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ABSTRACT

In this paper we analyze a publicly-traded firm’s decision to stay public or go private in a setting in

which managerial autonomy from shareholder intervention affects the supply of productive inputs by

management. With public ownership, the shareholder base of the firm is subject to stochastic shocks

as market liquidity facilitates active trading. With heterogeneity among shareholders, this exposes

management to uncertainty regarding the extent of shareholder intervention in future management

decisions and consequently curtails managerial incentives to supply privately-costly inputs. By contrast,

private ownership provides a stable shareholder base and improves these input-provision incentives.

Thus, capital market liquidity has a surprising “dark side” that discourages public ownership. This

means our model takes seriously a key difference between private and public equity markets in that,

unlike the private market, the degree of investor participation and the heterogeneity among shareholders

are both stochastic in the public market. This allows us to draw predictions about the effects of investor

participation and stock price volatility on the public firm’s incentives to go private. We thus provide a

link between investor participation and firm participation in public markets.



TO BE A PUBLIC COMPANY OR NOT TO BE ?

“The public be damned”

Wott Vanderbilt, Reply to Reporter, 1883

1 INTRODUCTION

When should a publicly-traded firm decide to go private? This question, which we address in this
paper, is of central importance in the theory of the firm, and one that has been brought into sharper
focus by the events of the past few years. During the 1990s, scores of companies went public, with
initial public offerings (IPOs) sold at breathtaking prices. However, since the precipitous decline of the
stock market, the “going-public” wave appears to have been replaced by the “going-private” wave. In
2002, 66 publicly-traded U.S. firms delisted, compared to 35 in 1999. Many have conjectured that the
decline in stock prices after 2000 has discouraged investor participation in public capital markets, and
in this way fuelled a “going private” wave by firms. There is no formal theory, however, that provides

any justification for this conjecture.

We have also recently witnessed changes in the corporate governance of publicly-traded firms, most
notably the passage of the Sarbanes-Oxley Act. This Act, passed in the wake of accounting scandals
and other corporate abuses at highly-visible publicly-traded firms, is intented in part to restore investor
confidence in the public stock market and ensure continued investor participation. Investor participation
in public capital markets thus occupies center stage both from a market perspective — the impact of

declining prices on investor participation— and from a regulatory, corporate governance perspective.



The interesting unanswered question is: how will it affect firm participation? We explore the potential
interaction between investor participation and firm participation in the context of a publicly-traded

firm’s choice of whether to stay public or go private.

We model a publicly-traded firm that has assets in place that are known to generate a cash flow in
future. In addition, the firm will have future access to a restructuring opportunity that may be either
good or bad. A good restructuring opportunity increases firm value and a bad opportunity diminishes
firm value. When the restructuring opportunity arrives, the manager, who owns some shares, as well as
the other shareholders receive a common signal about whether the opportunity is good or bad. Priors
about the precision of this signal that the shareholders and the manager are endowed with are drawn
randomly and could be different for the shareholders and the manager. Consequently, it is possible
that the manager’s posterior beliefs about the value of the restructuring opportunity will diverge from
the shareholders’ posterior belief. This can lead to disagreement about the optimal course of action.!
We show that the optimal corporate governance regime will generally involve the manager being given
some decision making leeway or autonomy to overcome such disagreement and pursue the decision he
thinks is best when investors disagree. We examine the endogenous determination of this degree of
managerial autonomy and how it varies across public and private ownership. With private ownership,
the ownership base is relatively stable because the relatively high liquidity costs associated with private
ownership discourage investors from frequent trading in the shares. This leads to relative stability in

the autonomy given to the manager by investors. In the public capital market, the autonomy given to

IThere is nothing radical about the assumption of heterogenous priors. Morris (1995) argues that such a specification
is not inconsistent with standard theories of Bayesian decision making and many well-known models, such as the Arrow-
Debreu-Mackenzie model as well as Diamond (1967), Linter (1965) and Ross (1976) have permitted heterogeneous priors.



the manager is stochastic because the composition of shareholders is not fixed; it changes as investors

trade in and out of the firm’s shares. Some of the trading is motivated by a stochastic liquidity shock

that investors experience. When investors sell their shares in the public market, we assume that they

incur negligible transactions costs, in contrast with the significant costs incurred by investors for trading

in the private equity market

In determining managerial autonomy through the stringency of corporate governance, shareholders

face the following tradeoff. On the one hand, shareholders want to make governance as stringent as

possible because this minimizes the likelihood of the manager making a restructuring decision they don’t

like. On the other hand, greater stringency leads the manager to supply lower search effort in uncovering

a good restructuring opportunity. We show that this tradeoff that determines the optimal degree of

managerial autonomy depends on the propensity of shareholdes to agree with the manager. A key

assumption in our analysis is that of investor hetrogeneity. Different investors may have different degrees

of propensity to agree with the manager; which means there is potential cross-sectional heterogeneity

in the degree of managerial autonomy investors view as optimal for the firm and also in the valuations

investors put on the firm. For publicly-traded firms, corporate goverannce is determined largely by

securities markets regulators and hence managerial autonomy is set to be optimal for the “average” firm.

By contrast, in a private firm, corporate goverannce is determined by a private investor, so managerial

autonomy can be chosen to be precisely optimal for the firm in question. In deciding whether to take

a publicly-held firm private, the manager trades off the higher liquidity of public ownership against the

more precisely determined corporate governance stringency of private ownership.



This approach leads to results that square well with stylized facts and others that are new testable
predictions. Our main results are as follows. First, we show that the likelihood of a publicly-traded
firm going private is decreasing in the level of its stock price, and increasing in the volatility of its
stock price and in the liquidity-based cost of trading in the private equity market relative to the cost
of trading in the public equity market. Second, an increase in investor participation in the public
equity market leads to an increase in the attractiveness of public ownership. The reason is that greater
investor participation has two effects. One is that it tends to increase the firm’s stock price because we
show that the marginal investor holding the firm’s stock has a higher valuation when there are more
investors. The other is that the (cross-sectional) variance of investor valuations is shown to be smaller
when there are more investors. Both effects work in concert to make public ownership more attractive
as more investors participate. Third, as the variance of investor valuations increases, not only does
public ownership become less attractive for the manager, but the probability of finding an investor to
take the firm private also increases. Hence, the probability of a successful going-private transaction is
also increasing in the cross-sectional variance of investor valuations. Forth, we show that public firms
will be taken private only at a substantial premia above the pre-transaction stock prices. Finally, there
is a “natural” counterbalance to the forces that propel firms towards private ownership. As more firms

go private, the attractiveness of private ownership for a public firm declines.

Our work is related to a growing body of research on the determinants of public versus private

ownership.2 It is generally acknowledged that public ownership comes with liquidity benefits and

2See for example Zingales (1995).



that private ownership offers better control (Bhide (1993) and Coffee (1991)). 2 This view has been
challenged by Bolton and von Thadden (1998) and Maug (1998), who suggest that even public firms
could exercise effective control over management. Also, as Pagano (1993) has recognized, corporate
governance arrangements with private ownership can be tailored to the needs of a particular firm.
Public ownership, on the other hand, offers a more generic governance arrangement. Boot, Gopalan
and Thakor (2003) also use this insight to explore an entrepreneur’s choice between private and public
ownership. In a slightly different vein, Pagano and Roell (1998) argue that excessive monitoring with
private ownership may encourage firms to go public, wheras Burkhart, Gromb and Panunzi (1997)
suggest that a tradeoff exists between the expost efficiency of shareholder control and its adverse ex
ante effects on managerial incentives. Some of these features are also part of our analysis, although
the tradeoffs are quite different. Moreover, the existing literature has not focused, on the link between
investor participation in the public equity market and a publicly-traded firm’s choice of whether to
go private, not has it explained why a sufficiently low stock price would induce a public firm to go
private. These issues are the primary focus of our analysis. * This focus and our assumption of
universal risk neutrality distinguish our paper naturally from the contributions of Admati, Pfleiderer
and Zechner (1994), Pagano (1993), and Shah and Thakor (1988) who focus on the diversification and
risk-sharing benefits of public markets.To summarize, the key distinction between our paper and the

existing literature lies in the numerous new testable predictions that our analysis generates.

