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Abstract

We develop a theory of the effects of external corporate governance mechanisms — such as
takeover pressure — and internal mechanisms — such as compensation contracts and monitoring
intensity — on innovation. Our theory generates the following testable predictions: (i) innovation
varies non-monotonically in a U-shaped manner with takeover pressure; (ii) innovation increases
with monitoring intensity; and (iii) the sensitivity of innovation to changes in takeover pressure
declines with monitoring intensity.

We show strong empirical support for these predictions using both ex ante and ex post measures
of innovation. Our empirical analysis exploits the cross-sectional as well as time-series variations
in takeover pressure created by the sequential passage of anti-takeover laws across different states.

Our study suggests that innovation is fostered by either an unhindered market for corporate con-
trol or strong anti-takeover laws that significantly deter takeovers. An unhindered market for cor-
porate control fosters innovation through the incentives provided by takeover premia that increase
with the degree of innovation. Severe anti-takeover laws may, however, also encourage innovation
ex ante by reducing the likelihood of ex post private control benefit losses. The interplay between
the relative magnitudes of these conflicting forces causes innovation to vary non-monotonically with
takeover pressure.
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1 Introduction

A growing body of empirical evidence shows that laws and institutions that influence corporate
governance impact country-level economic growth (e.g., La Porta et. al, 1997, 2000). An independent
strand of the literature demonstrates that innovation by firms is a key driver of economic growth
(e.g., Aghion and Howitt, 2006). There is, however, relatively limited micro evidence of how laws
and institutions affect innovation by firms through the channel of corporate governance. In this study,
we theoretically and empirically show how external governance mechanisms — such as anti-takeover
laws that affect the market for corporate control — and internal governance mechanisms — such as
monitoring and compensation contracts — interact to affect innovation.

Our model generates the following testable implications. First, innovation varies non-monotonically
in a U-shaped manner with the level of takeover pressure that a firm faces. Second, innovation is
enhanced if managers are monitored more intensely. Third, increasing monitoring intensity lowers
the sensitivity of innovation to takeover pressure leading to a “flatter” U-shaped relation between
innovation and takeover pressure. We show strong empirical support for these predictions using ex
ante and ex post measures of innovation. A novel contribution of our analysis is to show how the
interplay between expected takeover premia and private benefits leads to a non-monotonic relation
between innovation and takeover pressure. Innovation is therefore fostered either by practically non-
existent anti-takeover laws that permit an unhindered market for corporate control, or by anti-takeover
laws that are severe enough to effectively deter takeovers.

We build a model in which a wealth—constrained manager chooses the degree of innovation of
a project. For example, suppose the manager of a pharmaceutical company could invest in either
one of the following two projects: (1) inventing and launching a new drug for a hitherto incurable
disease; or (2) manufacturing and launching a generic substitute for an existing drug. Launching a
generic substitute involves uncertainties due to customer demand as well as competition from other
manufacturers. In contrast, inventing a new drug entails additional uncertainties associated with the
process of exploration and discovery, whether such a drug could be administered to humans, and
whether it would receive FDA approval. Therefore, a significant portion of the risk associated with
manufacturing and launching a generic substitute lies in the marketing stage, while a relatively greater
proportion of the risk associated with inventing a new drug lies in the exploration stage, when the

very existence of the drug is unknown.



We formalize the essence of the above example in a two-period model in which the manager of a
firm chooses to invest in one of two projects: a “more innovative” project or a “less innovative” project.
The projects’ payoffs are uncertain and occur at the end of the second period. There is imperfect but
symmetric information about the true expected payoffs (hereafter, the qualities) of the projects. The
more innovative project differs from the less innovative one along three dimensions. First, the more
innovative project has a higher mean quality. Second, the more innovative project has a higher payoff
uncertainty than the less innovative one. Third, consistent with the fact that the more innovative
project entails significantly greater uncertainty with respect to exploration, a larger proportion of the
total uncertainty of the more innovative project stems from uncertainty about its quality.

The manager’s project choice is observable. At the end of the first period, agents observe a public
signal about the payoff of the chosen project. The signal partially resolves the uncertainty associated
with the project’s terminal payoff. Based on this signal, all agents update their prior assessments of
the project’s quality. The firm could potentially be taken over by a raider through a tender offer. We
allow for potential synergies between the firm and the raider so that the raider can alter the project’s
terminal payoff. The synergies increase in the project’s quality. There is imperfect, but symmetric
information about the synergies generated by the raider.

The severity of external anti-takeover laws influences the takeover pressure the firm faces and, in
turn, the firm’s bargaining power when it negotiates with the raider. The firm’s bargaining power is
reflected in the minimum takeover premium the firm must be guaranteed by the raider. A takeover is,
therefore, successful if and only if the takeover premium exceeds a threshold that increases with the
severity of external anti-takeover laws. Hence, the likelihood of a takeover declines with the severity
of external anti-takeover laws.

We capture two frictions in our environment. First, even though the manager’s project choice is
observable, it is non-verifiable and, therefore, non-contractible. Second, the manager derives pecuniary
private control benefits that are also non-contractible. The manager’s private benefits decline with
the intensity with which shareholders monitor the manager. If the firm is taken over at the end of
the first period, the manager cedes her control benefits to the raider. The project’s payoff net of the
manager’s control benefits (hereafter the project’s net payoff) as well as the payoff conditional on the
firm being taken over are contractible. The shareholders can influence the manager’s project choice

through a compensation contract contingent on the project’s contractible payoffs.



We derive the manager’s optimal compensation contract and show that it can be implemented
through an equity stake in the firm along with a payment that resembles a golden parachute in the
event of a takeover. The golden parachute aligns the interests of the manager and shareholders by
effectively compensating the manager for her loss of control benefits in the event of a takeover. The
manager’s optimal project choice maximizes the firm’s unconditional expected payoff (expected payoff
in the absence of a takeover) plus the expected takeover premium less the expected loss of private
benefits in the event of a takeover.

In choosing the degree of innovation, the manager faces the following trade-off. The higher degree of
uncertainty associated with the quality of the more innovative project increases the firm’s likelihood of
being taken over and, therefore, increases the manager’s expected loss of control benefits. The higher
likelihood of a takeover for the more innovative project, however, also results in a larger expected
takeover premium. The manager trades off the positive effect of greater innovation on the expected
takeover premium against its negative effect on the expected loss of control benefits. Since private
benefits decline with monitoring intensity, this trade-off is influenced by the interaction between the
intensity of monitoring of the manager and the takeover pressure the firm faces.

The predicted U-shaped relationship between the degree of innovation and takeover pressure arises
as follows. When the takeover pressure is very low, the low likelihood of a takeover implies that the
expected takeover premium and the expected loss of control benefits are both insignificant. Therefore,
the manager chooses greater innovation because it has a higher unconditional expected payoff. When
takeover pressure is very high, the expected takeover premium and the expected loss in control benefits
are both high. The effect of the expected takeover premium, however, dominates. Because the
expected takeover premium increases with the degree of innovation, it is again optimal to choose
greater innovation. For moderate levels of takeover pressure, the effect of the higher loss of control
benefits associated with greater innovation dominates. It is therefore optimal for the manager to
choose lower innovation to reduce the likelihood of losing her control benefits.

The above intuition implies that the manager chooses lower innovation for moderate levels of
takeover pressure because the effect of her expected loss of control benefits dominates. As monitoring
intensity increases, the manager’s private benefits decline so that the relative importance of private
benefits in influencing the degree of innovation declines. Hence, the manager chooses greater inno-

vation over a larger range of values of the takeover pressure. Furthermore, because the U-shaped



relation between innovation and takeover pressure is driven by the manager’s potential loss of control
benefits, an increase in the monitoring intensity also lowers the sensitivity of the degree of innova-
tion to changes in takeover pressure. The U-shaped relation, therefore, becomes flatter as monitoring
intensity increases.

We test the predictions of the model using ex ante and ex post measures of the degree of innovation.
We use R&D intensity as our ex ante measure of the degree of innovation. We employ patents filed
with the US Patent Office as well as citations to these patents as our ex post measures. We employ
levels of ownership by institutional blockholders to proxy for internal monitoring intensity. We use
the state-level index of the severity of anti-takeover statutes (hereafter referred to as “anti-takeover
index”) from Bebchuk and Cohen (2003) as our proxy for the external takeover pressure a firm faces.
Our empirical analysis, which exploits the substantial cross-sectional and time-series variations in
takeover pressure created by the sequential passage of anti-takeover laws in different states, proceeds
in three steps.

First, we test our hypotheses using panel regressions with firm and year fixed effects. In these
tests, we exploit the variation in the level of the anti-takeover index across time and across states,
and variation in blockholder ownership across time and across firms. Because firms rarely change
their state of incorporation or their industry in our sample, the firm fixed effects also control for
time-invariant unobserved state- and industry-specific factors. We show that innovation varies in a
U-shaped manner with the anti-takeover index. Second, we find a strong positive relation between
innovation and our proxy for monitoring intensity. Finally, we show that the curvature of the U-shaped
relationship between innovation and the anti-takeover index declines with monitoring intensity, that
is, the U-shaped relationship becomes flatter.

Given the firm and year fixed effects, the identifying assumptions in the above tests are that time-
varying unobserved firm, state, and industry-specific factors that influence the level of innovation
are uncorrelated with the levels of the anti-takeover index and blockholder ownership. To weaken
these identifying assumptions, we exploit the cross-sectional and time-series variation in the changes
in the anti-takeover index and in blockholder ownership levels to undertake fixed effects “change-on-
change” regressions (see Imbens and Wooldridge, 2007). We regress annual changes in our innovation
proxies on changes in our explanatory variables after including state of incorporation, industry and

year fixed effects. The identifying assumptions for these tests are that time-varying unobserved state



and industry-specific factors that influence changes in innovation are uncorrelated with changes in the
anti-takeover index and changes in blockholder ownership.

Finally, we address the possibility that unobserved state-wide changes accompanying the changes
in anti-takeover laws drive the changes in innovation. We exploit the fact that our dataset contains
data on innovation performed by subsidiaries/ divisions of firms. For these tests, we use the NBER
patents database to identify the specific division/subsidiary of a firm that filed a patent.! State-wide
changes accompanying the changes in anti-takeover laws would affect innovation done by subsidiaries/
divisions located in the state of incorporation; however, such changes are less likely to affect innovation
by subsidiaries/ divisions located outside the state in which the firm is incorporated. Therefore,
for firms incorporated in states that passed anti-takeover laws, we exclude all innovation done by
subsidiaries and divisions located in the state of incorporation. Thus, by examining innovation done
outside the state of incorporation for states that passed anti-takeover laws, we isolate the pure effect
of the law-change. We find strong empirical support for all our predictions in these tests.

The economic magnitudes of our predicted effects are significant. When the value of the anti-
takeover index before a law-change was zero (four), as it was is in the case of Delaware (Indiana), a
one point increase in the value of the index decreases (increases) R&D intensity, patents and citations
for firms incorporated in the state, respectively, by 19%, 17%, and 18% (25%, 11%, and 14%) more
than for those firms incorporated in states that never experienced a law-change. Thus, when the
takeover pressure was very low (Indiana), a decrease in takeover pressure increased the degree of
innovation. When the takeover pressure was very high (Delaware), the decrease in takeover pressure
decreased the degree of innovation. The empirical evidence therefore supports a statistically and
economically significant U-shaped relationship between the degree of innovation and takeover pressure.
Second, higher monitoring is associated with greater innovation — a one standard deviation increase in
blockholder ownership is associated with 12% higher R&D/ sales, 26% more annual patents, and 27%
more annual citations. Finally, higher monitoring leads to a flatter U-shaped relationship between
takeover pressure and innovation. A one standard deviation increase in blockholder ownership flattens
the curvature of annual R&D/ Sales, patents, and citations by 8%, 6%, and 6% respectively.

