term debt. In particular, the investor then
can gain control over the venture by refusing to refinance it.

A. Signaling Congruence as Opposed to Project Quality

In this section, we strengthen our claim that relinquishing control rights
is a signal of congruence of interests rather than just project quality. For this
purpose, we consider a case where the difference between good and bad projects
is entirely driven by whether their returns are transferable or not. Asymmetric
information and signaling with control rights is then purely about congruence
of preferences, not about project quality.

Assume that a project yields transferable cash flows with probability «, and
nontransferable private benefits with probability 1 — «. A good type knows that
project returns will be verifiable with a probability oy > . A bad type knows
that the project returns will be nontransferable. In both cases, the total (verifi-
able or nonverifiable) returns of the project equal 1. If the investor has control
at date 1, however, she can intervene in the project and obtain a guaranteed
return v < I, with I as her required investment. Finally, we assume that the
project is efficient; that is, K + I < 1. Note that in the absence of investor con-
trol, a bad type has stronger incentives to seek financing than a good type, as
he never needs to share the returns with the investor. As we will show, this may
result in a market breakdown.

We analyze the conditions under which a separating equilibrium exists.?’ In
a separating equilibrium, a bad type must strictly prefer not to seek financing
given an initial investor belief Bo(c) = «,. Since the incentives of the investor to
intervenein a project are still characterized by Lemma 1, the following incentive
constraint must be satisfied:

1-yxFpt(eg) <K. (25)

Whereas a bad type captures all project returns if the investor does not in-
tervene, a good type needs to share these returns with the investor whenever
they are verifiable. Therefore, a good type might not find it worthwhile to seek
financing, even if (25) holds at the equality. In contrast to our basic model, we
must thus verify whether the participation constraint of a good type is sat-
isfied in the candidate separating equilibrium. This participation constraint
will be satisfied whenever a good type’s project yields positive net returns in
expectations; that is

K+I<ag[l-—y*Fg@ag)l+ 1 —ag)ll—y x Fpi(ag))] (26)
+)’[(¥gFg(f(ag))+ a —ag)Fb(t(ag))]v, 27

2 For simplicity, we do not analyze semi-separating and pooling equilibria.
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or, equivalently,
K+1<1-yxFyi(ag))+agy[Fpllag))— FgE(ag)(1—v)+yFyltlag)v. (28)

The RHS of (28) denotes the expected (transferable or nontransferable) gross
returns of a good type’s project, the LHS the required investment. Assume now
that investor control y is such that a bad type is indifferent between seeking
financing or not. Substituting (25) at equality in (28), a good type strictly prefers
to seek financing if and only if

Fy((a,)) I
agl:l—m](l—v)-sz I——K (29)

It is easy to see that (29) will always be verified whenever (1 — K) xv > I.

ProposiTiON 10:

(1) If K > 8y and (29) holds, then:

— There exists a unique separating CK-equilibrium in which a good type
offers a contract c, specifying y* given by K =1 — y*Fp(f(ag)).

— Investor control is strictly increasing in the ex ante asymmetric infor-
mation, as characterized by og, is strictly increasing in the ex post
uncertainty as characterized by F = (Fg, Fy,), and is strictly decreasing
inK.

(2) If K > 8y but (29) is violated, no CK-equilibrium exists in which a project
receives financing.

Proof. The proofis analogue to that of the corresponding results in Sections I1
and III. Q.E.D.

As in our basic model, the least-cost separating equilibrium is the unique
CK-equilibrium, and similar comparative statics hold. The obtained result,
however, is somewhat stronger, since in the absence of investor control, bad
types derive a larger benefit from obtaining financing than good types. Nev-
ertheless, assigning control rights to the investor may overcome this adverse
selection.

Note, finally, that a bad type now has a larger incentive to pledge costly collat-
eral or assets than a good type. Therefore, a good type cannot use capital struc-
ture to signal his type as proposed in the previous section. This suggests that
one may expect signaling through control rights to be particularly prevalent
when asymmetric information is purely related to congruence of preferences
rather than project quality.