3This improved investor control may permit investors to limit managerial expropriation of shareholder wealth or other
forms of abuses such as those discussed by Jensen (1989). The point that private ownership offers better control has also

been made by Black and Gilson (1998).
4The disclosure literature has examined the link between investor participation and disclosure (see Bhattacharya and

Nicodono (2002), for example). Maksimovic and Pichler (2001) argue that public owenrship is accompanied by less flexible
disclosure requirements than private ownership. Chenannur and Fulghieri (1999) argue that the public capital markets

involve duplciated monitoring costs.



The rest of the paper is organized as follows. Section 2 contains a description of the model. Section
3 has the analysis, Section 4 discusses the empirical predictions and Section 5 concludes. All proofs are

in the Appendix.

2 MODEL DESCRIPTION

In this section we describe the key elements of our model: the agents and the project restructuring
possibilities, the liquidity cost faced by investors and the managerial autonomy parameter. We conclude

this section with the sequence of events.

2.1 Agents and Project Possibilities

We consider an economy with universal risk neutrality and a risk free interest rate of 0. Consider a
firm in this economy with several investors. The firm is managed by a manager who owns « percent
of the equity of the firm. The firm has publicly listed shares and the balance 1 — a percent of the
shareholding is held by public investors. There are four dates 0,1 2 and 3, defining three time periods.
At t = 0 the firm has existing assets, which yield a sure cash flow of S > 0 at ¢ = 3. The firm also
has a restructuring opportunity (“project” from now) at ¢ = 0. If this project is taken, it will alter
the cash flows to be realized from the existing assets. The restructuring does not require any monetary
investment but requires the manager to invest privately-costly effort at ¢ = 1. The actual restructuring
is carried out at t = 2 with the altered cash flows being realized at ¢t = 3. At every stage, the manager
makes decisions to maximize his terminal wealth. Since he owns a fraction of the firm, the long-term

interests of the manager and outside financiers are aligned and there is no agency problem related to a



divergence of objectives between the manager and public shareholders.?

There is uncertainty about the quality of the project proposed by the manager. The project can be
one of two types: Good (G) or Bad (B). A type-G project increases the cash flows from the existing
assets from S to Xq, while a type-B project reduces the cash flows from S to 0. The manager can
invest effort at ¢t = 1 to increase the probability of finding a G project. That is, if the manager invests
effort e at a private cost of %, the probability of finding a G project is e, where 3 > 0 is a constant.
Conditional on e, this probability is common knowledge and represents everybody’s prior beliefs about

project quality.

The restructuring decision at ¢t = 2 depends on the quality of the project proposed by the manager.
Both the manager and the investors want to implement a type-G project and want to avoid a type-
B project. The manager and investors decide on the optimal choice based on a public signal, z,
that they both observe at ¢t = 2. The signal value can be G or B, indicating the project quality.
Although the manager and investors observe the same signal, they have potentially different priors
about the informativeness of the signal. The prior beliefs about the informativeness of the signal, g,
are drawn randomly from the set {I,U}, where ¢ = I represents an “informative” signal and ¢ = U
represents an “uninformative” signal. The probability of the manager drawing I is # € (0,1) and
of drawing U is 1 — 6. When the prior belief is that the signal is informative, the agent believes
Pr(Project G|s = G,q = I) = 1. And when the prior belief is that the signal is uninformative, the

agent believes Pr(Project G|s = G,q = U) = e, i.e. an uninformative signal fails to change the agent’s

5We shy away from agency problems not because we believe they are unimportant but because their effects are well
understood.



prior beliefs about the quality of the project.

If the public signal is z = B, then it is clear that a prior belief that the signal is I would lead to a
decision to reject the project. But if the prior belief is that the signal is U, the NPV of the project is
estimated by the agents as e(Xg —S) + (1 —e)(—S5). If e > Xic, then the agent will wish to implement
the project even if he believes that the signal is uninformative. In the following analysis, we rule out this
possibility and assume that 3 is sufficiently large such that e < S/X¢g in all cases considered. Hence,
whenever an agent believes that the signal z is uninformative, the agent will not wish to implement the

project.

If the public signal is z = G, and the prior belief is that the signal is I, then the project NPV will
be X¢ — S > 0, and the decision will be to accept the project. If the prior is U, then the project NPV

will, be assessed as e(Xg — 5) — [1 — ¢]S < 0, and the decision will be to reject the project.

We assume that the manager receives a private signal that is a random draw from {I,U} and this
signal sets his prior belief about the precision of the public signal z. Similarly, investors as a group also
randomly draw a prior belief from {I,U} about the precision of the public signal. We allow the prior
beliefs about signal precision that the manager and investors draw to be correlated. That is, we assume
Pr(q; = jlgm = J) = p, Pr(q; = jlgm = k) =1 — p, where j # k, j, k € {I,U}, q; represents the signal

precision for the investors and ¢, the signal precision for the manager.

It is clear that if z = B is the commonly-observed public signal, the manager and investors will

always agree that the project should be rejected, regardless of their prior beliefs about the precision



of the signal. If 2 = G and investors and the manager have prior beliefs ¢ = U, they will once again
agree that the project should be rejected. If z = GG and investors’ prior belief about signal precision is
q = I whereas the manager’s prior belief is ¢ = U, then the manager will wish not to implement even
though investors would like to. We assume that no one can force the manager to implement when he

6 However, when z = G, the manager’s

does not want to, so disagreement is irrelevant in this case.
prior belief about signal precision is ¢ = I and the investors’ prior belief is ¢ = U, the manager will
wish to implement but investors won’t. This disagreement is the focus of our analysis. It follows that,
conditional on the manager and investors observing GG and the manager believing that the precision of
the public signal is ¢ = I, p is the probability that the investors agree with the manager that investment
in the project should occur. Note that the potential disagreement between the manager and investors
is not due to incomplete information aggregation or asymmetric information since everybody starts out

with the same priors about project quality and their beilef revisions are based on observing the same

signal. 7

The greater is the value of p, the greater is the likelihood of agreement between the manager and the
investors; p = 1 indicates perfect agreement while p = 0 indicates perfect disagreement. The agreement
parameter p can be thought of as being affected by the attributes of the project (or more generally the

nature of the firm’s business), management’s experience and track record in managing projects of that

6This is a fairly natural restriction. One way to think about it formally is to assume that the probability with which
a project arrives at t = 2 is less than 1 and the manager is the first one to see whether the project has arrived, observes z
and ¢, and then decides whether to bring the project forward for investor to evaluate. Only then can investors observe z
and their own ¢. This way the manager can always say there was no project when he does not wish to invest. Adopting

this structure would complicate the analysis but would not change our results.
TThus, our focus here is on “genuine” disagreement, which can arise due to a variety of reasons other than the one we

focus on, such as non-uniform priors over project value (Allen and Gale (1999) and Morris (1995)),overconfidence on the
part of either management or investors (Daniel, Hirshleifer and Subramanyam (1998)), or other psychological reasons like
differences in intuition (Clarke and Mackaness (2001)).



type and also the general level of investor confidence in the corporate sector. If the project is one that the
manager has dealt with before successfully and investors are familiar with as well, p will tend to be high.
For unfamiliar projects and/or those the manager may not have successfully handled in the past, p can
be expected to be low. Since project familiarity and prior experience with management can be expected
to vary among investors in the public capital market, there will be heterogeneity among investors in
the extent of their agreement with the manager. Since we have a one-firm economy, our firm can be
thought of as the representative firm and the level of p as the level of agreement of the public capital
markets with the representative firm’s manager. The level of agreement of the public investors with
the representative firm’s manager will vary through time depending on the level of investor confidence
and the prior performance of the firm. During periods when the prior performance of the firm is good
and investor confidence in the manager is high, p will tend to be high, in periods preceded by poor firm
performance and characterized by low investor confidence in the manager, p will tend to be low. Thus,

both idiosyncratic factors (firm performance) and systematic factors (investor sentiment) impact p.