From a theoretical standpoint, we contribute to the literature that examines the effects of corporate

'"'We first used the Directory of Corporate Affiliations to identify the divisions/subsidiaries of a firm. We then employed
a name-matching algorithm to match the names of those divisions/subsidiaries to the "assignees" in the NBER patents
database.



governance mechanisms on innovation. Stein (1988) develops a model with asymmetric information
about the interim outcomes of projects between managers and investors. He shows that the threat
of takeover induces myopic behavior on the part of managers. Burkart, Gromb, and Panunzi (1997)
examine the costs and benefits of large shareholders and argue that ex post monitoring by large share-
holders imposes costs ex ante by reducing beneficial managerial discretion. Manso (2007) develops a
theory to show that the compensation contracts that provide incentives to a CEO to innovate exhibit
the twin features of tolerance for failure in the short term, and reward for long-term performance.
Aghion et al (2008) investigate the effects of institutional ownership on firm-level innovation. They
predict and find that higher institutional ownership is positively associated with greater innovation.
The existing studies thus examine how innovation is affected by either internal mechanisms such as
managerial compensation contracts (Manso, 2007), and large shareholder monitoring (Burkart et al,
1997, Aghion et al, 2008), or by external mechanisms such as takeover pressure (Stein, 1988). Inno-
vation is potentially driven by the interactions among the market for corporate control, compensation
contracts, and monitoring. By integrating external and internal governance mechanisms in our frame-
work, we demonstrate how the interactions between takeover premia and private control benefits lead
to the novel prediction that innovation varies in a U-shaped manner with takeover pressure.

Our results are especially pertinent to the ongoing debate on the importance of the market for
corporate control in fostering innovation. One strand of the literature (the “quiet life” view) argues
that laws that hinder the market for corporate control encourage managerial slack and cause managers
to refrain from investing in innovative activities (Jensen, 1988). In contrast, another strand of the
literature (the “managerial myopia” view) argues that strong anti-takeover laws may foster innova-
tion by facilitating long-term contracting (Shleifer and Summers, 1988) or by encouraging long-term
investments in innovation by managers (Stein, 1988).

Our theory, which integrates long-term contracting and an external market for corporate control,
shows that both perspectives are correct, albeit only “locally”. When takeover pressure is above a
threshold, a decrease in takeover pressure decreases innovation, which is consistent with the “quiet
life” view. When takeover pressure is below the threshold, a decline in takeover pressure increases in-
novation, which is consistent with the “managerial myopia” view. An unhindered market for corporate
control fosters innovation through the incentives provided by takeover premia. Severe anti-takeover

laws may, however, also induce innovation by mitigating the adverse effects of private control benefit



losses on managers’ incentives to engage in innovative activities. The interplay between the magnitudes
of these conflicting forces causes innovation to vary non-monotonically with takeover pressure.

From an empirical standpoint, our paper is related to studies that examine the real effects of
corporate governance. Atanassov (2007) empirically examines the “quiet life” view versus “managerial
myopia” view using the passage of business combination laws. While Atanassov (2007) tests for
a monotonic relationship between takeover pressure and innovation, we show that the relationship
between takeover pressure and innovation is, in fact, non-monotonic. Bertrand and Mullainathan
(2003) examine the effect of passage of business combination statutes on plant-level productivity.
Giroud and Mueller (2008) examine the differential effect of business combination laws on competitive
and non-competitive industries. While these studies consider the effects of the passage of the business
combination laws, we investigate the sequential effects of the passage of every anti-takeover law during
our sample period.

Another strand of the empirical literature examines the effect of firm-level governance provisions
on equity prices and equity returns. Gompers, Ishii and Metrick (2003) examine the effects of firm-
level anti-takeover provisions on equity returns while Cremers and Nair (2005) study the effects of
anti-takeover provisions and blockholder monitoring on equity prices.

The plan for the rest of the paper is as follows. In Section 2, we present the model. We derive the
main testable implications of the theory in Section 3. We present our empirical analysis in Section
4. Section 5 concludes the paper. The proofs of all the propositions are provided in Appendix A. In

Appendix B, we show that the main implications of the theory are robust to a more general model.

2 The Model

We consider a two-period model with dates 0,1,2. At date 0, the manager of an all-equity firm
chooses between two projects that differ in their levels of innovation. Henceforth, we denote the “more
innovative” project by H and the “less innovative” project by L. The projects’ payoffs occur at date
2. All agents are risk-neutral with a common discount rate that is normalized to zero. The manager
is, however, wealth-constrained, which precludes the possibility of selling the firm to the manager at

date 0.



2.1 Project Characteristics

The project X € {H, L} requires an initial investment C' and generates a payoff of Px (2) at date 2.2
The true expected returns of the projects (the expected returns from the perspective of a hypothetical
omniscient agent) are unobservable to all agents, including the manager. As in Gibbons and Murphy
(1992) and Holmstrom (1999), there is imperfect but symmetric information about the true expected
returns of the projects. The projects differ from each other as follows. First, the more innovative
project has a higher risk and a higher expected return than the less innovative one. Second, the more
innovative project involves greater “exploration” relative to the less innovative one so that there is
more uncertainty about its expected return.

To fix ideas, consider the following example. Suppose a pharmaceutical company could invest
in either one of the following two projects: (1) inventing and launching a new drug (project H); or
(2) manufacturing and launching a generic substitute for an existing drug (project L). Manufactur-
ing and introducing a generic drug involves uncertainties arising from market demand, competition
from other manufacturers, etc. In contrast, inventing a new drug entails additional uncertainties as-
sociated with the process of discovery and exploration, the uncertainty about whether such a drug
could be administered to humans, and whether it would receive approval from the Food and Drug
Administration.

The payoff of project X € {H, L} at date 2 is given by:

Px(2) = 2ix + ox 71 + 0x 5. (1)

The parameter fiy in (1) determines the ¢rue expected return of the project, which we refer to as the
project’s quality. All agents have symmetric, normally distributed prior beliefs about the project’s

quality. Formally,

ﬁXNN<mX75%()7 (2)

where mx refers to the mean quality of the project. The parameter sg( is the variance in agents’
beliefs about the project’s quality, which we refer to as the quality uncertainty of the project.

In (1), the variables z7 and 23 are independent standard normal random variables, which capture

2The assumption that the projects require the same initial investment is not important for our analysis. We only
require that the more innovative project have a higher net present value than the less innovative one.



the intrinsic uncertainties associated with the project. The random variables z; and z3 represent
“first period” uncertainty and “second period” uncertainty, respectively. The parameter o x, which is
common knowledge, captures the level of intrinsic uncertainty of project X.

Because the more innovative project H has a higher risk and higher expected payoff than the less

innovative project L,

mg > my ) (3)

og > OFL.

Second, because the more innovative project is associated with a higher degree of quality uncertainty,

SHg > SI- (4)
Furthermore, we assume that

SH SL

— >, (5)

og oL

which implies that, compared to the less innovative project L, a relatively greater proportion of the
total uncertainty associated with the more innovative project H stems from uncertainty about its
quality. For example, while a significant portion of the uncertainty associated with manufacturing
and launching a generic substitute lies in the marketing stage, a relatively greater proportion of
the uncertainty associated with inventing a new drug occurs in the exploration stage, when the very
existence of the drug is in question. As we show shortly, conditions (3), (4) and (5) together imply that
not only does the more innovative project have a higher expected return and a higher uncertainty than
the less innovative project, but a larger proportion of the overall uncertainty of the more innovative

project also stems from its quality uncertainty.

2.2 Intermediate Signals and Posterior Assessments of Project Quality

The manager’s project choice at date 0 is observable. If the manager chooses project X € {H, L}

at date 0, then all agents observe a signal Px (1) at date 1 that is given by

Px(1) =px +oxz. (6)



From (1), it follows that:

Px(2) = Px(1) + pix + 0x22, (7)

so that the date 1 signal partially resolves the uncertainty about the date 2 payoffs.
Given the signal, all agents update their assessments about the quality of the project chosen by the
manager. Using Bayes’ rule (see DeGroot, 1970), the posterior distribution of the quality of project

X is also normally distributed with mean mx and standard deviation Sx given by:

2 2
~ o5smx + s5 Px (1
my = X 5 X2 (), (8)
sx +ox
2 2
~ SXx%x
S = a Ao . 9
X s% + 0% )

We can rewrite the posterior mean given by (8) as

’r/ﬁX :mx+SXz (10)

where 7 is a standard normal random variable and

2
Sy=—X (11)
s% + 0%
It follows from (4), (5) and (11) that
SH > SL (12)

Equation (12) implies that the uncertainty in the posterior assessments of project quality is higher for
the more innovative project than for the less innovative one. Condition (3) captures the traditional
risk-return tradeoff between the more innovative and less innovative project. Conditions (4) and (5),
however, capture additional salient aspects of innovation that go beyond the usual tradeoff between risk
and return. As emphasized by our motivating example at the beginning of this section, a key feature
of our model is that more innovative projects are not only associated with greater quality uncertainty,
but a relatively greater proportion of their total uncertainty stems from quality uncertainty. As we
show below, this fact, in turn, implies that firms engaged in more innovative projects are more likely

to be taken over as in Stein (1988).
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2.3 Private Control Benefits and Monitoring Intensity

The manager derives pecuniary private control benefits o € (0,00) provided she still controls
the firm in the second period. These private control benefits are non-verifiable and, therefore, non-
contractible. The private control benefits o decline with the monitoring intensity of the shareholders.
For example, if the firm has a higher proportion of ownership by outside block-holders, then the
manager will be better monitored so that the amount of private control benefits that she can extract

is likely to be lower (Tirole, 2006).

2.4 Raider Synergies and Takeover Pressure

At date 1, the firm can be taken over by a raider through a tender offer. If the tender offer
is successful, the raider controls the firm in the second period and alters the terminal payoff of the
underlying project by creating synergies between the firm and the raider.

In particular, if the raider takes control of the firm at date 1, the project’s terminal payoff at date

2 is
PR (2) = Px (1) + g™ + o x 23, (13)
where z3 is a standard normal random variable independent of z7, fiy, and ﬁrXaideT. The synergies

generated by the raider depend on the quality of the project. Specifically,

synergy between firm and raider

——N—
=px + © (nx —mx) (14)

~raider
Hx

In (14), the parameter © > 0 determines the synergies generated by the raider. Equations (13)
and (14) capture the intuitive notion that the higher the quality of the firm’s project relative to the
overall project pool, the larger the synergies created by the raider. In order to simplify the notation,
we assume that © is a deterministic constant that is observable to all agents. All our results still hold
if we generalize the model so that © is a random variable drawn from a distribution with a known
positive mean and variance. If the raider takes over the firm, the incumbent manager loses her control
benefits a to the raider.

The prevailing anti-takeover laws affect the firm’s bargaining power in its negotiations with the
raider. The more severe the anti-takeover laws are, the more difficult it is for the raider to take over

the firm. We capture the severity of anti-takeover laws through the minimum takeover premium that
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the raider has to pay in order to take over the firm. More precisely, in the absence of a takeover,
the payoff to the firm (shareholders + manager) at date 2 met of the private benefits extracted by
the manager is PX(Qj — «. Hence, the expected payoff to the firm at date 1 net of the manager’s
private benefits is Ej [PX(25 — a} . Let P)tgke‘”’” be the total payoff that the raider offers the firm.
The takeover is successful if and only if

plakeover > [PX(2) - a} +, (15)

where 7 > 0. As anti-takeover laws become more severe, the parameter 1 increases so that takeover
pressure decreases. The positive relationship between the minimum takeover premium and the severity
of anti-takeover laws is consistent with the evidence in Comment and Schwert (1995) that the passage
of anti-takeover laws resulted in significant increases in takeover premia.