B. Short-term Versus Long-term Financing

Next, we consider a variant of our model where in order to complete the
project, the entrepreneur needs I — v at date 0 and v at date 1. To what extent
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can the intervention decision be viewed as a refusal to refinance the venture?
Under which conditions can our model be mapped into a refinancing game?
Assume first that the terms of refinancing cannot be pre-arranged; that is, the
refinancing constitutes a proper new round. Let w; be the face value of the
first claim to be repaid at date 1. Provided that ¢ is a public signal, a competi-
tive financial market will be willing to refinance the entrepreneur if and only
if B1(#) > w1 +v. As long as v < B1(¢) * I, however, it is optimal for the initial
investor to renegotiate the entrepreneur’s debt and refinance the venture. It
follows that, as under full investor control, a project financed with short-term
debt will be terminated at date 1 if and only if ¢ < #(Bo(c)). Issuing short-term
debt in this setting is thus equivalent to assigning full investor control, with a
separating or semi-separating equilibrium existing under the same conditions
as in Proposition 3. The only difference is that short-term debt is a discrete vari-
able, whereas we modeled investor control as a continuous variable. Limited
investor control, however, can be implemented by using short-term financing
where the terms of refinancing are fixed at date 0. If this refinancing can be
made contingent on a milestone or benchmark z, correlated with ¢, this setting
is formally identical to that of optimal contingent control rights, as analyzed
in Section IV.A. The optimal contract then specifies refinancing if the venture
meets a certain performance benchmark.

VI. Concluding Remarks

This paper has developed a theory of the structure of ventures between an
entrepreneur and an investor in which asymmetric information and general un-
certainty are the main drivers of the allocation of control rights. We have shown
that even a small amount of private information on behalf of the entrepreneur
results in a substantial shift of control to the investor, as the entrepreneur
wants to signal his congruence. Investor control is further increasing in the in-
formational advantage of the entrepreneur and the difficulty of monitoring the
venture, and decreasing in the resources of the entrepreneur. Control rights
are optimally made contingent on verifiable measures of performance, with
control shifting to the investor after bad performance. These predictions stand
in contrast with theories on control in organizations, such as Aghion and Tirole
(1997) and Dessein (2002), which argue in favor of allocating decision rights to
the best-informed party.

Our results are consistent with the observation that investor control is preva-
lent in venture capital and technology alliances, as compared to other, more tra-
ditional, financing arrangements. First, the projects undertaken by start-ups
and technology companies are typically surrounded by informational asymme-
tries. Second, signaling project quality through other means, such as a larger
co-investment, can be less effective in the case of new ventures as they tend to
have limited pledgeable resources. Furthermore, the relationship among asym-
metric information, general uncertainty, and investor control is consistent with
empirical findings on control rights in venture capital and technology alliances,
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as reported by Kaplan and Stromberg (2003, 2004) and Lerner and Merges
(1998).

In order to establish our results, this paper has challenged the often simpli-
fied view on control in corporate finance. While the distinction between formal
control (the right to decide) and real control (the effective control over deci-
sions) is known from Aghion and Tirole (1997), its implications are virtually
unexplored in corporate finance.2® The literature on security design and corpo-
rate governance assumes that formal and real control are either the same or
are positively correlated. In contrast, we show that it is often the lack of real in-
vestor control that makes it necessary to give the investor more formal control.
Similarly, by giving up formal control rights and thus s gnaling congruence, an
entrepreneur may increase his real control over the venture. The applications of
the distinction between formal and real control to corporate finance are likely
much broader, however. In the context of corporate governance, for example,
one might investigate how formal control rights—such as board seats and vot-
ing rights—respond (or should respond) to changes in real authority between
insiders and outsiders.

Appendix

Al. Control as a Signal of Congruence

Proof of Proposition 3:

(1) K/Z > 8p: A unique CK-separating equilibrium:
In any separating Perfect Bayesian Equilibrium (PBE), a good type must
offer a contract ¢ = {y, W} where W < 1 must allow the investor to break
even in expectations and y < 1is such that a bad type weakly prefers not
to seek financing; that is, y > y* with y* given by

1- y*Fyag) = K/Z. (A1)

Whenever K/Z > 8y, y* < 1. The cash-flow claim W must allow the in-
vestor to break-even. Under entrepreneur control, a, is always imple-
mented, which yields a pay-off W to the investor if the project is suc-
cessful. Under investor control, renegotiation or intervention yields an
expected pay-off of v. It follows that W is uniquely defined by the follow-
ing expression

I =Bo)[(1=y)+y(1—Ftm) W
+v[Bo@F (™) + (1 — Bo()F(t™")]v, (IR)

where t™" is defined by g,(t", By) - W = v. Since I < « and fo(c) = o in
a separating equilibrium, for any y there always exists a W*(y) < 1 for