We explicitly model heterogeneity of p across investors by assuming that the public market for a
particular firm at any point in time is comprised of IV investors and that the p for each investor is an
independent draw from a continous probability distribution distribution G(p), and an associated density
function g(p) with support [p;, pr]. As we will show later, the valuation of the firm by the investors is
increasing in p. Hence, at any point in time the shares of the firm will be held by the investors with
the highest p, since these are the investors with the highest firm valuation. This fact is important and

provides interesting dynamics of the “market p” with investor participation. We now discuss two key

10



features of the model: the liquidity costs faced by investors and the corporate governance (or managerial

autonomy) parameter 7.

2.2 Liquidity cost

In period 2 (between ¢t = 1 and 2), investors (including the manager) may suffer a stochastic liquidity
shock that compels them to sell their assets to raise cash. They will wish to sell these shares to the
investors with the highest valuation. Since sale with public ownership occurs in a well-defined market
place finding these investors is greatly facilitated. On the other hand with private ownership finding
these investors would involve search costs. For simplicity we normalize the search costs to 0 with public
ownership. With private ownership, we argue that the investor’s liquidity cost is proportional to firm
valuation, since a selling shareholder would engage in more intensive search for more valuable firms and

incur more search costs.

2.3 Managerial Autonomy Parameter

Whenever there is disagreement between shareholders and the manager about project quality, there
has to be a rule to resolve the disagreement. We model this using the concept of “autonomy” for the
manager. Managerial autonomy (parameterized by n) is the probability that the manager will be able
to invest in the project in the face of disagreement with the shareholders, and 1 — 7 is the probability
with which shareholders can successfully intervene to stop the manager from investing in the project
when they believe it is not worthwhile. One could also interpret 1, which is endogenously determined in

our analysis, as the degree of control given to the manager. Ceteris paribus the manager prefers more

11



autonomy to less. This is not because he has any innate preference for control, but because greater
autonomy gives him a greater ability to do what he believes will maximize firm value. In real world
terms, one can think of the manager increasing his autonomy by limiting the information disclosure to
shareholders, having more seats on the Board of Directors that can be occupied by directors friendly
to the manager, delivering consistently good performance that induces shareholders to give him more
elbow room, and so on. In the public markets, 7 is usually imposed on an individual firm and is designed
(endogenously) by capital market regulators for the “average firm” in the economy. By contrast, n with

private ownership is endogenously chosen for each firm to maximize its value.

2.4 Summary of Sequence of Events

The time line is as follows. At ¢ = 0, the manager, who is running a publicly-traded firm, decides
whether to take it private or keep it public. If the manager chooses private ownership, then he identifies
a private investor at t = 1 to buy out all the outstanding public shareholding at ¢ = 1 and take the
firm private; If this private investor is unsuccessful in buying out the shares, the firm remains public.
If the manager chooses to remain public at ¢ = 0, then the firm remains public until ¢t = 3. After
implementation of the chosen ownership structure, the manager invests in effort at ¢ = 1 to find a
good restructuring project. Between t = 1 and ¢t = 2, investors and the manager receive their common
public signal about project quality and also draw their private priors about the precision of the public
signal. At ¢ = 2, the restructuring decision is made. As indicated earlier, the only state in which
there is decision-relevant disagreement between investors and the manager is when the public signal is

G, investors draw a prior belief about its precision that it is ¢ = U and the manager draws a prior

12



belief about precision that it is ¢ = I. In this case, the manager wants to implement the project
but investors don’t; with probability 1, the manager is able to invest in the project despite investor
objections. Subsequently, between dates t = 2 and t = 3, investors could suffer a liquidity shock. If the
firm is publicly traded, investors sell their shares in the market at the market-clearing price. If the firm
is private, investors will conduct a search to identify the investor who has the maximum valuation for
the shares and sell to that investor. Thus with private ownership, there are transaction/search costs
involved in selling the shares. Terminal cash flows are realized at ¢ = 3. This sequence of events is

shown in Figure 1.

FIGURE 1 GOES HERE

3 ANALYSIS

There are two decisions to be made by the manager. One is the choice of whether to stay public
or take the firm ownership, is made at ¢ = 0. And the other decision is the choice of effort level,
which is made at ¢ = 1 subsequent to the implementation of the chosen ownership structure. Since
these decisions are made sequentially, we analyze them using backward induction. We first analyze the
manager’s choice of effort for a given ownership mode choice and then go back and analyze the choice
of ownership mode by comparing the relevant payoffs. The manager chooses the ownership mode and
effort level so as to maximize his expected wealth at t = 3. We now analyze the manager’s choice of

effort and his payoffs under alternate ownership modes.

13



3.1 Public Ownership

If the manager chooses public ownership at ¢ = 0, then there is uncertainty about the identity of
shareholders at ¢ = 2 and also about the level of agreement between the manager and the shareholders
at that time. Since the restructuring decision is taken at ¢ = 2, it is the agreement level at ¢t = 2 that
matters. We now analyze the manager’s decision by estimating his effort and payoff at ¢ = 1. (As there
is no uncertainty in the payoff for the manager with public ownership, his payoffs at ¢t = 1 and ¢ = 0
are the same.) If the manager invests e in search effort, his payoff at ¢ = 1 with public ownership is

given by:

VM = a(l =8)Pr(z = G)Pr(gm = I)Pr(q = I|gn = I)[X¢ — S|

p

+a(1 = 8)[Pr(z = G)Pr{gm = D)Pr(g; = Ulgm = Dn[Xc — ] + 5] % W)

Note that the first term is the increase in payoffs of the firm when the investors and the manager
see a public signal z = G, and both draw prior beliefs that the signal is informative and hence agree on
implementing the restructuring. The second term is the increase in cash flows of the firm when a public
signal z = G is observed, the manager’s prior belief is that the signal is informative and the investors’
prior belief is that it is uninformative. In this case the manager is able to undertake the restructuring
with a probability 7. The next term is the payoff from the existing assets. The penultimate term is
the private cost of effort for the manager, and the last term is the liquidity cost in the public market.
Note that in all states other than those reflected in the first two terms, the restructuring is not carried
out and the assets result in a cash flow of S. Here we have assumed that the 7 is exogenously imposed.
Once we have evaluated the manager’s effort choice function, we will go back to endogenize the public

14



market 17 to maximize the share-price at ¢ = 1. Thus,

VM = a(l—08)ebp[Xe — 8]+ a(l — 8)[ed(1 — p)n[Xe — S]+ S] — 5762
~ a(l = 8)}{elplXc — S|+ (1 — Pl — 5] + 5} — 2
Be?
= a(l =0){ebp+[1 —ply]A - D} — — (2)

where A = Xg — S and D = —S.

Here A and D represent the NPV of the project in the agreement and the disagreement states as
seen by the investors. p represents the expected level of agreement between the manager and investors
at t = 2. The manager chooses his effort at ¢ = 1 so as to maximize V;%b. We assume that the manager’s
shareholding is sufficient to satisfy the individual rationality (IR) constraint of the manager. We can

now show the following.

Lemma 1

The manager’s uniquely optimal choice of effort, €,y 18 strictly increasing in p, the expected level
of agreement at t = 2, «, the managerial ownership fraction, and 7, the autonomy parameter, and is

strictly decreasing in 3, the effort disutility parameter .

Lemma 1 gives a number of intuitive results and also highlights the cost of disagreement. Since
the manager knows that the probability that a G-type project discovered due to his effort will actually
be implemented is increasing in p, he also expends greater effort when p is higher. Similar reasoning

holds for the impact of the autonomy parameter n. Effort is also increasing in managerial ownership «

15



because a higher o corresponds to a higher marginal return to effort. The effort level is decreasing in

the effort disutility parameter 8 since this signifies a higher marginal cost of effort.