In the following proposition, we show that, for the takeover to be successful, the expected synergies
created by the raider must exceed a threshold that depends on the severity of anti-takeover laws.

Further, we derive the payoff the firm receives from the raider.

Proposition 1 (Likelihood of Takeover and Takeover Payoff) a) The raider succeeds in taking
over the firm if and only if

@(fr\lx - mx) Z m. (16)
where mx is the mean posterior project quality at date 1 (see 8).

b) The total payoff that the firm receives from the raider is

plakeover — gy [Preider(9) _ o] = fy + O (fy —my) — a, (17)

¢) The likelihood of a takeover is higher for the more innovative project.

In words, condition (a) implies that the takeover is successful if and only if the expected synergies
generated by the raider are sufficiently high to compensate for the takeover premium that it must pay
the firm. It follows directly from (16) that the takeover is successful if and only if the project receives
a sufficiently positive signal at date 1. As anti-takeover laws become severe, the parameter 7 increases.
Thus, the level of the mean posterior quality of the project that could trigger a takeover increases,

thereby reducing the likelihood of a takeover. The severity of anti-takeover laws, therefore, directly

12



influences the likelihood of a successful takeover. We hereafter refer to the parameter 7 as the external

takeover pressure faced by the firm.

2.5 Contracting between the Manager and Shareholders

At date 0, the manager and the shareholders enter into a long-term contract. The contract cannot
prevent the pool of shareholders at date 1 from tendering their shares to a raider if it is in their
interests to do so. However, the contract can specify a severance payment to the manager in the event
of a takeover at date 1.

The manager’s project choice X, her private control benefits «, and the date 1 signal Px (1) are
all observable but not verifiable and, therefore, non-contractible. However, the date 2 net cash flows
of the firm if it is not taken over (i.e., Px(2) — ) as well as the firm’s date 1 net cash flows if it is
taken over (i.e., Pikeover) are hoth contractible. At date 0, the shareholders can therefore write a
compensation contract contingent on the contractible cash flows. Denote this compensation contract

by w(Qx), where Qx denotes the contractible portion of the firm’s cash flows and is defined as

Qx = Px(2)— «aif the firm is not taken over at date 1, (18)
= P}}ake"“” if the firm is taken over at date 1.

3 Equilibrium

In this section, we characterize the equilibrium of the model. We then derive the main results of

the paper and generate the empirical implications.

3.1 Benchmark Environment

It is useful to analyze the benchmark environment in which there are no frictions, that is, the
project choice X is contractible, and the manager derives no private control benefits. Therefore, in
this environment, at date 0, the manager chooses the project that maximizes the total expected payoffs

of the firm. The project choice therefore maximizes

Xbenchmark — ar ma El(1 — 1T Py(]+ E 1T 'Ptakeover , 19
gXE{H%L} [( X) x(2)] [1x - PX ] (19)
payoff if no takeover payoff if takeover occurs
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where the indicator variable 1§ represents the event that the firm that has undertaken project X
is taken over at date 1. In the benchmark environment, the shareholders maximize their expected
payoffs by extracting all the surplus from the raider at date 1 and the raider earns zero profits.
Therefore, Pigkeover — P, [Praider(2)] where Fj[-] denotes the expectation operator with respect to
date 1 information. Substituting for Pigkeover = E[P5aider(2)] in (19) and using the law of iterated

expectations, we get

Xbenchmark: E(Px (2 E 1T . Praider 2) — Py (2 )
arg max  B(Px(2)) + B 15 (P (2) - Px(2)] (20)

)

eapected payoff expected takeover premium

Equation (20) implies that, in the benchmark environment, the manager chooses the project that
maximizes the total expected surplus of the firm, which is equal to the expected unconditional payoff
of the project plus the expected takeover premium from selling the firm. Note that, because the firm
can only be taken over if the raider offers a positive premium, the expected takeover premium term is
strictly positive. The following proposition shows that the manager always chooses greater innovation

in the first-best benchmark.

Proposition 2 (The Benchmark Project Choice) In the benchmark environment with no fric-

tions, the manager always chooses the more innovative project.

The more innovative project has a higher unconditional expected payoftf than the less innovative
one. Furthermore, by (12), the likelihood of a takeover is higher when the manager chooses the more
innovative project, implying that the expected takeover premium in the right-hand side of (20) is also

higher. It is therefore optimal for the manager to choose the more innovative project.

3.2 The Project Choice in the Actual Environment

We now analyze the actual environment in which the manager’s project choice is non-contractible
and she derives private control benefits. At date 0, in order to maximize their expected payoffs, the
shareholders design an optimal compensation contract w*(Qx) for the manager, where Qx is the

contractible payoff defined in (18). The second best project choice X* € {H, L} and the manager’s
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compensation contract w*(Qx) therefore solve the following optimization problem:

(X", 0w*(Qx)) = argmax E[Qx — w(Qx)] (21)
X, w(@Qx)

subject to the manager’s participation constraint,
E(1-1%) a+w(@Qx)] > T, (22)
and the incentive compatibility constraint,

* _ 1Ty . ,
X —argX/ren{%L}E[(l Iy)  a+w(@x)] (23)

where the indicator variable 1% is defined above. In constraint (22), the variable U denotes the
manager’s reservation payoff. Constraint (23) ensures that the manager’s choice of the optimal project
is incentive compatible.

It is easy to see that the participation constraint (22) must be binding in the optimal contract,

which implies that?

Ew*(Qx)=U-E[1-1%)-q].

Substituting for E(w*(Qx)) in (21) and using (18) as well as the law of iterated expectations, we

obtain

Xt =g max  B(Px(2) + B |1k (PET@) - Pe(@)] - EN% - o (24)

)

'

expected payoff expected loss in control benefits

expected takeover premium

Note that in deriving the optimal project choice X*, we have ignored the incentive compatibility
constraint (23). We show later in Proposition 4 that, under the optimal contract, the constraint is
indeed satisfied and the manager’s optimal project choice solves (24). By (24), in the presence of private
control benefits, the manager’s optimal project choice maximizes the expected total unconditional
payoff E(Px(2)) of the project plus the expected takeover premium less the expected control benefits

that are lost in the event of a takeover. Recall that, in the benchmark environment with no frictions,

31f the participation constraint is not binding, the manager’s compensation can be reduced by a constant amount
that does not affect the incentive compatibility constraint (23) but strictly increases the shareholders’ expected payoff.
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equation (20) implies that the manager maximizes the total expected surplus of the firm given by the
first two terms of (24). However, in our environment, in which the project choice is not contractible
and private control benefits are present, the manager maximizes the total expected surplus of the firm
minus the expected loss in control benefits due to a possible takeover at date 1.

The following proposition describes the optimal project choice of the manager.

Proposition 3 (Optimal Project Choice) The manager’s optimal project choice in the actual en-

vironment solves

©Sx 1/ 7 \? n
2 —X —— (=) | - 1-®( —— 2
Xg%?{},{L} X + Vor exp[ 2 (@SX> ] a[ (@SX ’ (25)

expected unconditional payoffs

expected takeover premium expected loss in control benefits

where ®(-) is the cumulative standard normal distribution and Sx is defined in (11).

The objective function in (25) illustrates the basic trade-off that the manager faces in choosing the
degree of innovation. From Proposition 1 (c¢) the likelihood of being taken over is higher for the more
innovative project. Hence the manager’s expected loss of control benefits is also higher. However, the
higher likelihood of being taken over also results in a larger expected takeover premium for the more
innovative project. The manager’s project choice trades off the positive effect of greater innovation
on the expected takeover premium against its negative effect on the expected loss of control benefits.
Furthermore, note that the expected takeover premium depends on the level of takeover pressure 7
that the firm faces while the expected loss in control benefits depends on both the level of takeover
pressure 1 and the magnitude of the private control benefits a. Therefore, the above trade—off between
the expected takeover premium and the expected loss in control benefits is itself influenced by the
interaction between the shareholders’ monitoring intensity (which affects «) and the extent of external

takeover pressure the firm faces.

3.3 Optimal Contract for the Manager

We now derive an optimal contract for the manager.

Proposition 4 (Optimal Contract) An optimal contract for the manager is one in which she al-

ways receives a fraction \ of the firm’s terminal payoffs (i.e., AQx~) and an additional payment, j3,
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if the firm is taken over where

B=(1-Na, (26)

and A is chosen to satisfy the manager’s participation constraint at equality:

_ OS5+ 1/ 7\ n
U=2mx\+ (1 )\)a—l—)\mexp[ 2<@SX*>] /\04[1 (I)<®SX* , (27)

where X* is the optimal project choice that satisfies (25).

The optimal allocation of payoffs to the agents (shareholders and the manager) can be implemented
in different ways. In the above implementation, the manager receives a (restricted) equity stake of A
in the firm along with a severance payment of § > 0 if the firm is taken over at date 1. From an ex
ante perspective, both the equity stake and the severance payment are optimal contractual devices
that align the manager’s incentives with those of the shareholders. The severance payment resembles
a firm-level anti-takeover device, such as a golden parachute or a poison pill, in the sense that it makes

it costlier for the raider to take over the firm.

3.4 Innovation, External Takeover Pressure, and Monitoring

We now describe the effects of takeover pressure on the degree of innovation.

Proposition 5 (Effect of Takeover Pressure on Innovation) There exists a (possibly degener-
ate) interval [1,ins Mmaz) 0f the external takeover pressure parameter n such that the manager chooses
the more innovative project for 1 € [Npmins Mmaz) and the less innovative project for m € [Nins Mmaz) -

The interval [Nins Mmaz) 1S non-degenerate if and only if the private control benefits o are large enough.

The above proposition confirms our intuition about the importance of the level of private control
benefits in our second-best environment. When private control benefits o are relatively small, the
manager chooses the more innovative project for any level of takeover pressure 7 as she would do in
the benchmark environment discussed in Section 3.1. However, as private control benefits « increase,
the above proposition tells us how the trade-off between the expected takeover premium and the
expected loss in control benefits determines the manager’s optimal project choice as takeover pressure

changes. The manager chooses the more innovative project if the takeover pressure is either very
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high or very low while she chooses the less innovative project for intermediate levels of the takeover
pressure.

To understand the intuition behind this result, consider first the case where the external takeover
pressure is very low (n > 7,,,.). In this case, a takeover is very unlikely, so the expected takeover
premium as well as the expected loss in control benefits are insignificant (i.e., the second and third
terms in (25) are relatively small). Therefore, the manager’s optimal project choice is driven by the
unconditional expected project payoff (the first term in (25)). The manager, therefore, chooses the
more innovative project due to its higher unconditional expected payoff. Conversely, when takeover
pressure is very high (7 < n,,:), regardless of the project choice, the expected loss in control benefits
is very high. Because the more innovative project generates a higher expected takeover premium, it
is again optimal to choose the more innovative project. For moderate levels of takeover pressure, the
effect of the expected loss of control benefits dominates so that the manager chooses the less innovative
project, thus lowering the likelihood of a takeover.

The intuition underlying Proposition 5 suggests that the loss of control benefits due to a takeover
plays a key role in generating the intermediate region within which lower innovation is chosen. As
mentioned earlier, the control benefits the manager extracts (and, therefore, the control benefits she
loses due to a takeover) depend on shareholders’ monitoring intensity. The following proposition

describes the effects of monitoring intensity on the degree of innovation.

Proposition 6 (Effect of Monitoring Intensity on Innovation)

The interval [1,,in (), Mmax ()], for which the manager chooses lower innovation, increases as private

control benefits « increase. More precisely,

[nmin(al)vnmam(al)] C [nmin(a2)7nmaz(a2)]7 for 0 <o < a, (28)

where we explicitly indicate the dependence of 1,,:,(.) and 1,,.,(.) on the private control benefits.