2 One exception is Burkart, Panunzi, and Gromb (1997), who discuss how dispersed outside
ownership deludes the real control of shareholders.
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which (IR) holds at the equality. For K/Z > §y, there exists thus a range
of separating PBE where y > y*. However, only the separating PBE that
maximizes the expected utility of the good type among all separating
PBE will survive the intuitive criterion (the argument is standard and
is omitted). Since the investor breaks even in equilibrium, the expected
utility of a good type equals the expected gross return of the project minus
the investments K + I

gl + Z) = y Fylag)1 + Z — v]]
+(—aQ)Z — yFyaNZ -] -1 - K. (A2)

Since (A2) is decreasing in y, the only separating equilibrium that sat-
isfies the intuitive criterion is the one where y = y*. The proof that no
pooling equilibrium survives the intuitive criterion is standard and is
omitted. For expositional sake, the proof that no semi-separating equi-
librium survives the intuitive criterion for K/Z > 8y is given after we
characterize all semi-separating CK equilibria for K/Z < 8g.
(2) K/Z € (81, 6u): A pareto-dominant semi-separating equilibrium:

If K/Z < 8y, no separating equilibrium exists. We now show that for
K/Z € (81, ém), there exists a range of semi-separating equilibria that can
be pareto-ranked and in which a good type offers a contract ¢ specifying
y <1 and a bad type pools with probability ¢*. If K/Z < é1, no semi-
separating equilibrium exists. If K/Z > 8y, semi-separating equilibria
exist, but they do not satisfy the intuitive criterion.

(a) Existence. In the above described semi-separating equilibrium,

Bayesian beliefs imply that

Qg
atlag g <O “

Bole) =
Since a bad type must be indifferent between pooling and obtaining
no financing, ¢* must be such that By(c) = B°(y) where B°(y) is given
by

1-yF,EB(y))=K/Z. (A4)

Note that 8°(y) is increasing in y and g5(1) = p°. We further have that
B° € (o, ag) if and only if K /Z € (81, 8). Define y’ as the amount of in-
vestor control for which g5(y’) = . It follows that for K/Z € (8L, én),
there exists a range of semi-separating equilibria in which a good
type offers a contract specifying y € (y’, 1] and a bad type pools with
probability g* such that By(c) = B*(y). No semi-separating equilibrium
exists if K/Z < §;.. Indeed, then B° < o such that no ¢* < 1 exists for
which By(c) = B5(y) < a.IfK/Z > 8y, arange of semi-separating equi-
libria exists where y € (y’, y”) with g5(y”) = az. We next show that the
latter equilibria do not satisfy the Intuitive Criterion.
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(b) Intuitive Criterion. Any semi-separating equilibrium in which a good
type offers a contract specifying > y’ can be supported by investor
beliefs Bo(c) = 0if y < P and Bolc) = B5(y)if y = 7.

e Whenever K/Z € (8, 8y) and thus g° € (a, ap), these beliefs satisfy
the Intuitive Criterion. Indeed, since B° < g, it follows from the
definition of g° that a bad type obtains a strictly positive utility if
the investor believes he is a good type, regardless of the amount
of investor control. Hence, a good type cannot credibly signal his
type—and break the equilibrium—by offering more control rights
than specified in the equilibrium.

e In contrast, whenever K/Z > 8y and thus B° > g, these beliefs do
not satisfy the ‘Intuitive Criterion.” Indeed, regardless of investor
beliefs, a bad type then obtains a strictly negative utility if he offers
a contract specifying investor control y > y* with y* given by (A1l).
Hence, according to the intuitive criterion, a good type can cred-
ibly signal his type—and break the equilibrium—by offering the
investor a control allocation y > y*. It follows that for K/Z > éy, a
semi-separating equilibrium will not satisfy the intuitive criterion
whenever a good type obtains a higher expected utility in the least-
cost separating equilibrium, characterized above. We next show
that this is indeed the case.