Given the optimal managerial effort function, the total value of the firm as perceived by the manager

at t = 1 is given by:

*2
* . — Coub
Vp]gb = a{epuba[p + (1 - P)U]A - D} - Tp
6*2
= % —aD (3)

The value as perceived by the manager is increasing in managerial effort and in the level of managerial
shareholding (note D < 0). The total value of the firm as perceived by the investors at t = 1 (the stock

price at ¢t = 1) is given by:

VpIub = (1—-a)Pr(s=G)Pr(¢m =1)Pr(¢; = I|gm = I)[Xc — 5]
+(1 — a)[Pr(s = G)Pr(gm = I)Pr(¢; = Ulgm = I)n[—S]+ 5] — ALpus}

= (1= a){epublp[Xe — ST+ (1 —p)n[=S]] + 5}

= (I—a){epubpA+ (1 —p)nD] - D} (4)

The level of agreement of the investor at ¢ = 1 does not impact the stock price since it is only the
level of agreement of the investor at ¢ = 2 that matters for firm valuation. Vplub is increasing in p.
Thus, a higher level of agreement connotes a higher stock price. At any point in time the investors
most likely to hold the shares in the public market are the ones who have the maximum valuation for
the shares. Since the share price is increasing in p, these are the investors with the highest level of
agreement with the manager. When p varies cross-sectionally and the p for any investor is a random

16



draw from a probability distribution, the highest value of p among the N investors is the N*" order
statistic of p, say pny. i.e. py = maxj<;<n p;. From now on, whenever we talk about the level of
agreement between the manager and shareholders in the public market we mean this maximal level of
agreement. The expected value of the agreement parameter represents the expected value of the N
order statistic, i.e. E(pn) = p,. We now discuss how the managerial autonomy in the public market is

determined.

In the public market, n is determined to maximize VpIub. A change in 1 has two opposite effects
on V;)Iub. According to Lemma 1, managerial effort increases with 7. From (4), we know that Vplub is
increasing in managerial effort, so an increase in 7 leads to an increase in the stock price. However, an
increase in 7 also results in a higher probability of the manager implementing the restructuring that

the public shareholders disagree with; this decreases the stock price. To ensure that both effects play

an important role and that the stock price is concave in 7, we make Assumption 1.

Assumption 1

Xg > 28S.

Given Assumption 1, we can now establish the following result:

Lemma 2

The optimal managerial autonomy parameter, 7,,,, is given by the following expression:

. _ pa+D)
npub _2(1_E)D
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Npup 18 Increasing in p, the level of agreement of the shareholders and the manager at ¢t = 1, and X¢,
the incremental cash flow from the type-G project, and decreasing in S, the cash flow from the existing

assets.

Lemma 2 characterizes the properties of the public market governance regime. First, managerial
autonomy is increasing in p. It is intuitive that greater is the propensity of investors to agree with the
manager the greater is the autonomy given to the manager by the investors. An increases in Xg — S
means an increase in the marginal return to managerial effort, which implies a higher equilibrium level
of effort. To get the higher level of effort, investors offer a higher n. Thus managerial autonomy is

increasing in Xg — S.

3.2 Public Market Governance Regimes and Investor Participation

As we argued earlier at any point in time the shares of the firm are likely to be held by investors with
the highest level of agreement with the manager. When p varies cross- sectionally, the highest value of
p among the N investors is py, the N** order statistic of p. Since p in the public market is distributed
according to the distribution function G(p) and a density function g(p), with support, [p;, p], we know

from standard results that p, the expected value of the N order statistic, is given as:

(NN_!D! /ph G(pn)Y " tg(pn)pnd(pn) (5)

Pl

I
|

Lemma 3

P, the expected value of py is increasing in N and the variance of py, 0%, is decreasing in N.
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The intuition behind this result is that greater the number of investors in the market, greater will
be the propensity of the “maximal” investor to agree with the manager,where the maximal investor is
the investor most likely to agree with the manager. Thus p is increasing in N. Similarly the greater
the number of investors in the market small will be the expected variation in the level of agreement of

the maximal investor.

Thus far we have maintained that the shareholders of the firm will be the investors with the maximum
level of agreement with the manager. All our results will go through if the marginal investor in the firm

is the investor with the k*" largest level of agreement with the manager, for some k < N.

From Lemmas 2 and 3 we have the following proposition.

Proposition 1

Greater investor participation in the public capital market leads to a higher mean of the agreement

parameter, p, and a higher managerial autonomy parameter, 7.

This proposition states that greater investor participation in the equity markets results in corporate
governance that appears to be more lax. This is an intuitive result. Greater investor participation
leads, on average, to higher agreement between the manager and shareholders (Lemma 3). This leads
to greater autonomy being given to the manager. If firms with more analysts following them (i.e.
the better-known firms) can be viewed as those with greater investor participation, then this result
says that the better-known firms will have more lax corporate governance as represented by greater
managerial autonomy. The better-known firms may be the large firms or older firms. In either case,
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this result provides a prediction that is potentially testable. Some evidence in support of the proposition
is provided by Gompers, Ishi and Metrick (2003) who show that larger firms have a higher value of their
governance index, indicating greater protection for managers from takeovers, which can be a proxy for

managerial autonomy.

Moreover, Lemma 3 is also interesting because it indicates two important effects of higher investor
participation. Greater participation not only increases the mean of the agreement parameter, but (in
the special case of uniform density) also reduces its variance. So stock price volatility should go down as
more investors participate, since there is a one-to-one relationship in our model between the volatility

of p and the volatility of stock prices.

Managerial autonomy, the level of managerial effort, the managerial payoff and the stock price at

t = 1 with public ownership are given as follows:

. 2(A+D
Mpub = p2((1p))D (6)
0pA(A—D
Cpub = ozp;ﬂD) (7)
Vplub = (1 - a){e;ube[pA + (1 - p)n;ubD] - D}
0252 A(A — D)?
- -y 0
6*2
Vp%b = 5“17 —aD

a292§2A2 A— D)2
= 451(92 —aD (9)

Lemma 4

The managerial payoff with public ownership is increasing in the level of investor participation in
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the public equity markets.

This lemma states that greater investor participation makes public ownership more attractive for
firms. This is intuitive. Greater investor participation increases the probability of finding investors with

higher levels of agreement with the manager and hence higher valuations.

3.3 Private Ownership

If the manager chooses to have private ownership at ¢ = 0, then a private investor will try to take
the firm private at ¢ = 1. With private ownership, there is uncertainty about the identity of the private
investor at ¢ = 0 as the private investor is identified only at ¢ = 1. Further with private ownership, the
level of managerial autonomy is set to maximize firm valuation from the point of view of the private
investor. The other difference between private and public ownership is the search costs that the private
investor would have to incur to sell the shares. i.e. if the private investor were to get a liquidity shock
between t = 2 and t = 3, he would attempt to sell the shares. He would search for the investor with
the highest valuation of the shares and in the process incur search costs. The search costs can be given
as equal to AL,,;. Here A denotes the probability of the investors suffering a liquidity shock, while L,;;
denotes the search costs incurred by the investors when they try to sell their shares. The search costs
will be incurred only when it pays for shareholders to search out an investor with a high p. These are
the states in which the restructuring is carried out. In the states in which restructuring is not carried
out, the value of the firm is .S and does not depend on the level of agreement between the manager and

the investor. We now provide a formalization of the search costs endogenously.
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3.4 A Formalization of search costs

When an investor wishes to sell his shares he searches for the investor with the highest valuation.

This involves individually searching for investors in the private market.

The private investor can sample an investor at random from the possible pool of investors and
discover that investor’s valuation. Depending on the valuation of the new investor, the private investor
can either sell the shares to the new investor or continue searching. Each search costs ¢ for the private
investor. Further, discovering the valuation of the new investor also helps the private investor identify
the investors who are likely to have higher valuations than the new investor, so the private investor is

able to target his next sampling better.®

We also assume that if the second investor sampled has a p
lower than the first investor sampled, the potential seller can come back to the first investor sampled.
Thus, sampling creates an option for the private investor who wishes to sell. When the private investor
samples an investor with p = p, the valuation of the firm by the new investor is equal to peX}. This is
so because we have assumed that the investor suffers a liquidity shock only after the project has been

undertaken. As we discussed earlier, search for a new investor is warranted only in states in which the

project is undertaken. The expected value of the search option can be given as follows:

E(plp > p)eXy — peXp

— [(M

5 ) — PleXn (10)

Here p indicates the level of agreement of the investor who has currently been sampled by the private

8We make this assumption specifically to simplify the algebra. The main results that we want, namely that the search
costs are increasing in firm valuation, will be obtained without this assumption. But with this assumption, we get a

particularly simple characterization of the search costs, which greatly simplifies our algebra.
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investor. The option value is decreasing in p. The private investor will continue sampling as long as

this value is less than or equal to §, the cost of sampling. i.e.