The intuition for the above result follows from the fact that, in the intermediate interval 1,5, (.);, Tmaz ()]
the relative effect of the manager’s expected loss of control benefits on her project choice is high, and
thus she chooses the less innovative project. As the manager’s control benefits increase, the potential
losses she might incur due to a takeover also increase, and so the interval over which she chooses lower

innovation increases.
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To explore how the external takeover pressure and the internal monitoring intensity interact to
affect the degree of innovation, we define the expected excess payoff from higher innovation G(n, ),
as the expected payoff from the more innovative project H less the expected payoff from the less

innovative project L. From Proposition 3, the expected excess payoff is given by

G(n,a) = 2mpg+ (:)/ii;eXp <—; <®’75H)2> —a (1 — P (QZH» (29)
e e ((55) ) (-2 (68)

The following proposition describes the interactive effects of monitoring intensity and takeover

pressure on the degree of innovation.

Proposition 7 (Takeover Pressure, Monitoring Intensity, and Innovation) There exists ann* >

0 such that
092G .
m > 0 for n<n, (30)
0%q %
m < 0 fO?" n > n

Figure 1 illustrates the result of Proposition 7 by showing the variation of the expected excess
payoff from higher innovation with takeover pressure for different values of the manager’s private
control benefits. Proposition 5 and figure 1 show that the U-shaped relation between the degree of
innovation and takeover pressure becomes “flatter” as monitoring intensity increases — that is, as «
declines. The intuition is that, as the manager’s private control benefits decline, so does the relative
impact of the manager’s expected loss of control benefits on the expected excess payoff from higher
innovation. As a result, the expected excess payoff from higher innovation becomes less sensitive to
changes in takeover pressure as the monitoring intensity increases. Hence, as illustrated by Figure
1, the U-shaped relation between the degree of innovation and takeover pressure becomes flatter as
monitoring intensity increases.

In the model presented above, we have deliberately assumed that the projects’ payoffs and qualities
are normally distributed. The assumption of normality simplified the analysis, thereby, allowing us to
highlight the main economic mechanisms underlying our results. In Appendix B, we show that all the

main results derived above hold in a setting in which the underlying random variables are drawn from
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Figure 1: Variation of Expected Excess Payoff from Higher Innovation G(7, a) with Takeover Pressure
7 for various levels of Monitoring Intensity a.

more general distributions. We describe the necessary and sufficient conditions on the distributions of
payoffs and qualities for our main testable results described by Propositions 5, 6 and 7 to hold in the

general setting.

3.5 Testable Hypotheses

The preceding theoretical predictions generate the following empirically testable hypotheses.

Hypothesis 1 (External Governance and Innovation) The degree of innovation varies in a U-

shaped manner with external takeover pressure.

Hypothesis 2 (Internal Monitoring and Innovation) The degree of innovation increases with

internal monitoring intensity.

Hypothesis 3 (Interactive Effects of Monitoring and External Takeover Pressure) The cur-
vature of the U-shaped relation between the degree of innovation and external takeover pressure declines

with monitoring intensity — that is, the U-shaped relation becomes “flatter”.

In the model, the choice of the degree of innovation by the manager and her compensation contract
are simultaneously and endogenously determined by the takeover pressure, 77, and the private benefits,

a. In other words, the parameters n and « are inputs to the model, whereas the compensation contract

20



and the degree of innovation are outputs. In particular, our predictions relating innovation to takeover
pressure and monitoring intensity already incorporate the fact that the manager’s compensation con-
tract responds optimally to the takeover pressure and monitoring intensity that she faces. Moreover,
as discussed in Section 3.3, the manager’s contract can be implemented in different ways through com-
binations of financial securities and additional payoffs contingent on a takeover. Hence, our testable
hypotheses also reflect the possibility that the firm could alter its financial structure and takeover pro-
visions in response to changes in the external takeover pressure (for example, through anti-takeover
laws) to implement the optimal payoffs of agents as described by Proposition 4. To closely tie our
empirical analysis to the theory, and to avoid “endogeneity” problems in our econometric analysis,
we examine the relationship between innovation and proxies for external takeover pressure and mon-
itoring intensity without including endogenous firm-level variables such as compensation contracts,

insider ownership, and capital structure.

4 Empirical Analysis

4.1 Proxies for Innovation

We employ both ex ante and ex post measures to proxy for innovation by firms. We use R&D
intensity, calculated as the ratio of a firm’s R&D expenditures to sales, as our ex ante measure of
a firm’s innovation. We use two broad metrics for our ex post measures of innovation. First, using
data on patents filed by US firms with the US Patent Office (USPTO) constructed by Hall, Jaffe, and
Trajtenberg (2001), we employ a simple count of the number of patents that were filed by a firm in a
particular year. Second, to capture the economic importance of innovation, we measure all subsequent
citations (until 2002) made to these patents (see Griliches, Pakes, and Hall, 1987). Since the year of
application for a patent captures the relevant date of the innovation for which a patent is filed, we date
our patents according to the year in which they were applied for. This also avoids any anomalies that
may be created due to the time lag between the date the patent was applied for and the date when
it was granted. Note that although we use the application year as the relevant year for our analysis,
the patents appear in the database only after they are granted. Hence, for our analysis, we use the

patents actually granted.?

'Readers may question our treatment of patents that are filed by US subsidiaries of foreign firms and whether the
inclusion/exclusion of such patents affects our results. We identify such patents as those where the country of the
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4.2 Proxies for External Takeover Pressure

As discussed in Section 2.4, the external takeover pressure parameter 7 in our model captures
the severity of anti-takeover laws. Accordingly, we use the state-level index of anti-takeover laws
compiled by Bebchuk and Cohen (2003) as the empirical proxy for external takeover pressure. The
index attaches to each state a score from 0 to 5 that is equal to its number of standard anti-takeover
statutes. These statutes are called the Control Share acquisition, Fair-price, Business Combination,
Poison Pill Endorsement, and Constituencies statutes.® Given our discussion in Section 3.5, the state-
level anti-takeover index serves as a viable exogenous proxy for takeover pressure.

Figure 2 shows the evolution of the anti-takeover index for the various states in which firms are
incorporated in our sample. The top panel of Figure 2 shows the evolution of the anti-takeover index
due to the passage of anti-takeover laws in Delaware, New York, Ohio, Massachusetts, Pennsylvania,
Minnesota, and New Jersey. The panel also shows that the anti-takeover index is zero for California
since it never passed an anti-takeover law. These states collectively account for over three-quarters of
our observations. The bottom panel shows the evolution of the anti-takeover index for all the states
that are relevant for our sample.

Table 1 shows the states that form part of our sample and had passed anti-takeover laws during
the period 1980-1995. This panel also lists the year in which the law was passed, the value of the state
anti-takeover index before the passage of the law, and the change in the value of the index (which
equals the number of anti-takeover statutes passed in that year).%

Figure 2 and Table 1 display two patterns that are important to understand in the context of our
empirical strategy. First, the level of the anti-takeover index displays substantial variation both across
time and across the various states of incorporation. Second, even the changes in the anti-takeover
index exhibits considerable variation both across time and across the different states. This variation
occurs due to two reasons. First, many states passed anti-takeover laws sequentially over time. Second,

states chose to pass a variable number of anti-takeover laws in different years. For example, Indiana

“assignee” is non-US but the country of the “inventor” is recorded as US. Of the 331,014 patents in our sample, we
identify 6689 patents (72.0%) issued to US subsidiaries of foreign companies. Not surprisingly, excluding these patents
does not change our results.

?See Bebchuk and Cohen (2003) for detailed descriptions of these statutes.

5We compiled this list of changes by combining the anti-takeover index from Bebchuk and Cohen (2003) together the
list of law passages compiled by Bertrand and Mulainathan (2003) and Karpoff and Malatesta (1989). While we rely
primarily on Bebchuk and Cohen (2003) for the list of law passages, we cross-checked the year of passage of these laws
using the list provided in Bertrand and Mulainathan (2003) and Karpoff and Malatesta (1989). In those instances where
the year of passage of the law did not coincide across these three studies, we cross-checked the year using Lexis-Nexis’
annotated state statutes.
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passed four anti-takeover laws in 1986 and another anti-takeover law in 1989.

4.3 Proxy for Monitoring Intensity: Active Shareholders

Our proxies for monitoring intensity are constructed using block ownership data from CDA Spec-
trum as in Cremers and Nair (2005). Because the NBER patent data is available at an annual
frequency, we employ the institutional shareholdings at the end of December of each year. As in
Cremers and Nair (2005), we define a blockholder as a shareholder with greater than 5% ownership of
the firm’s outstanding shares and we employ three different proxies for monitoring intensity: (i) the
number of institutional blockholders, (ii) the total percentage of shares owned by blockholders, and
(iii) the number of public pension fund blockholders. We run our tests using all of the above proxies.
Because the results are similar using each of the three proxies, we only report the results using the

total percentage of shares owned by blockholders for brevity.

4.4 Sample Construction and Descriptive Statistics

Our sample period ranges from 1980 to 1995. We begin our sample in 1980 because blockholder
ownership data are available from 1980 onwards. We terminate the sample in 1995 for two reasons.
First, patents applied for in later years may not have been granted and therefore would not be present
in the NBER dataset. Furthermore, because the NBER dataset extends only till 2002, citations to
recent patents are not present in the data, which further exacerbates the problems stemming from
“truncation bias.” Second, as Table 1 shows, the last anti-takeover law was passed in 1992. Since the
effects of law changes on innovation may decay over time, innovation undertaken several years after
the laws are passed are more likely to be affected by other factors. We therefore follow Bertrand and
Mullainathan (2003) and Giroud and Mueller (2008) in ending our sample in 1995.7

To be included in the sample, a firm must have filed at least one patent during our sample period.
For our empirical analysis, we focus on the patents granted to US Corporations in the NBER patent
dataset.® Each assignee in the NBER dataset is assigned a unique and time-invariant identifier. First,
we match the assignee names in the NBER patent dataset to the names of divisions/ subsidiaries

belonging to a Corporate family from the Directory of Corporate Affiliations. We then match the

"We thank Antoinette Schoar and Luigi Zingales for bringing the above issue to our attention. We have also run our
tests by extending the sample till the year 2002. The results support our hypotheses.
¥ Assignee code equal to 2 identifies US non-government assignees (mainly US Corporations).
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name of the Corporate parent to Compustat. This matching process is done using name matching
algorithms together with manual verification of 5% of the matched pairs. In order to remove the effect
of outliers, we winsorize our sample at the 1% and 99% levels. Our final sample consists of 10,377
firm-year observations.

Table 2 shows the summary statistics for our various proxies. Note that since our main unit
of observation is a firm-year, all these summary statistics are calculated for the firm-year level of
aggregation. The average (median) firm in our sample invests 18% (4%) of its annual sales revenue
in R&D while the average (median) firm in our sample applies for and is granted 19.5 (3) patents per
year and receives about 197.8 (15) citations per year subsequently. Thus, compared to the median
firm, the average firm in our sample invests 4.5 times more in R&D, applies for and is granted 6.5
times more patents and receives about 13.2 times more citations. In contrast to this skewness in the
distribution of our proxies for innovation, the average and median percentage of shares owned by all
blockholders together are 13.8% and 13.4% respectively.

Table 3 lists the states in which firms in our sample are incorporated as well as the number of
firm-year observations contributed by the various states. Note that close to 50% of our observations

come from firms incorporated in the state of Delaware.