(¢) Pareto-dominance. We now calculate the expected utility of a good
type in a semi-separating equilibrium and show that this expected
utility is increasing in y. As Bo(c) = B*(y) in a semi-separating equi-
librium, the investor would like to intervene if and only if ¢ < ¢°(y) =
2(B%(y)). As a bad type is indifferent between seeking financing or not,
we have

1-yFyt°(y)=K/Z. (A5)
The expected utility of a good entrepreneur is thus given by
Ug()=ag(1—yF,*W))Z +1-WI+(Q-ag)K —K, (A6)

where W is the expected cash-flow claim that needs to be given to the
investor in case r = 1,

W= I —yBs(Y)Fgt5(y)v — y(1 = BS(y DFp(t*(¥)v

A7
B (1 — y Fet*(»)) (AD

Substituting W and (A5), and rearranging some terms, this yields the
following utility in a semi-separating equilibrium

sS§ _ _ _ Fg(ts(}/)) _
Ug(y) = ag(Z +1) —a,(l K/Z)_Fb(ts(y)) 1+Z -v]
(1-p(y))

+(1—a)K —agl —ay I-(1-K/Zwl-K.

(A8)

B(y)
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From the MLRP, F4(t)/F(¢) is increasing in ¢. Since t°(y ) is decreasing
in y, then Fz(t*(y))/Fs(t(y)) is also decreasing in y. It follows that
the second term of U,(y) is increasing in y. Since g*(y) is increas-
ing in y, the last term of U,(y) is also increasing in y. As all other
terms are independent of y, U,(y) is increasing in y. It follows that
for K/Z € (61, 8y), the semi-separating equilibrium in which y =1
pareto-dominates all other semi-separating equilibria.

Note. For K/Z > 8y, the expected utility in the least-cost separat-
ing equilibrium is given by (A8), where y is such that g°(y) = ag;
hence the expected utility for a good type in this least-cost separating
equilibrium is higher than in any semi-separating equilibria. Thus,
no semi-separating equilibrium satisfies the Intuitive Criterion for
K/Z > éy.
(3) K/Z < éy : Pooling Equilibria.

It is straightforward to see that there exists a range of pooling PBE in

which both types propose a contract specifying y € [0, '] where y’' =1

if and only if 8° < @ and y’ is defined by g°(y’) = « for g° > . We show

now that these pooling PBE satisfy the Intuitive Criterion if and only if

y € [y?,y’], where y? > 0 is given by

yPFy(E@) = Fy(t(ag)). (A9)

Consider first a pooling PBE in which both types relinquish control with
probability # < yP. There exists then a probability y¢ < 1 such that

PFy(E()) = y? Fpt(ag)). (A10)

It follows that an out-of-equilibrium move in which the entrepreneur of-
fers control rights y¢ 4+ e—with ¢ small but positive—is equilibrium dom-
inated for a bad type regardless of the beliefs of the investor upon observ-
ing such a move. In contrast, for ¢ sufficiently small, a good entrepreneur
would face less intervention by making this out-of-equilibrium move, pro-
vided that this credibly reveals his type. Indeed, we have that

Fg(t(ag))
Fy(E(ag))

Following the logic of the Intuitive Criterion, the investor must therefore
place a probability 1 on such a move being made by a good type, which
breaks any pooling equilibrium where y < y?. In contrast, any pooling
equilibrium where both types relinquish control rights y € (y?, y’) can
be sustained by investor beliefs Bo(c) = 0if y < 7 and Bo(c) = if y > 7.
These beliefs satisfy the intuitive criterion, since a bad type would also
optimally make an out-of-equilibrium move in which he relinquishes full
control, provided that this move would fool the investor into believing
him to be a good type. Q.E.D.

yiF((ag)) = 7 Fyt(@)) < pF,((@)). (A11)

Expected utility of a good type in pooling equilibria. We first investigate which
of the many pooling equilibria is preferred by a good type. As in a pooling



2544 The Journal of Finance

equilibrium, By(c) = « the investor would like to intervene if and only if ¢ < £(c).
The expected utility of a good entrepreneur is thus given by

EUg(y)=ag(1—yFg@@MZ +1-W]l+ (1 —ap)l-yFp@)]Z -K, (Al12)
where W is the expected cash-flow claim that needs to be given to the investor
incaser = 1:

= I —yaF E@)v — y(1 — a)Fp(E(@)v

— Al
W (1= y F @) (A13)

Substituting W and (A5), and rearranging some terms, this yields the following
utility in a pooling equilibrium

EUL(y) = ag(Z +1) — agy Fy(@)1 + Z — 0]

a ~ D1y FylEao)

+(1 —ag)ll — yFpE@)]Z — K. (A14)

—agl —ag

It follows that the expected utility in a pooling equilibrium is increasing in y if
and only if

L-o FG@)
Ty 8 Fylt)

which is never verified if « is sufficiently small.