.
(P = Blexi <4,

20
eXh

which implies 0> pn—

Thus, the private investor will continue searching until he finds an investor with a p greater than or

equal to the cut-off indicated, p.. The expected cost of this search can be calculated as follows:

2

Lyi = OPr(p > pe) +26(1— Pr(pi > pe))Pr(fa > po) + 38 [ [(L = Pr(si > pe) Pr(ss > po) + ..
=1

= 0Pr(p1 2 pe)[L +2(1 = Pr(pi = pe)) +3(1 = Pr(p: > pe))* +4(1 = Pr(p; = pe))” + ..

dPr(p1 = pe)
(1= Q1= Pr(pi = pc)))?
)
Pr(p; = pe)
0Ap
Ph — pe

= eXpAp

where Ap = pp, — p;. Thus, we see the expected search cost is a linear function of the effort level of the

manager.

We shall now analyze the case of private ownership through backward induction. That is, for a

given level of agreement between the manager and investor at ¢ = 1, we shall evaluate the manager’s

payoff and the investor’s payoff and the optimal level of managerial autonomy. Then we shall go back to

t = 0 and evaluate the manager’s payoff and analyze his choice between private and public ownership.

Given the level of agreement of the private investor with the manager, p, and the level of managerial
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autonomy 7, the optimal managerial effort choice (epy;) is given by:

Given the level of managerial effort, the payoff for the private investor is given by:

Vplri = (1- a){e;ria[ﬁ(XG =8 = Apriepri) + (1 = p)i(—=S — ALpriepri)] + S}

— (1—a){¢}0pA+ (1 - p)iiD] — [+ (1 = )i Lyrieprs — D} (12)

where L,,; = XpAp. Managerial autonomy with private ownership, n,,.; is set so as to maximize the
valuation of the private investor. The following lemma characterizes the managerial autonomy with

private ownership.

Lemma 5

The optimal managerial autonomy parameter, 7,,,;, is given by the following expression:

. D—=3Cpip+ /D> +3Cpip(A— D) (13)
npm - Scpri(l _ ﬁ)

where Cpr; = AN(A — D)Ap. ny,,; is increasing in p, the level of agreement between the private investor
and the manager at ¢ = 1, and X, the incremental cash flow from the type-G project, and decreasing

in S, the cash flow from the existing assets and A, the probability of liquidity shock.

The intuition for much of this lemma is similar to that for Lemma 2. In addition the intuition for
the dependence of 7;,,; on A is as follows. As the liquidity shock becomes more likely, i.e. as A increases,
the expected search costs become greater. Since the search costs are increasing in managerial effort,
it is optimal to reduce managerial effort. Since, managerial effort is increasing in n (11), it is optimal
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to set a lower 77, as A increases. Given the optimal level of managerial autonomy, the payoffs for the
investors and the manager with private ownership, V/ " and Vﬁri respectively, are given as follows:

V;;Im‘ = (1—=a){e, 0pA+ (1= p)npiD — Cprilp + (1 = p)npilepil — D} (14)

56;31‘
2 oD
5 o

<
g
|

a?0?A?% 2D? + 3Cyip(A — D) + 2D[\/D? + 3C,ip(A — D)]
- 25 [ P o2 v P ] —aD (15)

The payoffs of the manager and the investor have been evaluated at ¢t = 1 after the private investor
has been identified. But the manager decides on the ownership structure at t = 0 before the private
investor has been identified. Since the p of the private investor is stochastic at ¢ = 0, the expected
payoff of the manager at ¢t = 0 is evaluated using the expectation over p. Here again the private investor
will be the one with maximal valuation for the firm’s shares. Thus, the level of agreement of the private
investor is nothing but the N order statistic. The key is that not all investors will be able to take
the firm private. As we will show shortly, there exists a cutoff value of p = p at t = 1 such that only
investors with g > p will be able to take the firm private. If there is no investor with p > p, then
the firm will not go private although the manager might wish to do so. Thus, the expectation of the
manager’s payoff is taken over a truncated distribution of g with support [p, pn]. Let the expected value
of the agreement parameter of the possible private investor over this truncated distribution be p, and
let the variance of the agreement parameter be o2. The expected payoff of the manager with private

p

ownership is given by:

*2_

BE(VM) = E[%—aD]
E *2_

_ b (gprz)_aD
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*2

ori We have:

Substituting for e

o D+4/D24+3Cpri p(A—D) 1y 9
BE{ % . 13)
— ﬁ 2 3Cp'm _ O[.D

a?0?A? 2D? + 3C,,,;p(A — D) 4+ 2DE[\/D? + 3Cyrip(A — D)]
= a5 | 9C? J—aD

The following proposition characterizes the manager’s choice between private and public ownership.

Proposition 2

The probability of the manager choosing private ownership is increasing in Jg, the variance of the
agreement parameter of the private investor, in p, the expected level of agreement of the private investor,
and decreasing in p, the expected agreement parameter in the public market, and the expected liquidity

cost of private ownership, Cpy;.

Proposition 2 highlights the factors that induce firms to go private. Firms will choose private
ownership when the volatility of p of the private investor is high. Given that the private investor is
being sampled from the pool of public investors, this directly implies that firms will choose private
ownership when the volatility of the agreement parameter in the public markets is high. The volatility
of p comes from investor heterogeneity and other factors like investor sentiment; the greater is the
heterogeneity among shareholders and the more unpredictable is the valuation of the maximal investor,
the greater is the probability that a firm will choose private ownership. Since the market price is a
linear function of p, this corollary shows that a firm will choose private ownership for a sufficiently high
volatility in its stock price. The probability of choosing private ownership is also decreasing in p. Given

a distribution of p, we showed in Lemma 3 that p is just a function of N. Thus, when the level of
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investor participation in the public markets is low, N will be low and so will be p. This is also when the
volatility of p in the public market would be the highest (Lemma 3). Thus the incentives for the firms to
go private would be highest in these circumstances. The attractiveness of private ownership is increasing
in p, the expected level of agreement of the private investor with the manager. As, we mentioned p is
endogenously determined as the expected value of the N** order statistic from a truncated distribution.
The attractiveness of private ownership is decreasing in the expected liquidity cost of private ownership,

Coni.

Although the manager might prefer private ownership at t = 0, it is clear that for the firm to actually
go private, a shareholder must be able to buy all the shares from the public market at ¢ = 1. The private
investor will be able to buy these only if his valuation, given by (14), is greater than the public share
price. The share price that will prevail at ¢ = 1, when the firm has public ownership, is given by (4).
Comparing (4) and (14) we see that an investor will be able to buy out the public shareholding iff the

following condition holds:

(1 — a){epifpA+ (1 = p)p, D — Cprilp + (1 = p)iigrilepri] — D}
> (1= a){ehudlFA + (1 = P — D}

which implies
epriPA + (1 = p)npi D — Cprilp+ (1 = p)npyilep,]
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This now allows us to prove the following.

Proposition 3

There exists a cutoff value of the agreement parameter, p equal to p such that only investors with
p > p will be able to take the firm private. The cutoff p is increasing in p, the expected level of

agreement in the public market, and in Cp,; the expected liquidity penalty with private ownership.

This proposition shows that only an investor who values the firm (and manager) sufficiently highly
(in comparison to the market) will be able to undertake a going-private transaction. From the point
of view of this private investor, the main tradeoff between public and private ownership is the lower
liquidity cost with public ownership versus the higher level of managerial effort due to stability of
shareholder base with private ownership. An obvious implication of this is that a sufficiently high
premium will have to be paid to take the firm private if one assumes (as we will later) that the price
paid is increasing in the private investor’s valuation of the firm. The other benefit of private ownership
is the ability to precisely tailor the level of managerial autonomy parameter. But in our setting the
optimal level of autonomy from the point of view of an individual investor is different for public and
private ownerships. This is because, with private ownership, the liquidity cost depends on the level of
autonomy. Since an investor takes this into account while setting the level of autonomy with private
ownership, for a given investor, the optimal level of autonomy with private ownership is lower than that
with public ownership. Consequently, we will not be able to make any general statements comparing

the levels of autonomy and consequent managerial effort with public and private ownership.
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Corollary 1

The probability that the firm will go private at ¢ = 1 is decreasing in N, the level of investor
participation in the public capital markets and decreasing in A the probability of liquidity shock of the

private investor.