4.5 Empirical Strategy

As we noted in Figure 2 and Table 1, the levels as well as changes in the anti-takeover index
exhibit substantial cross-sectional and time-series variation. We exploit these sources of variation to
conduct our empirical analysis in four steps. First, we conduct fixed effect panel regressions to examine
each of our three main hypotheses. However, strict exogeneity restrictions are required to identify the
coefficient estimates from these panel regressions. To weaken the identifying assumptions, we exploit
the variation in the changes in the anti-takeover index to undertake fixed effects panel regressions of
annual changes in our innovation proxies on changes in the explanatory variables. Third, to alleviate
any residual endogeneity concerns, we exploit a unique feature of our data — patents and citations
filed by subsidiaries and divisions of firms. Since other state-wide unobserved changes accompanying
the change in anti-takeover laws may serve as the source of endogeneity, for firms incorporated in these
states, we exclude all innovation done by subsidiaries and divisions located in the state of incorporation.

Finally, we investigate whether our results are obtained across the broad spectrum of industries, or
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are driven by a narrow group of industries.

4.6 Fixed Effects Panel Regressions

To investigate Hypotheses 1, 2, and 3, we start with the following fixed effects panel regression:

Yisg+1 = Bo+Bi+ B+ T s + BoTIZ + B3MI; + By (TIZ x MIy) + B-Xist+eiserr (31)

U-shaped Relation =~ Monitoring Intensity — Flattening of U-Shape

where y; 141 is the measure of innovation of firm ¢ incorporated in state s in year ¢ + 1. The variable
T4 denotes the value of the anti-takeover index for state s at the end of year ¢, while the variable M I;
denotes the monitoring intensity for firm ¢ at the end of year t. We examine the effects of monitoring
intensity and the anti-takeover index with a time lag of one year. This is because states may pass
anti-takeover laws in any month of the year. In addition, while institutional shareholdings may change
throughout the year, we measure the proxies for monitoring intensity at the end of December of each
year.

The variables (3;,3;,; denote “firm” and “year” dummies respectively. The firm fixed effects
captured by f; control for time-invariant unobserved determinants of innovation at the firm level.
They also control for time-invariant unobserved determinants of innovation at the state and industry
levels because firms rarely change their primary industry or their state of incorporation in our sample.”
The fact that firm fixed effects subsume industry fixed effects is important because innovation patterns
vary across industries. The year fixed effects captured by 3,,; control for inter-temporal differences in
innovation that are constant across states and firms as well as problems stemming from the truncation
bias in citations.

In the above specification, X denotes a vector of control variables that are potential determinants
of innovation. To control for the potential dependence of innovation on firm size, we include the
logarithm of assets. Because past R&D intensity could positively affect current innovation, we include
the lagged R&D to sales ratio.'? Because innovation may be more likely when investment opportunities
are greater, we include Tobin’s Q to control for a firm’s investment opportunities. Aghion et al (2005)

show that innovation varies in an inverted U-shaped manner with industry competition. Accordingly,

90f the the 2151 firms in our sample, 33 change their state of incorporation during our sample period.
10When employing R&D to Sales as our innovation proxy, we exclude employing lagged R&D intensity as a control
variable to avoid endogeneity due to a lagged dependent variable.
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we include a sales-based Herfindahl measure for the 4-digit SIC industry and its square as additional
controls. Finally, we also control for the potential dependence of innovation on the age of the firm.

Based on Hypothesis 1, which implies a U-shaped relation between innovation and takeover pres-
sure, we predict that 8; < 0,85, > 0. DBased on Hypothesis 2, we predict that 83 > 0. Based on
Hypothesis 3, which implies that the U-shaped innovation-takeover pressure relation becomes “flat-
ter” with monitoring intensity, we predict that 5, < 0.

Table 4 reports the results of our analysis. In columns 1-3, the dependent variable is the logarithm
of the ratio of R&D expenditures to sales. In columns 4-6, the dependent variable is the number of
patents applied for (and eventually granted). In columns 7-9, the dependent variable is the number
of subsequent citations to these patents. For each of these dependent variables, we estimate the
regression with and without any of our control variables. Moreover, for each of our regression, we
estimate standard errors that are robust to both heteroskedasticity and autocorrelation, and we cluster
these standard errors by firm. Because firms incorporated in Delaware account for almost half of our
observations (see Table 3), as an additional robustness check, we examine the results by excluding
Delaware firms.!!

Across columns 1-9 of Table 4, we find that 5, < 0 and 85 > 0. All the coefficients are statistically
significant. An examination of the values of 8; and (5 in these models reveals that the value at
which innovation attains its minimum, —3;/(2 % 35), lies in the range 0-5 of possible values of the
anti-takeover index. Using the coefficients in columns 2, 5, and 8, we find that when the value of the
index in a state is zero (four), as it is in California (Pennsylvania in 1992), a one point increase in
the value of the index decreases (increases) R&D/ sales, patents, citations for firms incorporated in
the state respectively by 28%, 22%, and 23% (30%, 14%, and 19%) annually. Thus, consistent with
Hypothesis 1, we find strong evidence of a U-shaped relationship between innovation and the level of
the anti-takeover index.

Table 4 also shows that 53 > 0. Across columns 1-9, the coefficients are statistically significant. A
one standard deviation increase in total blockholder ownership is associated with 20% higher R&D/
Sales, 14% more annual patents, 15% more annual citations. These results are consistent with Hy-

pothesis 2 that higher monitoring intensity is associated with greater innovation.

'We have also examined the results obtained by ezcluding firms that either opted out of any of the anti-takeover
statutes or decided to reincorporate to another state after the passage of the anti-takeover laws. We lose 134 firm-year
observations when we exclude such firms. However, our results remain almost identical to the ones we report here.
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Finally, we find that across columns 1-9, 5, < 0. A one standard deviation increase in the total
blockholder ownership flattens the curvature of annual patents, citations, and R&D/ Sales by 4.1%,
3.7%, and 3.8% respectively. Thus, consistent with Hypothesis 3, we find that higher monitoring leads
to a flattening of the U-shaped relationship between takeover pressure and innovation.

Among our control variables, we find that firm size is positively associated with our innovation
proxies. Furthermore, consistent with Aghion et al. (2005), we find evidence of an inverted U-shaped
relationship between innovation and competition. Finally, we find that younger firms patent and

receive citations relatively more than older firms.

4.6.1 Discussion of the fixed effects panel regressions

Given the firm fixed effects in (31) — which control for time-invariant unobserved heterogeneity
at the firm, industry, and state-of-incorporation levels — and the year fixed effects, the identifying
assumption in estimating (31) is that time-varying unobserved determinants of innovation at the firm,
industry, and state levels are uncorrelated with both the level of the anti-takeover index and the level of
blockholder ownership. To weaken these identifying assumptions, we next conduct “change-on-change”

panel regressions.

4.7 Change-on-Change Panel Regressions

As noted in Section 4.2, changes in the anti-takeover index exhibit variation both across time as
well as across states. Since blockholder ownership changes vary across time in our sample too, we
exploit such rich variation to conduct fixed effects panel regressions of changes in our explanatory
variables on changes in innovation (see Imbens and Wooldridge (2007), Section 4).

Since the identifying assumptions in estimating (31) centered around time-varying, firm, state, and
industry-specific omitted variables, we consider the following equation-of-motion for our innovation-

proxies:

Yistr1 = Bi+ E+1) B+ (t+1) Bing + vepr + 81T L + BT (32)

+BsM Iy + By (TIZ, % MIy) + B+ Xjst + Mist+1

Thus, besides our variables of interest, we allow innovation to be driven by (i) time-varying state-
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specific factors (¢t + 1) B,; (ii) time-varying industry-specific factors (t 4+ 1) §;,,4; (iil) time-specific fac-

tors v, 1; and (iv) firm-specific factors ;. First-differencing (32) yields

Ayistr1 = B+ Bina + Brsr + B1AT Ly + BoATIZ + B3 AMIy (33)
—_——
U-shaped Relation Monitoring Intensity

FB4A (TIZ + MIy) + B+ AXjst + €isti1

Flattening of U-Shape

where

Ayis,tJrl = Yis,t+1 — Yis,t5 6t+1 = Yt+1 — V5 ATy
=TIy — Tl 1y ATIL =TI - TIZ, ;.
AMIy = MIyy — MLy A (TI2 « MIy) = TI3 « M1y — TI2, | My q;

AXist = Xist — Xist—1,Cist+1 = Mis 11 — Mist

We estimate equation (33) by including fixed effects for the state of incorporation, industry and the
application year. Thus, we control for state-specific, industry-specific and inter-temporal unobserved
factors driving changes in innovation.

Hypotheses 1, 2, and 3 predict that
B1 <0, B3>0, B3>0, B4 <0 (34)

Table 5 presents the results of our time-series tests. In these regressions, we follow the suggestions
in Imbens and Wooldridge (2007) and estimate robust standard errors that are clustered by state of
incorporation. The specifications we employ in Table 5 mirror those employed in Table 4. Consistent
with our hypotheses we find that 8; < 0, 8, > 0, 83 > 0, and 3, < 0 across all the specifications. By
examining the values of 5, and /5 in columns 1-9, we find that the value at which innovation attains
its minimum, —f;/(2 * (), lies in the range 0 — 5 of possible values of the anti-takeover index.

Across Columns 1-9, we note that the coefficient estimates in Table 5 are very similar to those
obtained in Table 4. Therefore, the economic magnitudes obtained in these change-on-change panel

regressions are very close to those described in Section 4.6 above.
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4.7.1 Discussion of the Change-on-Change Panel Regressions

Given the industry, state and year fixed effects, the assumption required to identify the coefficient
estimates in (33) are considerably weaker: time-varying unobserved determinants of changes in in-
novation at the state or industry level are uncorrelated with changes in the anti-takeover index and
changes in blockholder ownership. Nevertheless, other state-wide changes accompanying the changes
in the anti-takeover index may affect our inference in (33). Our next set of tests, which exploit a
unique feature of our data to examine innovation done outside the state of incorporation, are designed

to address such alternative interpretations.

4.8 Subsidiary/Division-Level Change-on-change Regressions

To control for the effects of changing economic conditions that accompany the passage of an anti-
takeover law in a state, we exploit a unique feature of our data. The NBER patents data records
the location of the innovation through the state where a patent was filed. Thus, while Xerox may be
headquartered and incorporated in Rochester, NY, its research labs are located in Rochester, NY as
well as in Palo Alto, CA. The NBER patent data enable us to distinguish between patents filed by
Xerox’s Palo Alto Research Center and its Rochester laboratories. Anti-takeover laws passed by New
York would likely affect innovation at its Palo Alto Research Center and its Rochester laboratories.
However, any state-wide economic changes accompanying the law are more likely to affect the inno-
vation at Xerox’s Rochester laboratories. Therefore, if we exclude changes in innovation at Xerox’s
Rochester laboratories and estimate only using changes in innovation at Xerox’s Palo Alto research
center, then such an estimation potentially isolates the pure effect of changes in the anti-takeover index.
In other words, in order to separate the effect of the changes in anti-takeover index law from the effect
of state-wide economic changes accompanying such changes, we examine the impact on innovation in
divisions/subsidiaries outside the state of incorporation for firms incorporated in the state.

We implement the tests using the following specification:

Ayrisir1 = Bo+ Broen + Bs + Bup1 + B1AT Ly + BoATIS +  B3AM Iy (35)
~ —
U-shaped Relation Monitoring Intensity

+B4A (TIZ, + MIy) + B+ AXjst + Ehisp1

Flattening of U-Shape
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where yi;s+ denotes the level of innovation in year t for subsidiary/division &k of firm 4. For firms
incorporated in states in which the anti-takeover index changed during the time-period 1980-1995,
y includes only those patents applied for (and eventually granted) by subsidiaries/ divisions outside
the state of incorporation and citations to these patents. f;,., denote fixed effects for the state in
which subsidiary/division k is located. Since different subsidiaries/divisions of a firm could be located
in different states, we are able to include these fixed effects for the location of the subsidiary apart
from fixed effects for the state in which the firm is incorporated (). The other variables are defined
similarly as in (33).