Second, we investigate when, for K/Z € (81, 8y), a good type prefers the semi-
separating equilibrium over any pooling equilibria. Since the semi-separating
equilibrium with y = 1 pareto-dominates all semi-separating equilibria with
y < 1, it also pareto-dominates the pooling equilibrium with maximal investor
control y = y’. Hence, a good type will strictly prefer the semi-separating equi-
librium if and only if a good type prefers this semi-separating equilibrium over
the pooling equilibrium where y = yP given by

YPFy(E(@) = Fyp(i(ag)). (A16)

1+Z -vl-Q—-ag)Z >0, (A15)

Substituting y = y” in (A14) and setting ¥ = 1 in expression (A8), it follows
that a good type strictly prefers the semi-separating equilibrium with y =1
over any pooling equilibrium if and only if

FyG(6*)
ag(Z + 1)_ag(1_K/Z)F'1,(f—(ﬂs)5[1+Z — vl
+(1-a)K —a I - ag(l ;fs)[l ~-(1-K/Zwl-K
> ag(Z +1) ang(f(ag»’;i((tf((z)))) 1+2Z -0l
] —ay O Ryl + (el - Py NZ - (A17)

o
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or still

Fgz((a)
Fy(t(a))
F((8%) + 1-p°%
Fy(@(B)) B

(1 - FyG@)Z — K). (A18)

Fyt(a,)

1+2Z—ol+ la;"‘u — Fybap)v]

>(1-K/Z) [ -(1-K/Z)Ww]

(1 - g)
Qg
For K/Z very close to 8y, we have that 1 — K/Z = Fy(i(ag)) and B° > «. Since
%5((—;(:—;)) is decreasing in a, it thus follows that the pooling equilibrium is then
never preferred. As K/Z tends to &1, the expected utility of a good type in the
semi-separating equilibrium tends to the latter’s expected utility in the pooling

equilibrium with maximal investor control. The semi-separating equilibrium is
then preferred over any pooling equilibrium if and only if (A15) holds. Q.E.D.

+

A2. Determinants of Investor Control

Preliminaries. If Fy is less informative than F; as defined in the text, then

O =20/ =1 D=1
° ) < %) 2 < 1
* F;(t)/F,(t) < F2(t)/F2(t) < 1 for any t.

In addition, one can always rescale ¢ under information structure F! such
that the last condition becomes

* F;(t) < F2(t) and F,(¢) > F2(¢) for any ¢.

Proof of Lemma 3: Define by (Bo, F?) the intervention threshold given belief
Bo and information structure F*. Since oz > o > v, it follows from Lemma 1 that
tMEe, F1) = 2@, F)) <1 and ¢!(E(ag, F')) = ¢2(E(ag, F?)) < 1. (A19)
Hence, from the preliminaries above and the MLRP

ta, F!) > #(a, F?) and #(ag, F1) > £(ag, F?), (A20)

and thus also F}((a, F1) > FZ(t(a, F?)), and Fl(t(ag, F1) > FZ(t(ag, F?)),
from which

SL(FY) < sL(F?) and S§H(F') < sH(F?). (A21)

Finally, since g*(F') = a, < 8#(F¥) = K/Z, and since 67 (F;) is increasing in a,
it follows from §7(F2) > sH(F') that B5(F?) < p5(F'). Q.E.D.

D1-criterion. Criterion D1 says that if the set of the investor’s responses that
make a bad type willing to deviate from the equilibrium contract c* to a contract
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¢’ is strictly smaller than the set of responses that make a good type willing
to deviate, then the investor should believe that the good type is infinitely
more likely to deviate to ¢’ than the bad type. Hence, in any pooling or semi-
separating equilibrium for which y € [y’, 1), both types are strictly better off to
relinquish full control (y = 1), since the investor then assigns a probability 1
to the entrepreneur being of the good type. It follows that no pooling or semi-
separating CK-equilibrium satisfies D1 unless y = 1.

A3. Contingent Control Rights

Proof of Proposition 9:

(1) K/Z > 8p: The characterized separating equilibrium is an equilibrium:
from condition (22), the probability of intervention faced by a bad type is
such that the latter is indifferent between seeking financing or not. The
above equilibrium will be the unique CK-equilibrium if it is preferred by
the good entrepreneur over the separating equilibrium with probabilistic
control allocation y = y*, discussed in the previous section, and any other
separating equilibrium with contingent control rights.?