Investor participation in the public markets decreases the probability of going private transactions
through two effects. First, greater investor participation increases p, and this, in turn, increases the
firm’s stock price and reduces the probability of finding a private investor with a higher valuation.
Second, greater investor participation also reduces the variance of p in the public markets (Lemma 3).
This reduction in variance diminishes the probability of finding an investor with a higher agreement
parameter than the one corresponding to the stock market price (since p > p), and this again reduces
the probability of a successful going-private transaction. It is apparent from this that private ownership
will be preferred in situations in which investor’s agreement with managerial decisions in the “average”
firm (p) is relatively low, leading to a relatively low managerial autonomy, Npup- Thus, we will have
public firms going private more often during periods of low stock prices — characterized by low p— than
during periods of high stock price. This result is consonant with anecdotal evidence about going-private
transactions that we mentioned in the Introduction, as well as the empirical evidence that IPOs are

largely a bull-market phenomenon (see, for example, Ritter and Welch (2002)).

An increase in \ increases the liquidity penalty of private ownership and consequently makes private

ownership less attractive. This also reduces the probability that the firm would go private.
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Because the private investor is buying out all outstanding publicly-traded shares, there will not be
any free riding by individual shareholders as in Grossman and Hart(1980). We have also not discussed
the price at which the private investor acquires these shares, with the only constraint being that the
private investor’s valuation should exceed the public market price. This constraint ensures that the
going-private transaction generates a surplus. We assume that the public shareholders get a fraction ~
of the surplus while the private investor gets 1 — . Thus, the price at which the private investor can

acquire the shares is P = V!, +maz{0,v[V,}; — V[ ,]}.7

3.5 Cost of capital for the going-private transaction

In this section we extend our basic model by assuming that there is a fixed cost C' to be incurred
by any investor wishing to become a private investor. This cost can be interpreted as consisting of
the fixed costs incurred by the private investor in researching the firm, drawing up the private equity
contract, and the costs of raising finance. With this setup we explore the incentives for investors to take
firms private and the relationship between the number of firms going private and the cost of capital for

a private firm.

We first examine the incentives for an investor to incur the fixed costs of taking the firm private by
comparing the payoff from becoming a private investor with the payoff from staying a public investor.
The payoff from becoming a private investor is the share of surplus that the private investor gets from
taking the firm private. We have assumed that the private investor gets 1 —  share of the surplus

created by taking the firm private. This surplus is created only if the private investor finds a firm to

9We can generate this sort of surplus-sharing rule via an explicit Nash bargaining game.
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take private and is successful in taking the firm private. Thus, the benefit from becoming a private
investor can be expressed as: By,; = Pr(Firm) = Pr(Private) * Surplus(Private). Here Pr(Firm) is
the probability that there will be a firm available for the investor to take private. This probability is
increasing in the number of firms that want to go private. Pr(Private) is the probability that the going-
private transaction will be successful. Surplus(Private) is the surplus obtained by the private investor
in a going-private transaction. Substituting for the known quantities, we have the following condition
for an investor to incur the cost of attempting to take a firm private: B,,; = Pr(Firm) * Pr(VpIM- >

V;]Iub) * (1 —7)(max(0,V,,; — Vplub)) Thus, an investor will be willing to incur the cost C if E(B,;) > C.

This gives us our next lemma.

Lemma 6

There exists cutoff value of the agreement parameter p = p. such that only investors with agreement
parameters p > p. will invest to become private investors. The cutoff value is increasing in p and

decreasing in the number of firms wanting to go private.

Lemma 6 indicates that the investor should have a high degree of agreement with the manager to
wish to incur the cost of becoming a private investor. The intuition for the Lemma is as follows. From

our earlier analysis, we know that V!

i 18 increasing in the p of the private investor. Hence, the benefit

of becoming a private investor is increasing in the p of that investor. Further F (V;fub) is increasing in

p. Thus, the probability of a successful going-private transaction and the surplus created from such a

transaction are both decreasing in p. Consequently, the incentives for an investor to become a private
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investor is decreasing in p. Similar to Corollary 1, this lemma predicts that private equity activity will

escalate during bear markets when stock prices are low. Moreover, this lemma states that the average

level of agreement of private investors with the manager is decreasing in the number of firms going

private. This is because p, the cutoff value of p is decreasing in the number of firms going private;

So the average level of p among the pool of private investors decreases as more firms go private. The

following proposition illustrates the relationship between the number of firms going private and the cost

of capital for a private firm and the probability of a successful going-private transaction.

Proposition 4

The cost of capital for a private firm is non-decreasing in the number of firms going private. The

probability of a successful going private transaction is non-increasing in the number of firms going

private.

This proposition highlights an interesting “self-correcting” property of going-private waves. The

intuition for this result is as follows. As more firms want to go private, we have more investors investing

to become private investors. This reduces the level of agreement of the marginal private investor with

any firm. Consequently, the expected cost of capital for a private firm (which is decreasing in the level of

agreement of the private investor with the manager) is increasing in the number of firms going private.

Further, it also decreases the expected probability of an average firm undertaking a successful going-

private transaction. Thus, from a firm’s point of view, the marginal attractiveness of going-private is

decreasing in the number of firms going private, which will cause the going-private wave to eventually
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cease.

4 Empirical predictions

We discuss the main empirical predictions of our model. For the most part, these are novel predictions

that have yet to be confronted with the data.

1.

The greater the investor participation for a publicly-traded firm, the lower should be the stringency
of corporate governance for the firm. This prediction follows from Proposition 1. If we view larger
firms as having greater investor participation, then this prediction is consistent with Gompers,
Ishi and Metrick (2003) that managers in larger firms have greater protection from takeovers,
assuming that greater protection signifies more managerial autonomy. However, one would need
to more directly test this prediction by using other proxies for investor participation, such as the

number of analysts following the firm.

. The probability of a going-private transaction is decreasing in the extent of investor participation.

This follows from Proposition 2 and Corollary 1. The testable prediction is that firms that have

a larger investor base, are better known and have more analysts following them are less likely to

go private.

A public firm will go private when its stock price is sufficiently low and/or the volatility of this

price is sufficiently high. This follows from Proposition 3. This prediction is consistent with

the anecdotal evidence presented in the Introduction, but we are not aware of any large-sample

empirical evidence about it.
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4. The probability of going-private transaction declines as the liquidity cost of private ownership
increases. This follows from Proposition 3. One way to test this prediction would be to compare
going-private transactions across markets or countries with private equity markets with varying

levels of liquidity.

5. Going-private transactions will occur more often when the corporate governance for publicly-
traded firms is relatively stringent. This follows from Corollary 1, which shows that the probability
of going-private is decreasing in p, and Lemma 2 which shows that the expected value of 1y, is
increasing in p. This prediction should be relatively straight forward to test either cross-sectionally
or intertemporally, particularly given the corporate governance index developed by Gompers, Ishi

and Metric (2003).

6. A going-private transaction will occur only at a price that represents a substantial premium above
the firm’s pre-transaction stock price. This follows from Proposition 3 and is consistent with the
evidence in Larson (2003) that firms that went private in the first two months of 2003 paid premia

ranging from 40% to 80%.

7. Ceteris paribus the higher the price paid to take the firm private the less stringent is the corporate
governance put in place (the greater is the autonomy given to the manager) after the firm is taken
private. This follows from Lemma 2 which shows that n* with private ownership is increasing in
p; and we know that the higher is p, the higher is the private investor’s valuation of the firm.
Moreover, corporate governance will become less stringent after a publicly-held firm goes private.

This follows from Lemma 6.
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8. The cost of capital of the private firm is non-decreasing in the number of firms going private. As
more firms go private at a certain point in time, the less likely it is for another firm to go private

at that point in time. This follows from Proposition 4.

5 CONCLUSION

The development of liquid capital markets for publicly-traded firms, achieved through the growing
participation of individual investors, is one of the most noteworthy developments in industrialized
economies. The intuitive link in the through process is that greater investor participation leads to
greater liquidity which then attracts more firms to go public. Yet, even as the liquidity of public
markets keeps growing through time, we observe surges and reversals in the going-public process. In
particular, publicly-traded firms that experience sufficiently low stock prices often find it attractive to

take their firms private.