Table 6 reports the results of the tests; since subsidiary level information is not available for R&D
intensity, we only test for patents and citations. The specifications employed for these are identical to
those in Columns 4-9 of Tables 5. We note that the coefficients 3, to 5, retain their predicted signs
and are statistically significant.

We estimate the economic magnitudes of the predicted effects using the coeflicients in columns 2
and 5. First, when the value of the index in a state is zero (four), as it is in California (Pennsylvania
in 1992), a one point increase in the value of the index decreases (increases) R&D/ sales, patents,
citations for firms incorporated in the state respectively by 11% and 16% (32% and 26%) annually.
This effect is consistent with the U-shaped relationship between innovation and the level of the anti-
takeover index. Second, a one standard deviation increase in total blockholder ownership is associated
with 11% more annual patents and 14% more annual citations. Finally, a one standard deviation
increase in the total blockholder ownership flattens the curvature of annual patents and citations by

31% and 34% respectively.

4.9 Inter-industry Differences

Are more innovation-intensive industries driving our results? We investigate this possibility by
examining inter-industry differences in the effect of takeover pressure and monitoring intensity based
on the industry’s propensity to innovate. We follow Acharya and Subramanian (2008) in employing

the average number of patents filed by firms in a 4-digit SIC industry in a particular year to proxy

30



the industry’s propensity to innovate. We test the following regression specification:

Yiste1 = Bo+Bi+ Bipr + [B1T Lt + BoTIL + BsM Iy + By (T1Z, * M1iy)| % [Highings + Lowina,]

+ B AXist + €istt1

where Highina+ (Lowingy:) equals 1 if the average number of patents filed by a firm in 4-digit SIC
industry in year t is above (below) the median and 0 otherwise, where the median is calculated over
all industries for the year t.

Table 7 shows the results of these tests, where we note that the predicted effects of takeover pressure
and monitoring intensity are observed both in the High and Low innovation-intensive industries. Thus,

the more innovation-intensive industries are not necessarily driving our above results.

5 Conclusion

We develop a parsimonious model to investigate how corporate governance mechanisms — such as
monitoring intensity and takeover pressure — affect a firm’s incentives to engage in innovation. Our
model generates three testable predictions: (i) there is a U-shaped relationship between innovation and
the takeover pressure the firm faces, (ii) the likelihood that a firm innovates increases with monitoring
intensity, and (iii) the sensitivity of innovation to takeover pressure declines with monitoring intensity.
Using ez ante and ex post measures of innovative activity, we show strong empirical support for the
model’s predictions. We identify the causal effects of governance mechanisms on innovation through
fixed effects panel regressions both for levels-on-levels and for changes-on-changes.

By integrating long-term contracting and a market for corporate control, our theory shows how
the interplay between takeover premia and private benefits leads to a non-monotonic relation between
innovation and takeover pressure. From a policy standpoint, our results show that innovative activity
is fostered by anti-takeover laws that are either practically non-existent or are strong enough to
significantly deter takeovers. Effective monitoring not only enhances innovation, but also lowers the
sensitivity of innovation to variations in external takeover pressure created by the passage of anti-
takeover statutes. Monitoring is, however, most effective in enhancing innovation at intermediate

levels of takeover pressure.
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Appendix A — Proofs of Propositions

Proof of Proposition 1

a) The expected payoff of the firm at date 1 if it is not taken over is Fj [Px(2)]. Because the
incumbent manager loses her control benefits if the firm is taken over, the total payoff to the firm’s
stakeholders (shareholders + manager) if the firm is taken over, and (hypothetically) no takeover
premium is paid, is E; [Px(2)] — «. External anti-takeover laws, however, ensure that, for the takeover
to be successful, the firm’s stakeholders must receive a total expected payoff

E; [Px(2)] — a+n, where n > 0. (36)

It follows directly from (1), (13), and (36) that the raider must generate a surplus for the firm.
From the discussion in Sections 11.5.1 and 11.5.2 of Tirole (2006), free-riding by shareholders coupled
with the fact that the raider obtains private control benefits, together ensure that it is optimal for the
raider to make a tender offer that cedes the surplus he generates (less the control benefits he captures)
to the firm. After the takeover, the firm’s current stakeholders (shareholders + manager) therefore
receive a total payoff at date 1 of

P}ézkem)er = F [P)r(aider(Z)} —a, (37)

where the expectation in (37) is with respect to the information available at date 1. It follows from
(36) and (37) that the takeover is successful if and only if

By [Py (2)] = By [Px(2)] + 1, (38)

In words, (38) states that the raider must increase the firm’s expected payoff, conditional on the
information available at date 1 by at least n. Using (1), (8), (13), (14), and (38), it follows that the
raider succeeds in taking over the firm if and only if

mx +O(mx —mx) > mx +1n,
@@(ﬁlx—mx) 277

b) The payoff to the firm upon a takeover follows directly from (37) and the fact that By [Pider(2)] =
mx + @(7/7\7,)( — m)().

¢), From (a), the firm is taken over if and only if O(mx —mx) > n. Using (10), to rewrite the mean
posterior quality in the preceding inequality, implies that the firm is taken over if and only if 2> SXL@'

Therefore the probability of a takeover if the manager chooses project X € {H, L} is [1 -9 (SXL@)]

where ®(-) is the cumulative standard normal distribution. Since Sy > Sg, by (12), it follows that the
probability of a takeover is higher for the more innovative project.
Proof of Proposition 2

In an environment with no frictions, the manager maximizes the sum of the first two terms in (25).

2
Because the expected takeover premium % exp [—% (&) ] is increasing in Sx, (12) implies that

the more innovative project results in a higher takeover premium than the less innovative project. This
result coupled with the assumption my > mp, imply that the first two terms in (25) are greater for the
more innovative project making the more innovative project optimal in the benchmark environment.
Proof of Proposition 3

E(PX(Q)) = E(Q[LX +oxz1 + O'Xz~2) =2myx. (39)
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where ®(-) is the cumulative distribution function for standard normal distribution.

B ) =aB(1%) = a [1 - @(”)] : (40)

Pider(2) — Px(2) = Px(1) + i3 + ox 2y — (Po(1) + fiy + 0273) (41)
AT — fix + o x (22 — Z3)
From equation (41):
B[k - (Per(2) = Px(2))] = B - (A" — fix)] + oxB[1% - (%2 — Z3)]
_ B - Btk i+ )
UxE[ ] E(22—53)
= OE[1% - (ix — mx)]
By the result of Proposition 1 and (10),
OF [1% - By (ix —mx)] = OFE [1§ (Mx — mX)]
2
= / xe_§ dx
,/27752
Making the change of variable u = i in the integral above, we obtain:
O5x exp| L il 2] (43a)
IEX expl—= [
Vor CP o 5ye

Proposition 3 follows from (39), (40), and (43a).
Proof of Proposition 4
The manager’s objective function is

o+ E[W(QX) - 1ta,keovera]a

or equivalently
E[w(QX) - 1takeover05]-

The shareholder’s objective function is

ElQx —w(Qx)]

One way to make the project choice incentive compatible is to make the manager’s objective function
proportional to the shareholder’s objective function, that is,

w(Qa}) - 1tak:eovera = m[QX - w(QX)]:
where 0 < m < 1 so that

«
(QX) 7QX + — m+ 1 1takeove7"7

where m is a parameter to be determined. Let A = m7+1' Then

w(QX) = )\QX + (1 - A)altakeove%

33



m can then be solved from the manager’s binding participation constraint, that is, U = m[2mx +
oS
o erp(— 35-5)° — a®(—glg)] + a.

Proof of Proposition 5
Define the expected excess payoff from the more innovative project over the less innovative project
by the function G(n, a) where

G(n,a) =2mpyg — 2mp + F(n, a); (44)

and

OSH 1 n \? n 0S5, 1 n \? n
F(n,a) = 222 expl—= (=1} 1= a®(- =) = 22L oxp[—= [ - (-1, (45
)= 2 el (5 ) 1= (- glg) - el () 1+ av(-glg). (a9
Note that as n — oo, lim F'(co, ) = 0 so that the expected excess payoff G(oco, ) = 2mpy — 2my, > 0.
2

Conversely, as n — 0,(:)/53 exp[—3 (SX@) | — % while ®(—gl5) — 1 so that lmF(0,a) =

oSy ©sp O(

Sp—=S
Tt = = > 0. This, in turn, implies that G(0,) = 2mpy —2mp+ # > 0. Thus, the manager
chooses the more innovative project for relatively low and relatively high levels of takeover pressure.
We will now show that if the private control benefits parameter is sufficiently high, lower innovation
may be optimal for moderate levels of takeover pressure..

Differentiate (45) with respect to 7, to get:

aFg%Q) _ \/%eiﬂp(_%(sfie)j)g S%G) —I—a\ﬁemp(—%(s}]@)z)&{% - ﬁemp( %(529)2)(_&%)
K _Oi —erp(—3(5/6) )50 1
= [m ( ) —

S ¢
= [fsu () — fs5,.(B)]

The properties of the normal distribution imply that fs, (&) and fs, (&) cross only once for some
[

n > 0. Let 7 satisfy fs, (&) = fs, (&) Then fs, (&) < fs 0,7) and fs, (&) > fs. (&)
for n € (1, +00) so that

™
—~
o
¥
=
=
m

OF(n,a) ) =0 ifnp=rorg
on >0 if n € (min(7,

From the behavior of % described above, it follows that:

(i) min(7, g) is a local minimum for F'(n, )7

(ii) F(n,a) is weakly decreasing in 7 if § =7.

We will first prove the following Remark: If g <7, then F(n,a) > 0 Vn € [0,+00). To see this
note that since F'(co, ) = 0, condition (ii) implies that F(n,a) > 0 if g = 7. The Remark then
follows because % = (2(—g5ls) — ®(—3l5)) <0O.

Given the preceding Remark, the necessary and sufficient condition for the interval (
to exist is:

Nmin> nmam)
G(n,a) <0 (46)

where G(iin, @) = Gl @) = 0 and 7 = Sy S10,/20GG) > 0 where fs,(7) = fs, (7).
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Using (44) and (45), the necessary and sufficient condition described in (46) becomes:

 20ms— ) — (S eap(-}58)") - Skern(-}(ds)?)
SL@ SHG

where 7 = Sy SO %
H L
Proof of Proposition 6
Let 7 satisfy G(7,«) = 0, so that 7 = 7,55, OF M.y are the thresholds defined above that satisfy

G(Nnins @) = G(Mpax, @) = 0 for all a > apyrn defined in (47). Using the Implicit Function theorem:

e . N
do oG |n=77 - OF (n,2) |17=n' (48)
on on

The numerator of (48) is positive. From the proof of proposition 5, the denominator of (48) is
negative for n = n,,,,, and positive for n = This completes the proof.
Proof of Proposition 7

nmax °

9%G 1 1e[1<n>2]1+1e[1<77>2]1
G N N N N GBS ot (1L
8(—a)om o\ var P a\se) sy T s P2 \se) sy

NP %(f&(%)-fsﬁ%))

using proof of proposition (5)

The properties of the normal distribution imply that fs, (&) and fg, (&) cross only once for some
n* > 0 such that fs, (&) — fs,; (&) > 0 for n <n*, and fs, (&) — fs, (&) < 0 otherwise.