Let us denote by 6 = 6, the state of nature in which the project will
be successful (yield r = 1) and by 8 = 6, the state of nature in which the
project will fail. Since the incentive constraint of a bad type fixes the prob-
ability of intervention in bad projects, one separating equilibrium will be
preferred over another if it involves a lower probability of intervention
in good projects. Thus, the contingent control allocation of Proposition 9
will be preferred over the probabilistic control allocation y* if and only if

y*Fg(f(ag)) > E[Pr(t +n <2t <i(ag)|0 = 6,)), (A22)
where expectations are taken over 7. Since y* = (1 — K/Z)/Fy(t(ag)) and
Pr(t+n<z2t<tlag))0=6,)=1-K/Z, (A23)
(A22) is equivalent to
E[Pr(t <z¢—n,t <#ag)|60="6p)] . E[Pr(t <z¢—n,t <tlag)|0=06)]
Fy(t(ag)) Fy(#(ag)) ’
(A24)

which will be satisfied if and only if
o E[Pr(¢ <2~ nt <Hag)|0=6)In > 2 ~ Hap))]
Fy(t(ag))
E[Pr((t <2z°—n,t <t(ag)|0=0)|n>2°—tap))]

. (A25
g Faltey) (A425)

2 We omit the proof that for 8° > o,, all semi-separating equilibria with contingent control rights
are pareto-dominated by at least one separating equilibrium.
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Finally, the latter condition will be satisfied if

CFyz¢ — 1) . Fg(z¢ —n)
" Folag)) ~ Fgt(ag))

From the MLRP, F,(¢)/F(t) is increasing in ¢. Hence, the previous in-
equality indeed holds whenever n > z¢ — #(ag). In a similar way, one can
also show that any other separating equilibria with a contingent control
allocation that differs from the one specified in Proposition 9 results in
more intervention in bad projects.

For K/Z € [51, 8y], no separating equilibrium with contingent control
rights exists. Let us now evaluate potential semi-separating equilibria in
which a good type offers a contract ¢ specifying contingent control rights
y(z) where y(z) # 1 for some values of z. In such a semi-separating equi-
librium, it must be that By(c) < B°. Indeed, suppose that go(c) = 8%, then a
bad type would face intervention with probability y(z) whenever ¢ < £(8°).
Since y(2) < 1 and ¢ < #(8°) with positive probability, this probability of
intervention would be smaller than F,(#(8°)) and the IC constraint of a
bad type would be violated. Hence, in any semi-separating equilibrium
with contingent control rights, it must be that Bo(c) < B°. In the same way
as for semi-separating equilibria where y < 1 and 8%(y) < 8%, one can use
this to show the expected utility of a good type is therefore strictly lower
than in the semi-separating equilibrium in which y = 1 and By(c) = °.
Comparative static results for K/Z > 5. We must show that z¢, given by

v € (2° — Eag), 2°) (A26)

Pr(t+n<2zt<iag))0=6)=1-K/Z, (A27)

is increasing in ag, with lim,_, 4: 2¢ = 400, decreasing in the informative-

ness of F(¢), and increasing in Z/K.

(a) Since #(crg) is decreasing in oy, it follows from (A27) that z° is increas-
ing in a, and lim,, , g5 2¢ = +o00.

(b) Consider two information structures F2 and F', where F? is less in-
formative than F'. We show that z°(F?) > 2°(F!). We can rewrite the
left-hand side of (A27) as

E[Fy(z® — n)] * Fp(E(ay)), (A28)
from which it must be that
E[F}G(F') — )] x Fy (E(ag, F1))
= E[F{@(F?) — )] * FZ(t(ag, F?)). (A29)

Since from Lemma 3, §7(F?) > $#(F!), it follows that F2(¢(ag, F?)) <
Fl(#(ag, F1)) and thus necessarily

E[F}°(FY) — )] < E[F2=°(F?) - n)]. (A30)
Since F}(¢) > F2(¢) for any ¢, it follows that 2°(F') < 2°(F?).



2548 The Journal of Finance

(c) Since # is given by F(t°) = 1 — K/Z, it follows that # is decreasing in
K/Z. Since {(ag) is independent of K/Z, from (A27), z¢ is decreasing
inK/Z. QE.D.
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