In this paper we establish a positive link between investor participation in public markets and the
incentives for firms to stay public. This works via two channels. Higher investor participation leads
to a higher valuation for the marginal investor holding the stock. And secondly the (cross sectional)
variance of investor valuations is smaller when there are more investors. Both effects work in concert
and raise the valuation of the firm in the public markets. Our analysis also predicts that the price paid

for taking a firm private will involve a substantial premium over the firm’s pre-transaction stock price.

A central feature of our analysis is that corporate governance is endogenous and that the ownership
mode of the firm determines the three key forces — corporate governance, liquidity and the stability of
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the firm’s shareholder base — that influence the determination of whether the firm stays public or goes

private. We believe this approach can be fruitfully used to address other issues in the theory of the

firm, such as the boundaries of the firm and the interaction between firm boundaries and its choice of

ownership mode.
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A APPENDIX

A.1 Proof of Lemma 1

Since Vpl‘qu is concave in e the first order condition (FOC) is necessary and sufficient for the unique

maximum. The optimal effort level e}, is determined through the FOC as:

affp+ (1 - D)) A — Be =0

which yields

ab

= G [+ (1= Pl (A-1)

It is now clear that 82’%"5 > 0, 82‘;’“” > 0, ae;ﬁ“b > 0 and 82—%“ < 0. Q.E.D.
A.2 Proof of Lemma 2
The public market governance regime is fixed so as to maximize the t = 1 stock price of the firm. The

stock price at t = 1 is given by (4). Since foub is concave in 7, the first-order condition (FOC) is

necessary and sufficient for an unique maximum. We can write Vplub as:

Viw = (1 —a){e,0[pA+ (1—pnD] — D}

(1- a){%e[m (1 - D) A0[pA + (1 — p)uD) - D}

Differentiating with respect to n we get the first-order condition:

p(1 =p)[A+ D] +2nD(1 - p)* =0
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It is now clear that 8" > 0, gx >0and <0 Q.E.D.

A.3 Proof of Lemma 3

We first introduce some notation. Let ul represent the expected value of the I th order statistic from
a sample of size N. Thus, p = u¥. We will use two steps to show that p is increasing in N. First, we

can show that p& > pX_ . This result has been proved in Galton and Pearson(1902) who show:

. <NN_'2), [ e@u-ce) - ap (A-3)

Pl
Since the integral on the right-hand side is positive, we have & > u¥ . The second step of the proof

uses the following identity of order statistics. It can be shown that:

(N=1puy+py ' = Nuyiy

From our earlier result we have

(N=DpN+pl > (N-1D)uN+pn ' =Nuy_;

which means

Nuy

\Y
=
=

2|
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To prove the second part of the Lemma, we first note that asymptotically px has the following

degenerate distribution with 0 variance.

|
—

F(pn) pn =1

= 0 pn # 1

Thus asymptotically py has 0 variance. To show that for finite N the variance of py is decreasing in
N we can use an approximate inverse taylor series expansion of the expression of the variance of py.

i.e. the variance of py is given as Var(py) = E(p%) — E(pn)? where

B(ow) = [ Fo o)) (A-4)

we know from the probability integral transformation F(py) = uy where uy is the N** order statistic
from an uniform distribution. Thus we can express any function of the N*" order statistic of any
continuous distribution as a function of the N** order statistic of the uniform distribution. Using this

and doing a taylor series expansion of the variance of py an approximate expression can be given as:

Var(pn) =~ W{f@j_l(ﬁ)]}_z (A-5)

For a detailed derivation of the above expression please refer to Gibbons(1971). As noted in Gib-

bons(1971) this approximation is quite good for the N order statistic. The above expression clearly

shows the conditions under which Var(py) is decreasing in N. We note that F~!(5g) is decreasing in

N. On the other hand nothing much can be said about {f[F~"(57)]} 2 unless we know the shape of

the distribution. The condition required for Var(py) to decrease in N is that { f[F _1(%“)]}_2 should

not increase with IV at an order of magnitude greater than the first term. The first term decreases at an
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order of magnitude N3. Thus the condition required is that {f [F*I(N#H)]}*2 should not increase at
an order of magnitude greater than N3. Thus under this condition we have our result that the variance

of py is decreasing in N. Q.E.D.

A.4 Proof of Proposition 1

This is obvious from Lemma 2 and Lemma 3. Q.E.D.

A.5 Proof of Lemma 4

It is clear Vp]‘fb is increasing in p. From Lemma 3 we know p is increasing in N. Q.E.D.

A.6 Proof of Lemma 5

The managerial autonomy parameter with private ownership is fixed so as to maximize the valuation
of the private investor. The valuation of the private investor at ¢ = 1 is given by (14). Since Vplm- is

concave in 7}, the first-order condition (FOC) is necessary and sufficient for a unique maximum. We

can write V1 as:

Vi = (L= a){eblpA+ (L= pnD — ALyilp+ (1 - pulei] — D}

= (= )51+ (L= AGA + (1= 99D — ALyl (1 = )il [+ (1= p)il4] - D}
Simplifying we have

= 5+ (L= PllpA+ (1= D = ALy S 5+ (L= Pl
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Differentiating with respect to n we get

(1= p)pA+ (1= p)n(1 = p)nD] + [p+ (1 = p)n)(1 = p)D = 3ALpri(1 = p)n]*(1 = p) = 0

[pA+ (1= p)nD] + [p+ (1 = p)nlD = 3Cprilp + (1 = p)n]* = 0
where Cpri = AK 234 X),. This yields

P(A+ D) +2(1 = p)uD — 3C,ilp + (1 = o> = 0 (A-6)

which implies

x D - chpm’p~ + \/(D - 301)7‘1‘5)2 - 3Cpri(30priﬁ2 - (A + D)ﬁ)

npm' - 3Cp”(1 _ p~)
. D—=3Cpip+/D?+3Cpip(A— D)
npm' - SCp”(l _ ﬁ)

on*
op

The intuition for the result > 0 can be had by considering A-6. In the absence of the third term it

68"; > 0. We can make the third term as small as possible by having a sufficiently small A.

is clear that
We assume that A is sufficiently small (and so is Cp,;), such that the third term does not change this

result. By the same logic we have % > 0 and % < 0. We shall outline the detailed proof in the

*

case of 83’7/3 Differentiating the expression for n;,; with respect to p we get:

~ 3Cpri (A—D ~ =
o (1= PI=3Cyr + 5k c(,, 2]+ (D~ 3Cyip + /D +3C,:p(4 = D)]

op 3C,i(1— )2

857; > 0 we need to show

To show

3C,ri(A — D)
2,/D? +3C,ip(A— D)
3Cpri(1 = p)(A- D)
2y/D?+3Cpip(A— D
3Cpri(1 + p)(A— D) +2D?

2y/D%+3C,ip(A—D)

(1= p)[=3Cpri +

|+ [D — 3Cypip + /D2 + 3C,ip(A — D)] > 0

or D —3Cpi +

-+ \/ D2 +3C,(A ~ D) >0

or D —3Cpi +
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Separating the terms and squaring we have

(3Cpri(1 +p)(A — D) +2D?)?
4D2? + 3C,ip(A — D)

> (D - 3Cpm’)2

or  9C2.(1+p)*(A— D)? +4D* + 12D*C,i(1 + p)(A — D) > 4[D? + 3C,,ip(A — D)][D? + 9C2,, — 6DC,.4]

p p

or  3Cyi(1+p)*(A— D) +4D*(1+ p)(A— D) > 4{[p(A — D)|[D* + 9C2,, — 6DCy;] + D*(3C,i —

P
which upon simplifying yields :
AD*(A+ D) 2 3Cyi{4[s(A — D)][3Cpri — 2D] +4D* + (1 + )*(A — D)*}

The left-hand side is positive and the term within braces in the right-hand side is also positive. The

right-hand side can be made as small as required by taking a small enough C,;. To prove %—T <0, it

on*
9Cpri

is sufficient to show < 0. This is obvious from differentiating the expression for n*. Q.E.D.