Appendix B: A More General Model

In this Appendix, we show that the main testable implications of the theory are robust to a
generalization of the model presented in Section 2 in which the projects’ payoffs are drawn from more
general distributions. As in the basic model, the manager chooses between a more innovative project
H and a less innovative project L at date 0. The payoff of project X € {H, L} at date 2 is

Px(2) =2px +7rx1 4 rxe, (49)

where rx1 and rx1 are independent and identically distributed random variables drawn from a distri-
bution Rx with mean 0.

Consistent with the basic model, there is imperfect, but symmetric, information about the project’s
quality iy . Agents’ prior assessment of jiy is drawn from a distribution Mx that has mean mx. We
assume that

myg > myp,. (50)

By (49) and (50), the more innovative project has a higher expected payoff.
At date 1, all agents observe a common signal given by

Px(1) = fix +rx1. (51)

Let mx denote agents’ mean posterior assessment of the project’s quality based on their observation
of the signal Px(1). We have
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mx = mx + Sx, (52)

where sx is a random variable drawn from a distribution Fx with mean 0. The distribution Fx
depends on the distributions My and Rx.

We assume that the distribution Fx is absolutely continuous so that it has a density fx a.e.
Further, the densities f and ff, satisfy a “single crossing” condition, that is, there exists @ such that

fa(uw) < fr(u) foru<u (53)
fu(u) > fr(u) foru>u

In addition, we assume that
Fr(u) < Fr(u), for u > 0. (54)

The above condition implies the distribution Fy “first order stochastically dominates” the distribution
F7 on the positive real line. Note that we do not assume that F “first order stochastically dominates”
the distribution Fp, over the entire real line. The condition (54) implies that the likelihood of positive
changes in the project’s mean quality is higher for the more innovative project. Finally, we assume
that

o0 o0

Jututwdu= [ufywa (55)
0 0

which implies that, conditional on a positive change in the project’s mean quality, the expected
change is also higher for the more innovative project. Conditions (54) and (55) capture the intuitive
requirements that the payoff of the more innovative project is more skewed so that it is more likely to
generate high signals and payoffs.

As in the basic model, the firm can be taken over by a raider through a tender offer. The project’s
terminal payoff could be altered through synergies between the firm and the raider. The terminal
payoff of project X under the raider is

PR (9) = Pye(1) + 9T + v, (56)

where

X = Jix + O (fix — mx) (57)

Proposition 1 a) and b) are valid for the more general model using exactly the same arguments,
while part c¢) follows from condition (54). By the same arguments used in the main body of the paper,
the manager’s objective function in the more general model is given by (24). The manager’s optimal
project choice solves

00
Xé%%[},{[,} Qm).(' + /@ufx(u)du - o« [1 — Fx (%)} . (58)
expected unconditional payoffs % expected loss i;;control benefits
—_——
expected takeover premium
Define
0o
G(n,a) = 2my —my) + / Ou(fu(u) = fr(w)du+a|[Fu (§) ~Fr (&)] (59)
n

e
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which is the expected excess payoff from higher innovation. By (50), G(co,a) > 0. By (54) and (55),
G(0,a) > 0. Next, we note that

) [t - 1] |5 (60)

Let 7 satisfy fr (&) = fr(&)- By (53), fu(g) < fo(g) for n <7 and fr(g)

fH(g) > fL(g) for n > 7. It follows from (60) that G(n,«) is decreasing for n < min(7, «),
is increasing for min(7,a) < n < max(7, @), and is decreasing for n > max(7, ). It follows that
there exists an interval [, Tmax) (that could be degenerate) such that the manager chooses greater

innovation for 7 < 7, O 17 > Moy, and lower innovation for 7 € [Mmin,s Tmax) -
It follows directly from (54) and (59) that

oG

— >0
—a) = 7
which implies that higher monitoring has a positive effect on innovation. Finally, we note that
0*G 1 n n
B — ) — —1. 61
d(—a)dny  © [fL (@) fH(@)] (61)

By (53), the result of Proposition 7 also holds for the more general model.
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Figure 2: Cross-sectional and Time-series variation in the Anti-takeover Index

The top panel shows the evolution of anti-takeover index for states of incorporation that have the majority of observations in our
sample. The bottom panel shows the evolution of the anti-takeover index for all states of incorporation that comprise our sample.
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Table 1: Changes in Anti-takeover laws in various states in our Sample

This Table shows the year(s) in which anti-takeover laws were passed in each state, the value of the index before the change and the change in the index. We compile this list of
changes by combining the anti-takeover index from Bebchuk and Cohen (2003) together the list of law passages compiled by Bertrand and Mulainathan (2003) and Karpoff and
Malatesta (1989). While we rely primarily on Bebchuk and Cohen (2003) for the list of law passages, we cross-checked the year of passage of these laws using the list provided in
Bertrand and Mulainathan (2003) and Karpoff and Malatesta (1989). In those instances where the year of passage of the law did not coincide across these three studies, we cross-
checked the year using Lexis-Nexis' annotated state statutes.

State Year  Index before Change | State Year Index before  Change

Colorado 1989 0 1 | North Carolina 1987 0 2
Connecticut 1984 0 1 | North Carolina 1990 2 1
Connecticut 1989 1 1 | Nebraska 1988 0 2
Delaware 1988 0 1 | New jersey 1986 0 2
Florida 1987 0 2 | New jersey 1989 2 2
Florida 1989 2 2 | Nevada 1987 0 1
Georgia 1985 0 1 | Nevada 1989 1 1
Georgia 1988 1 1 | Nevada 1991 2 3
Georgia 1989 2 2 | New York 1985 0 3
Iowa 1989 0 2 | New York 1989 3 1
Illinois 1984 0 2 | Ohio 1982 0 3
Illinois 1989 2 2 | Ohio 1990 3 2
Indiana 1986 0 4 | Oklahoma 1987 0 1
Indiana 1989 4 1 | Oregon 1987 0 1
Kansas 1988 0 1 | Oregon 1989 1 2
Massachusetts 1987 0 1 | Oregon 1991 3 1
Massachusetts 1989 1 3 | Pennsylvania 1988 0 1
Maryland 1983 0 1 | Pennsylvania 1989 1 3
Maryland 1988 1 1 | Pennsylvania 1993 4 1
Maryland 1989 2 1 | Rhode island 1990 0 4
Michigan 1984 0 1 | South Carolina 1988 0 3
Michigan 1988 1 1 | Tennessee 1988 0 4
Michigan 1989 2 1 | Tennessee 1989 4 1
Minnesota 1984 0 1 | Utah 1987 0 1
Minnesota 1987 1 2 | Utah 1989 1 1
Minnesota 1991 3 1 | Virginia 1985 0 1
Missouri 1984 0 1 | Virginia 1988 1 2
Missouri 1986 1 3 | Virginia 1992 3 1
Mississippi 1985 0 1 | Washington 1987 0 2
Mississippi 1990 1 1 | Wisconsin 1984 0 2
Mississippi 1991 2 1 | Wisconsin 1987 2 3
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Table 2: Summary Statistics and Correlations

This table displays the summary statistics for the proxies for Innovation and the proxy for Monitoring Intensity. The variables are winsorized at the 1% and 99% levels. Since the
unit of observation is a firm-year, all the summary statistics are computed at the firm-year level of aggregation.

Number of firm-year observations = 10377

Standard
Variable Mean Median Deviation Minimum Maximum
R&D/Sales 0.18 0.04 0.75 0 6.65
Number of Patents 19.5 3.0 66.5 1 1127
Number of Citations 197.8 15.0 752.6 0 15006
Total Blockholder ownership % | 13.8% 13.4%  10.6% 0 79.7%

Table 3: State of Incorporation of Firms in our Sample
This Table shows the number of firm-year observations in for the various states of incorporation.

Number of firm-year observations = 10377

State # obns State # obns
Delaware 4,888 | Pennsylvania 392
California 1,029 | Minnesota 307
New York 651 | New jersey 264
Ohio 487 | Others 1930
Massachusetts 429
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Table 4: Fixed Effects Panel Regressions

E,

s, t+1

The variable y;,,,; is a measure of innovation in year ¢+ for firm i incorporated in state s. y is either the logarithm of (a) the ratio of R&D expenditures to sales
in year ¢t (Columns 1-3) (b) the number of patents applied for (and eventually granted) in year t (Columns 4-6), (c) the number of subsequent citations to these
patents (Columns 7-9). All regressions are estimated using OLS. The sample consists of firms that applied for a patent over the period 1981-1995 (and the patent
was eventually granted by the U.S. Patent Office) matched to Compustat and CDA Spectrum. The variable 77, equals the value of the anti-takeover index in state
s at the end of year t. The variable MI;, denotes the Monitoring Intensity in firm i in year . The variables f; and ., denote firm & year fixed effects. The vector X

denotes the set of control variables. The standard errors are robust to heteroskedasticity and autocorrelation and are clustered by firm. ***,

significance at 1%, 5% and 10% levels respectively.

** % denote

(D (@) (€©)) (€] ) (6) @) (® &)
Dependent Variable is logarithm of: R&D/ Sales  R&D/ Sales R&D/ Sales Patents Patents Patents Citations Citations Citations
Anti-takeover Index (H1) -0.467#** -0.404%#** -0.450%%* -0.315%*k*  -(0,298%#** -0.281%#%* -0.335%%* (), 3]14%** -(0.283%#**
(6.80) (7.15) (6.66) (6.98) (6.72) (5.54) (6.76) (6.39) (5.10)
Square of Anti-takeover Index (H1) 0.086%** 0.074 %% 0.073%*%* 0.0571 % 0.048%#** 0.038%#*3* 0.058%#* 0.054 %3 0.040%**
(6.91) (7.24) (5.26) (5.72) (5.44) (3.59) (5.98) (5.65) (3.48)
Minimum (-f/ 2*f,) 2.715 2.730 3.082 3.088 3.104 3.697 2.888 2.907 3.538
Proxy for Monitoring Intensity (H2) 1.962 %% 1.696%+** 2.266%*%* 1.337%#*% 1.260%*%* 1.430%*%* 1.412%%% 1.333%#*% 1.542%%%
(6.49) (6.98) (5.69) (7.90) (7.65) (5.54) (7.58) (7.37) (5.66)
Square of Anti-takeover Index * -0.082%#%* -0.069%#** -0.092%#%* -0.051%%* 0,04 7%** -0.055%** -0.053#*k*  -0.050** -0.057%#%*
Proxy for Monitoring Intensity (H3) (2.91) (2.95) 3.41) (2.85) 2.71) (2.76) (2.59) (2.49) (2.49)
Current Log of Assets 0.107%*%* 0.105%** 0.046%** 0.041 %% 0.049%#*3* 0.0427%*%
(4.49) (3.14) (5.54) (3.93) (5.08) (3.22)
Lagged R&D/ Sales 0.0071 #** 0.002%*3% 0.000 0.001°%*
2.71) (4.00) (0.90) (1.95)
Lagged Tobin's Q -0.034%#% -0.010 -0.011 0.007 -0.004 0.023
(2.58) 0.45) (1.54) 0.57) (0.52) (1.16)
Lagged Herfindahl Index 1.8027%*% 2.012%*% 0.375%*% 0.548%#** 0.615%** 0.720%*%*
(7.16) (5.55) (2.96) (3.04) (4.64) (3.76)
Square of Lagged Herfindahl Index -1.663%** -1.825%%* -0.629%** -0.764%%* -0.502%%* -0.727%%*
(6.69) (5.19) 4.74) (4.08) (3.92) (4.23)
Firm age 0.021°%* 0.014 -0.068#** -0.074%%* -0.080%** -0.087%#**
(1.71) (0.68) (7.45) (5.88) (7.93) (6.50)
Observations 10377 10377 5489 10377 10377 5489 10377 10377 5489
R-squared 0.05 0.11 0.13 0.06 0.09 0.10 0.11 0.13 0.13
Sample Full Full No Delaware Full Full No Delaware Full Full No Delaware
Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
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Table 5: Change-on-change Panel Regressions with Fixed Effects
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The variable Ayis 47 = Viss+1 - Vist » Where y;, is a measure of innovation in year ¢ for firm i incorporated in state s. y is either the logarithm of (a) the ratio of R&D
expenditures to sales in year ¢t (Columns 1-3) (b) the number of patents applied for (and eventually granted) in year t (Columns 4-6), (c) the number of subsequent
citations to these patents (Columns 7-9). All regressions are estimated using OLS. The sample consists of firms that applied for a patent over the period 1981-

1995 (and the patent was eventually granted by the U.S. Patent Office) matched to Compustat and CDA Spectrum. The variable ATI,, = TI,, -

11, , where TI,,

equals the value of the anti-takeover index in state s at the end of year t; A( Tlx,)2= ( Tlx,)2 -( TIMJ)Z. AMI;, = M1, — MI;, ;, where MI; denotes the Monitoring
Intensity in firm i in year t. A{MI;, *( Tlx,)z}= MI;, *(TI, Y,)2 -Ml; ., *(TI,. 1)2. The variables f,qusiry, Bs and f,.; denote industry, state of incorporation & year fixed
effects. Note that since the change in the anti-takeover index for a state varies across time, we can include state of incorporation fixed effects. The vector X
denotes the set of control variables. The standard errors are robust to heteroskedasticity and autocorrelation and are clustered by state of incorporation. *##, *%*_ *
denote significance at 1%, 5% and 10% levels respectively.

(1) 2 3) ) (3) (0) (N (®) )
Dependent Variable is A of logarithm of: R&D/ Sales ~ R&D/ Sales R&D/ Sales Patents Patents Patents Citations Citations Citations
A Anti-takeover Index -0.415%** -0.374%** -0.391*** -0.345%%*  -(0.335%** -0.306%*** -0.346%**  -0.337%** -0.336%**
(12.86) (9.02) (5.80) (8.80) (8.13) (6.36) (9.88) (10.44) (8.47)
A Square of Anti-takeover Index 0.074**%* 0.068*** 0.073**%* 0.060%**  0.059%** 0.0527%*%* 0.064*** — (0.063*** 0.061#**
(7.30) (5.96) (5.02) (7.26) (6.99) (5.14) (5.76) (6.09) (5.19)
Minimum (-B,/ 2*,) 2.804 2.750 2.678 2.875 2.839 2.942 2.703 2.675 2.754
A Proxy for Monitoring Intensity 1.556%*%* 1.418%*%%* 1.837%%%* 1.396%**  1.366%** 1.305%*%* 1.532%%*  ].512%** 1.362%%%*
(7.73) (6.12) (6.00) (14.29) (15.13) (6.07) (12.01) (13.94) (6.07)
A Interaction of Square of Anti-takeover -0.030** -0.030** -0.052%** -0.026* -0.026* -0.022 -0.052%*%*  -0.052%*** -0.043%%*
Index with Proxy for Monitoring Intensity (2.26) (2.09) (3.08) (1.82) (1.89) (1.42) (3.13) (3.43) (2.66)
A Current Log of Assets 0.072* 0.062 0.017#* 0.028*** 0.017** 0.019
(1.87) (0.96) (2.18) (3.46) (2.62) (1.69)
A Lagged R&D/ Sales 0.001 *** 0.002%*%* 0.001%#** 0.0027%**
421 (5.71) (3.55) (3.34)
A Lagged Tobin's Q -0.005 0.012 -0.008*** -0.002 0.006 0.029
(0.69) (0.62) (2.85) (0.25) (0.68) (1.02)
A Lagged Herfindahl Index 1.528%#%* 1.533%%%* 0.624**%* 0.719%** 0.6327%** 0.626%**
(11.50) (5.96) (9.51) (7.61) (9.49) (4.65)
A Square of Lagged Herfindahl Index -0.833%** -0.994#%** -0.207%** -0.233%%* -0.165 -0.263
(6.27) (3.95) (4.21) (2.61) (1.46) (1.26)
A Firm age 0.026%*%* 0.034%*%* -0.039%** -0.055%** -0.051%** -0.064%***
(3.15) (2.91) (4.04) (4.16) (5.96) (4.69)
Observations 7099 7099 3722 7099 7099 3722 7099 7099 3722
R-squared 0.05 0.10 0.11 0.06 0.07 0.07 0.04 0.05 0.05
Sample Full Full No Delaware Full Full No Delaware Full Full No Delaware
Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
State of Incorporation Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
Industry Fixed Effects Yes Yes Yes Yes Yes Yes Yes Yes Yes
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Table 6: Change-on-change Panel Regressions excluding innovation done by subsidiaries located in the state
of incorporation for states that changed the anti-takeover laws

Aykis,t+1 = ﬁlocation + ﬁs + t+1 + ﬁl ) ATISI + ﬁZ ) A(Tlst )2 + ﬁ3 ) AMIit + ﬁ4 ) A{Mllt * (Tlst )2 }+ ﬁ ) AXist + &

is,t+1

The variable Ay 11 = Yiisi+1 - Yus» Where Yy, 1S a measure of innovation in year ¢ for subsidiary/ division k of firm i incorporated in state s. y is either the
logarithm of (a) the number of patents applied for (and eventually granted) in year t (Columns 1-2) or (b) the number of subsequent citations to these patents
(Columns 3-4). All regressions are estimated using OLS. The sample consists of firms that applied for a patent over the period 1981-1995 (and the patent was
eventually granted by the U.S. Patent Office) matched to Compustat and CDA Spectrum. For firms incorporated in states that changed their anti-takeover laws
during the time-period 1980-1995, y includes only those patents applied for (and eventually granted) by subsidiaries/ divisions outside the state of incorporation
and citations to these patents. The variable ATl = Tl - TI,.; , where TI, equals the value of the anti-takeover index in state s at the end of year t; A( Tlx,)2= ( Tlx,)2
-( TIMJ)Z. AMI; = MI;, — MI;, ;, where MI;, denotes the Monitoring Intensity in firm i in year t. A{MI;, *( Tlx,)z}= MI;, *( Tlx,)2 -MIL,, *( TIM_])Z. The variables
Plocaion> Ps and B, denote fixed effects for the state in which the subsidiary k is located, the state in which the firm i is incorporated & the year in which the
patent was applied for. Note that we can include fixed effects for both the state of location of the subsidiary and the state of incorporation of the firm since a
given firm i incorporated in state s can have multiple subsidiaries located in different states. Furthermore, since the change in the anti-takeover index for a state
varies across time, the state of incorporation fixed effects are well identified. The standard errors are robust to heteroskedasticity and autocorrelation and are
clustered by state of incorporation. ***, ** * denote significance at 1%, 5% and 10% levels respectively.

(1 ®)) 3) “) (5) (0)
Dependent Variable is A of logarithm of: Patents Patents Patents Citations Citations Citations
A Anti-takeover Index -0.114%** -0.114%** -0.105%** -0.161** -0.162*%* -0.234%%*
(3.83) (3.85) (3.14) (2.58) (2.60) (3.39)
A Square of Anti-takeover Index 0.048*** 0.048*** 0.043*** 0.047**%* 0.047#*%* 0.059%#**
(6.64) (6.66) (6.32) (2.96) (2.96) (3.22)
Minimum (-B,/ 2*,) 1.188 1.188 1.221 1.713 1.723 1.983
A Proxy for Monitoring Intensity 0.992##* 0.994 * 7+ 0.646** 1.315%%%* 1.316%*%* 1.317%%%*
(8.60) (8.36) (2.65) (8.93) (9.07) (2.73)
A Interaction of Square of Anti-takeover Index with Proxy -0.140%** -0.140%** -0.122%** -0.151%** -0.151%** -0.152%**
for Monitoring Intensity (14.15) (14.01) (8.01) (10.28) (10.37) (5.07)
A Current Log of Assets 0.003** 0.003 0.003 0.015%**
(2.48) (0.54) (1.17) (2.75)
A Lagged R&D/ Sales 0.001 *** -0.000 0.001%#** 0.000
(4.46) (0.06) (5.43) 0.47)
A Lagged Tobin's Q 0.000 -0.000 -0.003*** -0.000
(0.07) (0.04) (2.89) (0.09)
A Lagged Herfindahl Index 0.010 0.227 0.064 0.212
0.19) (1.52) (0.92) (0.69)
A Square of Lagged Herfindahl Index 0.018 -0.072 -0.046 -0.070
(0.49) (0.44) (0.75) (0.23)
A Firm age 0.001 *** -0.000 0.000 0.000
(2.85) (0.12) (0.33) (0.11)
Observations 12610 12610 3183 12610 12610 3183
R-squared 0.04 0.04 0.13 0.02 0.02 0.06
Year Fixed Effects Yes Yes Yes Yes Yes Yes
Fixed Effects for State of Firm’s Incorporation Yes Yes Yes Yes Yes Yes
Fixed Effects for State of Subsidiary/ Division’s Location Yes Yes Yes Yes Yes Yes
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Table 7: Inter-industry differences using Fixed Effect Panel Regressions
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The variable y;,,,; is a measure of innovation in year 7+ for firm i incorporated in state s and operating in industry j. y is either the logarithm of (a) the ratio of
R&D expenditures to sales in year ¢ (Columns 1) (b) the number of patents applied for (and eventually granted) in year t (Columns 2), (c) the number of
subsequent citations to these patents (Column 3). All regressions are estimated using OLS. The sample consists of firms that applied for a patent over the period
1981-1995 (and the patent was eventually granted by the U.S. Patent Office) matched to Compustat and CDA Spectrum. The variable 71, equals the value of the
anti-takeover index in state s at the end of year t. The variable MI;, denotes the Monitoring Intensity in firm 7 in year ¢. Highj,a, (Lowing,) equals 1 if the average
number of patents filed by a firm in industry j in year t is above (below) median and O otherwise, where the median is calculated over all industries for the year t.
The variables f; and f,.; denote firm & year fixed effects. The vector X denotes the set of control variables. The standard errors are robust to heteroskedasticity
and autocorrelation and are clustered by firm. ***, ** * denote significance at 1%, 5% and 10% levels respectively.

(1) ®)) 3)
Dependent Variable is of logarithm of: R&D/ Sales Patents Citations
Anti-takeover Index * Low Innovation Intensity -0.465%** -0.252%** -0.272%**
(6.88) (5.39) (5.32)
Anti-takeover Index * High Innovation Intensity -0.318%** -0.361%** -0.370%**
4.79) (7.55) (6.80)
Square of Anti-takeover Index * Low Innovation Intensity 0.084%#%* 0.038*#* 0.044 **%*
(6.17) (3.81) (4.19)
Square of Anti-takeover Index * High Innovation Intensity 0.062%*%* 0.062%*%* 0.068***
4.79) (6.06) (5.59)
Proxy for Monitoring Intensity * High Innovation Intensity 1.858%#%* 1.307%%%* 1.339%#%*
(6.11) (7.27) (6.96)
Proxy for Monitoring Intensity * Low Innovation Intensity 1.472%%% 1.185%#%* 1.318%*%%*
4.81) (6.14) (5.81)
(Proxy for Monitoring Intensity * Square of Anti-takeover -0.073%** -0.035% -0.034
Index) * Low Innovation Intensity (2.59) (1.87) (1.60)
(Proxy for Monitoring Intensity * Square of Anti-takeover -0.064* -0.070%** -0.080%**
Index) * High Innovation Intensity (1.69) (3.18) (2.98)
Observations 10377 10377 10377
R-squared 0.11 0.09 0.13
Control Variables as in Table 3 Yes Yes Yes
Firm Fixed Effects Yes Yes Yes
Year Fixed Effects Yes Yes Yes
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