A.7 Proof of Proposition 2

The manager will prefer private ownership whenever (V;%[b) (equation (3)) is lesser than E(V)E) (equa-

tion (15)). i.e.

a?0?A? [2D2 + 3Cprip(A — D) + 2DE[\/D? + 3Cyprip(A — D)]

—aD
28 9C2 . I-o
202-2 A2 _ 2
> a’0°p~A*(A - D)* oD
46D?
2D? + 3Cyrip(A — D) + 2DE[\/D? + 3Cpip(A — D)] - 7*(A — D)?
o 9C2 . = 2p?

The left-hand side of the inequality above is an increasing convex function of p. Hence it is increasing
P and in 072. Further, the left-hand side is decreasing in Cp,;, while the right-hand side is increasing in
7. Q.E.D.
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A.8 Proof of Proposition 3

The private investor will be able to take the firm private iff the condition in 16 is satisfied. Rewriting

the condition we have:

e;)m[ﬁA + (1 - 5)77;”1) - CPTi [ﬁ + (1 - 5)77;”]6;”} > e;ub[ﬁA + (1 - ﬁ)n;ubD] ’
which implies

afp?A(A — D)?

e;m[ﬁA + (1 - p~)"7;;7‘7,D - CPT'i[ﬁ + (1 - P~)77;m]€* } Z —45D

pri

(A-7)

In the absence of liquidity costs, if the level of agreement of the private investor is equal to p, then
the above inequality will be satisfied as an equality. But in the presence of liquidity costs of private
ownership, the left-hand side will be strictly lesser than the right hand side for p = p. Thus, the
inequality will be satisfied only for a g = p > p. The cutoff p is increasing in p since the right-hand side

is increasing in p, and it is increasing in Cp,; since the right-hand side is decreasing in Cp,;. Q.E.D.

A.9 Proof of Corollary 1

The firm will go private whenever the inequality in (A-7) is satisfied. We now substitute for the effort

choices and simplify the inequality as follows:

0A[D + /D2 1+ 3C,.:p(A—D D2+ D/D2+3C,.p(A—D
00D + /D T 3CyfA=D)) oy 1y D+ DY/D? 5 30, (A~ D)
3Cpriﬁ 3Cpri
_ fA[D + \/D? + 3C,ip(A - D)]Q] _ a0p?A(A - D)’
3Cpri B - —48D
D+ /D2+3C,.p(A—D D24+ D\/D2+3C,.p(A—D
Scpri 3Cpri
 fA[D + \/D? + 3C,ip(A — D)]*, _ p*(A— D)>
3C,mi3 4D

which implies

| = (A-8)
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The only term in the above inequality that depends on N is p which increases with V. Thus the right
hand side increases with N while the left hand side is independent of N. Consequently, the probability
of a successful going private transaction is decreasing in N. To show the comparative static with respect
to A, it is sufficient to show that the left hand side is decreasing in C),; since Cp,; is increasing in A
and the other terms are independent of A. To show this we can split the left hand side into two terms

as follows:

D + /D2 +3C,.ip(A— D) D? + D\/D? +3C,;p(A — D)

p(A—D
o [35( )+ 3 ]
_abA[D + /D2 + 3C,rip(A — D)]S]
QCgmﬂ

We can show that the first term is decreasing in Cp,; while the second is increasing in Cp,;. Let the

o D+4+/D?43Cpip(A—D) . ) . o .
derivative of —- Jggpi A ) with respect to Cp,; be Dif. It is apparent that Dif is negative.

Using this notation and differentiating the first expression with respect to Cy,; we have:

D2 + D\/D? 5 3Cy,p(A — D)
3C,:

N D + /D? + 3Cpip(A — D)

Dif[35(A — D) + e
pri

] [DDif]

To show the derivative is lesser than 0 it is sufficient to show that the following is greater than 0.

2D(D + \/D? + 3Cyip(A — D))

i.e. to show 3p(A— D)+ 3C,i

>0
Separating the terms and squaring we have

to show  (95Cpi(A — D)+ 2D?)? > 4D?*(D? 4 3C,,ip(A — D))

The last inequality is obviously true. Thus we have shown that the first term is decreasing in Cp,;. To

show that the second term is increasing in Cp,; we can similarly differentiate it with respect to Ci,;; as
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follows:

30231% [D + \/D2 + 3Cpriﬁ(‘4 - D)]Q(z\/D2T3(g;?(A7D)) B QCPM [D - \/D2 i 301)”[3(14 _ D)]3] >0
Cgri -
5(A—D
or to show 3Cri( 3 — ) )—[D+ \/D2 +3Cprip(A—D)] >0
2/D% + 3Cpip(A — D)
Simplifying 9C,yip(A — D) > 2,/ D? + 3Cyip(A — D)D +2D* + 6Cypif(A — D)
8Cyrip(A — D) > 2D/ D? 4 3C,:p(A — D) + 2D (A-9)

The last inequality is true since D < 0. Thus we have shown that the left hand side of the inequality

in (A-8) is increasing in A.

A.10 Proof of Lemma 6

An investor will be ready to invest to become a private investor iff E(B,,;) > C. Expanding B,,; we

have:

Pr(Firm) « Pr(Vi. > Vplub) * (1 —7)(maz(0, VL, — V1)) >C (A-10)

pri pri pub

In the above inequality, V.

ri 18 strictly increasing in the p of the private investor. On the other hand

VI

up 18 stochastic for the private investor and is independent of his p. Thus given an expected Vplub the

payoff for the private investor is strictly increasing in his p. Since the right hand side is independent of
p we have our result that private investors with p greater than the cut-off po will be willing to invest
to become private investors. The cut-off is identified by the above inequality holding as an equality.
Since Pr(Firm) is increasing in the number of firms wanting to go private and Vplub is increasing in p,

we have our result that p¢ is increasing in p and decreasing in N. Q.E.D.
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A.11 Proof of Proposition 4

The expected cost of capital for the private firm can be given as the inverse of the expected valuation
of the private investor. Thus the cost of capital is given as CoC' = E(1/V,.;). Thus CoC is decreasing

in B(VL.). BE(VL.) can be written as follows:

pri pri

E(VL) = B{(1—a)eu0liA+ (1 — p)isD — Conlp+ (L= pyiletd — DI}
- B{(1- a)[%e[ﬁ (1= A AG[PA + (1 — p)nD — ALpwilf + (1 — ﬁ)n}%e[ﬁ +(1- )4l - D]}
abf?A 20342

(1—a)f Elp+ (1= pml[pA+ (1= p)nD] = ALpri Elp+ (1 - pm)® - D}

32
We can show that the C'oC' is non-decreasing in the number of firms wanting to go private in two steps.
From Lemma 6 we know that the expected p of the private investor is decreasing in the number of firms
wanting to go private. (Since the cut-off value of p, that is, po is decreasing in the number of firms
wanting to go private, this implies that the expected value of p is also decreasing). Hence if we can show

I

that the expected value of V,,; is decreasing in the expected value of p of the private investor we are

done. To show this we will show that VZ

ori 18 Increasing in p. This automatically implies that EWV!

pri )

is increasing in E(p) and consequently the CoC' is decreasing in E(p). One caveat that is important is

that E(V!

pm-) depends on the first moment of p, but also on the higher moments. These higher moments

are also impacted by a shift in the cut-off po. Since the impact of higher moments will be of an order
of magnitude lower than that of the first moment we choose to ignore them in the following proof. To

show that V™ is increasing in j we simplify VpIM- and then differentiate it with respect to p and apply
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I
the envelope theorem. To show a‘a/—’g‘i > 0 it is sufficient to show that the following is greater than 0.

200 A

A— - A T4

(I=n)p+1—=pn >0

This condition is nothing but the rate of increase of the value of the option to invest with p. It is natural,
that the value of the option should increase in p. A necessary and sufficient condition for that is that
the liquidity penalty is not so large that it actually results in a reduction in the value of the investment
option. This is a natural restriction on the size of \. We assume this here. That is, we assume that A
is sufficiently small that the above condition holds. Thus Vplm» is increasing in p. Consequently E(Vplm-)
is increasing in FE(p). Hence this along with our earlier argument shows that CoC is non-decreasing

in the number of firms wanting to go private. Similarly since the expected probability of a successful

going private transaction is increasing in E(p) we have the second part of the proposition. Q.E.D.
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